CELL CULTURE DEVI CE CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s
application clains the benefit of U S. Provisional Patent Application No.
60/ 626, 9680 2bedose2Blovenber 11, 2004, which is incorporatred/seeomsionodsy
reference. FIELD OF THE | NVENTI ON The i ndention concerns a cell culture
device for the functional naintenance of cells, particularly

anchor agedependent cells, a nethod efinmkingrguch a device and the use of
such a device. BACKGROUND OF THE TNVENTTON A strategy for the. functiona
mai nt enance of anchorage- - dependent cells in vitro that have high

fidelity in vivo is. CRPSPCERE Gle| & FRLATE R iAFRtd AddgiNreer i ng

applications, devel opnent of pathol ogi cal nodel s and under standi ng the

effects a@ﬁigeggﬁ l?%i@iﬁ 2oLeRLI 2het BEHAREYL bE B98N $-oThE 1 BRLAL enance of
the liver specific functions of anchorage-dependent cells such as

hepat ocyt Bstent vAppbicatiusef Nib.f 60/&ppl P63t i 6ndethlivvempeoy 1pri RAOY,

hepat ocyte nlgdels.such gé?géég s%éeen'ng s udiggeand biartificial |iver
assi st ed H8vFLels (BLADP BFTSLlir PEnECHPIRATY “ hepat ocyt e nodel s suf f er
fromrapid loss of the liver specific phenotype within days in culture. The
functional deterioration of WaEaAOCF @$iE MNWENTAIONAS been attributed to the
deficiencies of their culture environnent to provide appropriate conditions
that mim ¢ an, , ‘ ' .

The inwention concerns a cell culture device for the

functional maintenance of cells, particularly anchorage-

dependent cells, a method of making such a device and the

use of sueh a device.
BACKGROUND OF THE INVENTION

A strategy for the functional maintenance of anchorage=+
dependent cells in vitro that have high fidelity in vivo is
important and relevant to tissue engineering applications,
development of pathological models and understanding the

effects and mechanisms of potential therapeutic agents.

The maintenance of the liver epecific functions of
anchorage-dependent cells such as hepatocytes in viero is
'useful for applications that employ primary hepatocyte
models,sueh as drug screening studies and biOarfificial

liver assisted devices - (BLAD).

However, current primary hepatocyte models suffer from rapid
loss of the liver specific phénotype within days.in culture.
The functional deterioration of hepatocytes‘in vitro has
been attributed to the deficiencies of their culture
environment to previde appropriate conditions that mimic an
in vivo microenvironment that is highly organized both

architectufally and compositionally;



in vivo mcroenvironnent that is highly organized both architecturally and
conpositionally .'Extensive research has .been directed. to identifying the
vari ous fwotwoesstizat enabl e the | ong-term nmai nt enance ofPCprsicGasusyodsspat ocyt e
functions in vitro. Paraneters that are typically considered in the

| ong-termculture of primary hepatocytes are as follows: 3D

M cr oenviEsaturtitvd nradaay; clhapad dsydesdi fedt eXainpl Blemt f glpgotied t hree

di rensionally by a conbi nation of extracellular matri x and ot her

hepat ocyt & 1q4s if@qEfhih Wil PR athhg I TR diaEseomafe sebst r at es

wi th di ffﬁﬁﬁrfﬁiéﬁéﬂ:&%}wnﬁm&w ihat;aks hougd-dher DEOVEShON, o these
substrates help hepatocytes |ive |Ionger they do not significantly delay the
onset of tapatadcit eadsldifddriontit i bong-fiein Fhblufd wd peifasy on nmimcs
the. hepatic tCi rqcul at i on, pef r&'féi ng an efficient, continuous transport of
gas and nttrtehrs % e Hepatoci® and al | ows adequate renoval of

net abol i ¢ waste. Oxygen, in particular, is an inportant nodul ator of

hepat ocyt3d fMinetdeivianchrdeast been deemed as one of the primary regul ators of
the zonal variations in netabolismand detoxification between the
periportal and perivenous regions of the liver. Therefore, hepatocytes have
been showt t'0t % t'é}eﬂi’atr{r?émtef nc]{]?%nes?‘w%tee'r &iﬁﬁjesru%ﬁigrﬁ‘g J%khlfeg%re as

conmpar ed dimeHAldra10Y Y & ddmiiasataan shown thadl el though @ik | L6 ease
flowrate is beneficial for the maintenance of - -
other hepatocytes. It is known that the coating of two :

dimensional substrates with different matrix components show
that although the provision of these‘substrates help
hepatocytés live longer they do not significantly delay the

onset of hepatocyte de- differentiation.

Fluid Flow

Fluid perfusion mimics the hepatic circulation, permitting
an efficient; continuous transport of gas and nutrients to
the hepatdcyte and allows adequate removal of metabolic
waste. Oxygen, in particular, is an important modulator of
hepatocyte fuﬁction and has been deemed as oﬁe of ﬁhe
primary regulatoﬁs of the zonal variations in metabolism and
detoxification between the periportal and perivenous regions
of the liver. Therefore, hepatocytes have been shown to
retain their functions better under dynamic culture as-
compared to static culture. It has been shown that although
an increase flow rate is beneficial for the maintenance of
hepatocyte functiéns by increasing the delivery of oxygen to
the hepatocyte, excess shear stress induced by a.higher -

fluid flow rate is detrimental to the hepatocyte functions.



hepat ocyte functions by increasing the delivery of oxygen to the

hepat ocyte, excess shear stress induced by a higher fluid flowrate is
det ri mentwb 20@/dsk23hepat ocyt e. functi ons. Co- Cul t ures w PhTNoRedBANESS hy mal
Cells Co-cultures of hepatocytes with both liver derived and nonliver
derived non-parenchymal cells (NPCs) such as biliary epithelial cells,

si nusoi datoandivasel! attendehhebi-ahcaohhs, ckibsobl asts and stellate cells
have been~shown To enhance many 1iver specitic functions. NPCs have al so
been postul ated to enhance hepatocyte functions by secreting basenent
nenbr ane €enpohbArss £5t ABPRAEARERES oV iFHRpREERYLEVPE| dRFLyethanfalAtenance
of differ I at tions 1 i | | §pkSy SLI LGt ‘ nt on
heest ab T Shaear “of Lot Sor 367 Sar batacrtes. 1BBGTbosren. o ke arher

epi t hel i abptehédjiaar eedisucsimasbydahdahdnetsondbkyepdbahiezedl Theéls,

met abol i c_functijons of hepat tes haye peen positiyvel orrelated to the
poIarity~€+bﬁng?8E§t%§Qi%H%@i%t%ycﬁi¥?eg@ﬁ? E?PuﬁgowéngpgﬁPgPPSﬁs.

Accor di nghynyt heveecoyeryroé hepatosyte prbasi hyveay1be bapartant in the
mai nt enance of .hepatocyte function. Different culture nodels have been
proposed Pestehetedngot erreedt ieRabPCPERnBBpPChepasobYt 8SCrehiny
incorpor$%gggm¥§£iHgibgggéeggmggn%ggsfeatures di scussed above in its

desi gn. e narn confrguratirons of primary hepatocyte culture nodels are as

follows: Sandwi ch Culture . )
Establishment of Hepatocyte Polarity

The maintenance of differentiated functions of'epithelial
cells is strictly dependent on the establishment of .
morphological polarity. Hepatocytes, like other epithelial
cells, are structurally and functionally polarized. .Thg
metabolic functions of “hepatocytes have been positivel§
correlated to the polarity of hepatocytes induced by
different culture configurations. 'Accordingiy,‘the recovery

of hepatocyte polarity may be important in the maintenance

of hepatocyte function.

Different culture models have been proposed for the long
term cultufe of primary hepatocytes, each incorporating
varioué degrees of the features discussed above in its
désign. The main configurations of primary hepatocyte

culture models are as follows:

" Sandwich Culture

This typically comprises é monolayer of hepatocytes
sandwiched between two layers of a simple or complex matrix
such as collagen or Matrigel® (a laminin rich matrix){ This

culture configuration has been shown to significantly

éugment hepatocyte function. When maintained in sandwich



This typically conprises a nonol ayer of hepatocytes sandw ched between two
| ayers of a sinple or conplex matrix such as collagen or Matrigel (r) (a

| am ni n rwoloesaisei2s) . This culture configuration has beem/sshasnodss
significantly augnment hepatocyte function. Wen nmaintained in

sandwi chcul tures, hepatocytes aggregate into cord-like structures and
retain theircphenotydbcr g el algdsgeied obyt o Spdved-ol tise Hepad ocytes

sel f-assenbl e i nto spheroids which are 3D organoi ds possessing tight

j unct i onSThdF i TF VNG L IRDREP tofrh & SOR WA T (RGP %Y1 e canal iculi. The
enhancenment of hepatocyte functions in spheroid cultures is nostly
attribut ed,{0-dg secretion of a basement nenbrane |ining the outside of

t he spherord—amnmd the presence of honotypic and heterotypic cell-to-cel
interactions and the reestablishnment of polarity. Spheroids are fornmed- by
cul t uri ndlersgmacia e ss el fors sambvi g hirdth esphrore st efeisiredreedl s on

moder at el AdNesIy S SUILAGRS, U1 i, SHARRTISLOD 59, 85 1% ice, NiEpRt ooy e

aggregati 0 pro anc epatocytes.  Bioreactor Based
Syst ens HHdmerdly thst magdandrite Biidreeactiror] syistens Tey eedlearncasmed aped f or
bioartif .icial liver_assisted devices (BLAD). . The mai n advantage of nost

bi or eact SFPREIGHS i W HACThey ARGF St ¢ SRR WP oY t he hepati
ci rcul at ian #£:0, ANNANRGE 1By GG JHItd eNtpJRSTedt aslierador /iy enance of
hepat ocyte function. Sone of these bioreactor conceptual :

the outside of the spheroid and the presence of homotypic

and heterotypic cell-to-cell interactions and the

reestablishment of polarity. Spheroids are formed- by

culturing hepatocytes alone or with other non-parenchymal

cells on moderately adhesive surfaces or in suspension so as

to induce hepatocyte aggregation to provide anchorage for

the hepatocytes.

Bioreactor Based Systems

Hitherto, most current bioreactor systems have been
developed for bioartificial liver assisted devices (BLAD).
The main advantage of most bioreactor designé is that they
allow for the simulation of the hepatic circulation to
enhande oxygen and nutrient mass transfer for maintenance of
hepatocyte function. Some of these bioreactor conceptual A
designs’héve been incorporated into in vitro models for drug
biotransformation studies. These-bioreactor systems,
typically involve the embedding of the hepatocyte mono-
culture or co—cul£ure in a matrix such as collagen and the
cell matrix construct‘is then housed in hollow fibres or on
flat plates where they can be perfused.. Some bio-reactor
systems use scaffolds as a support for the hepatocyté mono-
culture or co-culture and the cell scaffold construct is

perfused or dynamically cultured.-
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desi gns have been incorporated into in vitro nodels for drug

bi otransformati on studi es. These bioreactor systems typically involve the
enbeddi ngwofddns2izepat ocyt e monocul ture or co-cul ture i RCa/SGAbOSIoR03BSICh as

col l agen and the cell matrix construct is then housed in hollow fibres or

on flat plates where they can b e perfused. . Sone bio-reactor systens use
scaf f ol ds Miscre fHippiardt for Bdwedhepattaeyd e m ono culture or co-culture and

the cell scaffold construct is perfu.sed or dynam cally cul tured.-M cr of

abrication ,Base stens M crofabricatiaqn techni ques allow a finer degree
of contr oMl&féﬁiéatb% 4 é—‘recg"ﬁ‘elr‘ﬁﬁ’te;?p@sl fani Pt atd S s i ocal
cel lular ey aHEnel 1RO Yt AR e RS Q&aml&ll%;ﬂﬁd&cqéeé li4 Rtgy actions

bet ween hepatocytes and fibrobl asts can be controlled using
phot ol i t hé@caghrateiHads anyigogamento patarmerayrie avb hedldratypess taeliodul at e

hepat ocyt e f ungt,i U ¢ I i tiQn he n I QUS. _appr hes.to i,n vitro
hepat ocyt goc%éﬁl}r g%;kleggﬁﬁ%?l%dﬁeoegwg#oﬁe v%ﬁogc%ss%éfgﬁ’%ﬁ’&a |tssclcc?§%s a
t hree di mbesicomalreddldd asdnig $diee odulthdoe =38t eratfrardd Hen |t @fom cul ture
of liver cells and tissues in vitro in an environnment that nore closely
appr oxi maPad R HsuRYS r?e\}iriv&ypﬁér &0 MY R tGYdfalf W@ tions n
three dinensions is used to sustain active proliferation of parenchynal
cell's in gul uge tioh,| engenhupiitoeds a@fp rida®® dshal, conventional, eegiayer
systens . U.S. 5,270, 192- discloses a hepatocyte bio-reactor or

bi oarti fi EUAEULiey &l sCorpclsichg taec detldionidet: vessel having a

U.S. 5,624,840 discloses a three dimensional cell and tissue
culture system for the long term culture of liver cells and
tissues in vitro in an environment that more closely
approximates that found in vivo. Here, the growth of
stromal cells. in three dimensions is used to sustain active
proliferation of parenchymal cells in culture for longer

periods of time than conventional monolayer systems.

U.S. 5,270,192:discloses a hepatocyte bio—reactor or
biocartificial liver comprising a containment vessel having a
perfusion inlet and a perfusion outlet. A matrix is
provided within the containment veséel such as to entrap
hepatocyte aggrégatesAwithin.the containment vessel while
allowing perfusion of the matrix. The matrix is comprised
of glass beads in the substantial absencé of ‘connective

tissue..

U.S. 2002/0182241'A1 discloses scaffold‘structﬁres that
interconnect to build up a full, vascularized organ.
Alternatively, the scaffolds can be forméd by rolling or
folding templétes to form thick three-dimensional
constructs. The scaffolds in fhis case- serve as the

template for cell adhesion and growth by cells that are



perfusion inlet and a perfusion outlet. A matrix is provided wthin the
contai nnent vessel such as to entrap hepatocyte aggregates within. the
cont ai nmew? @ssei23whi | e al | owi ng perfusion of the matriPRT/SGhaswad38s X | S
conprised of glass beads in the substantial absence of connective tissue..
U.S. 2002/0182241 Al discloses scaffold structures that interconnect to

bui I d up gafishl tovassyksilzednobdgn. tAbt @EBaLIYe! olkBeoscgblekdsfcan be
formed by rolling or folding tenplates to formthick three-dinensional

const ruct suchhecgéfpldEds Rnsehpsdcask-oSeredlas sHeht appradetheligéd)
dhesi wih b | d : th
cencel o ALY PR PLShbabel B FafasdeheaseathoLds Speergplne

vessel s, o esS of ‘suc second set o S, such as
endot hel i ghceeths, seas aF selbe nddedbtenonddedded omt eethHedsoatboktde Once

the sets of cells have been added_to or seeded onto the three dinmensional

scaf f ol d, tRRee €iBeneiengineerticbfigahtis FhpPURt ERIFAEGTEr BEPPIent. The

applicant?mgggﬁtg?uggtghgtr@gm i@htthe above systens or current nodels are
suitable for the Tong termculture of hepatocytes i vitro, especially for

st udi es regardi ng pharmaceutical conpounds and bi ol ogi cal studies with
respect tBheebppbioknyy. hSUMVARYNOFtTAME NRVENTFONRFhePPHEeRYFEAMPr 8Yi des a

cell Sultune 0oyl GRAEPUPLLS! 08:g.Ehanpsl. hie16haneeknhayl pg angsor. More.

inlets and ohe or "RBre-oltlets the channe conprrsing a ce retention

chanber hepatocytes in vitro, especially for studies regarding
pharmaceutical compounds and biological studies with respect

to cell biology.

SUMMARY OF THE INVENTION

The invention provides a cell culture device comprising a
chaﬁnel, the channel having‘one or more. inlets and one“or
more outlets the channel comprising a cell retention chamber
defined by an internal surface of the channel and a

plurality of projections extending therefrom.

The present invention in a further aspect providesAa method
of making a cell culture device which method comprises the

steps‘of:

(a) fabricating a mould using photolithography,

and

(b) replicate moulding using a polymeric

compouhnd.

In still a further aspect, the invention provides
method of culturing cells in the cell culture dévige as

described herein, the method comprising the steps of: .



defined by an internal surface of the channel and a plurality of
projections extending therefrom The present invention in a further aspect
provi des wormddnsek2ef maki ng a cell culture devi ce whi chproetsitachsmo0Bss i ses
the steps of: (a) fabricating a nould using photolithography, and (b)
replicate nmoul ding using a polyneric conpound. In still a further aspect,

the invention providgs mhhedRicicl OHd RE eRiresS typddhealdiigul ture device
as described herein, the nmethod conprising the steps of: .(a) introducing

one or nore types of cel S¢spesisiefdda methptlafest s@ldadeaydmtionttds he cel |
retention chamber of the gehl ,eultyre deyige..ant (B IhnodHGING 2
npl ex

terpolynmer solution to inifiate a co coacervation reaction which
results in gradual gel atidefviafe;t kedcol | agen matri x. The present invention

provides in a further aspect a nethod for observing a cell culture in a
cell culture device%r hi Qi i ng conprising: ag seedi ng the .cell
culture device wit h ﬁe o rﬁg%gfc gﬁl atngﬁéﬁqg(mﬁ&c Y&y e i%{{l%&raitc? (b)
observing the one or norg ehpllkPe®alelrvidtadn FRAGICIY cFewnGeh rE@ilts
invention further provides a nmethod of screeni ngC a ‘
' in gradual gelation of the collagen matrix. -
The present invention provides‘in a further aspect a method

for observing a cell culture in a cell culture device for

bioimaging comprising:

(a). seeding the cell culture device with one or

more cell types in a collagen matrix, and

(b) observing the one or more cell types with an .

imaging device.

The invention further provides a method of screening a
plurality of candidate pharmaceutical compounds against a

‘target comprising:

(a) -seeding a plurality of cell culture devices
with one or more cell types containing the target in a

collagen matrix;

(b) perfusing the cell culture device with the

candidate pharmaceutical compound in a fluid medium, and

(c) screening the cell culture devices to identify

the desired pharmaceutical compound.

The present invention in a yet further aspect provides a
method for the purification of a biological’fluid

comprising:



plurality of candi date pharnmaceutical conpounds against a target
conprising-: (a) seeding a plurality of cell culture devices with one or
nore cel Iwoypesenat ai ning the target in a coll agen mat PCY/SGR@m)s/opesss usi ng
the cell culture device with the candi date pharnmaceutical conpound in a
fluid medium and (c) screening the cell culture devices to identify the
desired pharnmaceuti@cal sempEoind plhe-qiriaseds icalgntduwdture alepetcdaurt her
aspect provides a nethod for the purification of a bjological fluid

conpri si g:tlarreeadi mPLe HiUral f¥Re it UL TN J1-"deVi ces with one or nore
cell types in culture matrix; (b) perfusing the cell culture devices with
the biological fluig, qﬁaﬁedfﬁ@i,{b[bta{@iaalt heyurid iedyhiead qgiitgaltrd uid. The
i nvention further provides a nethod conprising culturing cells in the cel
cul ture de\dleryiasldederiichediriter ei n. BRI EF DESCRI PTI ON OF THE FI GURES.

Figures 1A and IB depict a plan view of a cell culture . device in

accordance w th the presg rgaﬂn@ventﬂﬁ@;p&ﬁﬂ(}a%%.%l&%dcgﬁ 2.6 perspective

views of a cell culfUre F&A ¢ K cordi ng e i nvention; Figure 3 depicts
hepat ocytes enbedded in a collagen matrix within th e cell retention
chanber of a cell auld dneredendiare further provides a method comprising

culturing cells in the cell culture device as described

herein.

BRIEF DESCRIPTION OF THE FIGURES.

Figures 1A and 1B depict a plan view of a cell culture.

device in accordance with the present invention;

Formal 2A.and 2B are perspective views of 'a cell culture

device according to- -the invention;

Figure 3 depicts hepatocytes embedded in a collagen matrix
within the cell retention chamber of a cell culture device

of figﬁres 1A and 1B;

Figure 4 is a further perspective view of a cell culture

device according to the invention;

Figures 5A, 5B, 6A and 6B show various ways to accomplish

laminar flow and coacervation of collagen;

'Figure 7A depicts a first configuration of sinusoidal
‘endothelial cells (SECs) that haVe‘been dynamically seeded

in the cell culture device;



of figures A and IB; Figure 4 is a further perspective view of a cell
culture device according to the invention; Figures 5A, 5B, 6A and 6B show
vari ous vegoaenszzéonpl i sh | am nar fl ow and coacer vat i orcofsGeals/oagsss;
Figure 7A depicts a first configuration of sinusoidal endothelial cells
(SECs) that have been dynam cally seeded in the cell culture device; Figure
7B depi ct sia,5.L 00 eopfdguratdon,of Sk dhale iy e degit saadad hwd he
conpl ex coacervation of collagen and terpolymer; Figure 8 depicts- a closed
| oop per f dsiaam ssesteeintforthes eanintlier wam tvatulamure dedileget .arfd gures | A
and I1B; and Figure 9 depicts a closed | oop perfusion systemfor use with

m cr ochan eqrpd’gl\ﬁ’lnbegs’; In the figures |like nunerals denote |ike parts.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON CELL TYPES Cells nmay be isolated from
any suit algienan maldedr@ferallilynsdd Imomeed ol iatred gt nomals: Wdedd s may
i ncl ude anchor agedependent cells, such as hepatocytes, fibroblasts, bone
marrow  stiSmgieldel 9 B¢ SFF6t1IFelqfaf i8IS h d&it &89 ost eobl ast s,
nyocytes, neural cells, and stellate cells. Hepatocytes may be isol ated
fromrats m@fgihe INEALHYRE Micded WodiX B s MW Siffert HdARNASE th
perfusion such as that according to Chia et al .r 2000. Sinusoidal Iiver
endot hel | aliasdnSECslevirge e i sol ated, for exanpl e/

In the figures like numerals denote like parts.

DETAILED DESCRIPTION OF THE INVENTION

CELL TYPES

Cells may be .isolated from any suitable animal. Prefe}ablj,
they are isolated from mammals. Cells may include anchorage-
dependént cells, such as hepatocytes, fibroblasts, bone
marrow. stromal cells and endothelial cells, chondrocytes,
osteoblasts,'myocytes, neural éells, and stellate cells.
Hepatocytes may be isolated from rats of the Wistar type
via, for example, two step collagenase perfusion such as
that according to Chia et al., 2000. Sinusoidal liver

endothelial cells (SECS) may be isolated, for example,

according to Baret, 1994 Using a Percoll® gradient.

CELL CULTURE DEVICE

Microfluidic systems, such as the cell culture device of the
present invention, have distinctive properties due to their
small dimensions. One of them is that fluid flow in the
cell culture device is laminar. Operating under laminar

flow allows two or more layers of different fluids to flow



according to Baret, 1994 Using a Percoll (r) gradient. CELL CULTURE DEVI CE
M crofluidic systens, such as the cell culture device of the present

i nvent i onyohastsed2sti nctive properties due to their snalPcTdicnensiasss. One
of themis that fluid flowin the cell culture device is lamnar. Operating
under lamnar fiow allows two or nore |ayers of different fluids to

flownext t@.each @bher Jwhithoyt troxicng iqkiher otthl_"%E %t—,lfnuaiicflrfu%fiohh%ifr

.constituent conponents across the interface. e cell culture device in
accor dancé&hgiltrh cohe tprtasent conpeneingis awyogenéhal [Lytee fhgleri cat ed by
phot ol i t hography net hods, for exanple, .soft photolithography. Typically,

SOft PnOL oLt RA9ARI (IR LAYOLLE 1LNG Lol LOWI0, SLAPSH( Bclabi) cating @
mast er nou using, for “exanple, photolithography and ) replica
moul di ng iwwvkhtdopohpRebketeealpouibe Esidrdg chltedrast @hotodlidhoktrawhlyl be
appreci ated that photolithography technigﬁgs are known to Lhoa skilled in
the art. TPENE&RIry forh&XPEBLFcatPhG SREL ORI Ypi n T¥¢BACH gya waf er,

whi ch may sg%tobhoft%rli%_ﬁ%@@a%hyghﬁgs 1Ok oSk ¢8R, roMibhiagPhekpkesi st
conpound. The photoresi st conpound nmay preferably be of 'the negative high
aspect ratio type. The photo resist conmpound may preferably be SU-8 by

M cr oChem(@or p fabtid capiipoc samad taaf @eudaly Usé ngasKed exaBPdér to generate a

pattern upon ib%%%%ﬂ%%h%Grgkhg,aahhght source. The spin

(b) replica moulding with a polymeric compound using the

master mould.

It will be appreciated that photolithography techniques are

known to those skilled in the art.

Typically, the fabricating step comprises spin coating a
wafer, which may be of, for example, glass or silicon, .with
a photoresist compound. AThe photoresist compound may
preferably be of the negative high aspect ratio type. The
photo resist compound may preferably be SU-8 by:MicroChem
Corp. ' |

The spin-coated wafer may be masked in order to generate a
pattern upon illumination with a light source. The spin
coatéed wafer is typically illuminated with a light source;
preferébly; for example, ultraviolet light to generate a
photo resist pattern. The photo resist pattern is then
developed. The developed pattern may be used as a master -

mould in a subsequent replica mouldihg'stepi

A replica mould may be produced using the master mould.
Typically, the replica mould may be manufactured from a
siloxane’ containing pélymer or any themoplastics, -

preferably, polydimetholsiloxane. It will be appreciated
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coated wafer is typically illumnated with a |ight source, preferably, for
exanple, ultraviolet light to generate a photo resist pattern. The photo
resi st pawoenos/isz228hen devel oped. The devel oped patt er npompsGherswsesds as a
master nould in a subsequent replica noulding step. Areplica nould nay be
produced using the master nould. Typically, the replica nould nmay be

manuf act ur edatr orharspboyases¢ontahnivagyRaky iRk i @t dapyobBeNaRLaASHLICSe

pref erably, pal ydi nethol sil oxane. It MAFL be appreci at edt hat ot her

pol yners, Hﬁgﬂ FaPgrAdndesir EReprBperPPédcainobe ufed dapapdengaon the end

applicatiopggkerogxair! ga+ark adi 9;-0pagt Ll or bi.odegr adabl e
mat eri al na? be Sgeg. Thg rgp??cgrn%u?ggggg%ggkgpgbp§%gﬁﬁSgr383 gﬁ a
substrate. uFhd.substrate may, for exanple, conprise a glass or plastics

material . The replica nould may optionally be bonded to a glass substrate,
such as a S r by, for_ex | e, oxidation in oxygen plasnma.

Pol y (dine?ﬁ§|§?§%£§%e§5§¥€m%§ %ﬁ?63f§g¥§4?ufﬁﬁﬁgﬁgnPﬂg? Eégﬁtéé Bure

devi ces mﬁTheasabstﬁhtéymﬁy,pf@ieékéﬁ?§e,na&mpﬁiéébéigﬁéﬁg by perkicas
noul di ng on_ an 5%? master nould, which is patterned by standard

photolithd@?%%ﬁ The design' of the cell culture device may be generated by
Aut oCAD(r) 2005 and printed with a high-resolution plot (lnnovative Laser

System Simgapsss)ica SnoldimHy, aspeLind 8} Ope NEIALLY e NPt 91 g5 St may be
spin coated onto a second wafer (e.g.,
substrate, such as a glass substrate, by, for example,

oxidation in oxygeﬁ plasma.

Poly (dimethylsiloxane) (PDMS; sylgard 184, Dow—Cofning)‘cell
“culture devices with a plurality of projections, may be
fabricated by replica moulding on an SU8 master mould, which
is patterned by standard photolithography. The-desigﬁf;f
theAcelllculture device may be generated by AutoCAD® 2005
and printed with a high-resolution plof (Innovative Laser
System, Singapore). SU-8 high aspect ratio negative
photoresist may be spin coated onto a second wafer (e.g.,
500 rpm at 100 rpm/s, for 10 seconds and then 3000 rpm at
250 rpm/s for 30 seconds) and soft-baked at, for example,
95°C for 1 hour. This is then followed by, for example,
exposing for approximétely 70 secbnds, post-baking at 50°Cl
for 10 minutes and then at 95°C for 30 minﬁtes and
developing for 30 minutes. A liguid PDMS ‘prepolymer (e.g.,
1:10 basé polYmer:curing agent) may then poured onto the
master mould and cured, such as at 65°C overnight before
peeling off. The PDMS membrane may then optionally be
oxidised in oxygen plasma for 1 minute (~400 millitor) to

chemically bond the membrane to a glass substrate.

A closed loop perfusion apparatus as'shown in figure 9 may

cgmprise a cell culture device 100 comprising one or more
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500 rpmat 100 rpm's, for 10 seconds and then 3000 rpmat 250 rpmis for 30
seconds) and soft-baked at, for exanple, 95C for 1 hour. This is then

f ol | owed W9,206605228 anp | e , exposing for approxi mat el y p¢@/sseasndasss
post-baking at 50 C for 10 minutes and then at 95 C for 30 m nutes and
devel oping for 30 mnutes. Aliquid PDVS prepolynmer (e.g., 1:10 base

pol yner :eudfiing.agenles MRY af heReRounk 8dneR R alihe JmsiRn MRd xand e ed,
such as at 65 C overni ght before peeling off. The P menbr.ane .may- t hen

optional | gepd exilgivsed devisey gen lpicased foor a1 heiakitw E140@ d totor) to

chenicalI%aQ%@di%h%hgpggk%Q% LQ %7gbass substrate. A closed | oop perfusion
apparatus - as shown in figure §'nay conprise a cell culture device 100

conprising one or norecell cultures in a three-dinensional collagen matrix.
The cel |l Chkt ged ldevilteires deodakedagnbe hedatiohgdyl atte it st d.niwmitst d&ion t he

device at 37 C. The cell cultgre devi ce n%y be a%ta heg, at its.inlets to
three syrtR§ESpEMFLNge PYMPS, 2, Bach -pHRT2PU® 214 e dpd&SPFEN VERT ai ns

cul ture medhgm);nlse rcﬁqltﬁ%rvnféﬁi@ms,u%@%@%ilgﬂ\egf ozeld Suspeselilcager cEhespunps
2, 3, 4wll perfuse the cell culture device 1 with each of their
respect i vénsebdtliages.. PIher pugpener Sng 4t Wé ldewieed upg0 thisulssilds may be

removed ng.nL]t%lQ%. Gl Lure 1"%%‘1&%%%”%? R %e-sg;re@%i%‘e sléﬁ_%%i%?,'s‘!“ ons mnay
be di sposed of "vi a outlet . The 'syringe punps containing the terpolymner
and cel | eculibureomediteniage thendectied 1i0d , a bublrl-esaynayaloee rémovieef er ri ng
to- Figur |A and | B I view of a-cel
gu %iom t%eqcul%u%epm%%iumeusgnggap%ukble.trap 5. Used
solutions may be disposed of via outlet 7. The syringe
pumps containing the terpolymer and cell culture medium are

connected via a four-way. valve 6.

Referring to. Figures 1A and 1B, a plan view‘of a cell }
culture device 100 in'accordance.with the invention is
depicted. The device 100 may comprise a channel 16 having
inlets 9, 10, 11 and outlets 12 and 14 and a cell retention
chamber 15 defined by a plurality of projections 20

‘ égtending from an internal surface oflthé channel 16. The
cell<retentiqn chamber 15 is closed to the'passage of cells
at an end 17 opposité to its bpening 18. The cell culture
device 100 also may be provided with a space 19, 19
flanking the cell retention chamber to allow the perfusion

of liquid media through the device. The perfused liquid

media can éxit the device via the outlets 12 and 14.

The projections 20 that define the cell reténtién chamber 15
may be spaced at least part of the way along the channel 16
at a gap distance which is smaller than the average diameter
of a particulér cell type, so as to trap cells, fof examplé

hepatocytes or SECs, within the cell retention'chgmber.

Preferabiy, the. projections may be arranged in two, spaced

12.



culture device 100 in accordance with the invention is depicted. The device
100 may conprise a channel 16 having inlets 9 , 10, 11 and outlets 12 and
14 and a wel2borost2at i on chanber 15 defined by a plurali PgTGG2050pE3ss i ons
.20 extending froman internal surface of the channel 16. The cel

retention chanber 15 is closed to the passage of cells at an end 17

opposi te aﬁ EES gﬁ%@%@ﬁt&%l }h%a%%hhequkb%%e %%V%%%w%pQHakﬁﬁuE%% he

provi ded 4 space 19, 19- flanking the ¢ell retention chanber to all ow
t he perfuandnl@f IEqupnenemb@dumeomghthbepd@@e@éldﬁﬁeZﬁEEﬁﬂsﬁmw I|qU|d

medi a can ex t he V|ce VI % e% t%é and % %ro ection
t hat def|ﬁ8 F 8RLaR VéP@WFF §ﬁHeP 5ET 58 Sﬁféﬁ R
t he way abkgng the channel 16 at a gap distance which is snaller t han the
average dianmeter of a particular cell type, so as to trap cells, for

exanpl e hepatocytes or SECs, within the cell retention chanber. Preferably,
the. proj EECTEAS LAY éoéFF§ﬁ@€§ PAet #B2CEFacRAEH &t 2 JERHSEEHENSE y

par al | el hown in Ei A, an n n th
prOjeCtIOﬁ§W§0t8X€ nd™subs Fang ﬁﬁy& EﬁmgPhPy E5n1§ % %gbqeu?fgce%gf t he
channel 23, Pﬁgggrgggxergbq&eqt%gnguﬁre spaced apart at a gap distance of 1
to- 20 mMmm, preferably 1t 5mm, nore preferably 1 to 10 mm, nost
preferably 1 to 5mm. Prolectlons with different dimensions and geonetri cal
shapes, sﬁchjasﬁi@hscuﬂah,dééﬁﬁr@htcdﬂmede@ﬁﬁaﬁ@@IQﬁO@@&réqaére, may be
used. shapes, such as, circular, semi-circular, rectangular and

square, may be used.

In one embodiment, the projections are rectangular in shape.
The rectangular projections may be arfahged at an angle
relative to the plane perpendicular to the fluid flow gath,
preferably, in a chevron-like pattern. Rectangular l
projections may be positioned, for example, at an angle of
between -90° to +90°, -45° to +45°, —20° to —-25°, or +20° to
+25°, most preferably at an angle of +22°, to the plane
perpendicular to the path of fluid flow. Positive angles
mean:that.the projections are angled such that, as shown in
Figure 1B, fheir inner edges are closer to the outlets 12
and 14 thén their outer edges, i.e., the apex of the chevron

is oriented towards the outlet end of the device.

"The reétangular projections may be from 30 to 100 um‘in
width, preferably 60 to 100 pm, mofe preferably'70‘to 100pum,

more preferably 80 to 100 um, most preferably 90 to 100 um
in width. '

The rectangular projections may be from 30 to 100 um in

lehgth, preferably 60 to 100 pm, more p:eferabiy 70 to
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I n one enbodi nent, the projections are rectangul ar in shape. The
rectangul ar projections nay be arranged at an angle relative to the pl ane
per pendi cwbanodios2i26e fluid flow path, preferably, in a eo®scamslndss
pattern. Rectangul ar projections nmay be positioned, for exanple,. at. an
angl e of between -90 to +90, -45 to +45, -20 to -25, or +20 to +25, nost

pr ef er abl t _an_angl e 122, . tgnqt l~ane_per pendi.cular th of
Fluid f1onoOpee Fogs ﬁ%&%s?ggn’% 020 ﬁg’t Htoﬁe%f)nr’ofnggﬁi %%%Fé‘ﬁogﬁfgpﬁdeguch
that, as shewn. A, Figugenl B, their inner edges are closer to the outlets 12
and 14 than their outer edges, i.e., the apex of the chevron is oriented
towards the outlet end of the device. The rectangul ar. projections may be
from 30 t @hi0Qermangudadt brogeeftdoalsl ynwag0 bieo 100 mH tord0® pmefier ably 70 to
| COm™m , nore preferably 80 to 100 mm, nost preferably 90 to 100 mMmmin

wi dt h. Th@eﬂégﬁangular projections nay be from30 to 100 nmin |ength,
preferably 60 to 100 mm, nore preferably 70 tolOOm , nore preferably 80
to 100 mMm t y t i ; rect argul ar
projectio%? %&% §5§?§@§§%rtggfoﬁekggﬁﬁ%ﬁg?g%?%9%Fﬁl§ﬁ§ g%%bgp nt, the
rectangul aL R a6kl 80SpAr end3Q it ength and 50 nmin width. In enbodinents
whi ch includé circular or sem-circular projections, the projections nay be
from20 to 60 mMmin diameter, preferably 30 to 50mm, nore preferably 40 to

50 Tm In embodiments which include circular or semi-circular
projecfions, the'projections may be from 20 to 60 pm in
diameter, preferably 30 to 50um, more preferab}y 40 to 50 pm
in‘diameter; The projections may have a radius of from 20
to 40um. Preferably the radius may be 30 pm. Projections
may be from 10 to 300 pm in height. In the most preferable
-embodiment, the projéctions have a radius of 30 um, a

diametér of 50 pm in diameter and a height of 50 pm.

In one.embodiment, the cell culture device may further
comprises a cell reservoir,(not‘showﬁ) connected to the
channel. - The cell reservolr can optionally be - left open, so
as to haximise,fluid flow through the channel, or left

closed, thereby minimising fluid flow through the channel.

Closed-Loop Perfusion Apparatus

"The cell culturé device (or a plurality thereof) may be
integrated into a closed-loop microfluidic perfusion

apparatus.

Referring to Figure 8, the closed-loop épparatus compriseé
one or mofe cell culture devices 100, comprising one or more
cell éultures in a three-dimensional collagen matrix,
located on, means for heating, suchjaé a heating plate 1, to

maintain the cell culture devices 100 at, for example, 37°C.
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in .diameter . The projections may have a radius of from20 to 40nm .
Preferably the radius may be 30 mnm. Projections may be from10 to 300 mm

i n hei ghtwol2nodidse22anst pref erabl e enbodi ment, the proj eetreoodsavesss radi us
of 30 nm, a dianmeter of 50 mmin dianeter and a height of 50 nm. In one.
enbodi ment, the cell culture device may further conprises a cell reservoir
. (not shownh&onneaietd® Hdwer ohanme) . irndieadeld wetser deitrh,cam optional |y
be- left open, so as to maximse. fluid flow through the channel, or |eft
cl osed, tHeralptAMIGH S AP FIWPRS A hFUgH- 39 channel . O osed- Loop

Per fusi on Apparatus The cell culture device (or a plurality thereof) may be
i ntegr at edpéwt%]ﬁ qlﬂscegfe% QER, 0.4 of doii gl F Rerdwisd Ge@pnad agnisiz Referring
to Figure , the closed-1oop apparatus conprises one or nore cell culture
devi ces 10hleomprisiangwire O wibieh oey kel tivrse¥aRxl ¢ hre- di mensi onal

coll agen matrjx, located on,_.neans f heat | C : I plate 1

. to mai ntRETHRE T PHE 1 e Q%W%gés 980 %%]}',gflf%érj %(%?rép?%l, nggﬂéi% her

nmeans for featddy 1Ay ol uslel ruvatesdbat h, =i dincidatmrening aclné cr oscope

heating stage. The cell culture devices 100 may (s)e attached, at their

inlets, teerbiiplEc RHIRHE miupRles o‘"?‘r%x%‘?%?%e, a LOhe '%t%tff*i%repu'rrp. The

punp 8 C?‘Qn@(ﬂiﬁﬂ‘[’%flﬂf {%dhﬁi’ét@fe?p devices 100 with culture medium Prior
sta

to entering e peri tic punp 8, bubbles are renoved fromthe. culture
medi um usi ng- a bubble trap 5.. _ o
The culture medium is located in a housing 26 where carbon

dioxide and temperature can be maintained at, such as at 5%

and 37°C, respectively.

The cell culture medium may be re-circulated back to the

housing 26 upon its removal from the cell culture devices

100.

Incorporation of collagen matrix support within the cell

retention chamber by the complex coacervation of methlyated

4 collagen and terpolymer under laminar flow conditions

A collagen matrix may be provided to support cells, such as,
hepatocytes in a cell retention chamber of a cell culture
device in accordance with the invention.‘ The qollagen
-matrix may be located within the cell retention chamber such
thaﬁ the collagen provides support for the cellS'but‘does
not obstruct or occlude the perfusion of media fhrough the
device. The cells and collagen matrix may be introduced to
the device in the form of a collagen-cell suspension in
parallel with a terpolymer solution. AThe cells are.trapped
in the cell retention device and the collagen gel forms in
situ via the complex coacervation réaction between the

methlyated collagen and tefpolymer under laminar flow
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The culture mediumis located in a housing 26 where carbon di oxi de and
tenperature can be maintained at, such as at 5% and 37 C, respectively.
The cel | wolzbawes2zm8di UM may be re-circul ated back to thechseo003god8s upon
its removal fromthe cell culture devices 100. Incorporation of collagen
matri x support within the cell retention chanber by the conpl ex

coacer vat icomdafc iteish! yakad calllagen mrd dnemdQ Wapl adrdethd ajdrayl yideaw
conditions A collagen matrix may be provided to support cells, such as,
hepat ocyt 681518 % De&lfusietent i on chanber of a cell culture device in
accordance with the invention. The collagen matrix may-be | ocated wthin
the cell ¢ i a uch | I,ag Pr-oV. Ge pport for the
cells buthggg&%%% ggé??%@f%o?'ogh Sﬁ%nﬁﬁ%% ggrgggigﬁMgglﬁgggh t hrough t he
devi ce. Theldelden awmdricolihagée wetll xermntien cheoteced St ©f thiee addMli ce in
the form of col | agen-cel |l suspensi in parall.el .wth.a.terpol yner:
solution.cf&guégll %&Fg ngpeg%ﬁnﬁﬁ$;%9§W mP%f&ﬁtﬁgnw&§$ﬁ@eﬂ%%14%l}

col | agen gelteherins ichasiber Visa stbhe tceplsentoateiraidton  eaciliver hetarveen
the nethlyated collagen and terpol ymer under |amnar flowconditions. Cel
cul ture néditdiringy sPegescd or hé X e Pgdingies idgr iofg thér CediloretREf& M ng to
Figure 3 OGVyt e : SN | 1t r X ell .
retentiontgﬁgﬁﬁﬁ&q%% g?%%ﬁgb%e%Fg%EFFEﬁgl %&f%gg%gg%h%ﬁéssgbkgg'én mat ri x
i s W thinHepetoelit eseféntriagn behpmesents iso tie dod$umet detystoeuctfoar occl ude

t he . .
example, in layers or aggregates.

Implementation of an Hepatocyte—SEC Co-Culture Model wherein

Hepatocytes and SECs are Spatially Localised in the Micro-

Fluidic Channel

The strategy for spacially controlling the seeding of SECs

may be classified into two categories:
e Dynamic seeding

e Entrapment by complex coacervation under laminar flow

conditions

In the first strategy, hepatocytes may be three-
dimensionally trapped in.the cell retention chamber as
described aboveﬂ Subsequently SECs may be dynamically
seeded such that they form a layer outside of the
confinement of the hepatocytes. However the seéding,of
hepatocytes in this way is dependent on the SECs attachment -
to the collagen-terpolymer complex and PDMS projections.
This can be improved by coating the projections with

proteins derived from the extracellular matrix.
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fl anki ng spaces 19, 19' either side of the cell retentionchanber 15.

Drawi ngs are for illustration purposes only. Hepatocytes 21 nay- be present
in the cuouwne/dexdce, for exanple, in |layers or aggregarescoospbesent ati on
of an Hepatocyte-SEC Co-Cul ture Mdel wherein Hepatocytes and SECs are
Spatially Localised in the Mcro- Fluidic Channel The strategy for

spaci al | yrgankeebhiingtirhe «39edhig 19k sSEGe Ry rRgnehas oirf is@esi B0 4t Wo
categories: Dynam c seedi.ng Entrapnment by conpl ex coacervation under
| ami nar f Bemacenei tleves PA the Frddegsty gedgyn hbpacedyt estenyioa

t hreedi nensional ly tra d,.in th LI retention chanber descri bed
wbove. Subieqnen: by SRERE bR boBpigk cahr S vl Mol RE) form

| ayer out sbdeagknt hadcerfbpegret ahdele 1aepabecyies. condoweves.t he seeding
of hepatocytes in this way is dependent on the SECs attachnent to the

col | agen-t_er pol r co ex and PDVMS projections. This can be inproved b
Coat  ng  FLBrEEoIR GRE VEL ACPPBRELREIad! LoQUStEaltt ROnEaBPacEirRar

matrix. Theogsegqndsphrakegy-iprahvesdt becgrhyaprertcef 28ECs apeacegparate
| ayer of the collagen gel in the cell retention chanber by using the

conpl ex cerdénvat dsnick ABPhy| Beéarednbagenfagureerpol pheexangde &ni nar

0w conchiany SR, 16 838,7 SHIBTRHL SR ! iy b prgaatiyaton
confined to the cell retention chamber 15 after being ‘
introducéd through inlef 10. Terpolymer is céncommitantly
introduced through inlet 9 and 11. SECs 22 are dynamically
seeded exteknally‘of the cell retention chambef 15. Any

liquid medium can exit via outlets 12, 13 and 14.

Referring to figure 7B, the entrapment of SECs(22 by l@ﬁinar
flow compiex coacervation of methylated collagen and |
terpolymer is depicted. Hepatocytes 21 suspended in
collagen, are introduced through inlet 11, SECs 22 suspended
in collagen are introduced through inlet 10 and terpolymer
is perfused through inlet'Q into theAéell culture device 100
under laminar flow. Hepatocytes 21 are entrapped in the
cell retention chamber 15 and SECs 22 are located eXternally
of the cell retention chamber 15 but in contact with the
PDMS projections by complex coacervation.of collagen and

terpolymer.. Liquid medium exit via outlets 12, 13 and 14.

In both figureé<7A and 7B, hepatocytes 21 aré‘shielded from
‘shear force exerted by medium perfusihg through the cell
culture device 100 by a layer of SECs 22. This is similar
to the physiolbgical conditions in vivo. Drawings-afe for.

illustration purposes only. Hepatocytes 21 and SECs 22 may
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:culture device 100. Referring to figure 7A, ah exanple of dynam c seeding
is shown. Hepatocytes 21 may be physically confined to the cell retention
chanber hMsoabisrs2i2ei ng i ntroduced t hrough inlet 10. Ter polrgeR051080385
concomm tantly introduced through inlet 9 and 11. SECs 22 are dynam cally
seeded externally of the cell retention chanber 15. Any |liquid nmedi um can
exit via odélptssdat 13 and dditReéesevnget nfi gui-ec%BmplBe eal,eapnept of
SECs 22 by | am nar flow conpl ex coacervation of nethylated collagen and

t er pol ymer298rgeptrefed. Hepatocytes 21 suspended in col |l agen, are

i ntroduced through inlet 11, SECs 22 suspended in collagen are introduced
through inlet 10 and terpolyner is perfused through inlet 9.into the cel
cul ture deNEEERMONATHOErOF afikharNTVBER WEPAIBCYHESCRIL aCBLENRE appelCcEn t he
cell retention .chanber 15 .and SECs 22 are |ocated externally of the cel

retention chanber 15 b in contact with the PDVS projections. by coppl ex

coacervati%%pggo%%%?%gg% 3hd fg?%5$§%%?gl¥iaﬁ?ﬂnﬁ%déﬁn%%???a9+%¥oﬁfggts 12,
13 and 14.for | exdabhef i gueeBoxyPesbtuiBy bHepateayt BSuRd preorshbel ded from
shear force exerted by, nedi um perfusing through the cellculture device 100

by a | ayeroRfrapmnbvitinia e s¢od ] aFctenthen prharbebgl eal E0aEEsions in
vi vo. Draw fior &1 i ur po : y o) 3 SECs
22" maybe. Y oskht 12 The  Ehl i e dovy et oot oy - xaior co | Syasidy EAd

aggr egat eshe i ddET ERM NAT | GL OFr SRt INbIVBERW G N Tikisy G Lt OclbrT URE VI CE

Hepatocytes, 2l AL £ [ Ul ESEeOtineSL A NSA DY, 1 AU DG WL o e

images may be processed with Image Pro™ Plus to quantify the

number of cells in the optical stack. The totél:number of
cells in the celi retention chamber 15 can be‘estimated as
the number of cells in cell retention chamber 15 is
equivalent to the ﬁumber of cells in the optical‘stackl
multiplied by the volume of cell retention chamber 15

divided‘by the volume of optical stack.

Assays

The metabolic functions of hepatocytes in the cell retention
chamber 15 may be determined by using the 7-ethoxyresorufin-
O-de-ethylation assay (EROD) and 7-ethoxycoumarin-O-de-
ethylation assay (ECOD) to determine the activities of
CYP1Al and CYP2B6‘ispzymes. Other metabolic functions may
be evaluated based on urodine diphosphate |
glucoronosyltransferase (UGT) and sulphotransferase (ST)

activities on the glucoronidation and'sulphation of 7-

hydroxy coumarin.

EROD Assay

The de-ethylation of ethoxy resorufin is CYP1Al associated

and its activity may be quantified under a confocal
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for exanple, 7-ethoxyresoruf in for four hours prior to entrapnent .within
the cell retention chamber 15. Inages (e.g. 512 by 512 pixels) of an
optical seotzemsspanni ng the height of the cell retenti @eoTscands@noksd may be
taken at an interval of two mcroneters with a 20x objective |lens. The

i mges may be processed .with Inmage Pro(tm Plus to quantify the nunber of

cells in Rggrgggbggla@@@g@ingthtgh@h agnbar, ,oRooel.l s7-n the cell retention
chanber 15 can be estimted as the nunber of cells in cell retenti.on

chanber 16thexgqeisvabdAn 6 PrETRERDerIEPUGE RS Folie e device
st ackml ta@g'{fggg% Liae Jyoureaf el hotel el epuchaghels. 15 divicded by the

vol une of al”’stac says The netabolic functions of -hepatocytes in
the cell e@henkieonooharhecel mayayhke deterdiized hdgsi mg comdgocal

7- et hoxyresoruf in- dee-etg%gﬁtion a%s ¥E%FFKﬁ%land '

7- et hoxycBaREPEFODE] ¥Ry Pat oL S8y &% )"t Fet BARSTe Pe T vities of

CrPI Al and, CYE2E6  $04¥Madd hetrretiabolia: dusmatinnsmpre eval uat ed
based on drodi ne di phosphat e gl ucoronosyl transferase -(UGI) and

sulphotraastéwaﬁgk(ST) activities on the glucoronidation and sul phati on of
7- hydroxy coumarin. EROD Assay The de-ethylation of ethoxy resorufin is

CYPI Al as%@g a%g% dits activity may be quantified under a

BCOD . .
confocalnre%eseé%éggccordlng to Chiu et al., 2000. 7- ethoxyresoruf inis
perfused through the cell culture device

The de-ethylation of 7-ethoxycoumarin-is mediated mainly by
~CYP2B6 but can also be performed by several other forms of

CYP ehzyme, for example, 1A1/1A2/2A6'and 2El1. ‘Different

qoncentfations (20:150 pM) of 7—ethoxy¢oumarin may perfused
through the cell culture device 100 at, for example, 0,3 ml
per hour. To calculate the Michealis-Mentin kinetics, )/
aliguots of the supernatant medium may be withdrawn after
different periods_of times to calculaté the enzymé’s time
dependence. Samples are stored frozen, such as at -20°C,

until analysis.

After thawing, 7—hydroxycoumarin cohjugates may be cleaved
using beta-glucuronidase in 100 U/ml acetate buffer
overnight at 37°C. Aliquots of the treated samples may then
be mixed with glycine buffer. The formation of 7-
hydrochoumarin may be quantified by fluorometry with an
excitation wavélength of 360nm -and an emission wavelength of
460nm. The spectrofluorometer is calibrated using 7-

‘hydroxycoumarin standards.

UGT and ST Assays

Both enzyme activities may be measured in only one assay
because both enzymes metabolize the substrate 7-

hydroxycoumarin into 7—hydroxycoumafin'glucoronide and 7-
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100, such as at 0.3 m per hour for four hours. The cell culture 100 device
may then visualized under a confocal m croscope with a rhodamne filter.-
The i magesormeys/dskes processed with Image Pro(tm Plus tecgsanbisfogosshe ERCD
activity. ECOD Assay The de-ethyl ation of 7-ethoxycoumarin is nediated

mai nly b¥ CYP2B6 but can al so be perforned by several other forns of CYP
enzynme, f / A6 _and I ] n ncentrations (20: 150
nv ) of 7B§9§é%§§%§ﬁﬁ%?% %é%ﬁéggfdsegagh§855%%ﬁﬁg %gfﬁ culture devige 100
at, for exggpbeycbulamtinpefl-hgdroxVgloabecohate the N-tlydalcxychtmgirnn

kinetics, / _aliquots of the %uger at ant nedium ma b% i
ey D1y Rhed

wi t hdrawn after
di f f er ent SH&PPBEE BRYt PReBSE &t E3Phe-Efdy ke CdEPéfdence.

Sanpl es apecst-aifd EHODARLySEENaas ,at 9980 O€epattatiibnanaly s cadirted
thawi ng, 7-hydroxycounarin conjugates may be. cleaved using |
bet a- gl ucensnipdaseticrated Gusedasétlare baPféragveMditghdeiecszoncat Al quots

of 7- hydroxycoumarin may be guan uoronetry w th an excitation
wavel engt Bieko3oeamiandrabsehibasiedrivabelférgt magf bé6@emiublke $peotigbf

| or ol o L5 c3ly DLl ed vaing 1 ydtoccouy Lnystandacds UG nd ST

the Michealis-Menten kinetics. Aliquots of the supernatant
medium can be withdrawn after different periods of time to
investigate the enzymes’ time dependence. 7-hydroxycoumarin

. standards may be preparéed from a 1 mg/ml stock solution
prepared in ethanol and ultrapure water (10:90 v/v). Both
A7—hydroxycoumarin glucurdnide and 7—hydroxycoumarin sulphate
standards~may'be prepared from a 1 mg/ml stock prepared in
ultra pure water. All standards are diluted with Krebg—

kHanseleit buffer.

Cell cultures and extracellﬁlar matrix support

In use, the cell culture device 100 in accordance with the
presént invention may comprise one or more cell‘qultures
located in the cell retention chamber 15. The one or more
cell cultures may be introduced into the cell retention
chamber 15 via the one or more inlets of the cell retention
chambef 15.4 The cell cultures are preferably introduced to
the cell retention chamber 15 in a liquid ca;rier} The

liquid carrier may be cell culture medium.

.Preferably, the one or more cell'culfures are embedded in an
extracellular matrix within the cell containment chamber.
The extracellular matrix may comprise one .or more protéiné
.such as Collagen, fibronectin, laminin, fabrillin, elastin,

glycosaminoglycans, chitosan, alginate, or proteoglycans.
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because both enzynes netabolize the substrate 7- hydroxycounarih into

7- hydroxycoumarin gl ucoroni de and 7-hydroxycoumarin sul phate. The detection
of 7- hydwoxyenseesi n, 7- hydroxygl ucoroni de and 7-hydr orgrceaensionosss| phat e
may be perforned by capillary el ectrophoresis according to Duffy et al. r
1998. Separation may be carried out on untreated fused silica capillary

wi th detegtj 20 j n s at ik gn 7+ hyd o} rin
R IR S e S S R S e
cul ture dembeddedunhyaseadfOtBentdbhiagen tmpeul aMerehprifehebliys- Meaten -

ki netics. [ quots of the supernatant ium can be_withdrawn_after
differentcgih?gﬁg B?Yt?ﬁes?§g9£?ﬁvg§?Wg§g§ 9ﬁ8u8nE?ﬂ%%SQ%Pﬁeogependence.
7-hydr0XYEQMMB%EH $t andar ds1mayvbeypreparedrfronmra, 11ry/ Rl stoekdsrkutio
prepared in ethanol and ultrapure water (10:90 v/v) . Both

7- hydr oxy¥eatmprafgrakly ontlde apdlagppdmexybeufifittAI8DI phat e st andards may
be prepared froma 1 ng/m stock prepare4 in ultra pure water. All :

st andar dsqafe di | 2 nggl g Eier. nCBLEieyl tuprgs and
extracelIEﬁérngégéggsﬁ%%g??éﬁg§%gg? ?%ee%%??eculgu?e detice 100 in
accor dancehwint haf heopi Eseationveat boafeagbtpnprhievedebyr mabhylaelipn

cultures located in tge-cell retentjon_chanb 15. -The_gne, or e cel
cultures_ﬂﬁyggﬁcPﬁy}ﬁ u28d Phtd FﬂﬂbbgﬁflPEtgh?f%ﬁféhaﬁgeﬁhi505?éa9§8 one
or nore |BB?§§y@Esym§t§§|itr@EeFEé@érﬁbaybgbhiéveahByCel| cultures are
preferably introduced to the cell retention chanber 15 in a liquid carrier.
The galactosylation. ‘
The methylation of collagen may typically achieved by, for
example; stirring precipitated collagen in acidified

methanol.

The addition of galactose into collagen moleculés may
preferably be achieved by, for‘example, the ;eaction of
collagen and 1-N-(lactobionic acyl)—ethylénediamine with the
carboxyl group activator l-ethyl-3,3’-dimethylaminoepropyl
carbodiimide. The degree of collagen galactosyiation may be
quantified by a colourimetric methpd) Briefly, .
galactosylated collagen may be reacted with phenol and
concentrated sulphuric acid, and the degree of colouration
may be measured using a colourimeter at a wavelength of 510
nm using different concentrations of D-galactose BPS
solutions as standards and unmodifiéd collégen as a'negativé

control.

Advantageously; the methylation and galactosylation of
collagen reduces the density of gollagén and fhé number of
connectiéns between collagen molecules. This allows
increased perfusion of a cell culture embédded in a collagen

matrix. Even more advantageously, an increase in collagen
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liquid .carrier .may be cell culture nedium Preferably, the one or nore
cell cultures are enbedded in an extracellular matrix within the cel

cont ai nmew® 206va05P28. The extracel lular matrix nmay conpr iPEE/SGRES/00638HDI €
proteins .such as collagen, fibronectin, lamnin, fabrillin, elastin,

gl ycosam nogl ycans, chitosan, alginate, or proteoglycans.Preferably, the-

extracel | ybah ﬁ%%&bh iR WaireB1bhedcelks akerenheddednzayibe ahdt he col | agen
type. More preferab y, the collagen may .be selected fromthe group

consustungoahe@@ubage@etweenlcoﬂﬂagenvaWeCU&ﬁs VL, VL, T X X Xl and
XI'l Most preferably, the collagen nmay be collagen | . The collagen may

prefer abl gyb%s%he@o&a'a S g,g%ﬂegmtﬁh%me%' mdif i.eati an)i s, Aref erabl y

achi eved met i Iatlo atio |, a conbi nati on thereof If the
col | agen is gkﬁ&@&%bayednttod&cpdeterahbyc&dﬂl@M&duhﬁ glalvactodyloat i on. The

met hyl ation of colla may ty |caIIy ved for .exanple, stirrin
precipitaF@HeEBPFa&é% & 58F8P$V@8rnet ﬁol ﬁémg&dﬁﬁyo f@&Iactoseg

into col | agem ﬁ%'e@@hﬁ&Mﬁﬁ¥M@hefeTﬁE|ﬁo@@ag@%hb%!@dmﬁktuE@ra%@ﬁ”p|e t he
reaction of collagen and 1-N- (lactobionic acyl) -ethylenediamne with the

car boxyl’ geaaplamemvm@drbe énhypdgced sgppuriplan RoEpCOpFOmé&ppEAYni de.

The degre | I S tian may be quantified by a colourimetric
nmet hod . Erleflﬁ, %%ﬁgc%gégﬁ%geég F%agen may be reacted w ith phenol and

concentrated sul phuric acid, and the degree of colouration
In one embodiment, by flowing two polyelectrolytes, in

particular, collagen (containing one or more cell cultures)
and HEMA-MMA-MAA into the cell culture device 100, the
terpolymer solution is introduced 1nto the spaces 19 and 19’
flanklng the cell retention chamber 15. ThlS allows the
complex coacervatlon reaction between the cationic colLagen
and anionic terpolymer to result in the gradual gelation of
~the collagen which in turn traps the- cell culture inside ‘the
cell retention chamber 15 in such a way that they are
supported,. three-dimensionally, by a collagen-based matrix

" (Figs 5 and 6).

In an embodiment, cells may be supported in three-dimensions
by the collagen matrix for the preservation of the globular
phenotype of hepatocytes which is correlated with

maintenance of liver specific function.

Thé introduction of the collagen and terpolymer separately
ensures that collagen and the terpolymer do‘nbﬁ‘mix, thereby
" spatially consfraining the cell culture to ahportioh of the
cell culfure deviée 100. This”portibn‘is prefefably the
.cell retention chamber 15 or a portion thereof. n
particular, the property of laminar flow within the cell
‘culture device 100 ensures that whep‘the collagen and/or

cell culture and terpolymer are introduced into the .cell
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may be neasured using a colourinmeter at a wavel ength of 510 nm usi ng
.different concentrations of D gal actose BPS sol utions as standards and
unnodi f i eslocodd/mgR2e as a negative control. Advant ageouslpgir/sGhersmeddsyl at i on
and gal actosyl ati on of collagen reduces the density of collagen and the
nunber of connections between col |l agen nol ecules. This allows increased

per fusi on @f; @celdefithd Ur @ epheddeds i 18 4 UL, NBS I X1 Ry e i e

advant ageously, an increase in collagennethylation is correlated with
decr eased trarpikyressr et comhbrgdfee betsteaicteote agen nol ecul es. I n use,
col | agen, together with one or nore cell cultures, is preferably introduced

to the cel : r Vi ther...w tF ol yhe er pol yner
may be, fo‘Ier]%(gaénlp 32’ %ﬁﬁ%&%&%ﬁ#@g@rﬁ% Ié m x%%uree an% t er pol ymer
may be i ntregdiscsst seipet atel tyy rduie diicn caini 4 lddw Yoet hiiwi diheofCeltle citd I e
device. In gne enhodinent, by flow ng two pol yelectrolytes, in particular,
col I agen ( it % Qﬁ]lgl o?e%?ﬂtel%l aé‘i}?eilgrje%') and HEMA- MVA- MAA into the
cell culture device 100, the terpolyner solution is introduced into the

spaces 19 mand k8 #1ankirerides celd me esdd oms hanmbeio 161 Thioa) [ows the
conpl ex coacervation reaction between the cationic coll/agen and anionic
t er pol ymertwp dHexgnats nlayrr yraddein ddisatdohnt ofettere ko |dypsibathiigh e turn

t th it i nsi cel | T i r i a wa
t LZP St he3e/ %%Jeétsag#plo% gac}S é,@%%e%?g?ﬁrr@nﬁ ooﬁéaﬁ}% qﬂg/&% Ita%pzené- bqea}iéeéE mat ri i

at their respective interfaces.

The one or more cell cultures may be, for example,
hepatocytes, fibroblasts, endothelial cells and bone marrow
stromal cells, or other anchorage-depéendent cells. In one
embodiment, cell cultures may include, for‘example, CHQ and

Hel.a cells.

Preferably, the one or mofe cell types éomprises.hepatocytes

and endothelial cells.

The endothelial cells may be, for example, liver sinusoidal
endothelial cells (SECs) 22. The liver sinusoidal
endothelial cells may be introduced into the' cell retention
chamber 15 dynamically or by complex coacervation of
coilagen, premixed‘wifh SECS 22, and the terpolymer under

laminar flow conditions.

The SECs 22 may be located, for example, on the pfojections
20 of the cell retention chamber 15, either intérnally
therein or externally .thereof. When the SECs 22 are located
externally of the éell retentién chambef 15 the projections
20 may preferably be coated with an extracellular matrix

protein as defined in the group above (Fig. 7A).
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(Figs 5 and 6 ) . In an enbodinent, cells may be supported in

t hree-di nensions by the collagen matrix for the preservation of the

gl obul ar wbenatosp3of hepat ocytes which is correl ated wpch/Staoosioersasnce of
|l iver specific function. The introduction of the collagen and terpolyner
separately -ensures that collagen and the terpolyner do not m x, thereby

spati al | y GRSt reddddigndrite, agld Gittdntiond @ rbwiidd adfdidia-oal Ilapyéﬂésw e
devi ce 100. ThIS portion is preferably the .cell retention chanber 15 or a

portion t i eésillsTepaddas|igy an tha@@hwlad: maeﬁﬁmr fﬂmq@hwm t he -
|1 | t el | ture
an or Ltrh%_ %\éyg%el%% éf%r};o trh . Cu%f ure eVI ce 1 Cet A lciu -

and terpolyner |ntro uce Kere is
subst ant i aldbentd om xihagnbefr,t ey taer poil;eﬁfer aarﬁim:m |gen/adldursd,r uct ur e.

Typically, the te pQ| ner_.sol.ution may be subsequently replaced with
cul ture mediHEE L h B ARETCSFE %tﬁ %rhé“aﬁcéﬂx retention

chanber. Trotlam, na_Jn fllawrﬁrro\@ldﬁqs Wi®h e t%%%l%é}f e fRided YRES 1N

two discrete Iayers within the cell retention Chanber in the substantial

absence ofthe gevg cef thhélfltq}\?(Blec,feIJJnlt%}:pes Téb@cémlla?tgetrh@lerlh éggetcmev@s
7L Rceg e 0t GertUe e s o e T e ooyt e
anchor age-cddperténureel hABlldl]l’]H@l’}EO&fTh@@l et bec elilf fexdetnitr efs:oﬁa)thencl ude,
for exanp%lrs%HOeﬁqd Hi%%f% éaso premixed w1th collagen or other
extracellular matrix protein is introduced, by an inlet, to
the cell retention chamber, in laminar flow with the
terpolymer introduced into the cell culture device by

another inlet.

In this embodiment, the first layer of cells is shielded by

the upper layer of cells from“any‘shear force generated by
“the perfusion of liquid medium through the cell culture |

device. This is similar.to the in vivo milieu of the

hepatocytes and endothelial‘célls.

Cell culture devices of the invention allow for the spacial
control of cell seeding. In particular, the deévice allows
emulation of the linear structuré of hepatocytes in vivo.
Moreover, the seeding‘of a second discrete layer of cells, -
for example NPCs, furfher emulates the in. vivo physiology 6f

the hepatocyte.

Uses

The cell culture device in accordance with the present
. invention may find application in complex tissue
engineering, in particular, as an in vitro model of liver

tissue. This application may be useful in xenobiotic
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Preferably, the one or nore cell types conprises hepatocytes and

endot helial cells. The endothelial cells may be, for exanple, |iver

si nusoi davoanebatskBi al cells (SECs) 22. The liver sinusectasiGensdotdse! i al
cells may be introduced into the cell retention chanber 15 dynam-cally or
by conpl ex coacervation of collagen, prem xed with SECs 22, and the

terpol yne | am f ndi tLons, 4TheSECS,22qmay beyl9satsgd, for
exanpl e, %%g¥%§{%r%?%%f%%ngﬂg%ﬁ%fg%tégcg?? @§¥enti8%gchanberu15, ei t her
i nternal |l yiveereamcor axdetbvalhychbéhesmesfof MhbastheiSECs 22 are | ocated

externally of the cell retention chanber 15 the projections 20 may
preferably be coated with an extracel]l ul ar trix protein as fined in the
group abo%%e(??gf GRS EUER %ﬁvéﬁ%oﬂ?ﬁeﬁ?,u?ﬁga?ﬁv%ntéﬁégé% Vi gg t wo

di screte ﬁﬁ&@é%i@élCf%é@i@@bgﬂgegth@ra@t@diééce|TuéaﬁeﬁmtéIMayTypicalIy,

this may be achieved by for_exanple introducing to the cell retention
chanber, byowhden| Ber exampke, cbivecimediry pfeRfkéd AREhiBol | agen or ot her

extracellﬁgféigﬁig£x pﬁg@ﬁég,oknﬁggﬂygﬁgmikgwaﬁBg?gﬁscyeépeéyner

i ntroduce e device anot et. The colTagen-cell mxture is
al | oned tposerisatoom ged tegéoenvbibnrsprobgen. tAaétokdngebhdcul ture

(which may or may npot. b d%ff rent f n1%he first.cell culture), also
prem xed ﬁPgﬂcﬁBg?%@eﬁngrt ?hg%gﬁxtriﬁgl ﬁ?é?gﬁﬁ?}i m%?%?%iﬁa¥sb?ntroduced,
by an inl gheqt fot BEa£ebter eEENELDN-EHAABEL, ihBekabtNans] | owl Wbt bhe
terpol yner introduced into the cell culture device by
interactions and the like. :
The biochip may also be used in high-throughput screening to
identify potential pharmaceutical compounds from a library
of chemicals. The bioéhip may also, for example, be used to
optimize delivery protocols of pharmaceutical agents, @b;
example,Aconcentration, volume, or frequency of delivery.
This may be carried out using a pluraiity of cell culture
devices in paraliel for simultaneous monitoring of real-time

effects.

The biochip may also be used to assay fqr toxicity of
xenobiotics/pharmaceuticals and interactions (either
advantageous or adverse) between pharmaceutical/xenobiotic

compounds.

The ceil culture device may also find application.in the
field of bio-artificial liver‘assist devices. These devices
may comprise a plurality of cell culture devices Which may
serve as an iﬁfermediate form of treatment for a pétient
prior to having a.liver transplant. Blood from a patient
. may, fof example, be perfused through a cell culture device
before returning to a patient’s bloodstream in a similar way

" to the circulatory pathway of the liver.
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another inlet. In this enbodinment, the first layer of cells is shielded by
the upper layer of cells fromany shear force generated by the perfusion of
l'i qui d newloumeidsezagh the cell culture device. This is ®cmsicGasostooosshe in
vivo mlieu of the hepatocytes and endothelial cells. Cell culture devices
of the invention allow for the spacial control of cell seeding. In

parti cul t i t) t Lpe ;
hepatocy?%%ei%g%gg%%ﬁibgé%ﬁﬁg?g?ﬁ%&s%ﬁﬁ?%édo?§a%%gc§ﬁd§%%ggﬁgégl?gyer of
cells, fosaneéxaopleyNPSs, of utihetatnuhates the in vivo physiol ogy of the
hepat ocyte. Uses The cell culture device in accordance with the present
inventionan%g{in application in conplex tissue engineering, in

particul af* @n~in vitro nodel of liver tissue. This application may be
useful in xenobiotictoxicity studies in the |liver and may be used in
studi es ofsbiyeioncancesland its nechani sns of netastasis. The cell culture
devi ce nmay be used as a Lbiochip' for biological inmaging and ot her studies.

The device may provide, for exanple, _live imagjing of cells and in_ -
parti cul afePataayrag %?r?h%aHYﬁgﬁngfB?mh@Bg?o@§gEaFeﬁ%%irV?égpbﬂgand
regenerat pgy pPERt €36 abfikki By andwendesyt 0ai 5iandcbhealekeseThe

bi ol ogi cal imaging may -be used to characterise cell-to-cell interactions,
cel | - mat rperfnsboacréoned andcehdingkee Chia et al., 2000. SECs were

isolated according to Baret, 1994 using a Percoll® gradient

in conjunction with selective attachment for separate SECs

from Kupfer cells.

Characterisation of the Physical Properties-of the Collagen

Fibre Support

In order to reduce the density of the collagen matrix,
collagen was subjected to chemical modification by a

combination of methylation and galactosylation.

Collagen was methylated by stirring,precipitatéd<collagen in

acidified‘methanol.

Characterisation of the degiee of methylation was
characterised by capillary electropho;esis. Capillary
electrophoresis was qarried out with 0.05% hydroxypropyl
methyicellulose at a pH of 2.5 and a temperatgre of 21°C.
This resolved the methylated collagen into four majoi peaks.
An increase in the degree of methylation was correlated with
an increase in the ratio of the areas under the.last two
peaks over the first two peaks, defined as Y. Collagen
methylated at 4°C for 6 days had a calculated Y value of’
1.4, and was characterized as slightly methylated collagen

(SM~collagen). Collagen methylatéd'at 23°C for 1 day had a
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The bi ochip may al so be used in high-throughput screening to identify
potential pharmaceutical conmpounds froma library of .chem cals. The

bi ochi p nmp 28é630322280r exanpl e, be used to optim ze del i vemrgscRoosiooesss of
pharmaceuti cal agents, for exanple, concentration, volume, or .frequency of
delivery. This may be carried out using a plurality of cell culture devices

in para"ggléei SLAUY REQUS,FODI bOrLAG Rhst 8RhrhbpBretigcts. highhg biochip
may al so be use% to assay for toxicity of xenobiotics/pharnmaceuticals and
i nt er act i mashykatdercatlagengeddscotladert se) bet ween

phar maceut i cal / xenobi oti ¢ conpounds . The.cell culture device may also find
applicatign,in_the fiel L 0- iflrcial - Li agsi deyi These
devi ces n%?l%%E%??sgaa %?§%5$é?3€%§ %gf% %8#?%§énd§ igég g%%§ﬁ§%%yggerve as
an i nt er nedlasgeh oantol -+ ephaeobdidnt caapal) eathplénedianhawi wijth theer

transplant. Blood froma patient may, for exanple, be perfused through a
cel | oul t GREPEEVA cOr BEP o7 6L KR EPFI HGEEBYA™ pat| GRENE LAY SORLEPREARY S a
simlar M@gr%gdibﬁigé[culatory pat hway of the liver.The follow ng exanples
are offered by way of illustration and not by way of limtation. Exanple 1
| sol ation of Cells Hepatocytes were harvested frommale Wstar rats

wei ghi ng Th@ndegoe@oogoeobfaﬂ%nbgaéa@ﬁgsyﬂéblpﬁ YpguduedflhyefaBE Perfusion

met hod a088£g£9§e£9ighﬁgtﬁ5dgl'GagQQQOS§Eg§e&BESllagen was reacted
~with phenol and.concentrated sulphuric acid. The degree of
coloration was then measured on a colorieter at a wavelength
of 510nm. A standard curve was plotted uSing varying ‘
concentrations of D-galactose in phosphate buffered saline
to calculate the degree of galactosyiation. Unmodified

collagen was used as a negative control.

Performing the galactosylation reaction at 4°C for 24 hours
gave a galactosYlatioﬁ level of 80%.‘ This level of

galactosylation was used in subsequent studies.

The galactosylated collagen was mixed with slightly
methylated collagen and complex coacervated wifh terpolymer
to provide an extracellular matrix support with variable
physical and chemical properties. A decrease in the
proportion of methylated collagen in the mixture of
galactosylated and methylated collagen resulted in a.

decrease in collagen fibre density and connectivity.

In order to noninvasively characterise the formation of
collagen nano-fibres in the extra-cellular microcapsule

based three-dimensional microenvironment a back scattering

confocal microscopy assay was used. An Olympus Fluoview®

500 confocal microscope was uéed with a 60x WLSM lens of NA-

1.00. 2um sections of the microcapsule were obtained by
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i sol ated according to Baret, 1994 using a Pe.rcoll(r) gradient in
conjunction with selective attachnent for separate SECs from Kupfer cells.
Char act erweabecors2nzB t he Physical Properties of the Col | agersGBodsreosSsippor t
In order to reduce the density of the collagen matrix, collagen was

subj ected to chem cal nodification by a conbination of methylation and

gal act osy i y hGEE p Lpi d | 1 agen
o aci di FrBE B el R el C e O TR e o B R Ay e T on v
char act erpsegméyecapvétar gattetatephosesgsIngapi-Prar lekbedt bophbbesi s was

carried oyt with 0,05% hydraxypropyl t hylcel | ul ose at of 2.5 and a
t enper at u %SS?léﬁC?h?h?@x?égb¥g§d8¥ﬂ§gﬁ¥tK%FQF 5088ﬁ|%68%-$%10 f our naj or
peaks. AngbRgreess=kPehherdggnaei pbsnehhylakionowes ener ebakedpykéhsan

increase in the ratio of the areas under the |last two geaks over the first

two peaksindeh¢nelias) ¥ nawerfagen herayhalegant dg0erisice days had a
cal cul ate i : S Br LzgH-a88! LahL! ¥ Qet hyl-at ed
col | agen ?%%é%@i#gag%?é.ﬂ%%?ngﬁﬁ %%?ﬁ%?g%gdbgﬁ %Scséor 1 dag had

acal cul at edideypal ardofiaio9filnd hasnchangcteeazedendrhighl y net hyl at ed

col l agen (HM col | agen) . | act ose .was_ipcorporated into collagen by the
reaction é?m@%¥T%§%ﬁaéﬁdnﬁm r(?ic?ﬁﬁéﬁﬁggsa QP?egg?Hy%gngd?gﬁgngeﬁjth t he
car boxyl - gf pyp) activator |-ethyl-3-3" -dinethyl am nopropyl carbodiimde .

A summary of the physical characteristics of the

microcapsule shown in Table 1 below.
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The degree of coll agen gal actosylation was quantified by a colorinetric
nmet hod. Gal actosyl ated col |l agen was reacted with phenol and concentrated
sul phuri cwacbeb/057128é degree of col orati on was then neasurPew/SorRoE/ 00@BSHr i et er
at a wavel ength of 510nm A standard curve was plotted using varying
concentrations of D-gal actose in phosphate buffered saline to cal cul ate the
degree gfpgal actosyl ati on. Unnodified coll agen was used as a negative
control. Perform ng the gal actosylation reaction at 4C.for 24 hours gave a
gal actosyl ati.on level of 80% This level of galactosylation was used |

subseqli¥pdifiaddi es. THEFMAAdE6dy| at ed. coNPEIRH SRS i ¥&AWTMRLRSY i ght I y
net hyl atgdh &l agen ande LAY COAGE KA 8endditid er POl \iaRkirk Ge Pidibede 4n
extracel lular matrix Support, with variable physical and chem cal

properties. A decreass endadd&esr opor ti on ofn hyl at ed |col | agen in the
m xtur e of gal actosyl gt ed and net hyl at ed| col | agen resul{ted in a decreaseg in

col | ageBMIENT R @aNST TY Ahoqenoest i Vi ty. | inoordarz t o ngni.nvasively
characterise the formgti on o6f col |l agen nano-fibres in tithe extra-cell ul arn

m crocapsul e based t hrlee-di_nmensional m cfgenyi nt g k.scattering
confdcaBMﬁﬁ?ﬁ%ﬂ9€8py as§&f”ﬁ£§'§ggd. An O §h€%%dgﬁﬂ§viemfﬁ%%gaoggonfocal
m cros¢cope was used wijth a 60x W.SM | ens| of NA 1.00. 2rmm sections of the

m cr ocapsele Meigenobh &l ned byoptical sectioning for subsequent anal ysis.
Three physij cal_ paranetiers were cal cul ategd using Image-Rro Plus 4.5 .1 tg-
R EREtRReo. 11 br ‘ ‘

descri | e density (fractiopal area .of

| collagen
mixtures
17 0.964+0.051 0.89+0.06 0.95+0.09
25 0.959+0.053 0.74+0.08 0.72+0.15
50 0.952+0.040 0.68+0.17 0.664+0.17
75 0.950+0.036 0.64+0.07 O}6li0.07
83 0.929+0.032 0.44+0.11 0.58+0.07

Table 1. Collagen nanofibré density, length and branching in a
microcapsule were represented by the normalised fractional area of
dendrites, dendritic length and dendrite number respectively. Values
indicate normalised indexistahdard deviation. SM-collagen: slightly
methylated collagen; HM-collagen: highly methylated cqllagen; G-
collagen; 80% galactosylated ‘collagen. ‘

Hepatocyte Culture in an Engineered Cdllagethatrix

Primary rat hepatocytes seeded at .an optimal density of
. 5%10° cells/ml maintained the‘round phenotypic morphology of
hepatocytes in a methylated collagen-terpolymer '
microcapsule. The hepatocytes were.loosely'supported by

collagen nano-fibres in the microbapéule and showed enhanced’
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dendrites=area of dendrites in pixels over the total pixels in the slice)
nano-fibre I ength (mean dendritic | ength=average |ength of dendrites
connect edwoaeow/osexe per slice) , and nano-fibre branchi mgT(SGeens/odesssirite
nunber =aver age nunber of dendrites connected to a -node per slice) . A
summary of the physical characteristics of the m crocapsul e shown in Table
1 bel ow. Tgbkeclchabheed  rERLL268E e@eefhepateepﬁbgyinlﬁagbmage@ branching i
n a mcrocapsule were represented by the nornmalised fractional area of
dendrit esgudéndeirtic I ength and dendrite nunber respectively. Val ues

i ndi cate normal i sed i ndex+_standard devi ation. SMcol |l agen: slightly

met hyl at eﬂ%é%'g?gg@éo aeakéaggggp%gng&gpgnym&%%gg' @Q%E Geol | agen:

80% gal acf gen. ocyte ture 1 ' n an Engi neered Col |l agen
Matrix Prigaiy/pabuhnepat eeyvesysagdgdyatcan apti BREmdeRs] pyopbrbXk® 6
cells/mM maintained the round phenotypic nDrphoIogy of hepatocytes i n a
met hyl at edewvohbageheteiporgaeedniceachpsdhetiorhehhaphhecphesifate | oosel y
supported_hy_coll agen. -fihres.i t G S owed
enhancedd??¥8?£%tWa?eaﬁgg%%%?gan6§8?¥hg§ag%ggﬁg29iﬁgﬁgggggégr cul ture.
Hepat ocyt esltubtty ednwi thepecolihagennsatoutdsbél XhetBeeekhbhBB@dnivhiEnw t h
varyi ng ph%sical and chem.ical properties deEEnstrated anreaseg urea
product i ohPRhBROPRELpRYsPEaP2SBEpBPY L7ESY REFedd8h APgAPYTEESEFi ght |y
met hyl at ed col | agen) and these functions could be further enhanced when
Microfluidics-based Delivery of Collagen

Microfluidic systems, such as the cell culture, device of the
present invention, have distinctive properties due to their
small dimensions. Oné of them is that fluid flow in the
cell culture device is laminar. Operating under laminar
flow allows two or more layers of different fluids to flow
next to each other without mixing other than diffusion of

their constituent components across the interface.

1.5mg/ml neutralised type I bovine dermai collagen was
delivered into acell culture device in accordance with the
present invention. The architecture of theAnanofibre matrix
in the cell culture device Was similar to that achieved by

the pipetting technique used in collagen sandwich cultures.

Optimisation Three—-Dimensional entrapment of cells in cell

culture devices using laminar flow complex coacervation

Cell culture devices were fabricated as described ;

p:eviously. 6x10° cells/ml of primary rat hepatocytes were
suspended in 3.0 mg/ml of methylated collagen before being
introduced into a closed loop perfusion apparatus as shown

in figure 8.
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the proportion of gal actosyl ated coll agen was increased. M crof

| ui di cs-based Delivery of Collagen M crofluidic systens, such as the cell
cul ture. wewnarsef23t he present invention, have distinctipce/Sprapsnisises due
to their small dinensions. One of themis that fluid flowin the cell
culture device is lamnar. Operating under laminar flow allows two or nore

| ayers of ﬂhéfééﬁﬂéﬁéﬁ“bg§ltQoiﬁ@fbﬂe%és ?@3 9£h§£r¥%ihf %Q% émg ot her

than diffusion of their constituent conponents acro
1 5my/ M rneviEpal ysed sq}a@tiomowIﬂpomefamhatndmagéntMestlelag@:ﬁeldatﬁiQ
esent invention. The

,-cell e i n_accordance th the pr
archl t ect uérl%ei%%g?rgeﬂnéﬁo THrEt R T xaﬁ“%lI the Eﬂﬂgokﬂp?ﬁr%oﬁlém% was simlar
to that achéEVecedywitie ObDEEDELEEChad OUE @@%fﬁﬁ@'%@@%é@é&%\%{f“
cul tures. timsation Three-Di nensional entrapnment of cells in e

cul ture deAced: ushapinai hkev HW%M%XC%th@MﬂaM@nd@eMe ceth$wred
i 6x| Is/m of
devi ces weyesf alid calethdsn ;ﬂpaggo%yfgfva&g%; rﬁllxx C%hﬁ%y s/m o

primary rat hepatocytes Were su ated coll agen
before beﬁ@@ﬂmkhdmdstlmmmgzltdwd:ébnp tperd ushon appaf atis @sLshown in

figure 8 col | agen-cel | .sol uti an was unped in parallel with 3% -

t er pol yner sgtlu elooﬂeqmt?pon FFeta 9‘%%‘”(}; LRAGEHen &ﬁﬁ‘f{ﬁﬁfﬁ f1 ow
was stoppeﬂzearuhttm:t&rmﬁﬂwnﬂte&mdﬁll%éﬁ@rﬁf%%ﬁfb ael4 cfl e medi um
to perfuse the entrapped cells. Lam nar flow inside the é’ cul'ture device

ensured t FERSHHEE T ddn PECLICEN 51 hatarondiaf ridie mischiHertetsy collagen

which trapped the cells in a three-dimensional matrix.
Methylated collagen and terpolymer were prepared accordlng

to thée method of Chlu et al. 2000

Optimisetion of Cell Number in the Cell Culture Device .

Homotypic interactions betweeﬁ hepatocytes are vital fof the
maintenance of cell polarity and functionality.

Accordingly, it is important that the three—dimensioﬁal
estrapment of hepatocytes by laminar flow coacerﬁation is
able te load hepatqcytes'in the cell culture device at a

dehsity sufficient to achieve cell-to-cell interactions.

Different initial cell seeding densities were used to
quantify the number of cells located in the cell culture
device. Hepatocytes were fluorescently labelled by
incubation with 7-ethoxyresorufin for 4 hours pridr to
loading of the cell culture device. Images (512x512 pixels)
of an optical section spanning the height of the device
(200um) were taken at an interval of 2um with a 20x

~ objective lens using a confocal laser scanning microscope

(Olympus Fluoview® 500). The images were then processed

-with Image Pro® Plus to quantify. the number of cells in the

optical stack. An optical stack was taken at intervals
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spacially constraining the cells to a portion of the cell culture device.
The conpl ex coacervation reaction between the cationic nethylated col | agen
and ani onwo 20@&v@Eei2gner resulted in the gradual gel ati onpof/sGhesweddsyl at ed
col I agen which trapped the cells in a three-di nensional matrix. Methyl ated
collagen arid terpolyner were prepared according to the nethod of Chiu et

al ., Zpoglo§§tkﬂ%sggﬂgncﬁﬁtgggldgygggrtbnségei§?khegﬁl%H%ea9§v!Ce

Honot ypi c i ntéracti ons between hepatocytes are vital for.the maintenance of

cel | pol arbtyaandnfincthenakilfiydeAstoydieiighy, the isnotportakhet hatlt he

t hr ee- di nensi onal entrapnent of hepatocytes by | am nar fl ow coacervation is

able to | 644 HEBaPBEYFES in the cell culture device at a density sufficient

to achieve cell-to-cell interactions. Different initial cell seeding

densi ti estyueygsusgdel@eUankicl YhEhgunbabebroteaekl snl edat edlincuheucel |

culture device. Hepatocytes were fluorescently |abelled b¥ i ncubation with

7- et hoxyr 8eviaei Wasodow RBdr ¥apr beRerallyadnagnsftine &6l theuFedte devi ce.

| mages (. i : of i i p i he shehght ~ak t he

devi'co (2500mH0) Brlpt Y aice e R R e T e e S Tt et v

| ens usi ngfathentetal chaseresdannicrgenieor sheopeheQfyppustFitbeovi ew(r) 500)
The inages wer e thﬁg grocessed W th Iﬂage-gro(r) Plus to quantify the-

nunber of CeelRgSPRCE BEPEAFL8TaliR® AR°BPfreal stack was taken at

i nterval salong the cell culture device to see if there was any variation in

the cell ¢gesi theakangibheckengthedfingheoaekhtration was increased to
greater than 6x10° cells/ml, the cells occluded the cell’
culture device and laminar flow complex coacervation could

not be achieved.

Three-Dimensional Spacially Localised Entrapment of

Hepatocytes and Fibroblasts in Cell Culture Devices by using

Laminar Flow Complex Coacervation

Cell culture devices with three inlets were fabricated by
the moulding of PDMS (PDMS; sylgard 184; Dow-Corning) on a
micromachined polycarbonate templafe. The PDMS membrane was
then treated by oxygen plasma to chemically bondlit to a
glass substrate. 6x106‘cells/ml of primary rat hepatocytes
oi NIH 3T3 fibroblasts were suspended éeparately in 3.0mg/ml .
of methylated collagen before being pumped into a closed
loop pérfusion apparatﬁs as described above. The~collagén—
cell soiution was pumped in éarallel with 3% terpolymer
solution. Hépatbcytes and fibroblasts can be threg—
dimensionally entrapped in two discrete layérs within the

cell culture device.
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culture device. It was observed that the nunber of cells in the cel

culture device was low an d was generally insensitive to the cell seeding
density. Wwepatsasyizes were al so observed to fl ow out of trhe/scebds/ooesss ur e
devi ce even when the flow of the collagen-cell suspension was stopped. \Wen
the initial cell seeding concentration was increased to greater than bxl O 6
cells/m,gihe £&lds occluded the cell culture device and | am nar flow
conpl ex coacervation could not be achieved. Three- D nensional Spacially
Local i sed Entrapnent - of Hepatocytes and Fibroblasts in Cell Culture Devices
by usi ng Lagh ndens] ow Teeples chalepabetvheein aufeht LCHAUIERSDGVIESt hr ee
inlets were fabricated by the noul ding of PDMs (PDMS; sylgard 184,

Dow- Cor ni on ] ine t e nbr ane
wes then DPESe e by S Oee Bt adna v chan ool Ty bord 1110 2 ol 2z
substrat eefBxt&2 6 £el dslnl et rppment ywiahihepatetyt eslourdl ¢egiGe.

fibroblasts were suspended separately in 3_.0ng/ of t hyl ated col | agen
bef ore befhg E%ﬁﬁﬁﬁﬁ%%?od%m%?gégﬂsl5%%9%%rfﬁggogbabpaagPﬂsa% YeserPbed

above. Thg; epllagensebhe 8ol 941 08nuBSsPUSREY &0l paral bebivesh (886 fuer pol ymer
sol ution. Hepatocytes and fibrobl asts can be threedi nensional Iy entrapped
in two di $€rexel0@yens (i thih ehe (bl | wEbht vaeidesi BECERGRHPR 2S5 ghS

Density Seeding of  Hepalocyles:in faihbl RULLLEENDRYLES Usa) and

translated into photomasks (Innovative Laser Systems,

Singapore). A silicon master template was fabricated using
standard deep reactive ion etching‘(DRIE)~technology. A pre-—
polymer solution of poly-(dimethylsiloxane) (PDMS) (PDMS;
Sylgard 184, Dow-Corning) was then poured over the templaté
and curéed at 65 °C overnight before beiné peeled off. 2584
PDMS membrane WasAthen oxidizéd in oxygen plasma for 1
minute (125 watts, 13.5 MHz, 50 scem and 400 millitorr) for
irreversible chemical bonding to glass coverslips. The cell
culture devices with projections were then qualitatively
evaluated‘for their cell entrapment efficacy by introducing

hepatocytes suspended in 1X phosphate buffer saline (PBS)

using a syringe pump into the cell culture'device.

: Dynamic¢ seeding of hepatocytes into cell culture devices
with.prbjections, and assessment and quantification of cell

viability by fluorescence staining

Varioué methods to dynamically seed hepatocytes into the
cell culture devices with projections were inveStigated'to
determine an acceptable operation window for the'process.
Hepatocytes were introduced into tﬁe'cell culture device by

either infusing or withdrawing a cell suspension (1.5 x 10°
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D fferent projection designs were eval uated based on their efficacy at cell
entrapnent within a cell culture device. The projection dinensions ranged
from 30 -wbQowemszazd were of different geonetrical shapescTGehbosmudissir e
devices (100 mMmm (W x 100 mm (H) x 1 cm (L) ) with various projection
designs were drawn using L-Edit (Tanner Research, Inc, USA) and transl ated

i nto phot n tiv ens, o SERgARRE €41 StbLicom,guaster
tenpl ate %@f%ﬁ%ﬂ cg%)eeﬁg %sﬁ%ﬁz %n@grﬁ%-gge%%fggacti v% ?‘gﬁ‘ret chi ng- (DRI E)
t echnol ogyffécprepolyitsrant udyommot petgingdparihgters oxane) (PDVD) ‘

(PDVSB.; Sylgard 184, Dow- Coyni ng s the oured over.the tenplate and
cured at %@8‘@@636%?% g‘ﬁjtakbje#o;?% %Ié;,\%e pcé%ﬁ—:-gc%iﬁl_r%hcge% Vrvr%%ngrane was

then oxi diggtuhPe@XYIERy Pk BSEBe d &Ende NPt e €325 MBAEBer 18rSeHZCTED seem
and 400 mllitorr) for irreversible chenical bonding to glass coverslips.

4 b gt .
The cel |l ¢MbtereladevPrees tProPelbcai@nBraRt @LlvRehOGHA®i tBE vel y eval uat ed

for their a efd ] by, Ln Ckpg hepat 9gyt es.syspended in
I X phosphé@gi%ﬁ‘s?ge% ga |%1Se' (CHBQS? u)si n%bag{é%?#nge punp into t % cell culture
devi ce. Dypabsf sespeagiodlnepat ocytes into cell culture devices with
projections , and assessnment and quantification of cell viability by

fluorescence staining Various nethods to dynamcally seed hepatocytes into

the cell @Hét9£§b9§y£§e§fwﬁéﬁb@%@%@égi@ﬁ@eﬁeaynamy@sségaiﬁg tetdeteeni ne an
accept abl e operati on w ndow for e process. Hepatocytes were introduced
into the cell eulture deviee WBys assessed by fluorescence dyes, Cell

Tracker Green (CTG) and Propidium Iodide (PI) (Molecular
Probes, Oregon) to stain for live and necrotic. cells
respectively. The cell culture device was then perfused at
0.8 ml/hr with 20 uM of CTG diluted in culture medium
(HepatoZYME-SFM (Invitrogen Corporation, Grand Island,ﬁNY)
supplemented withupenicillin / streptomycin, dexamethaéone
andAGO mM HEPES (Invitrogen Corporation, Grand island, NY))
for 30 minutes, folldwed by culture medium for 30 minutes
and finally 50 pg/ml of PI for 15 minutes. The cells were
then fixed with 3.7% parafbrmaldehyde (PFA)-for 30 minutes
and viewed under a confocal laser scanning microscope
(Olympus‘Fluoview 300). A gquantification of the cell
viability was performed by using image‘procéssing (Image-
P£o® Plus 4.5.1, Media Cybernétics Inq;, MD) to quantify the
numbér‘of live and dead cells, and the pefcentage‘cell ‘

viability was normalized against static controls.
Results

The projection dimensions ranged from 30 — 50 um and were of
different geometrical shapes. 30 pm x 50 pm x 100 pm skewed
rectangular micro—pillérs were observed to be the most

effective in entrapping the hepatocytes and this design was
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either infusing or wthdraw ng a cell suspension (1.5 x 106cells /m) from
a syringe punp at different flow rates. The effect of different dynamc
seedi ng paoammiseR30n hepatocytes' viability in the cel lpcrsiGeors@oassyi ce was
eval uated using fluorescence dyes, Cell Tracker Geen (CTG (Mol ecul ar
Probes, Oregon) and Propidiumlodide (FI) (Mlecular Probes, Oegon) , to

stai n forg|;hueqaBAtA¢CLAtHC i aehh S, rhespackkperYmehRe Viralkl 1By aak

hepat ocytes aft'er dynhami c seeding into the cell culture . device was assessed
by fluoregBence dyes, Cell Tracker Geen (CTG and Propidium | odide (Pl)
(Mol ecul ar Probes, Oregon) to stain for live and necrotic cells
respectively. The cell culture device was then perfused at 0.8 m/hr with
20 mM of EAGogelkdtedgi miadbwurermedeuayhHepat e2YVEsSENL hbnpirbregenwas
Corporation, Gand Island, NY) supplenented with penicillin / streptonycin,
dexanet hadéfe SRESEDLIRFAHEPESIE) AGRLT64BR EOFPSFPSCPBAC BFSAG2Fs] and, NY) )

for 30 m gyt ﬁin%ok&?ﬂe@rgﬁiaﬁhﬁUESdﬁﬁgi%@EBORM%QeGEQHk?§r@B€sfina||y 50
ng/ M of PI for I5 mnutes. The cells were then fixed with 3.7%
par af or maDdebpd¢ PRFA)LdEor iBeghhaut ws hAadevivewedatirdethatcortdcal | aser

Soannt 19, 1L SL36A0E CEL YIRS oV oty 3000 ArsuadtLE 6okl ghaglibic oo
4.5.1, MediawCyheenqtiaes hbe. shMdh)t ongparbichyesheerantar rotiubedeiand dead
cells, and the percentage cell viability was normalized against static
Controls.t€§ p@il cultu¥e device by eltﬁer infusing or w1%hdraw1ng.a
cell suspension with a syringe pump at different flow rates.
The minimal achievable flow rate by infusing the cell
suspension was 0.5 ml/hr, which was higher than that by
withdrawing the cell suspension i.e. 0;1 ml/hr. The mean
cell viability was correspondingly higher when hepatocytes
were seeded at the ﬁinimal flow rate by withdrawing thé cell
suspension than by infusing the cell suspension (Fig 2).
Therefore, dynamic seeding.of the ﬁepatocytes was carried
out by withdrawing the cell suspension from a reservoir at
the minimal permissible flow rate for a micro-channel of a

partiéular dimension to minimize detrimental effects on the

hepatocytes.

Example 3

Modulatibn of Cell-Matrix Interaction by Different Flow
Configurations During Laminar flow Complex Coacervation of
Methylated .Collagen and HEMA—MMA—MAA Terpolymer.

In this example, it was demonstrated that and extracellular
matrix (ECM) can be introduced to the 3-D coOnstruct (i.e.,
cell culture device) independently of the cell localization
process using the projéctions of. the cell culture device.

In addition, ECM can be modulated to control cell-matrix
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The projection dinensions ranged from30 - 50 mm and were of different

geonetrical shapes. 30 nmx 50 nm x 100 nm skewed rectangular mcro-pillars

wer e obsewoedodiz2i2ze t he nost effective in entrappi ng thecrsgasoyiss and

this desi gn wassubsequently used in all future experinents. (Figs |IB and 2B)
An operating wi ndow for the dynam c cell seeding process was al so

determ ne L : | <tk I e c tai i i t rogi di um

i odi de (quglt%?l\/t%}ggé&ﬁgr W%Fgggfst, e s ?%%Bia%giaﬁg?’gﬁg Ll om dat ed
t hat cel | thecBedi sepadstossédieg-i's hi ghly dependent on the | oading flow
rate (data not shown) . Hepatocytes were introduced into the cell culture
device by either infusing or withdrawi ng a cell suspension with a syringe
punp at different flow_rates. The m ninmal achievable flow_ rate hy infusing

the cell $Q&P8AIPENOhas O, BfTA SURRPEh Was REGREC &S iatlafynar

wi t hdr awi AigoWheorBllEXs G9FeRsIVatiche. 0.1 m/hr. The nean cell viability was
correspondi ngly hi gher when hepatocytes were seeded at the mninmal flow
rate by withdrawing the cell suspension than by infusing the cell

suspensi ofippki gh2) dyTheref seedidgnarfi bepetdicygesf wilidihepatocplés was

i el pEPAEUSPOREERW Farelt GPLA=BERy BACRaner Sof C4 "SR IUrs: thEmensi on

to minini ze1det pynmentampebkeebscenvhigeohepateeibes betanpke 3 Mdul ation

of Cell-Matrix Interaction by Different Flow ,
positively charges methylated collagen and.- a negatively
charged HEMA-MMA-MAA terpolymer [Chia et al., 2000]. The 3-D
matrices were localized within the cell ‘retention chamber of
the ¢ell culture device by virtue of the laminar flow
profile within the cell cultgre device, thereby preventing
tﬁrbulence mixing between the collagen and terpolymer
streams [Toh et ai., 2005]. Hepatocytes were re—suspended in
1.5 mg/ml methylated collagen and dynamically loaded into
the cell retention chamber as described in example 2. A 3%
terpolymer solution was then infused via the side channels
to initiate the complex coacervation reaction (Figs 5 and
6). The complex coacervation reaétion,between methylated
collagen and terpolymer was carried out with 2 flow
configurations to modulate the degree of gelation of the

" methylated collagen. In‘the first configuration, methylated

.collagen flow was minimized by locking tHé cell :eservoir
with a luer lock. In the second cbnfiguratidn, the cell
reservoir was left opened to'makimize the methylated
collagen stream flow as4a result of hydrostatic pressﬁre.
The terpolymer solution was infused using a syringe pump at
0.1 ml/min for 1 minuteslfolloWed by 0.5 ml/ml for 5
minutes. Subsequently, the excess terpolymer solution was

. removed by perfusing with 1X PBS.
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Configurations During Lam nar flow Conpl ex Coacervation of Methyl ated

Col | agen and HEMA- MVA- MAA Terpolynmer. In this exanple, it was denonstrated
t hat and wetwaeskizal ar matri x (ECM) can be introduced t ecrlse2@sDoessnst r uct
(i.e., cell culture device) independently of the cell localization process
using the projections of the cell culture device. In addition, ECM can be

nodul at ed.t ] . cell- i XLN L L f I; .
Tochani cal  SEABLFE Ey ot OfnElbpt o EPRBEELATeATEIRyeR e RRg REn,
support febnliepalotyses byahaihgamitloscopwpl(€%Stpacervati on Upon the
dynam ¢ seedi ng of hepatocytes within the cell culture device, a 3-D
collagen matrix was forned around the cells by a conplex coacervation
reaction between a positively charges_nethyl ated coll agen and- a negatively

char ged HERPONARLRAACEEFPEPYNERS| EAPELEE HELh, 2260BPr STRENSSDPHEPFT ces were
| ocal | zed,yLLhipi Lhe 68b! (gTERLN IR ehopBel 6kebB) fehhaculiiteadeyice by

Ther
virtue of | am nar OW pro ewthin fhe cé cul ture device, thereby
preventi ng.bunbriheneetini XKngBbet Been3themsbkliagenppadtt &ppol yner streans

Toh et a]. ,, 2005]. tocytes, - ded i 5_nmylnl . net hyl at ed
Col I agen ARBERRRNFSaf Thot oaNBRN i BOPHE det R P erORt oA cRaNBaF g, ~

descri bedchAmBXanpkea2cel A 340 tarpOHYTEECSQROUbI pm WAS kheooi plugad wia the
side channels to initiate the conplex coacervation reaction %Figs 5 and 6 )
The conpl ex ¢bateraat formedaeti 8ASEELREEN2REY Ry MAFBATEEI FagéRVand

terpo'yneéoﬂ@§gﬁ§5£iggsOHgiﬂﬁtgh% fLBW ed methylated collagen. The
nuclei of the hepatocytes were counter-stained by perfusing
with 250 nM of Sytox Green (Molecular Probes, Oregon) at 0.8
ml/hf for 30 minutes. The samples were then fixed with 3.7%
PFA for minutes before visualization with a confocal

microscope (Olympus Fluoview 300). -

Viéuélization of complex coacervated collagen matrices with

scanning electron microscopy (SEM)

SEM sémples of the compiex coacervated 3—D'matrices in the
micro—flﬁidic channels were prepared by preparing the
samples immediately after plasma oxlidation of the PDMS
membrane So that‘bonding betwéen the PDMS cell culture
device and the glasé coverslip was not pérmanentﬂ The
samples were fixed by perfusing with 3.7% PFA for 30 minutes
'aﬁd the PDMS cell culture device was peeled 6ff the glass
coverslip. The PDMS celi culture device was then post;fixed
with 1% osmium tetraoxide for 2 hours, and then sequentially
dehydrated by incubating with 25%, 50%,-75%; 95% and 100%
ethanol (10 minutes each). The cell culture device was then

cut into 5 mm thick cross-sections with a surgical blade and
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configurations to nodul ate the degree of gelation of the nethyl ated
collagen. In the first configuration, nethylated collagen flow was

m ni m zedwbyodenskizag the cell reservoir with a |uer | ockcTiSG203®oesssond
configuration, the cell .reservoir was |left opened to maxim ze the
met hyl at ed col |l agen streamflow as a.result of hydrostatic pressure. The

temmymr usi,n ri u 1 mn for

m nut es fopﬁgwgg %@lgaéeh?%#éﬁgd §E gl%ﬁ??scggﬁﬁgegggﬁﬁﬁg, TF?e/excess .
terpolynesam@ueelaermasleeedvedth yEp&r J88H-1¢g 0RiFt { TERLPBSJ, VidJswali)zat i on of
conpl ex coacervated col | agen matrices with confocal laser scanning

m croscopy (CLSM Methyl ated col | agen was | abeled with a fluorescence
probe, Al exa;flyor 532 (Mol ecul ar Probes, Oregon) , and diluted to 1.5

ng/ m mnth‘IX PBS. The 3-D matrix support for hepatocytes after dynam c
seeding .into the cell retention chanber of a cell culture device (200 nm
(W x 100The1@Hprﬁeloénpel) maﬁaéXfénﬁeda§§i@@§cbﬁb@@eabbveaﬁppwtﬁﬁe 2 flow

configurati usi,ng t he abel met h t ed g n ej._of the
hepatocyt@?gmépg go%n?8pp alﬁ§ rvaé? u5|%§% gh%§§61%%Fo%%gykgx G een
(Mol ecul amoBobesd Svegenrrallfng ﬁhéhextehtSanthatESmpIEQ sanpl es were

then fixed with 3.7% PFA for mnutes before_visualization- with a confoca
nlcroscopéoéeﬁﬁﬁﬁﬁéoplE@@Féhpgeoyhls CVP§68#|?gtF&ﬁrSFdCSMpWEfY&8§Cervated

col I agen HRLI [, Ces wat@gseammaagnege%aan all 6LaseaBkd( BEM:nSEY gamRl es of
t he conpl ex coace?Va 3-D matrices in th

configurations. When flow of the methylated collagen stream
is minimal as implemented in configuration 1, the amount of
methylated collagen that can complex coacervete with the
terpolymer solution was limited, resulting in a conformal
layer of collagen fibres surrounding the.hepatocytes (data
not shown). With an 1ncrea51ng methylated collagen flow as
implemented in configuration 2, the amount of materlal
available for complex coacervatioﬁ with terpolymer
increased,. forming a fibfous matrix where hepatocytes were
embedded in (data not shownj. The collagen stream can
potentially be regulated to further fine-tune the degree of
complex ‘coacervation reactlon, thereby eontrolling the

extent of cell-matrix interactions.

The observations of .the SEM samples of the 3-D matrices
formed within the~micro-flﬁidic channelAusing‘configuration
1 corroborated with the observations made using the
fluorescence-labeled collagen. Hepatocytes were.packed at
high density within the micro-pillar array and covered with
a thin fibrous shell of coacervated collagen matrix (data

not shown).
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mcro-f luidic channels were prepared by preparing the sanples imedi ately
after plasnma oxidation of the PDVS nenbrane so that bondi ng between the
PDVS cel Iwoubdsurse22devi ce and the gl ass covers.lip was neCcTserosnesss The
sanpl es were fixed by perfusing with 3.7% PFA for 30 m nutes and the PDVS
cell culture device was peeled off the glass coverslip. The PDVS cel
culture dgyic dé wag then post-fixed with 1% osm umtetraoxide for 2 hours,
and t hen sequentially dehydrated by incubating with 25% 50% - 75% 95%
and 100% et hano 10 utes each r Th ell r evigc n cut
'nto 5 mﬁmi%ﬁigég.s&%m ﬁ.lf_%a.g ST
dehydr at el &R Li GULRuES, BERIAE W1 E h E ﬁﬁpgsan Lam;’*na cdi v ¥ h JEOL-
JSM 7400FCPUEERX| £Racqspahion | Results The degr ee of cell-matrix

i nteractions between. hepatocytes and the 3-D conpl ex cpacervated col | agen
matrices can be nodul ated by controlling the extent of the conplex

coacer vat PoimaegctabnhePhtecrbasrobref fexett eHrpg-damgnagorpsliet hyl at ed
col l agen stre escri bed th o] n | ow of the
nethylategogaiFaﬁénggtPgéﬁglEggnPnsﬁéfga @% : Eh@%p@% ?%§%S%r?gaﬁatlon 1
the amounprefcselibykat ed1tovtagen thatccﬁst@onphen oﬁaaeratmaMrnh t he

terpol ynmer solution was |imted, resultln in,a co forgﬁ %gr of collagen
fibres subrfbDAdiAGIRAE ﬁéﬁﬁt%@??%%x(aa?ﬁe ?t%HBmﬁ¥ ¥he i ncreasing

met hyl at erEQ{agéHeQnU AEAR- MMRLﬁﬂEWE@Q pbyRerf sgmﬁe&bﬁn[@oh theaampunt of
mat eri al avallable for conplex coacervatlon with terpo
2005]. The viability of the hepatocytes was su sequently

assessed by fluorescence staining after.seedlng into the

described 3-D patterned construct.

1. 5 X 106 cells/ml of primary rat hepatocytes were suspended
in 1.5 mg/ml of methylated collagen and seeded into a mlcro—
channel (ZOOAum (W) x 100 um (H) x 1 cm (L)) by withdrawing
at three different flow rates froﬁ'the Ceil reservoir,
ranging from 0.1 - .0.02 ml/hr. Following cell seeding, a 3-
D matrix was formed around the cell aggregate within the
micro-pillar array by the complex coacervation of methylated
collagen and HEMA-MMA-MAA terpolymer streams using
configuration 1 as described above. After the construction
of the 3-D microenvironment of the hepatocytes within the
micro-channel, where there were adequate cell-cell and cell-
matrix interactions, the viability of the he@atocytes were
assessed to investigate the effect of the seeding process

according to methodology used in example 2.

Results

Cell wviability was negatively correlated to higher
withdrawal flow raté as previéusly reported in example 1

(data not shown). The cell viability at 0.1 ml/hr withdrawal
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increased, .formng a fibrous matrix where hepatocytes were enbedded in
(data not shown) . The collagen stream can potentially be regulated to
further fwoeetanse28he degree of conpl ex coacervation rea&cirisongosiohesseby
controlling the extent of cell-matrix interactions. The observations of the
SEM sanples of the 3-D matrices formed wwthin the -mcro-f luidic channel

usi Ng_CONEL GUIgLd 0 1o COrT PROLAT s b1 hnt REcORBRYY BbIOASLARMC HE! 881 L he

fl uorescence-| abel ed coll agen. Hepatocytes were packed at high density

wi thin t heiabtloepivhan arvayhdaadatovatedofi €h08 mhihifpbrOue?2 shel hrof

coacervated col |l agen ppfyix_(data not,shown),. . Example 4 Eval uatjon of

Hepat ocyt ¥3% YF% iﬁ?tggggteTﬁ%-%Pgﬂﬁ 79 %ﬁt%h% §£B|miﬁf%ﬁ?%yc%%$ce with

ProjeCti0@@m§ﬂ§xL@@i@@fv&%@&hcéﬂ@|ﬁétCQQ eav¥atbonaPei gt yimattdepat ocyt es

were first three-dinmensionally |ocalized_ by using_the groposed cell culture
t

devi ce withfpros ceni okl YorPoheHY byst peliokhstPlti F¥nobimars- Biamt $P% using
| am nar f| i : ‘h I HEMA- MVA- MAA
terpolynevg%ggﬁﬁ?%ﬁ Tg%ﬂ&g%ﬂgﬁbgn%g%gﬁgi %%gﬁéggﬁ?%i?gggfﬁﬁﬁ% hepat ocyt es
was subsegsedt | 'yhhassessedobhyiétent estehcehst agponyedf veéabseédyng into the .
described 3-PD patterned construct. 1.5 x, 106 cells/nm . of ,primary rat
hepatocyt%%hhﬁgébiﬁsﬁkﬁﬁgﬁgi%aﬁ?%xné?ﬁ@a5+oﬂefﬂy?§?%%l%o?Fagen and seeded
into a mcrochannel (200 mnmm (W x 100 nm (H) x 1 cm (L) ) by .w thdraw ng

Example 5

Perfusion Culture of Bone Marrow Stromal Cells (BMSCs) after
3-D Seeding into a Cell Culture Device with Projections and
Laminar Flow Complex Coacervation. ‘

In the following‘example, the proposed qell culture device
with. projections was used to three-dimensionally trapped
bone marrow stromal cells (BMSCs). The BMSCs in the‘micro—
channel were maintained under perfusion culture for 1 déy

before assessment of the cell morphology.

Isolation and culture of rat bone marrow stromal cells

(BMSCs)

Aspirates of rat bone marrow were pléted on T—25 culture-
fiasks énd maintained in a 37 °C‘Cdz incubator for 24 hours
to allow for stromal cells attachment. The,boneAmarrow was
then removed and the attached BMSCs were washed 3X with 1X
PBS. The BMSCs were then culturéd'using Dulbecco’s modified
Eagle medium (DMEM), low glucose (Gibco, Grand Island, NY)
supplemented-with 10% fetal bovine serum (FBS) .and

‘penicillin / streptomycin. The cultures were cultured toAA
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at three different flowrates fromthe cell reservoir, ranging fromoO0.1 -
.0.02 mM/hr. Following cell seeding, a 3- D matrix was formed around the
cel | aggrwoave/sei2hi n the mcro-pillar array by the conpcesceasmessssnti on of
met hyl ated col | agen and HEMA- MVA- MAA t er pol yner streans using configuration
1 as described above. After the construction of the 3-D m croenvironnent of

the hepat Sgykt bl LC npgkkWhaEe bhekagwere-adeguatg
ceII-ceIIgg% EchTng?gFiagﬂ?%rggfﬁg%s?g%ﬁgﬁgigbiIity gf t he hepat ocytes

were assewsed teetinyestilyaespehnémehtect of the seeding process according to
met hodol ogy used in exanple 2 . Results Cell viability was negatively
correlated to higher withdrawal flow rate as previously reported in.

exanmpl e 1lgstdatiagher shewsyscsheneel hivirabidliutiiiat cBanhem Lbtny hlidr-awal rat e
was 61.9 %, .which was significantly lower than the cell viability when a
Wi t hdr anvaPiddeé& e¥rey0snft Lprapagr £op2 CRIPREXWEE2GEEY2E2080% . The
formation of the 3-D matri-x by the conplex coacervation did not appear to

have detrigmenigh &ffacts on Sellavighiddtypas A8ld Mdsphidddy i9f 1My end han

80% was attainable when the mnimal wthdrawal flow rate was used. This was
consi sten? wilt hft hethepateddcoldbokint gndcheedabl ént@i ehBACrAaChRRNLAr mat i on

(EnECe) " af28P 8D REOT Yo BT GBI T Elh By e B rde  Eh BP0 cFLohs and
Lam nar FlkaweCorpbes3GaacgrMat f@dm the cell reservoir. Following cell
seeding, a 3-D matrix was formed around the celllaggregate
within the cell retention chamber by the complex
coacervation of methylated collagen and HEMA;MMA—MAA

terpolymer streams using configuration 1 described above.

Perfusion culture of rat BMSCs in micro—fluidic channel

A closed loop perfusioh culture system was set ﬁp as shown
in figure 8. CO, independent culture medium consisting of
Duibecco’s modified Eagle medium (DMEM), low gluéose (Gibco,
Grand Island, NY) supplemented with 10% fetal bovine serum
(FBS), penicillin / streptomycin and 60 mM HEPES was
circulated at a flow rate of 5 pl / min for 24 hours. The
micro-channel was placed onto a microécope heating stage to
maintain its temperature at 37 °C throughout the culture

period.

Results

Cells loaded three-dimensionally in a micro-fluidic channel
were able to successfully trap rat BMSCs using the above
described conditions. Laminar flow complex coacervated

collagen matrices was incorporated independently to
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In the foll ow ng exanple, the proposed cell culture device wth-
projections was used to three-di nensionally trapped bone marrow stromal

cel | s ( BMBOpo6/05T128 BMSCs in the microchannel were nai nrersedonsndesss
perfusion culture for 1 day before assessnent of the cell norphol ogy.

| solation and culture of rat bone marrow stromal cells (BMSCs) Aspirates of
rat bone nafLom wes ecpd ad.gsl Qum iT- L nk al ip a 37 0C
CO2 i ncubator for 24 hours to al I%\?vn%#&%l%?&ingﬁh?:e S Ig?t%fla%h(lr:rlg%?l?éillhe bone
mar r ow was!ddien rehovierrand Afeeat2 4 chedr BMBCspewetes ivas hadl 8-\ tht | X PBS.

The BMSCs e ggp I usin | becco' s nodified Eagl e- nedi um

( DVEM) , Io%v%lou%ose %%%Héa:)t,edcebreanﬁ E}%!fg.%gs R LR P T e eh %oaEJ S IRE 1398 1 et al
bovi ne seraggyddiBle .sputhrpeny ailld i Terdgisd rePHORY CidL. 1 TEL Gd W& Yer e

cul tured t(_To out 80% confl uencé before passagi ng. Passage 2 - 7 cells were
used in al eﬁxba]ﬂuule%, T frhed s iy o ft a2 BV titwe iR @Rierved die channel
usi ng m crpidarcryr. L@aﬂa ] I qu@@l atjon.5 x 6 cells
/ ml of rat. BMSCs (P Wereﬂ‘églr}?sd;;Z%lhdéceakﬂiléS 1. C%]?%gcal%aﬁfél\g’f a{nset %ﬁ a"fag!—'gts

col | agen &d Wwedwl li mud tains creorictranitel b 206 rahdwd) X THRO genl(H)ax 1 cm

(L)) by w i 4 rate.of 0,03 ml,/ hr fromthe cell reservoir.
Fol | owi ng H%:Cgﬁ}?o\gé%g'i %f Bgl% D %ttﬁjifw %}Jrﬁedjr&p&?ﬁg;t%@ &E9roqggr egat e
wi thin thecweld iretertthiomociedniers i diiecomRi18X Geaeaiarat ianpfpymwihyl ated
col | agen an HEI\élg- VVA- MAA terpol ymer streans using configuration 1

descri bed & in 2~D substrates indicating the importance of the
dimensionality of the cellular microenvironment (data not

shown) .
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Perfusion culture of rat BMSCs in mcro- fluidic channel A closed | oop
perfusion culture systemwas set up as shown in figure 8 . CO i ndependent
cul ture meodi2assensi sting of Dul becco's nodified Eagl e mediseavosobissy, | ow
gl ucose (G bco, Gand Island, NY) supplenmented with 10% fetal bovine serum
(FBS) , penicillin / streptonycin and 60 mM HEPES was circul ated at a flow
rate of 5 mErErBhiBGe&0r 24 hours. The m cro-channel was placed onto a

m croscope heating stage to nmaintain its tenperature at 37 OC t hroughout
the cul tur ipd Ce oa dthre di ns onaII inamcr
-fluidic c]%a}?\)%{élﬁv\e%ggf#ign %?:%J‘Eels Furty ?’Pg éifnﬁa?he above
descri bed me@It$nmssoLaHin@mdé&hﬁ%ﬁ@ﬂp&@Xl§0@L§E@ﬁteﬁa@@%é@&@? matrices
was |ncorpjgrated i nde en?ﬁgs% g tostabl lize the 3-D cell construct within
the nicro-Chanmet 93 e holihy . 22189224 hours of perfusion culture,
it was observed that the rat BMSCs contracted into a tight 3-D aggregate
spanni ng tdteid engtdy of fﬁ%@@é&t&%ﬂéﬁﬁs@fﬁf@n £t uhaLy & é&e@éifgfaéfom

t he aggregate were observed to anchor the aggregate to the projectrons as
vel | as theM@iensf (heseet IEndinessiaeyi 20 at32 not8 shm) . The
cel l ul ar norphol ogy of BMSCs cultured in- this proposed 3-D mcroscale in

vitro nodeln masedi $ii NGEiy f t, f rom BMS cuIt red.in 2-D
substrates i ndicati ng téﬁe 1?%”%10% aJne(caEgeC?o t]t%n r%diBn%%%sJi onat t%lrcbii‘ejtr??e kP ul-ar
m croenvi roonmEtte { dat aisiotg stiows-dindRERERENCES crofluidic systems.

PNAS (2000); 97(6): 2408-2413.

Tdh‘et al., Complex coacervating microfluidics for
Aimmbbilization of cells within micropatterened devices.
Assay and Drug Deveiopmeﬁt TechndlogieS»(ZOOS); 3(2): 162-
167. | ”
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Baret F . Isolation, purification and cultivation of rat |iver sinusoidal
endothelial cells (LSEC) . Laboratory Investigation (1994); 70: 944-952.
Chi a et ato.2hodispatocyt e encapsul ati on for enhanced cel lpglrac2bosnodsisens.

Ti ssue Engi neering (2000); 32: 481-495. Chiu et al. , Patterned deposition

of cells and proteins onto surfaces by using three-di nensional

m crofl uidic

system. PNAS,(000)+132LOMno200F-24 1300 TR0l oAb. od tCaMBhexnegacer val i ng

m crof | ul i mobi |1 zation of ¢

S within mcropatterened devices.

Assay andsPeogfDemtliopnent Recknol ogcespof20e8) by3refereege 267iA

publications, and patent.a Lcations cited. in. . this.speci.fication are herein
incorpora?@ﬁhb§nggyésgﬁ%enghﬁFaEé8H PﬁdP3F88§IaB€%ﬁ?§§ P%n%%ngatent
applicati gpeWeEECSPREG Ehaaﬁh}di@fidubmdi[yvEdudbla]te'dndiocaéednfcerberialﬁedr por at ed

by reference. The citation of ‘any pub

ication_is for its disclosure prior

to the fib¥ngedarenafd IhEuFdtastobecfonsyr BBRL1G8 dRNadR $8Fon Fhat the
present 'axgﬂibgﬂﬁFSRQQBﬁeﬁb'Eb@dfﬁﬁiﬁgtBQQEeaﬁﬁcghBU@B'ﬁ%E'B@‘bY virtue of
fron. Al'thoug

prior inven the foregoin

I nventi on has been described in-

some det atbnsbyuedyaef ahl bdstisatibontart ekanpleskot povposeésnofischatity of

under st andi

it di h t ordinary skill
'n 11 ght GPCERLCEekBnPROEOBE St REC™ RVBALFB Rl Yca EATR PRaRbA8 and

in the art

nodi fi cat i ggspngaynbe, nmade thereto without departing fromthe spirit or

scope of the

Although the foregoing invention has been described in some

detail by way of illustration and example for purposes of

clarity of understanding, it is readily apparent to those of

ordinary skill in the art in light of the teachings of this

invention that certain changes and modifications may b@ made

thereto without departing from the spirit or scope of the

appended claims.

The following examples are offered by way of illustration

and not by way of limitation.

It must be noted that as used in this speéification and the

appended claims, the singular forms "a," "an}"‘and "the"-

include plural reference unless the context clearly dictates

otherwise. Unless defined otherwise all technical and

scientific terms used herein have the same meaning as

commonly understood to one of ofdinary skill in the art to

which this invention belongs.
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appended clains . The follow ng exanples are offered by way of illustration
and not by way of limtation. It nust be noted that as used in this

speci fi cavoanocasek28he appended cl ai ms, the singul ar for meT/S&2005/0a0885 and
"the"- include plural reference unless the context clearly.dictates

ot herwi se. Unl ess defined otherwise all technical and scientific t erms

used her@&inhave the sane neani ng as commonly understood to one of ordinary
skill |n—gg%*art to which this invention belongs. CLAIMS.: 1 . A cel

culture device conprising a channel, the channel conprising one or mor e
inlets dnd one or A mwuld cutltetss W%ﬁ c@mpl?lélé”rﬁl%rﬂ%%er e i ned by an

i nt er nal surf ce of the channel ral t f £6tdons extendi ng
therefro‘ﬂ}rﬁr1 'ﬁﬁypﬁﬁﬁﬁnﬁnﬁQUre ef%%%‘o §¥ﬁfllﬁierein:%ﬂe channe
conpri sesuEL st edvad |cearnd 1sé token tidr Scha'inbefl'hheﬂ:ﬂiéd dei tan el mesical of

claim2 further comprising a top wall. 4 cul ture device of claim
2 wher ei SPEEAGE (fifojdd | G H-bj g pi?/\;d%ﬁ]y“'ﬂf d?ﬁe%@eo%q%%r?ﬁ wal | of the
channel o edqhd fg%éygﬂ | ture device of claim1l wherein the. channel has
at least two inlets, . The cell culture device of claim5 wherein the

channel has at | east three inlets.
2. The cell culture device of claim 1 whereln the

channel comprises a bottom wall and side walls.

3. The cell ¢ulture device of claim 2 further

comprising a top wall.

4, The cell culture device of claim 2 wherein said
projections project upwardly from said bottom wall of the

channel. 4 . ' L

5. ‘ The cell culture device of claim 1 wherein the.

channel has at least two inlets.

6. The cell culture device of claim 5 wherein the

channeluhas at least three inlets.

7. .The cell culture device of claim 5 or 6 wherein

the channel has at least 2 outlets.

8. ‘ The cell culture device of any one of claims 5 to

7 wherein the channel has at least ‘three outlets.

9. - The cell culture device of any one of claims 1 to
8 wherein the projections are spaced apart at least part of

the way{aiong’the longitudinal axis of the channel.

10. " The cell culture device of claim 9 wherein the

projections are separated by about 1 to 20um.
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7 . The cell culture device of claim5 or 6 wherein the channel has at

| east 2 outlets. 8 . The cell culture device of any one of clains 5 to 7
wher ei n twe 20bvz5e2B has at | east three outlets. 9 . ThepcelsiG2asiovesse devi ce
of any one of clains 1 to 8 wherein the projections are spaced apart at

| east part of the way along the longitudinal axis of the channel. 10. The

cel | CU'%H e devi ifi‘h&fT%&ifi ﬁftcelﬁférﬁwiw%ﬁr@i@ﬁai9n§h@£@iﬁefeﬁéat ed by

about 1 to 20nm . e ce ture device of claim9 wherein the

pr oj ect i 9RS) &1 5ePak A esepyrabodtb} &Bodbnm to125umThe cel | cul ture device
of claim9 wherein the projections are separated by about 1 to |Om . 13.
The cell culture device of claim 9 wherein the pro i.ons are separated

ect
by about12.to 5nm Thasceltheciebtpre eVt e defi cta vt %ﬁ?h%ﬁ%l%ftE?ains 1to
13 wherein the projections are circular em - Ci ar, rectangul ar or
squar e. H%Pjgﬁﬁgo%%lTr%u??%?%a%%%i%% %?O%faﬁk¥§3{& erein the projections
are rectangular 16. The cell culture device of claim15 wherein the/
rectangul@r proj ecthe®nseBr ecal tangedeaicanoingleimed atheeetn the pl ane
perpendicular to the fluid flow path in-‘the channel . 17. . The cell "
cul t ur e plevjeet béng| aren Iepahered noy hebeeet hngal MM proj ections are at an

angl e between .-90 to +90, relative to the plane perpendicul-ar to the fluid

Tlow 14, The cell culture device of any one of claims 1 to

13 wherein the projections are circular, semi-circular,

rectangular or sqgquare.

15. .The cell culture deviceée of claim‘13 wherein the

projections are rectangular.

l6. ‘The cell culture device of claim 15 wherein the/
rectangular projections are arranged at an anglé relative to
the plane pefpendicular to the fluid flow path in the

channel.

17. . The cell culture device of claim 16‘wherein the
rectangular projections are at an angle between -90° to
+90°, relative to the plane perpendicular to the fluid flow
path in the channel. ‘

18. - The cell culture device of claim 16 wherein the .
rectangular projections are at an angle between f45°‘to
+45°, relative to the plane perpendicular to the fluid flow
path in the channel. A

19. " 'The cell culture device of claim 16 wherein the
rectangular projections are at an angle between -20° to -
25°, rélative to the plane perpendicular to the fluid flow
path in the‘channel.
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path in the channel. 18. The cell culture device of claim 16 wherein the .
rectangul ar projections are at an angle between -45 to +45, relative to the
pl ane perwendisuskzs to the fluid flow path in the channelr/st8osbhesssel |

cul ture device of clai m 16 wherein the rectangul ar projections are at an
angl e between -20 to - relative to the plane perpendicular to the fluid

flow patfyin the cf@@ﬂ@élf euie: & ahdy £LL Lo €ctiewh ceq ofnebaim dfi vher ei n

t he rectiangul ar projections are at an angle between +20 to +25, relative to
t he pl arneeqalmrp@mblan@mje@tidﬁms &thlaitf&zrovxamlﬁ between chahheto 21. The

cel | culturoe devjce, of claim 16 wherein t tan £6t are at
an angl 6" ot 'er?Jeﬁ‘E&Y‘?/et? oél?%epjpﬁ‘%%&%]é??féﬁ ﬁrgéjo t%gfﬂl u(?dfftp‘gw pat h
in the channeln @2 dJdhengel! culture device of any one of clains 14 to 21

wherein the rectangul.ar projections are from 30 to 100 mMmin wdth. 23. The

cell culture device of any one of clainms 14 to V\ﬂgrel n the rectangul ar
proj ectidhs are fiBre30eth 20Dt Feviengeh. C%@}m Fetu tfe device

of any_one c@in@ﬁéeffg%}éj%&%&m i D the £e6tangsl 25° proigeivonsoare from

10 to 30 5. The cell culture device of claim14 wherein the
the plane perpendicular to the fluid flow path in the

channel.

22. ‘ The cell culture device of any one of claims 14 to
21 wherein the rectangular projections are from 30 to 100 um
in width."-

23. The cell culture device of any one of claims 14 to

22 wherein the rectangular projections are from 30 to 100 ym

in length.

24. A The cell culture device of any one of claims 14 to

23 wherein the rectangular projections are from 10 to 300 pm

~in height.

25, ‘The cell culture device of claim 14 wherein the

projections are circular.

26; The cell.culture device of claim 14 wherein the

projections are semi-circular.

27 .- The cell culture device of claim 25 or .26 wherein

the projections are from 30 to 50 um in diameter.

28. ‘The cell culture device of any one of claims 25 to

27 wherein the projections are from 10 to 300um in height.
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projections are circular. 26. The cell culture device of claim 14 wherein
the projections are sem-circular. 2 7 . The cell culture device of claim
25 or - 26wohessism28he projections are from 30 to 50 mm ipoTdiGans0e6385 28. The
cell culture device of any one of clains 25 to 27 wherein the projections
are from 10 to 300nmmin height.29. The cells culture device of any one of

claims 1,40 2 8 fufk?%‘eéeffém{:uftﬁ‘ﬂe r@é«pﬁcé%fhgﬁylaﬂeaoge&iawétyreo
contalned in the ce retenti on chanber. . The cell culture device of

cIa|n12928mﬁ@rthemtdmammeaﬂsnéomeh@atf@g h@aaih@tap¢@ib caitumpe cel |

culture deV|ce 0 cl n129 erein the ans_ for heating conprises a -
wat er bafPptabne %Jri(mjrﬁ%t%%?/]r%% %&? @rm 29, wherein the means for

heati ng conpri ses a nicroscope heating stage. 33. The cell culture device
of clainy@9, wherefie tbel leansthive deatcagoroopaimesdanwhaceabatthe 34. The
cell culture device of any one of clains. 1 tp 33 further conprising a

means foreams riRiucheRytinguid fePtinPl35S- The cell culture device of claim

34 wherein the nmeans for introducing |iquid nmedium conprises a syringe
pump. 3637 The celdpguliurecgdevice @bvetai o 341)beredn wheraeanshéor

|ntrodu0|ng liquid medium-conprises a peristaltic punp. 37. The cel
cul ture dexisefof k¢athma4compresasthewater bath.
32, The cell culture device of claim 29, wherein the

means for heating comprises a microscope heating stage.

33. The cell culture device of claim429,‘whérein the

means for heating comprises an incubator.

34. . The cell culture device of any one of claims 1 to

33 further comprising a means for introducing liquid medium.

35. ' The cell culture device of claim 34 wherein the

means for introducing liquid medium comprises a syringe

pump.

36. . | :The cell culture device of claim 34 wherein the

means for introducing liquid medium comprises a peristaltic
pump .
37. ~ The cell culture device of claim 34 wherein the

means for introducing liquid medium functions by gravity

driven flow.

38. The cell culture device of claim 34 wherein the
means for introducing liquid medium is comprises an

electroosmotic pump.
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means for introducing |iquid nmediumfunctions by gravity driven flow 38.
The cell culture device of claim 34 wherein the neans for introducing

i qui d newloemd/s220npri ses an el ectroosnoti c punp. 39. TireTse2005000388r €
device of claim34 to 38, wherein the nediumis cell culture nmedium
terpolymer or a suspension of cells. 40. The cell culture device of 39

wherein ghe suspe angi m%éuiér& {c€0 rb§§§mc@h|€9998 4dnedBencel |

cul ture device of ai m erein the collagen is nethylated 42. The-
cell CultMéEmdﬁﬂmm61®fC@hy umbtofecmadnuml terddlwnerepn &he cell retention
chanber conprises on or., [rore cell cultures. 43. The cell culture device of
cl ai m 425YARFRFHOR MRl oreloF - nore cel | cultures are seeded in the device by
| am nar flow. 44. The cell culture device of claim43 wherein the one or

nore cel fgcul turesrseedsd i Bul berdeyéeechyot agd nahetédw ahe substantially
di screte fromone- another. 45. The cell culture_device of any one of
clai ms 43uspenaionerti eelhe HABLBPL NBPBPERFES cGPELREE are enbedded in a
col l agen gel within the chanber. 46. The cell culture device of claim45

wher ein &ge CO'lag@@eg@éll'éui@ﬁﬂ@dd@¥1@eC8§C§I¥§ﬁl@0 wna@éhﬁnth@tmeen
met hyl at e collagen and a terpolyner.

collagen 1s methylated.

42. The cell culture device of any one of claims 1 to
41 wherein the cell retention chamber comprises one or more

cell cultures.

C43. | The cell culture device of claim 42 wherein the
one or more cell cultures are seeded in the device by

laminar flow.

44, The cell culture device of claim 43 wherein the
one or more cell cultures seeded in the device by laminar

flow are substantially discrete from one - another.

45. " The cell culture device of any one of claims 42 to
44 Whereiﬁ the one or more cell cultures are embedded in a

collagen gel within the chamber.

46. The cell culture device of claim 45 wherein the
collagen gel is formed by a coacervation reaction between

méthylated‘collagen and a terpolymer.

47. The cell culture device of claim 46 wherein the

terpolymer is HEMA-MMA-MAA.

- 48. ‘ The cell culture device of any one of claims 46 or
47 wherein the methylated collagen and terpolymer are

introduced separately to the device.
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47. The cell culture device of claim46 wherein the terpolyner is

HEMA- MVA- MAA. 48. The cell culture device of any one of clains 46 or 47
wher ei n twe 20mtdsyi2at ed col | agen and terpol yner are intredusedosopasately to
t he device.49. The cell culture device of claim48, wherein the nethyl ated
.col lagen or terpolyner may be mixed with a cell culture prior to being

introducgg into the device. cphurdetebd &HI&1E Bndey) cohofeanytione of .

clains 42 to 49 wherein the one or nore cell cultures are
anchor agedepeihatead. azcellagm @l tetpobgne’s mayhee gl xe@ i Hp e devlte of

claim50 ereln t he orage depe ent cel l ed fromthe grou
consi st i Ay ot hepat Bty % I%%rd% 5%? oh%tﬁnﬁégﬁﬁg%fgial cell's, Ireup
endot heli al cells, ‘chondrocytes, osteoblasts, nyocytes, neural ceIIs, and
stell atesgel | s. 521'h§'fweLZB|d:uIrtthtelr®eﬂBNé cef odnyg| anen &1 oheies ndl h’eo
endothellal cells are liver sinusoidal_endothelial cel

" 53
The cel 14SUrReFllcie R F IS Gher erhtEhesS SR aarﬁczhéjé%%i%d in the

devi ce hy.dvnamic seeding- &1 Thenggl ! culture device of claim53 wherein
t he SECs %éjé(e seeded I'n the device by conplex coacervation of nethylated

col | agen and the terpol yner under |am nar flow condl tions. 55. The cell
cul ture Yevi ce of By @mbloﬂful:twmdqvi%GSQﬂ%%%Hér Q:o‘ﬁlb‘ﬂf%%%g Becel |

reserv0|£ncogP§§é &%penégﬁ% cells are selected from the group

consisting of hepatocytes, fibroblasts, bone marrow stromal
cells, endothelial cells, chondrocytes, osteoblasts,

myoeytesf neural cells, and stellate cells.

52. The cell culture device of claim 51 wherein the
endothelial cells are liver sinusoidal endothelial cells

(SECs) .

53. The cell culture device of claim 52 wherein the

SECs are seeded in the device by dynamic seeding.

54L The cell culture device of claim 53 wherein the
SECs are seeded in the device by complex coacervation of
methylated collagen and the terpolymer under laminar flow

conditions.

55. The cell culture device of any one of claims 1 to
54 Further comprising a cell reservoir connected to the

channel.

56. The cell culture device of claim 55 wherein the
cell reservoir is locked thereby minimizing fluid flow

- through the channel.
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channel . 56. The cell culture device of claim55 wherein the cel

reservoir is |locked thereby mnimzing fluid flow through the channel .57 .
The cel | wolzbaws2davi ce of claim55 wherein the cell regsemso00si080388ft open
thereby maxim zing :fluid flow through the channel. 58. The cell culture
device of any one of clains 43 to 54 wherein cells are seeded into the

devi ce hy, wi t hdr awiig 8 1celd i1 SHSPRSHUE 40 iduen dey i msimg e Syri nge
punp. 59. The cell culture device of any one of clainms 43 to 54 wherein

cel | s armldeedetriviiior the et copdsy tihgnaiindgraxigel 3ing shlehd dhl9"ht o t he
device wi.th a syring unp. 60.- . The cell culture device of any one of
clains & i .%W§h§$%g%§ cell retention chanber is arranged such that a
space is provided for the perfusion of a |liquid nmediumthrough the channel,
t he spags being defridesthy @ulsivie wtigd dherghameelofand ainow dftd he

projections. 61.- The cell culture device of any- one of. clains. 1 to 59 in
whi ch t I cEigreiat eitdlon aamssdssd Hvrandsd ‘S%‘Z]HC? H%\f wr Cgrcaew%%g ptovi ded

on_ei t Nl 151 de, o, d16o:f NATRET{OTadIG-DEId 45d 0N Sfr-ndd quirtp medi um t hr ough
t he channel, each space being defined by a side wall of the channel and a
row of the projections . 62. The cell culture device of claim®60 or 61

wher ei n G%e | i qui dimedieit isltarsoldarice 638 aHe @ Ot dedittR of
Claln]6%4NWﬁ%Eg¥E”é%fhs are seeded into the device by infusing a

cell suspension into the device with a syringe pump.

60.. . The céll culture device of any one of claims 1 to
59 ihAwhich the cell retention chamber is arranged such that
a space is provided for the perfusion of a liguid medium
throﬁgh the channel, the space being defined by a side wall

of the channel and a row of the projections.

6l. The cell'cultﬁre device of ény-one of claims 1 to
59 in which the cell retention chamber is arranged such that
a space isAprovided on either sidé of the chamber for the
perfusion of a liquid médiﬁm through the channel, each space
being defined by a side wall of the chaﬁnel and a row of the

projections.

62. The cell cultufe device of C;aim 60 or 61 wherein

the liguid medium is terpolymer.

63. The cell culture device of claim 60 or 61 wherein

the liquid medium in cell culture medium.

64. ‘ A method of making the cell culture device of any

one of claims 1 to. 63, said method comprising the steps. of:

(a) fabricating a mould using photolithography;

and
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the liquid mediumin cell culture medium 64 . A nethod of nmaking the cell
culture device of any one of clains 1 to. 63, said nethod conprising the
steps. ofwo(a)e/df52d28i cati ng a moul d usi ng phot ol i t hogr aplrgT/sandSopossepl i ca
moul di ng using a polyneric conmpound. 65. The method of claim64 wherein the
fabricating step conprises: (a) spin coating a silicon wafer with a
phot or esi st conpound; ( id 1 Nat4:ng,: t.he edr O th U .V .
light; and (c) dev(reiiqopi%gpltlhéeéjp d(}%oc%lggjl sl{geipa %%fp%& The method of claim
64 or 65 wherein.the replica noul ding step conprises pr.oducing a '

pol ydi negthyl si | oxdires (MRBNVBYA rash| ¢ losalnf r%%ﬂ@ﬁ%rﬁ%t&ﬁ%@n%l The

met hod of_ any one .of clains 64 to 66 in which the replica nould is
suppor t 6tFh i<t THte. 68. The method of claim 67 wherein the substrate
is glass . 69. The method of claim67 or 68 in which the replica nould is
irreversi bly bondegh)t o dgten gr@sisi rspbstaiatiecdy wafatatwiorh iam oxygen pl asna
for one-mnute. 70. . A nethod of culturing cells in .the cell culture

devi ce FhARrHSOfCUIRGYRAA to 63, the- method conprising the steps of:
(c) introducing one or nore types of cells

(b) illuminating the photoresist'compound with

U.V. light; and
(c) developing the photoresist pattern.

66. - ~ The method of claim 64 or 65 wherein the replica
moulding step comprises producing a polydimethylsiloxane

(PDMS) replica from the fabricated mould.

67. " The method of any one of claims 64 tp 66 in which

the replica mould is suppbrted on a sgbstrate.

68. The method of claim 67 wherein the substrate is
glass. ‘
69. The method of claim 67 or 68 in which the replica

mould is irreversibly bonded to the glass substrate by

oxidation in oxygen plasma for one minute.

70. . A method of culturing cells in the cell culture
device of any one of claims 1 to 63, the method comprising

the steps of:

(c) iﬁtroduéing one or more types of cells
suspended in methylated collagen into the

cell retention chamber of the cell culture

device; and
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suspended in nethylated collagen into the cell retention chanber of the
cell culture device; and(d) introducing a terpolynmer solution to initiate a
conpl ex cwacessaki2zan reacti on which results in gradual @elrsG2a3/006385 he
collagen matrix. 71. The nethod of claim 70 wherein the terpolymer is
replaced with cell culture nediumafter gelation of the collagen .matrix

has occurred. 72. %f yTely nﬂfj.ccfc&{01 el W i el Sl B dn 14b 3ﬂ_r9ﬁc|,1a1§él| ture
devi ce of any one claims 1 to ®3 for "bi 0l magi ng conpri sing: (a)

seeding the cell culture cevlex vwctatnmamormr%a@'@rm tWiplesh Wﬁ%llcfoﬂ | agen
matri x; and (b) observing the one or re ce pes; gi ng
devi ce. 73. The net hOdJCﬂg K4 723%1351[’) Bh The %%Iﬁ'e i,%#ure e%/llrgge is
perfused with a liquid medium 74. The nethod of claim 73 wherein the

liquid nediumis aigellettidd Wie Jrdinumo #he ke netdddegfolgmyeoniss of cl ai s

72 to 74 wherein the imaging device is sel ected fro t he (g]{] consi sting
of a |igmprlacacdstidpec %ﬁﬁ%qm r%ﬁjé” ¢3¢ conf ocal

scannin 4 of any one of claims 72 to 75 wherein
Tho 11 vy HEbRaE B inal SRl

arization, cell regeneration, protein

trafficking,- endocytosis, transcytosis, cell-cellinteractions
12. A method for observ1ng a cell culture in a cell

culture device of any one of claims 1 to 63 for bioimaging

comprising:

(a) seeding the cell culture device'with one or

more cell types in a collagen matrix; and

(b) observing the one or more pell types with an

imaging device.

73; _ The method of claim 72 wherein the cell culture

device is perfused with a liquid medium.

74, The method of claim 73 wherein the liquid medium

is a cell culture medium.

75. | The method of any one of claims 72 to 74 wherein
the imaging device is selected from the group consisting of
a light microscope, an immunofluorescence'microscope,‘and a

confocal .scanning microscope.

76. The method of any one of claims 72 to 75 wherein
the live imaging of cell‘re—polarizatioﬁ, cell regenération,
protein trafficking, endocytosis, transcytosis, cell-cell

interactions and cell matrix interactions can be observed.

7. . A method of screening a plurality.of candidate

pharmaceutical compounds against'a.tarqet comprising:
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and cell matrix interactions can be observed. 77. . A nethod of screening a
plurality of candi date pharmaceuti cal conpounds agai nst a target

conpri si ngoQaje/serdi ng a plurality of cell culture devi ees/scommyossmne of
claims 1 to 63 with one or nore cell types containing the target in a
collagen matrix; (b) perfusing the cell culture devices with the candi date

phar maceuti cal COUPQP“Qéediﬁ@da(§1u§§i§€ nbegcbhe cgethreubibvigcdeyices to
identify the- desired conmpound. 78. A ne?hod for purification of a

bi ol ogi cahyfbuedofonbaiss nh:t¢af3 wikdi ageacpl Besei €914f tyRescel | cul ture
devices of any one of clains, 1.t0_6 i £ h _on .pore cell . types in a
€? Q}n%b?h%eF?E%et 13 a §o¥$£gﬁﬁtﬁa9£a§0.

collagencﬂﬁ ihg the ce uré delVices with the biol ogica
fluid; and (c) obtaining purified biological fluid. 79. The method of claim
78 wherein the one(lpy poreusehd thpeseatecsetectedeVioast hethr bbp-

consi sting of hepatocytes and sinusoidal endot helial celis. 80. The nethod
of clai *¥8dsfate MRFBRFCEHECHT oF SPPRRIYFF ufd%i s bl ood. 81. A net hod
conprising culturing cells in the cell culture device of any one of clains

1 to 63. 82. The nmpthog-pes!aymBd wheretnltheecablscaseto identify
anchor age- dependent cells. ‘ .
the desired compound. -

78. A method for purification of a biological fluid

comprising:

(a) seeding a plurality of the cell culture
devices of any one of claims 1 to 63 with one or more cell .

types in a collagen matrix;

(b) perfusing the cell culture devices with the

biological fluid; and
(c) obtaining purified biological fluid.

- 79. ‘ The method of claim 78 wherein the one or more
cell types are selected from the group consisting of

hepatocytes and sinusoidal ‘endothelial cells.

80. The method of claim 78 or 78 wherein the
biological fluid is blood.

81. A method comprising culturing cells in the cell

culture device -of any one of claims 1 to 63.

82. - The method of claim 81 wherein the cells are

anchorage-dependent cells.

83. The method of claim 82 wherein the cells are
selected from the grbup‘consistihg of hepatocytes,

fibroblasts, bone mérrow stromal cells, endothelial cells,
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83. The nethod of claim82 wherein the cells are selected fromthe group
consi sting of hepatocytes, fibroblasts, bone marrow stromal cells,

endot hel iwb 20@ldsz226hondr ocyt es, osteobl asts, nyocytes, mewsakos®hdsss and
stellate .cells. 84-. The nethod of claim83 wherein the .endothelial cells
are liver sinusoidal endothelial cells (SECs)

chondrocytes, osteoblasts, myocytes, neural cells, and

stellate .cells.

84-. ‘The method of claim 83 wherein the endothelial

cells are liver sinusoidal endothelial cells (SECs).
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