WO 2006/052223 PCT/SG2005/000385 CELL CULTURE DEVICE CROSS-REFERENCE TO
RELATED APPLIATIONS This application claims the benefit of U.S. Provisional Patent Application
No. 60/626,963, filed November 11, 2004, which is incorporated herein by reference. FIELD OF THE
INVENTION T 3P&REE concerns a cell culture .device for the function®f FF&TAEHHAES of cells,
particularly anchorage- dependent cells, a method of making such a device and the use of such a
device. BACKGROUND OF THE INVEN y nctional maintenance of
anchorage”- dependent cells in vitro that it %ﬁ @Ms important and relevant to tissue
engineering applications, development of pathological models and understanding the effects and
mechanisms of potential the(l::fpO %iERggg}ﬁ%NFﬁe ﬁaiﬁm &Ptﬂ%%/g%%ciﬁc functions of
anchorage-dependent cells such as hepatocytes in vitro is useful for applications that employ primary
hepatocyte mbefets, atichias BHGG sereehinng Shrliksand Bibarifiied - lvirassistedadevices (BLAD).
However, curregt primagyhepateeyte medelsosutes from, rapid-lossafdhediver spesifig phenotype
within days in-culture., The functional deterioration of hepatocytes,in vitro has been attributed to the
deficiencies of et cdture SATRSAME t&%ﬁ?\ﬁ&e%p?ggﬁ&%ngo%ditions that mimic an in vivo
microenvi.ronment that is highly organized both architecturally and compositionally." WO 2006/052223
PCTISG2005/000385 FIELD OF THE INVENTION

The -inwention concerns a cell culture device for the
funetional maintenance of cells, particularly anchorage~
dependent cells, a method of making such a device and the

‘use of sudh a 'device.
BACKGROUND OF THE INVENTION

A strategy for the functional maintenance of anchorage-+
dependent cells in vitro that have high fidelity din 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 épecific functions of -
anchorage—dependent cellé such és-hepatocytes in vi%ro is
.useful for applications that employ primary hepatocyte
modeisAsuqﬁ as'drug screening studies and biOapﬁificial

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 prbvide appropriate conditions that mimic an
in vivo microenvironment that is highly orgénized both

architectufally and compositionally.



Extensive research has,been directed.to identifying the various factors that, enable the long-term
maintenance of primary hepatocyte functions in vitro. Parameters that are .typically considered in the
long-term culture of primary hepatocytes are as follows:. 3D Microenvironment In vivo, hepatocytes,
for example Y PSYifiptitdd three dimensionally by a combination of extrHcEfRI T4t and other
hepatocytes.' It is known that the coating of two dimensional substrates with different matrix

components:show sthad altbough dhepsavisiamotithesesibstiatasibglp; fepatogytes live longer they

do not significantly delay the onset of hepatocyte de- differentiation. Fluid Flow Fluid perfusion mimics
the. hepatic EREGRREDN: PERATTing "4 eFGEAE cbRfind80Y TRREPoR LY and Aufifents to the
hepatocyte andalewsradequate removat-of metalialic-waste. Oxygenesineparticular, iscan important
modulator of. fiepalasyleunction 20 has been deemed ag aneetihe pEmaryegylators of the zonal
variations in metabolism and detoxification between'the periportal and perl\‘?enous yeglons. of the
liver. TherefBfEHesatbete34faVSbddr sHBWN 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 mainteng@fAcél bt reepatbcytedfemctions 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. 2

WO 2006/052223 P& T/84220Q02/000885 for example, are supported three .

dimensicnally by a combination of extracellular matrix and

other hepatocytes.. It is known that the Qbafing of two
dimensional substrates with different matrix components shaw
that aithough-the'provisioh of these‘substrates help
hepgtocytés iive longer they do not significantly delay the

onset of ‘hepatocyte de- differentiation.
Fluid Flow

Fluid'perfusion mimics the hepatic circdlafion, permitting
an efficient; continuous transpoft of gas and_nutrients to
the hepatécyte and alléws adequate removal of metabolic
waste. Oxygen, in particulaf, is an important modulator of
hepatocyte fuﬁction and has been deemed as che of ﬁhe
primary regulatofs of the zonal variations in metaboiism and
detoxification between the periportal and périvenous regions
of the liver. Thereforenihepatocytes have been shown to
retain their functions better under dynamic culture as-
compared tp-static'culture. It has been shown that although
an increase flow rate is beneficial for the maintenance of
hepatocyte functidns by. increasing the delivery of oxygen to
the hepatocyte;_@xcesé shear stress induced by alhigher -

fluid flow rate_isrdetrimental‘to the hepatocyte functions.



.Co-Cultures with Non-Parenchymal Cells Co-cultures of hepatocytes with both. liver derived and non-
liver derived non-parenchymal cells (NPCS) such as biliary epithelial cells, sinusoidal and vascular
endothelial cells, fibroblasts and stellate cells have been shown to enhance many liver specific
functions. NP8 AE%R3 been postulated to enhance hepatocyte functfRSE¥7YeeraRy basement
membrane components. Establishment of Hepatocyte Polarity The maintenance of differentiated
functions of.epitheljal . cells is strictly, depgndent g the establishment of morphological polarity.
Hepatocytes, i rtheti ,are ‘ ctionally polarized. The metabolic
functions ofheé:)atoc tes have been positively correlated to the polarity of hepatocytes induced by,
different culturé confi ﬁlﬁéeﬁ%ng.fA?é%gﬁ’lﬂﬁ& e Yadovery 6 Hepath oI pdari? Rthy88 Tmportant in
the maintenaricer «of. hipaioeydefunetiameDiffersaf culturesmotielss havedieerspropasedy for the long
term culture ol primary iepatpeytes. eachdacoiperaing aiaedeqess.aldhe Jeatules giscussed

above, in its design. The main configurations of primary hepatocyte culture mo els are as follows:
Sandwich Cultefe-PRisa§pically €omprided-a Vet irto SR shRdwigHE]Between two
layers of a simpleyoriaaraplexpmairix sutihas toflagen wpddatiigel aesianyigisnrich matrix). This
culture configuration, ias Regp shawn 4o sianificanty. augment hepatogyte function, yhen maintained

basement membrane components.

Establisbment of Hepatoéyte Polarity

The maintenance of differentiated functions of epithelial
"cells is strictly debendent on the establishment of _
morphological polarity. Hepatocytes, like other epithelial
cells, are structurally and functionélly polarized. .Tge
metabolic funétions of“hépatocyteS'have been positivel§
correlated to the polarity of hepétocytgs induced by
different éulture configurations. 'Accordingiy,.the regovery
of hepatocyte polaxity may be impprtaﬁt in the maintenance

of -hepatocyte function.

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

culture models are as Ffollows:

" Sandwich Culture

This typically cqmprises.é monolayer of hepatocytes
sandwiched between two layers of é'simplé or complex matrix
such as collagen or Matrigel® (a laminin rich matrix)ﬁ This
culture configuration has been shown to significantly

éugment hepatocyte functidn; When maintained in sandwich



WO 2006/052223 PCT/SG2005/000385 cultures, hepatocytes aggregate into cord-like structures and
retain their phenotypic globular morphology. Spheroids Hepatocytes self-assemble into spheroids
which are 3D, aor ' ossessing tight junctions and microvilli-lined channels that resemble bile
canaliculi. Thg%ﬁ%%gﬁ(g%%%nt of hepatocyte functions in spheroid cultures s Mos ?f’ﬂ{g}ﬁ’fﬁouted to the
secretion of a basement membrane lining the outside of the spheroid and the presence of homotypic
and heterotypigicall-toselhiaractipnssandshe: geestablisbmest of polarity - $pberaids are formed by
culturing hepg;tl%cy}es%g%%ng:%wmh other non:parengX?al cells on Poderately adhesive surfaces or

in suspension so 4 16 hduce hlép%?géiycfg lgf?eaatlon oajﬁrér\ll?gg a%cﬁ%?’alge fror the hepatocytes.

Bioreactor Based Systems Hitherto, most current bioreactor systems have been developed for
bioartificial [VEHEES2E devices (BLAD). The main advantage of most bioreactor designs is that they
allow for the simulation of the hepatic circulation to enhance oxygen and nutrient mass transfer for
maintenanceltisic hbpatdoyte fgddtics Sonkeofithese sdrenctotonteptualrdesigns -have been

incorporated intp.in4tie medels.for drug s bigtr matien sthdies: Jhese bipraagloy systems,
typically involve the embedding of the hepatocyte mono- culture or co-culture in a matrix such as

collagen andth&"BeH indthk ‘oIt 1 theh- Ro 688G i dow: fibf8€ of e RaEBRItes Yhere they can
be perfused.h&pme big:reaniarsystamsruse-seaftolds asla suppor forthe:hgpatocyte mono-

attributed to the secretion of a basement membrane lining
the outside of the spheroid and the presence of homotypic.
and heterotypic cell-to-cell interactions and the
resestablishment of polarity. Spheroids are formed:- by
culturing hepatocytes alone or with other nQnﬁpar@nchymal
cells on moderately adhesive suifaces or in suspension so as
to induce hepatocyte aggregation tQAprovide anchorage ?or

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
enhanée oxygen and nutrient mass transfer for maintenance of
hepatcgytg function. Some of these bloreactor conceptual
designs'have been incorporated.into in vitro models for drug
biotrénsforﬁation studies. These-bioreactor systéms:
typically involve the embedding of the hepatocyte mono-—
culture or c0~cul£ure in a matrix such as collagen and the
cell matrix cdnsﬁruct'is then housed in hollow fibies or on
flat plates where they can be perfused. . Some bio-reactor
systems use scaffolds as a support for thexhepatocyté mone-
culture or co~culture and the cell scaffold construct is

perfused or dynamically cultured.-
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culture or co-culture and the cell scaffold construct is perfused or dynamically cultured. 4 WO
2006/052223 PCT/SG2005/000385 Microfabrication Based Systems Microfabrication techniques
allow a finer degree of control over the cellular phenotypes by manipulating cues in the local cellular
environment. IBHABRBTEEENd heterotypic cell- to-cell interactions betweenH&pHtdtEYEAd fibroblasts
can be controlled using photolithography methods in order to pattern the two cell types to modulate
hepatocyte fl_Jqqgig@g.feg%@ggg{ojbghggggae@)@t%ggroachesto in vitro hepatocyte culture also include
the following: U.S.5,624,840 discloses & three dimensional cell and tissue culture system for the long
term culture of '_)L/grr ¢ g%ralrjg gﬁs%esceianc\i{itrlo ineasn'eﬂironmeg_g that more closej_!y approximates that
found in vivo. Here, the grovvtah of stromal cells.in three dimensions is %%‘Ié%etoosusffgirhtgﬁ?ve
proliferation of P&rencigmak skl adn colttire foirleagey perivdsdftimedhanaoniventioaal monolayer
systems. U.S. p240,132 disoleses anepatpcyie. biogeacienar. bigartificial iver comprising a

containment vessel having a perfusion inlet and a perfusion outlet. A matrix is “provided within the

containment vesSet Shith A8 o 8fitrap e PaIIES F al GRaJREY Withi itk EbREGRAREHE V5881 while
allowing perfusien of themadtet. Thermaticisoddropaged pofyglass beadsin the sbstantial absence of
connective tissuie.. L.3. 2092(0182241 Al gissloses sgaffold strugiires it ntergopnect fo build up a

full, vascularized organ.

In addition, the numerous approaches to in vitro hepatocyte

culture also include the following:

U.5. 5,624,840 discloses a three dimensicnal cell and tissue
culture sfstem 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 abtive
p:oliferation of parenchymalAcelis in cukture for longer

-periods of time than conventional monolayer systems.

U.s. 5,270,192 discloses a hepatocyte bio-reactor or
bicartificial liver comprisiﬁg a containment veSsel'having a
perfusion inlet and a perfusion outIet. A matrix is
provided ﬁithin‘the containment veséel such as to enfrap
hepatocyte aggrégates.withinlthe containmenf vessel while
allowing perfusion of the matrix. The matrix is comprised
of glass beads in the substantial absencé of‘cénhective

tissue..

g.S. 2002/0182241 Al discloses Scaffo;d_structﬁres that
interconnect to build up a full, vascularized organ.
Alﬁernatively, the scaffolds can be'forméd by rolling or
foiding—teﬁplétea to form thick threewdimensional
constructs. The scaffolds in fhis case serve as the

template for cell adhesion and:grpwth by cells that are



Alternatively, the scaffolds can be formed by rolling or folding templates to form thick
three-dimensional constructs. The scaffolds in this case serve as the template for cell adhesion and
growth by cells that are 5 WO 2006/052223 PCT/SG2005/000385 added to scaffolds through the
vessels, holes¥ P8#E%A13 such scaffolds. A second set of.cells, such as ERAGERIPAPWPEHS, can also.
be added to or seeded onto the scaffold. One the sets of cells have been added to or' seeded onto the

three dimensigngl seaffold ihistissie enoinesred oraan s Jmplanisddgto,a regipient, fhe applicants
have found that none of the above systems of current models are suitable for the long term culture of
hepatocytes irf Vitko, ¥speEdiffor studiesvegarifig ophadceutiiaFBorhdtiiistasd bidlogical
studies with respect  to-c8ll hiolegys SUMMARY: OF- TR INVENTHQN: ke daventionprovides a cell
culture device comprising a chan]pel, he channel havinggge(?rtmore. inlets,and one or more outlets
the channel coMpfisiHy a telitetentioh ciamber H&fited by an ifterRal STTAES of TS chifinel and a
plurality of projéctisnsiéxtenslingthierefrofif.cllib présentinventioreinsd fvthrerdaspeetprovides a
method of ma_ilgjlgg_ 2.gelkeyltyre qje\ii%ecmgg{nethod comprises the steps of: (a) fabricating a mould

using photolithography, .and (b) replicate moulding using a polymeric compound.
The applicants have found that none of "the abéve‘systems or
current models are suitable for the long term culture of
hepatocytes in vitro, especially for studies regarding
pharmaceutical compounds and bioiogical‘studies‘with respect

to cell biology.

SUMMARY OF THE INVENTION

The invention‘provides a cell culture deyice-comprising a
chHannel, the channel having bne or more. inlets and onevor
more outlets the channel comprising a cell retention chamber
defined by an internal sﬁrface of the channel and a

plurality of projections extending therefrom.

The present invention in a further aspect provides'a method
of making a cell culture device which method comﬁrises the

steps‘of:

(a) fabricating a mould using photolithography,

and

(b) replicate moulding using a polymeric

compouhd.

In still a further aspect, the invention provides‘
method of Cultaring cells in the cell culture device as

described herein, the method comprising the steps of:



In still a further aspect, the invention provides method of culturing cells in the cell culture device as
described herein, the method comprising the steps of:., 6 WO 2006/052223 PCT/SG2005/000385 (a)
introducing one or more types of cells suspended in methylated collagen into the cell retention
chamber of th&"@éflteifit?e device; and (b) introducing a terpolymer solut®ilt8Gaitisitesscomplex
coacervation reaction which results 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). Sdedif the 28 thfuf? Gelice Wil oh&FSF nforeCeti tpes in a collagen
matrix, and (b) observing the one s speredesll typesanitly k- #ragimbldevioe iTihe invention further

provides a method of screening a_phurality;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) pe%‘éﬁﬁ:?ﬂw@@éﬂ culture device with the candidate pharmaceutical
compound in a fluid medium, and (c) screening the cell culture devices to identify the desired
pharmaceutical compound.(Bhe piesertdavémipreirtayes funiser aspest providesiaitiate

a complex coacervation reaction which results

in gradual gelation of the collagen matrix. -

The present invention providés-in a further aspect a method
for observing a cell culture in a cell culture device for

bloimaging comprising:

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

more cell types in a collagen matrix, and

(b} obsexving 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

(¢) screening the cell culture devices to identify

the desired pharmaceutical compound.‘

The present invention in a yet further aspect pfovides a
method for the purification of a biologicallfluid

comprising:



method for the purification of a biological fluid comprising: 7 WO 2006/052223 PCT/SG2005/000385
(a) seeding a plurality of cell culture devices with one or more cell types in culture matrix; (b) perfusing
the cell culture devices with the biological fluid, and (c) obtaining the purified biological fluid. The
invention furtifeP pHAGER% method comprising culturing cells in the cell ESTTE2EREBES described
herein. BRIEF DESCRIPTION OF THE FIGURES. Figures IA and IB depict a plan view of a cell

culture, device in accordayce \g/%?&gg grgs%ggggg@%;o@org@ RA-and 2B ake pergpective views of a

cell culture device according to the invention; Figure 3 depicts hepatocytes embedded in a collagen
matrix withintheleelietemi s ERafber of &6 dit i detice Wifigtifeés 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 accehiplishx amibhag floneand tbaceivetion cicoliageny Fidure®A depicts a first
configuration; of Eﬂ%lég%'ggl £endotheligl gells (SECS) that have.been dynamically seeded in the cell
culture device; 8 WO 2006/052223 PCTUSG2005/000385 Figure 7B depicts a second configuration

OfSECSthathaYe {c) obtaining the purified biologigal f£iuid.

The invention further pfovidés 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 collqgén matrix
within the cell retention chamber of & cell culture device

of figures 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

iaminar flow and coacervation of collagen;

'Figure 7A depicts a first configuration of sinusoidal
‘endothelial cells (SECs}) that ha#é_been dynamically seeded

in the cell culture device;



been seeded by the complex coacervation of collagen and terpolymer; Figure 8 depicts a closed loop
perfusion system for use with the cell culture device of figures 1A and 1B; and Figure 9 depicts a
closed loop perfusion system for use with microchannel devices; In the figures like numerals denote
like parts. DEXAHENBRECRIPTION OF THE INVENTION CELL TYPEREEfRRHW P85 isolated from
any suitable animal. Preferably, they are isolated from mammals. Cells may include anchorage-
dependent cells, such as_hepatocytes, fibroblasts, bone marrow.stromal cells and epdothelial cells,
chonrorytes, SaHERIaLis TSt nBr A e g B AT SRS oL A Be taolatod
from rats of thé¥¢istardypedviay fahexarmplel ewostep coltagenase perfasiorgsuckzag that according
to Chia et al., 2000, Jiplsqidal liver endothelial cells (SECS) may be isolated, for example, according
to Baret, 1994 using a-Percoll(r) gradient. CELL CULTURE DEVICE Microfluidic systems, such as the

cell culture deyjce of th %'esenéinventifn ng distinctivglPSrggerties %ue t%their small dimensions.

One of them is thatfitid flowAn the celfcaftire d&viBe s amlnar.noﬁgrsa ?r% ander faminar flow allows

two or more layérs ckdifferanitfivids de fibwe9 9¥OL2006/6522R3PTT/SG2608/000385 next to each
other without mixing other than diffusion of their.constituent components across the interface. The cell
culture device ini gagerdancepwith she praseria ioop perfusion system for use with

microchannel devices:;

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 isclated from mammals. Cells may include anchorage-
dependént cells, such as<hepatocytes, fibroﬁlasts, bone
marrow. stromal cells and enddthelial cells, chondrocytes,
osteobiasts,’myocytes, neural éells, and stellatekcells.
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 uising a Percoll® gra&ient.

CELL CULTURE DEVICE

Microfluidic systens, such as the cell culture device of the‘
present invention, have distinctive properties due to their
small dimghsions. 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 1



invention may generally be fabricated by photolithography methods, for example,.soft
photolithography. Typically, soft photolithography may involve the following steps: (a) fabricating.a
master mould using, for example, photolithography; and (b) replica moulding.with a polymeric
compound usthf #i¥4Z&ter mould. .1t will be appreciated that photolithodi@FRGAERATEkes 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. The photpresist compound may
preferably be of fﬁgﬁggé%ﬁ/% iaﬁjaesrpe%ﬁéﬁél ypr)ﬁej‘f‘1‘)<[1hm(-§']I p%%o%g fegﬁ%?%oﬁlp%%%%lr%%yop%referably be
SU-8 by MicroGieshr - Cons t Thesspincomen svafer argolse nidsked iveaitierde generate a pattern
upon illumination with a light source. The spin coated wafer is typically illuminated with a light source,
preferably, forexample; uktiaviolet lightitocgenerate ao phato-tesistpatiers. Jhesphato resist pattern is
then developed. Th gg\éelo ed atterglmaybbg %%%q:la(s: a_t(ran(gskt)er %rgg%llcc)illgr‘%gubse uent replica

moulding step.lg\vr%% ica moutd 3?%% prc}fjuced using the mastér moula: yplggl?)}? e-replica mould

may be manufagtiredsrorficr sioxanéontaifithgopelymertdramaiismopstiésa ptaferably,
polydimetholsiioxane, iiowilhhe rppraciaieddQ Wey20Q6/062228 REdIS&20064000385 that other

polymers, with varying desired properties can be used depending on the end application. For
example, & {a) fabricating a master mould using, for example,

photolithography;, and

(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'fabricéting step comprises spin coating a
wafer,VWhich may be of, for example, glass ér silicon, with
a photoresist compound. The photoresiét compound may
preferably be of the negative high aspect ratio type. The’
photo resist compound may preferably be 5U-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
coatéd wafer is typically illuminated with a light souxce;
preferably; for example, ultraviclet light to generate a
photo resist pattern. The photo resist pattern is theﬁ
developed. Therdeveloped pattern may be used aé a master .

mould in a subsequent replica moulding step.

A replica mould may be produced using the‘master mould!
Typically, the replica mould may be manufactured from a
- siloxane containing pdlymer or any themoplastics, -

preferably, polydimetholsiloxane. It will be appreciated
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radio-opaque material or a biodegradable material may be used. The replica mould is preferably
supported on a substrate. The substrate may, for example, comprise a glass or plastics material. The
replica mould may optionally be bonded to a glass substrate; such as a glass substrate, by, for
example, oxid¥i8e?BHYen plasma. Poly(dimethylsiloxane) (PDMS; syRfGFFGBRSBF#Corning) cell
culture devices with a plurality of projections, may be fabricated by replica moulding on an SUB

master mould, which s patierne andard photolithography. The design'of  thecell culture device
may be generated by AutoCAT (r‘f)iy g(%(% 'a\%dl gﬁyeadr %ﬁﬂ% %%%rxe%%lﬁfo Bibot timhovaRvES aser
System, Singapgbtéy SR Espactiatioaishativel bhatoresist nimyrbesspimtoated onto a second

wafer (€.g., S0@#pmoaiotAFRMIs.Hor 1segondsand: then. 3009 Lpmat 2p0,rp/s for 30 seconds)

and soft-baked at,efgr example, 95C for 1 hour. This is then followed by, for example, exposing for
approximately ﬁseéonds, post-baking at 50C for 10 minutes and then at 95C. for 30 minutes and
developing for 30 minutes, A liqguid PDMS prepolymer (e.g., 1:10 base polymer:curing agent) may
then poured onfS'the” $Raste? Bt arid caref sirinlas arpsCwvetnight:hefoles ipeeting off. The

PDMS membraniesmayiben-opsianajly be0xidised ia oxvagp plasma fgr 14uinyte (400 millihor) to
chemically bongat@%ﬂ%rybrane to a glass substrate. - A closed loop perfusion apparatus as shown in
figure 9 may comprise a cell culture device 100 comprising one or more 11.

The replica mould may optionally be bonded to a glass

substrate, such as a glass substrate, by, for example,

oxidation in oxygen plasma.

Poly (dimethylsiloxane) (PDMS; sylgard 184, Dow—Co%ning)(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-desigﬁi;f
the.ce;l‘culture device may be generated by AutoCAD@ 2005
and printed with a high-resolution plof {Innovative Lasér
System, Singapore). SU~8 high aspect ratio negative

. photoresist may be spin coated onto a second wafer (e.qg.,
500 rpm at 100 rpm/s, for 10 seconds and then 3600 rpm at
250 rpm/s for 30 secqnds) and soft-baked at, for ékample,
95°C for 1 hour. This is then followed by, for example,
exposing for approximétely 70 secénds, post-baking at 50°6A
for 10 minutes and then at 95°C for 30 minﬁtéé and
developing for 30 minutes. A liguid PDMS prepolymer (e.g.,
1;10 basé polymer:curing agent} may then poured_ontb 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'shdwn in figure 9 may

cpmpxise a cell culture device 100 comprising one or more
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WO 2006/052223 PCT/SG2005/000385 cell cultures in a three-dimensional collagen matrix. The cell
culture device is located on a heating plate 1 to maintain the device at 37 C. The cell culture device
may be attached, at its inlets to three syringe pumps 2, 3, 4. Each pump 2, 3, 4 respectively contains
culture mediutYf EPPERIRREr or a suspension of cells in collagen. The pun$d 26306/ WRFerfuse the
cell culture device 1 with each of their respective solutions. Prior to entering the device 100,, bubbles

may be remove‘tgll {r'ocr;pJ _ILD;% %gléu&enmgqg%@eus_ig% Hfflekr)lugglg p ra%OSl. Uased sn?c_!lgét]ifqr;{s maiyhtée disposed of
via outlet 7.. The syringe  pumps contamlngethe erpdslymer an ceﬁ cltture m‘eallu'm are “connected via
a four-way valve 6. ReféringtoldRigaresi sAlan: 18 agslan viese of agcall gittuite Hevice 100 in

accordance wijth the invention is.depicted. Ehe 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

extending from,an internal syrface of the channel 16. The cell retentjon chamber 15 is closed to the
passage of ce %eatca?ﬁignauiff%ﬁo%?é’ 0] t:iatsn(l)apyentlfrﬁi}g i‘é%?ﬁ%%‘gﬂ c%{ftu}ég Sdé‘\z/llljfgtl%o also may be
provided with atspaeesty, rdteflaking the cdll rétedorhcirambeito dllow thepeefisioe lof liquid media

through the devige ;The perfuseddionid media-cap sxijthe device Wadpeputlsts 42 and 14. The
projections 20 that define the cell retention chamber 15 may be spaced at least part of the way along

the channel 16"af? JapHiStance FhRATE Srivallet-thanhe hvBFdgeGfnibiero6t4 particular cell type,

so as to trap cell3-forexasvilee 1 with each of their respectivé solutions.
Prior to entering the device 100, bubbles may be removed
from the‘culture:medium using'é bubble trap 5.IUsed
solutions may be disposed of via outlet 7. The syringe
?umps containing the terpolymer and'cell cultufe ﬁedium are

connected via a four-way.valve 6.

Referring to Figures 1A and 1B, a plan view.of a cell }
culture device 100 in'accordancelwith 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

~ extending from an internal surface of the channel 16. The
cell -retention chamber 15 is closed to the'passage of cells
at an énd 17ropposité to its 6pening 18. The celi culture
device 100 also may be provided with a space 19, 197
flanking the cell retention‘chamber to allow the perfusion
of liguid media through'the device. ‘Thé perfused~liquid_

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

The pfojéctions 20 that define the cell reténtién chamber 15
ﬁay be spaced at least part of the Qay along the,channei 16
at a gap distance which is smaller than the average diametex
of a particular cell fype, 50 as to trap cells, fof examplé

hepatocytes or SECs, within the cell retention chdmber.

?referabiy, the. projections may be arranged in two, spaced

12.



hepatocytes or SECs, within the cell retention chamber. Preferably, the.projections may be arranged
in two, spaced 12. WO 2006/052223 PCT/SG2005/000385 apart, substantially ‘parallel rows, as
shown in Figures IA and IB. In one embodiment, the projections 20 extend substantially upwardly
from a bottonV A BRthe channel 23. Preferably, projections are spaf&d/apHIRS40%%ap distance.
of 1 to- 20 m, preferably 1 to 15m, more preferably 1 to 10 m, most preferably 1 to 5m. Projections
with different g}limensionlslgsn,gag}q%cr?dﬂical Shﬁﬂ%ﬁ sgg‘gsas, é:jarcg@éw%erjprg-_cggularé[se tgngular and

art a ) : Ures
square, may b5 ised. fnone em n%rﬁ, the projections’are rectangular’in sﬁape. e rectangular

projections maydeldrrandged anansafyldirdative to theopkiheperpeaditil@xtostie fluid flow path,

preferably, in g ghavan4likepatigrn.Rectangular proisctions mayhepasitiongd.foL example, at an
angle of between -90 to +90, -45 to +45, -20 to -25, or +20to +25, most preferably at an angle of +22

to the plane ﬁé’rpendicular to the path of fluid flow. Positive angles mean'.that the projections are
angled such that, as shown in Figure 1B, their inner edges are closer to the outlets 12 and 14 than
their outer ed§&€ fiesatHerapex of - ERevron:9s drientst fRVETHSThe DUIRP eRtstRthesdevice. The

rectanaular pigjegfians 2@ e 10en. 3019,11) 1 10 Wi, preferably GO A9, maye fyeferably 70

to 100m, more preferably 80 to 00 m, most preferably 90to 100 m™ in width.

um, most preferably 1 to Sum. _ .

Projections with different dimensions and geometrical
shapes, such as, circular, semi-circular, rectangular and

sguare, may be used.

In one embodiment, the projeétions-are rectangular in shape.
The rectangular prpjectibﬁs may be arfaﬁged at an angle
relative to the plane perpendicular to the fluid flow path,

- preferably, in a chevron-like pattexn. Rectangulazr ’
projections may be positioned, for example,rat an anygle of
bétween -90° to +90°, -45° to +45°, ~2b° ro -25°, or +20° to‘
+25°, most preferably at an angle of +22’, té‘the pldne
perpendiculaf 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 dpex df the chevron

is orienﬁed towards the outlet end of the device.

"The reétangular projections may be from 30 to 100 pm’in
width, preferably 60 to 100 pm, more preferably 70 to 100um,
more preferably ‘80 to 100 um, most preferably 90 to 100 ur
in width. | '

The rectangular projections may be from 30 to 100 um in

leﬁgth, pfeferably 60" to 100 pm, more p:eferabiy 70 to
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The rectangular projections may be from 30 to 100 m in length, preferably 60 to 100 gm, more
preferably 70 to 13 WO 2006/052223 PCT/SG2005/000385 1001im, more preferably 80 to 100 pin,
most preferably 90 to 100 m in length. The rectangular projections may be from 10 to 300 m in
height. In one ¥MBBHIEAR, the rectangular projections are 30 pm length BRESSE WS #04ath. In
embodiments which include circular or semi-circular projections, the projections may be from 20 to 60
m in diameter, preferably 30 to 50m, mare preferably 40 to 50 m in.diameter. The r%rojections may

have a radius dPff8fy 26° &5 48 BrerdtaBly it e Tadhie mE &3P mP EFSRERBAY mdyH5e from 10 to

300 pm in heighg.gn the;most peefierable embodiment, the projections have a radius of 30 m, a
diameter 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 shown), connected to the channel. The cell reservoir can
optionally be left'SpERCEE I8 18 MBEMSEE HiLid o thrBtgh THE chdnh@l, Bt fel cibRed, thereby
minimising fluitd&owhthrough the channel. Closed-Loop Perfusion Apparatus The cell culture device
(or a plurality thereof) may be integrated into a closed-loop microfluidic perfusion apparatus.

Referring. to Fighire f, slassdinop apaaralus samnrises, pne.onmore cell suyrgglevices 100

comprising one or more cell cultures in a three-dimeénsional collagen matrix,
length and 50 pm in width.
In embodiments which include circular or semi-circular
projecﬁions, the‘projectiqns may be from 20 to 60 pm in
diameter, preferably 30 to 50um, more preferably 40 to 50 um
in_diameter; The projections may ﬁave a radiué 65 from 20
to 40pm. Preferably the radius may be ‘30 pm. Projections
may be from 10 to 300 pm in height. In the most preferable
-embodiment, the projéations have a radius of 30 pm, a

diémetér of 50 pm in diameter and a heilght Qf 50 um.

In cne.embodiment, the cell culture device may further
comprises.a cell reservoir_(nct'showﬁ) conhected to the
channel. VThe cell reservolr can optionally be- left open, so
as to ﬁaximise,fluid flow through the channel, or left

closed, thereby minimising £luid Flow through the channel.

Closed-~Loop Perfusion Apparatus

‘The cell culture device {(or a piurality thereof) may be
integrated into a closed~locp microfluidic perfusion

apparatus.

Referring:to Figure 8§, the closédmloop,épparatus'compriseé
one or more cell culture devices 100, comprising one or more
cell éuitures in a three-dimensional collageﬂ matrix,
located on, means for heating, suchjas a heating plate 1, to

maintain the cell culture devices 100 ét, for example, 37°C.
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located on, means for heating, such.as a heating plate 1, to maintain the cell culture devices 100 at,
for example, 37C. 14 WO 2006/052223 PCT/SG2005/000385 Other means for heating may include a
water bath, an incubator or a microscope heating stage. The cell culture devices 100 may be
attached, at tHEft 2240 a pump 8, which may be, for example, a. periftafit BB e pump 8 can
perfuse the cell culture devices 100 with culture medium. Prior to entering the peristaltic pump 8,

bubbles are rerg&s{gg f&@@n@eﬂgyltﬂg\é{% '%WMQ&@&@;@ trapS-- Fhecultyre medium is located

in a housing 26 where carbon .dioxide and temperature can be maintained at, such as at 5% and
37C, respectivélySThgtéall EiltdrethedrRfT trsy BEFEiGFcUTAR¥%ack to the housing 26, upon its
removal from the cell culture devices 100. Incorporation of collagen matrix support within the cell
retention chamiee byahe corhplexecoioetvatiorn 6f methlyated tdolagen ard teipehsner under laminar

flow conditionsﬁfggggeg (;ngtrgg}m@yéqe g@/&e%gg,sggpo@&gllgxggglgg, fiepatocytes in a cell

retention chamber of a cell culture’ "device in accordance with the invention, The collagen .matrix may

be located withRftHe Eah FefertidRechaBePiith Shafth&Eaifalsh bRviFES SupBoHUfSt the cells but
does not obstrget-oeeeciugie thegerfusien né mediathroughther device: Tdheioells:ard collagen matrix

may be introduced, (g, the deviog. i e (I la colaoeRaslsyspeanianl pasaiglyina
terpolymer soldtion. The céfls gr_e ?rappe :
medium using a bubble trap 5..
" The culture medium is located in a housing 26 where carbon

dioxide and temperaturée 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

. 106.

Inco:pdration of collagen matrix supporft within the cell

retention. chamber by the complex coacervation qf’methlyated

“collagen and terpolymer under laminar flow conditions

A collagen matrix may be provided to support cells, such as,
hepaﬁocytes in a cell retention chamber of a cell culture
device in accordance with the invention. The collagen
fmatrix‘maf be located within the cell retention chamber such
tha£ the collagen provides support for the cellS'but_does
not obstruct or occlude the perfusion of media Ehrough the
device. The cells and collagen matrix may be introduced to

" the device in the form of a coliagen—cell suspension in
parallel with a terpolymer solution. .The cells ara_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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in the cell retention device and the collagen gel forms in situ via the complex coacervation reaction
between the methlyated collagen and terpolymer under laminar flow 15 WO 2006/052223
PCT/SG2005/000385 conditions. Cell culture medium may replace the terpolymer during perfusion.
Referring to FiYtif8%8/ fdphtocytes 21 are shown in a collagen matrix in tR& EEFHAEMISH chamber 15
of the cell culture device 100. The.collagen matrix is within the cell retention chamber 15 so it does
not obstruct orpcekudg he flanking spaces A9 4:eliheysife.aidhe selluelention, shamber 15
Drawings are for illustration purposes only. Hepatocytes 21" may be present in the culture device, for
example, in laférsidaggretiatdéSIimplementation of an Hepatocyte-SEC Co-Culture Model wherein
Hepatocytes and SECs are Spatially Localised in the Micro-- Fluidic Channel The strategy for
spaciallycontraibdg thre. seetinFof SECS3 magbetohassified itostwe categoriés: Dynamic seeding
Entrapment by.complex, caggensation ynderdaminar.flaw. qondifigns in the fryf stiategy. gpatocytes

may be three- dimensSionally trapped in the cell retention chamber as described above. Subsequently
SECs may be ehaHii€ae seetiet’Such it they tasa Mpéidtside Bt Hie eortiherfent of the
hepatocytes., Hoveever dhe segtlirg, afs hepatocytrs:i this Walyss tlepensent enithesSEEs attachment

to the collageri{erpolymer complex and FDMS BIOIECIAN, o the corl retention
chamber 15. Drawings are for illustration ﬁurposes only.
Hepatocytes 21 nmay be present in the culture device, for

example, in lavers orraggregates.

Inplementation of an Hepatocyte—SEC CofCulture Model wherein

Hepateocytes and SECs are Spatially Localised in the Midro-

Fluidic Channel

The,strategy-for spacially.cOnttolling the sSeeding of SECs

may be classified into two categories:
¢ Dynamic seeding

e Entrapment by complex coacervation under laminar flow

conditions

In the first strategy, hepatocytés may be three-—
diménsibnally trapped in.the cell retention chamber as’
described ahoveﬁ Subsequeﬁtly SECs may be dynamicaiiy
seeded such that they form a layer outside of the
confinement of the hepatocytes. However the seéding,of
hepatocyteé in this way is'depéndent on the SECs attachment -
to the collagen~terpolymer complex and PDMS projections.
This can be improvedAby coating the projections with

proteins derived from the extracellular matrix.
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this can be improved by coating the projections with proteins derived from the extracellular matrix. 16
WO 2006/052223 PCTISG2005/000385 The second strategy involves the entrapment of SECs as a
separate layer of the collagen gel in the cell retention chamber by using the complex coacervation of
methylated coM@gesramdaerpolymer under laminar flow conditions. FigureésTscang/ABschematically
illustrate configurations for the spacially-localised seeding of SECs 22 in the cell culture device 100.
Referring to figure 7A, ah.example of dynamic seeding is shown. Hepatocytes 21 may be physically

confined to the Q8 EEEMISH BRAMBEIA 55k BeinG HiRtreBi b e RS UGHINTECE0 2Ferpolymer is
concommitantly eiptrogiueetl theought inlak9 erth bl <aEGe122 are-Hynaaticallye: seededrexternally of the
cell retention chamhber 15. Any_ liguid medium can exit via outlets 12, andrﬁ‘q . Referring to figure
7B, the entrapr%geﬁrﬁg?géogs 1%15216139 Igir%né:roﬂg\?veéiorﬁB%ﬁeé:o%%%elr\?gtign of e .ﬁlaé% collagen and
terpolymer is dépictedeHepatbdites 21vaiespertdelint evllagen, fArevingrovidéedaheough inlet 11, SECs
22 suspended in collagen are introduced through inlet 10 and terpolymer is perfused through inlet 9
into the cell cukurpdevica A Othdintier daminanflew 1 Hepatdoytes 2t aresriiapped:inthe  cell retention

chamber 15 and SECs 22 are Jagated,externally, of the cell retention chamber 15 but in contact with
the PDMS pr_ojectionseby %m&exggoacervat?son. 0 %oﬁ%éléq %ndgte?r%o ymé? L%lgﬁdcr%qégium exit via
outlets 12, 13 &Hd 1r andsothIRyures -7 A BRESE, Hebatec ftes e aré shitidEd fiopd- sshgfar force

exeﬂedtwrned&m@@EHU§HEHHH@UQBtBﬁd%ﬂ; Hepatocytes 21 may be physically
confined to the cell ietention chamber 15 after being
intxoducéd through inle£ 10. Terpolymer is céncommitantly A
introduced througﬁ inlet 9 and 11. SECs 22 are dynamically
seeded exteﬁnally'of the cell retention chambei 15. Any

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

Referring to figure 7B, the entrapment of SECs 22 by l@%ina:
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 introduce& through inlet‘lohand terpolymer
is perfused through inlet'g.into the,éell cultire device 100
under laminar flow. Hepatocytesz 21 are entrapped in the
cell retention chamber 15 and SECs 22 are iocétea éxternally
of the cell retenticn chamber 15 but in centact with the
PDMS projections by complex coacervatioﬁ.of collagen and

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

In both figureé,?A and 7B, hepatoéytes 21 are.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 physiolégical conditions in vivo. Drawingsrafe'for'

illustration purposes Qniy. Hepatocytes 21 and SECs 22 may
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culture device 100 by a layer of SECs 22. This is similar to the physiological conditions in vivo.
Drawings are for illustration purposes only. Hepatocytes 21 and SECs 22 may 17 WO 2006/052223
PCT/SG2005/000385 be present in the culture device in, for example, layers or aggregates-.
DETERMINAVON G EE L NUMBER WITHIN THE CELL CULTURE DRYISE29EHHAsEytes 21 are
fluorescently stained by incubating with, for example, 7-ethoxyresoruin for four hours prior to
entrapmerit.witgin %1@ -Gell tetention- ghguni erL5. Jmages £b ‘ék 512P|xels of an op tical section
spanning the height of the cell retention chamber 15 may b€ ta I Iterval-of two rﬁlcrometers
with a 20x obje?H¢& %817 Fhe .images may be processed with Image Pro"" Plus to quantify the
number of cells in the optical stack. The total number of cells in the cell retention chamber 15 can be
estimated as th IIs in ceII retention chamber 15 |s eurvalent to- the number of cells in

RN / OF UME TN ChEL I PRE Hidime of
optical stack. Assays The metabolrc functions of hepatocytes in the cell retentron chamber 15 may be
determined by R #1eY F2shdy ressrdfim ossseilaticiadsmf(BRODIcakd ting with,
7-ethoxycoumain-Qedemptiyation 8asay AEEQRY thdeterming: the,activitigs 0f CYP 1AL and CYP2B6
iIsozymes. Other metabolic functions n%g% be evalu ted hased on urodine diphosphate

o]

glucoronosyltransteraes (UG ) afd's Fandters ase TSP ACHORRESN the quEb?@ﬁ”ﬁlatron and

sulphation of 7{¢-g-. 512 by 512 plxels of an optical section spanning the

height of the cell retentlon chamber 15 may be taken at an-
interval of two mlcrometers with a 20x objectlve lens The
images may be processed with Image Pro™ Plus to guantify the
number of eells‘in the optical stack. The tetal: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 aumber of cells in the optical stack-
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 (EROB) and 7-ethoxycoumarin-O-de-
ethylation assay (ECOD) to determine the activities of
CYPlAl and CYPZBG 1sozymes Othexr metabollc functions may
be evaluated based on urodine diphosphate
glucoronosyltransferase (UGT) and sulphotransferase (ST)
activities on the glucoronidation andvsulphafioh of 7-

hydroxy coumarin.

EROD Assay

The de-ethylation of ethoxy resorufin is CYPlAl associated

and its activity may be quantified under a confocal
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hydroxy coumarin. EROD Assay The de-ethylation of ethoxy resorufin-is CYP1A1 associated and its
activity may be quantified under a confocal 18 WO 2006/052223 PCT/SG2005/000385 microscope
according to Chiu at al., 2000. 7- ethoxyresorufin is perfused through the cell culture device 100, such
as at 0.3 ml p&PH8L4#ur hours. The cell culture 100 device may thenPHEGSAYEWWEer a confocal
microscope with a rhodamine filter. The images may then processed with Image Pro™ Plus to quantify
the EROD activ'tc\é ECOD Assay T en%e;gghglﬁigneog 7ﬁ}bo>éwmar+u Is mediated mainly by

CYP2B6 but can algcs)cb%pger ormed byseveral other forms of CYP enzyme, for example, IAI/1A2/2A6

and M. 'Differerthesneempansnisy 203156 M6 a-thERyBuntain Gy perftseact#dlighitne cell
culture device k00 at, fernexample, ®.3 mii pes hossuTo realculate: theishealiswdentir kinetics,,
aliquots of the supernatant medium me%/ be withdrawn %q%rz dgfeéggte%eriogg% ct)i(r:r%1 s to calculate the
enzyme's timeHEpEhTentl. S5XiTEs 4 stoted ffazen. such as at -20C, until analysis. After
thawing, 7-hydrbxyosumasn-coriugatesatagies clddver usifg betanglifRtrdaidasesn 100 U/ml

acetate buffer overnight at 376, Aliuats of dhe grgated samplgs may then memixed with glycine
buffer. The fo%ati.on. of 7- hydroxycoumarin may be quantified by fluorometry with an excitation
wavelength of 380 aAd an emission wavelength of

ECOD Assay

The de—ethylatibn of 7*ethoxycoumarin'is'mediated mainly by
CYP2B6 but can also be performed by several other forms of
‘CYP enzyme, for example, 1A1/1A2/2A6 and 2E1l. -Different
Qoncentiationé {20:150 QM) of 7—ethoxygoumarin may perfused
through the cell culture device 100 at, for example, 0.3 ml
per héur.' To calculate the Michealis-Mentin kinetics,
aliguots bf'the supernatant medium may be withdrawn after
'different periods of times to calculaté the enzymé’é time
dependence. Sampies are stored frozen, such as atr—20°c,

until analysis.

After thawing, 7whydroxycoumarin conjugates 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 glycihe puffer. The formation of 7-
hydréxycoumarinrmay be quantified by fluorometry with an
excitation wavélength of 360nm -and an emission wavelength of
460nﬁ. ‘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-

hydroxycoumarih into 7-hydroxycoumarin glucoronide and 7-
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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- hydroxycoumarih into 7-hydroxycoumarin glucoronide and 7 19 WO
2006/052223 We H8(EF38%5/000385 hydroxycoumarin sulphate. The deteBGdHSHPS/PREGISXycoumarin,
7-hydroxyglucoronide and 7-hydrdxycoumarin sulphate may be performed by capillary electrophoresis
according to Duffy et al., 1998. Separation may be carried out on untreated fused silica capillary with

detection at 3BYHRZEHPSTRHT LBnE8nIaaGTs.of TR/ dtok§ESurfiarif fdi—.é,§qlved in Krebs-Hanseleit
buffer may be petftisegdbsough rihe tall el e glevice; sticheas ati0 B-myihr coyealcutate rithe
Michealis-Menten kinetics, Aliquots of the supernatant eﬂgry can 993:‘%&5@1%@9’&_ after different

5 igatd t‘ﬁe S i éepe%gi '

periods of time to ‘investiga zymes' time ence.”7-hydroxycoumarin standards may be
prepared fromaceanghnbstoek Bofitiore prépared AP éthantrBAdalitrapuraWaier @096 $4v). Both

7-hydroxycourggsin gluguronide and f:-Bydraycosmarin sulphale Wstandarissmaye prepared from a
1 mg/mi stock;;é)repared in_ultra pure water. All standards.are 9%%59 with Krebs- Hanseleit buffer. Cell

cultures and e ﬁVQCQHUIar PhathR StPporih s the '@ifefturd d&ide 186 Tz EdFdance with the
present inventidisselvesmpnis&orHesoiimose bellcuhtufés rdovatedon thewalismedentigrregbmber 15.

The one or mo{ﬁecggfyltgtﬁscm %%WE@UC&%W%“%E% !%tefﬂii%r, to cz,{lculate
the MichealiSMMenten kinetics. Aliguots of the supernatant
medium can be withdrawn after different pericds of time to
iﬁvestigate the enzymes’ time dependence. 7-hydroxycoumarin

. standards may be prepared from a 1 mg/ml stock solution
prepared in ethanol and ulirapure water (10:90 v/v). Both
lj-hydzoxycoumaﬁin glucuronide and 7mhydroxycoumaxin sulphate
standards-may'be prepared from a 1 mg/ml stock prepared in
ultra pure water. All standards are diluted with Krebgw

‘Hanseieit buffer.

Cell cultures and extracellular matrix supporh

In use, the cell culture device 100 in accordance with the
present 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
cﬁambe;.15 via the one or meore inlets of the cell retention
chambef 15.. The cell cultures are preferably introduced to
the cell retention chamber 15 in a liqhid_capxierﬁ The

liguid cédrrier may be cell culture medium.

‘Prefexablyr the cne or more cell’culﬁuras are embedded in an
éxtracellular matrix within the cell containment chamber.
‘The extracellular matrix may comprise one .or more protéiné
.such as collagen, fibronectin, laminin, fabrillin, elastin,

- glycosaﬁinoglycans, chitosan, aiginate, or proteoglycans.
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chamber 15 via the oneor more inlets of the cell retention chamber 15. The cell cultures are preferably
introduced to the cell retention chamber 15 in a liquid carrier. The liquid . carrier, may be cell culture
medium. Preferably, the one or more cell cultures are embedded in an extracellular matrix within the
cell containmel? eHiiBer3 The extracellular matrix may comprise one.or PE3r&{@AIINSSIsuch as
collagen, fibronectin, laminin, fabrillin, elastin, glycosaminoglycans, chitosan, alginate, or ,
proteoglycans. 20 WO 2006/052223 PCT/SG2005/000385 Preferably, the extracellular matrix in
which the cells &fd GABLidetRaf e 61 iRt CtiRGeRtype*Mbte Hiéfdtably® t1 'collayeh may be
selected from thé groispl coagistingadf odtlagenill Hghh IYyWe VI, MBV 1L 1XE Xy land XHe Most
preferably, .the gﬂ!gggﬂ q@& he_ callagen. |, éT hfr%grllafgg@_ g@g]gegg@piyslgglggegycally modified. The

chemical modification is preferably achieved by methylation or glycosylatics, or a combination thereof.
If the collagencfs'gfyebBythted ftris bréferalily dohidved Bi-galdctbsylatidn. “Fhetnethglafibh of collagen
may typically aghievedbye. fon Bxample; stirringqerecipitated cellagegém agidified methanol. The
addition of galactose into collagen molecules may preferably be-achieved by, for example, the
reaction of callggenanl e aclobionic.acyr gthenedianis with e £Ehoryl.group activator
1-ethyl-3,3'-dimethylaminoepropyl carbodiimide. The degree of collagengalactosylation may be
quanﬂﬂedln/&ESW&E@%eWEﬁ%é%ﬁﬁfH@ﬁeﬁﬁ,prefexab y achieved by methylation

or glycosylation, or a combination thereof. If the collagen

is glycosylated it is preferxably achieved by

galactoéylation,

The methylation of collagen may typically achieved by, for
examplé; stirring precipitated collagen in acidified

methanol.

The additidn of galdctose into co;lagen moleculés may
preferably be . achieved by, for‘example, the reaction of
cbllageh and 1-N—({lactobionic agyl)—éthyléﬁediamine with the
carboxyl group activator l-ethyl-3,3"~dimethylaminoepropyl
carbodiimiée. The degree of-collagen,galactosyiation may be
quantified by a colourimetric method. Briefly,
galactosylated collagen may-bé reacted with phendél 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 és standards and unmodified Collégen és a‘negativé

control.

Advantageously; the methylation and galactosylation'of
collagen-réduCes the density of goilagén and ﬁhé number of
Gonnectiéns between collagen molecules. This allows
increased perfusion of a ceéll culture embédded in a collagen

matrizx. Even more advantageously, an increase in collagen
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galactosylated collagen maybe reacted with. phenol and concentrated sulphuric acid, and the degree
of colouration may be measured using a colouriheter at a wavelength of 510 nm using.different
concentrations of D-galactose BPS solutions as standards and unmodified collagen as a negative
control. Advaltage¥isi?2the methylation and galactosylation of collagen TE#(3688/ 808 ENsity of
collagen and the number of connections between collagen molecules. This allows " increased
perfusion of a cell culture emhedded in a collagen, matrix. Even more advantageously, an increase in
collagen 21 \/\78%6 %@fé’zsl I%qu3 éﬁ% Ogégg] rcéleeﬁﬁrﬁgt?grg}séggﬁéﬁég V\ﬁf#ldecreased
densities and ceorHaEtibpRShEmEwTRofadem awleawéscimlgse, collagen, together with one or more
cell cultures, is preferably introduced to'the cell culture device 100 together with a terpolymer. The
terpolymer maybestoy exampte;HEMAMMA-MAALT ke1sokagen-eell srixiure.and: tgggolymer may be
o2l DL 90N AN Jy Obedel Sl ® deyide: I nmebogiient, bY flowing
two poneIectroFytgs, In partlc{llar, coﬁagen containing one or more cell _cuﬁures) and . .
HEMA-MMA-Megeirte he Eell culttipe evicee00, theetdrpalyplamsaiution iditratuced into the

spaces 19 and 19y flanking;ihe apl refentionoharaber L3 Fhis allows: the, somplgx coacervation
reaction between the cationic collaf?e,n and anionic terpolymer to result in the gradual gelation of the

collagen which TG FEps 1R cBIF clitbFS THARFE RS Rt bfenfort GramBRr 48 ihdticha way that

they are into the cell culture device.

In one embodiment, by flowing two polyélectrolytes, in.
particular, ceollagen (containing one or more cell cultures)
and HEMA-MMA~MAA into the cell culture device 100, the
terpolymer solution is infroduced-into the spaces 19 and l§’
flanking the cell reteﬁtion chamber 15. This alliows the
compiex coacervation reaction betﬁeen'fhe-cationic coi%agen
and agionic terpolymer to result in the gradual gelation of
- the collagen which in turn traps the cell culture inside the
cell retention cﬁamber 15 in such a way that they are ‘
supported,.thr@emdimensidnally, 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.

The introduction of the collagen and terpolymer separately
ensures that collagen and the terpolymer do~nb£ mix, thereby
" spatially consﬁraining the cell culture to a‘portioh of the
cell culﬁure device 100. This“poﬁtibn>is prefeiably the
.cell retention chamber 15 or a portion thereof. In
particular, the property of lamina; Llow ﬁithin the cell
culture device 100 ensures that-whenAthe collagen and/or

cell culture and terpolymer are introduced into the .cell
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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. The
introduction of'é%€efiagéh and terpolymer separately ensures that colla§é’aadHa s olymer do
not mix, thereby ‘spatially constraining the cell culture to a portion of the cell culture device 100. This

portion is prefefably the cell.retent] amber 15 or a portian thereof. In, particular, the property.of
laminar flow Wi%hl% the ce e“'C{L_lect:fjer(;1 g%{\‘l/i%gxel_%eo énssﬁr%ti%st 'g{l%v %!Ln encoolfgjgge%ngn(?%r tE’eﬁl.culture and
terpolymer arelifffoaheas mtatie tellZaywo2006/652223 PGT/SG2005/000385 culture device 100

there is substantially no mixing of the terpolymer and collagen/cell structure. Typically, the terpolymer
solution may bewgubseuently heeplaces Witheeultloeunedia te=allove peifusianehtiig,cells within the
cell retention chamber 15. inar flow provides for the.seeding of two cell types in discrete
layers within the%fﬁeten%aﬁr%hglﬁn %lrxl% tt g%(?é%b%t%n%é SB’SS%C%%F ﬁ?)%naf)’!oﬁhee ﬁ/‘vtg'éolcgll types
except at theiffespeetiémierfhteseThe BrioFhmstewellidultures may be, for example, hepatocytes,
fibroblasts, endothelial cells and bone marrow stromal cells, or other anchorage-dependent cells. In

one embodim@éatycetcufilives mayindtude for exampie,dihe andthlelacalls:ypes in
two discrete layvers within the cell retention chamber in the
substantial absence of mixing_of the two cell types except

at their respective interfaces,

The one or more cell cultures may be, for examp;e,
hepatocytes, fibroblasts, endothelial cells and bone marrow
stromal cells, or other anchoragewdepéndént cells. In one
embodiment, qeli cultures may include, for.example, CHQ and

Helida cells.

‘Pr@ferably, the Qne‘or,moxe cell typeés bomprises.hepatocytes

and endothelial cells.

The endothelial cells may be, for example, liver sinuscidal
endothelial cells (SECs) 22. The liver sinusdidal
endothelial cells may be introduced inte the cell retention
chamber 15 dynamically or by complex coacervation of
coilagen, premixed.ﬁifh SECS 22; and the terpolymer undei

laminar flow conditions.

The BECs 22 may be located, for example, on the piojections
20 of the cell retention chamber 15, either ihﬁérnally
 therein oz exterqa}ly.thexeof. When the SECs 22 aré located

externally of the cell retention chambeﬁ 15 the prdjections
20 may preferably be coated with an extracellular matrix

protein as defined in the group ébove (Fig. T7A).
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Preferably, the one or more cell types comprises 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 SfOc8MEBEA2premixed with SECs 22, and the terpolymer und&i/ErAEPNSRT conditions.
The SECs 22 may be located, for example, on the projections 20 of the cell retention chamber 15,

either internally, {herein, o1 extemall hgreaf, Whon the SECs 22 are aoated externall of the cel
retention chamber 15 the projection’s may pre eraBI)Pbe coated with ari Sxtracellutar matrix protein

as defined in %€ gfedp abewERE T A)n 28:Wex 2086052223 PBTIS 200510686388 Ipan

embodiment, the invention,prowides bue discrete-laygrs, of cell erpbedded in. gniextraceflylar matrix.
Typically, this may be achieved by for example introducing to the cell retention chamber, by an inlet,
a first cell cultuF& “Pranfied Wi &Giradeh Srothet BktraR eltdiaF natfix L pf3téiHs taminar'flow with the
terpolymer intrpduced¢al thetdevicd byanother intéte Thexcollagenicalkmixtsre s allowed to set into a

gel to form a fi@é@é%A §%C(3anicﬂlro%t%% (Wm%h ay %rerpaglnotebf ggfgr%rg[t fégl&] ggg first cell
culture) also premixed v(_/ith collagen or other extracellular matfix p%‘t,eln IS [nJir,o&luced, y an inlet, to
the cell retentibR 8h@ftbisieirPlammak iBW withehe tcFpelyRtekingsauced inditiwet dulture device

by anotherinlatlcwed to set into a gel to form a first layer. B second
cell culturé {which may or may not be different fromrthe .
f;rst cell culture) alsb premixed with collagen or other
extracellular matrix protein_is introdﬁced, by an inlet, to
the cell retention chamber, in laminax flow wikth the
terpolymer introduced into the cell culture device by

another inlet.

In this embodiment,-the first layer of cells is'shieldéd-by

the upper layer of cells fiom'any'shea: force generated by
" the peffusion of liéuid medium through the cell culture |

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

hepatocytes and endothelial ‘cells.

Celi,cuitu;e devices of the invention allow for the spacial
control of cell seeding. In particular, the'deﬁice allows
emulation of the linear structuré of hepatocytes in vivo.
Moreover, the seedingwof a second discrete layer of cells, -
for example NPCs, furfher emulates the in vivo physiclogy éf'

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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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 cells. Cell culture devices of the invention allow for the
spacial contrdVEf28e5a¥ding. In'particular, the device allows emulation FAREGHESP®ERICtUre of
hepatocytes in vivo. Moreover, the seeding of a second discrete layer of cells, for-example NPCs,
further emulates the in vivo physiology of the hepatocyte. Uses The cell culture device in accordance
with the preseﬁP?ih%ﬁﬂoﬁti'H%‘ﬁﬁdJdbpiﬁ]aﬁtiéﬁ‘ﬁ‘?Eoﬁﬂfﬂe%‘ﬁ%@?@ Sf5ifedRAng tirtd&tictfar, as an in
vitro model of liveretissdecEhisapplicationsnaybedusefulinuenobietic 24 WO 2006/052223
PCT/SG2005/000385 toxicity studies in. the liver and may be used in studies. of liver-cancer and its

mechanisms of metastasis.,1he £ell suliee devicenay heused as &, hieghipr foF jbiological imaging
and other studies. The device may provide, for example, live imaging of cells and in particular,
imaging of the yMePatsF Héb%?&é&ﬂe?@ngHFEﬁtiSEWFegen 6T groteMafficking and
endocytosis ang:the tike. Fae biclegisabimaging may hiendised tochasaetedisercell-to-cell interactions,
cell-matrix interactions.and the like. The l%io Eg) also pe lfs%%' pi -t@éogghput screening to
identify potent%?ﬁﬁé?r%la%]éUti%éqagolrﬁgoﬁnds? rom f%rary ° £ (9&]

polarisation‘and regeneration; proteéin traffiCking and

endocytosis and the like. The biological imaging may be

used to characterisé cell-to-cell interactions, cell-matrix

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 bioéﬂip may also; for example, be used to
optiﬁize delivery protocols of pharméceutical‘agents, @5;
example,106ncentration, volume; or frequency of delivery;
‘This,ﬁay be carried out using a plurality of cell culture
devices in paraliei for simultaneocus monitoring of real-time

effects.

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

compounds.

The ceil>cultaré device may also find applicatioa_in the
fiéld of bio—-artificial 1iver.assist devices. These'devices
may'compfise a pilurality of cell culture deviées which may
serve as an iﬁfermediate form of treatment for a péfiegt
,pfior té having a.iiver transplant. Blood ffcmAa patieﬁt
. may, fo example, be perfused through a cell ﬁulture device
before returning to a patient’s bloodstream in a similar way

' to the circulatory pathway of the liver.
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of chemicals. The biochip may also, for example, be used to optimize delivery protocols of
pharmaceutical agents, for example, concentration, volume, or frequency of delivery. This. may be
carried out using a plurality. of cell culture devices in parallel for simultaneous monitoring of real-time
effects. . The BBAMsPAZRAhIso be used to assay for toxicity of xenobioticSKRARMHREEMRAEAIs and'
interactions (either advantageous or adverse) between pharmaceutical/xenobiotic compounds. The
cell culture device may also find application in the field of bio-artificial liver assist devices. These
devices may g@ﬁlpﬁ%ﬁ%ﬁ&ﬁﬁlim%lﬁﬁﬁ VTSR heh Y QEnvd A8 S nterfediate form of
treatment for apatiest: gsipriahaving arives tramsplant. Blood from a patient may, for example, be
perfused through a cell culture device before returning to a patient's bloodstream in a similar way to
the circulatorymathway of the liver. 25 WO 2006/052223 PCT/SG2005/000385 The following
examples are offered by way of illustration and not by way of limitation. Example 1 Isolation of Cells
Hepatocytes were harvested. fr ale Wistar rats weighing from 250 to 300 grams by a two step in
situ collagena\%eSO:La Ti0 éjf & Sc:(:ording to Chia et al., 2000."' SECs were isolated according to
Baret, 1994 using a Percoll(r) gradient in conjunction with_selective attachment for separate SECs
ﬁon1Kupﬂﬂwu§EfatbcyteS were harvested from male Wistar rats welghing .

from 250 to 300 grams by a two step in situ collagenase’

perfusion method according to Chia et al., 2000, SECs were
isolated according to Baret, 1994 using a Percoll® gradient
in conjunction with selective attachment for separate SECs

from XKupfer 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 mgdification by a

combination of methylation and galactosylation.

Collagen was methylated by stirring_preeipitatéd-collagen in

acidified methanol.

Characﬁerisation of the degfee of methylatidn was
characterised by capillary electrophoresis. Capillary
electrophoresis was carried out with 0.05% hydroxypropyl
methyicellu}ose at a pH of 2.5 and a temperatﬁre of 21°C.
This resolved the methylated collagen into foqr majof peaks.
An increase in the degree of methylation was éorrelated,with
an increase iﬁ the ratio of the aregas 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
(SMmcoilagen}, Coliagen methylated -at 23°C for 1 day had a
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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. precipitated collagen in acidified
methanol. Ch&aefep8aaidh of the degree of methylation was characterisétf b5 E8/eq583
electrophoresis. Capillary electrophoresis was carried out with 0.05% hydroxypropyl. methylcellulose
atapHof 2.5 an]g a femperature of 21C. This resolyed the methylated., collagen into fqur major peaks.
An increase inth C&é&fte%gq ‘méth qgti&? vga'sgé_ora[rrelffs}llt(f:"ﬁl ﬁviﬁhaaﬁ%/ﬁ%ﬁe%szeeﬁt & I!%i‘l Pofthe areas
under the lastiwoh peaks dver tHe fiest tWidipeaks), atefimed as Y. Collagen methylated at 4C for 6 days
had a calculated Y value of 1.4, and was characterized as slightly methylated collagen (SM-collagen).
Collagen methydatactat23Gder 1rday-bad 226 WQr2006/092423 RT3 200560038% £alculated Y
value of 1.9, and was characterized as highly. methylate g% n (HM-collagen). Galactose was
incorporated iﬁt%l ggl%agnena %tée ge ct‘?locﬂ9 C@EP/NLC% Jacéeﬁca%%) 1- ?Z?f%:?o %%{Iﬁﬁ:mé"g%)-‘é)fhty e%gl(%amine with
the carboxyl-grotprastivaiop trethygl- 3384 dimethyamimopropy - Chrbbdimhide. tre degree of collagen
galactosylatiop yas guantified by a colorimetric method. Galactosylated collagen was reacted .with
phenol and concentrated sulphuric acid. The degree of coloration was then measured on a colorieter

ataJNavebngyﬂe degree of collagen gélactosyiation was quantified by a
colorimetric method. Galacﬁosylated cellagen was reacted
~with phencl and.concentrated sulphuric acid. The degree of
coloration was then measured on a coiorieter at a wavelength
of 510nm. A standard curve was 9lotted aéing varying |
conceﬁtrations 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 galactosylatioﬂ level of 80%. This level of ‘

galactosylation was used in subseguent studies.

The_galéctdsylated collagen was mixed with slightly
methyléted collagen and complex coacervatedrwifh terpolymer
to provide an extracellular matrix support with variable
physical and chemical properties. A ﬁecrease in the
proportion of methylated collagen in the mixture of -
galactosylated and methylated collagen ;eSulted 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 used with a 60x WLSM lens of NA-

1.00. 2Zum sections of the microcapsule were obtained by
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of 510nm. A standard curve was plotted using varying concentrations of D-galactose in phosphate
buffered saline to calculate the degree of galactosylation. Unmodified collagen was used as a
negative control. Performing the galactosylation reaction at 4C for 24 hours gave a galactosylation
level of 80% Vith#Iede28t galactosylation was used in subsequent studi@STFERogEIAEISY ated
collagen was mixed with slightly methylated collagen and complex coacervated with terpolymer to
provide an extracellular matrix support with variable physical and chemical properties. A decrease in
the proportictPSifthyigtid e8idter frid hitEnRs of GiiactSyihted AnbSHetiyiStet dollagen
resulted in a pdacrease iz codager fibea tensily antheormectivityrin ordes té ronintasively characterise
the formation d%fs ggy%ge@@g@é@%@%ﬂg gge & n&g@lu@&g&@gg@u% Jased three-dimensional

microenvironment a back scattering confocal micrascopy assay was used. An Olympus Fluoview(r)

500 confocal ¥iRFEEGTE WeRPuSEd ARRcE BBRIWES NP ieitst6f Rie 1. b 2hfections 6Tife
microcapsule;wetg obtaingd)by 24W0:2006/052-28:° (hE36200RKNNA3AS -optical sectioning for

subsequent anaI%sis._Three hysical para eéers were calculatedtusciin%Image-Pro Plus 4.5.1 to
describe the NEHBBIE dartstty (hactbRalars 8 derdritsSEea St tertrite8 37 pixsis over the total

pixels in the slicef nangfibrealengti fme anrdendrites Ierngm:aifera_géﬂength_ of dendrites connected
to a node pe%nﬁ“ﬁ%%%?@@%{%ﬁi%?”%@”&éﬂ@%ﬁ%ggngﬂ%mt&e%@@fﬁ%é‘%@r of dendrites

connected to a node per
slice).

"A summary of the physical characteristics -of the

microcapsule shown in Table 1 below.
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slice). A summary of the physical characteristics of the microcapsule shown in Table.1 below. 28 WO
2006/052223 PCTISG2005/000385 .Table 1 Modified Normalised Normalised Normalised Collagen
fractional area of dendritic dendrite number dendrites length SM-collagen 1.000+0.043 1.00+0.12
1,00+0.08 HMW-eollagen203502+0.077 0.35+0.16 0.38+0.02 G-collagen inr@resiydatsdoosstdlagen
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 0.66+0.17 75 0.950+0.036 0.64+0.07 0.61+0.07 83 0.929+0.032 0.44+0.11 0.58+0.07
Table 1: Coﬁ&ﬁ’éﬁ manofibre density, length and branching in a microcapsule were represented by the
normalised fractional area of dendrites, dendritic length and dendrite number respectively. Values
indicate ngiealigdddndex+standfardnddivisiion. SM-colldfemastiga methifrredldsttgen;
HM-collageas highlymmethylatefdscallagan=@- £allagan; 8Qdagataciosylatedientiages. epatocyfe
Culture in an Engineered Collggen Matrix, Primary rat h_leéqj ytes seedéd at an optimal density of
5x106 cells/ml maintained the found phenotypic morphology of hepatocytes in a methylated

colla en-te;golyme. — : : :
g M-collagen 1.000+0.043 T1.00+0.12 1.00+0.08
HM~collagen ,10.502+£0.077 : 0.35+0.16 - 0.38+0.02

% G-collagen in

methylated

| collagen

mixtures

17 0.964+0.051 0.8940.06 0.9540.09
25 | 0.959+0.053 | 0.7410.08  |0.72%0.15
50 0.952+0.040 10.68+0.17 0.6640.17
75 0.950+0.036 10.64%0.07 | 0-.61%0.07
83 0.929+0.032 0.44+0.11 | 0.58+0.07

Tabie 1. Cocllagen nanofibr.e density, length arid ‘branching in a
microcapsule were represented by the normalised fractional area of
dehdrites, dendritic length and dendrite number respectively. Values
indicate normalised indexistaﬁdard deviation. SM-collagen: slightly
lmethylated collagen; HMﬂoollagen: highly methylated collagen; G-
coll’agen:. 80% galactosylated collagen. '

Hepatocyte Culture in an Engineered Collagen Matrix

Primary rat hépatooytes seeded at’-an optimal density of

. 5%10% cells/ml malntalned the round ghenotyplc morphology of
hepatocytes in a methylated collagen~terpolymer
microcapsule. The hepatocytes were_loosely‘suppoited by

collagen nano-fibres in the miorobapéale and showod enhanced
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microcapsule. The hepatocytes were loosely supported by collagen nano-fibres in the micro capsule
and showed enhanced .29 WO 2006/052223 PCT/SG2005/000335 differentiated functions over
hepatocytes in monolayer culture. Hepatocytes cultured within collagen matrices (1x106
cells/2001Al). yishyamanggphysical and chemical properties demonstrated increased tirea production
when the physical support was increased (highly to slightly methylated collagen) anc?. these functions
could be further enhanced when the proportion of galactosylated collagen was increased.
Microfluidics-based £elivery of €oftage s Micsoliidic sygiemsepueh asmthecerllaylire, device of the
present inventio& Q&gg 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 next .to each other without' mixing other than diffusion of their constituent

components agfb%'%ttﬂ@%fé?fé"dé?ﬁ%r‘ﬁalrﬂ%@&ﬁaﬁ@&%ﬁfé‘l BBvikeFetmeitblagen was delivered
into a~cell cultesa deyicsoimaceerdance wjth-ineopresentinygation.sFhe archilegiureabine nanofibre
matrix in the cell culture device was similar to that achieved by the pipetting technique used in
collagen sandWidhGHitras e bpfifitsatioRoTATeReDINEHYBhAPEntrABert O NS 1T 2811 culture
devices using kaminar flowasompleececackervatioh1§ell cututedevicesanerne tabsicated as described
previously. 6x106 eells/myl of rimalyJat BRRALIGHIES WRIB4SHEPENded -39, malmL et methylated

collagen before being : . ,
the proportion of galactosylated collagen was inhcreased.

Microfluidics<based Deliveryv of Collagen

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

thelir constituent components across the interface.

1.5mg/ml neutralised type I_bovine dexmai goliagen was
deiiveréd inte a_cell culture deﬁice in accoidance with the
presegf invention. The architecture of the nanofibre matrix
in the cell culture device ﬁas 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 ccacervation

Cell culture devices were fabricated as described

previously. 6le§ cells/ml of primary.rat hepatocytes. were
suspended in 3.0 mg/ml of methylated collagen befére being
introduced into a closed loop perfusion apparatus as shown

in figure 8.
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introduced into a closed loop perfusion apparatus as shown in figure 8. .30 WO 2006/052223
PCT/SG2005/000385 The collagen-cell solution was pumped in parallel with 3% terpolymer solution.
Upon formation of the collagen matrix, collagen flow was stopped and the terpolymer solution
replaced withggllelliire medium to perfuse the entrapped cells. Laminarpg W&Q&JQ&}Q&%” culture
device ensured that the collagen and. terpolymer did not mix thereby spatially constraining the cells to
a portion of the cell culture device. The complex coacervation reaction between the cationic |
methylated collgen stk agignic-terpolymer: i@gjl{pacgir?mgdygl %g@ift)ge(if tvggtlﬂegylated
collagen Whicqgggggkd tge_ celli irgca three-dimensional matrix. Methylated collagen and terpolymer
were prepared according fo the metidd of CART ef AFM8686 "OBEnidSticiP oi EatiN mwibet #n the Cell

Culture DeviceSHématypi¢ Interactionstetmwet ahepatosytesare1vital fos e maintenance of cell

polarity and funaionalityy Accordingly, itis,i tant that the three-dimensjonal entrapment of
hepatocytes by laminar flow coacervation @smi;%e%%%oia%n hggar%%§ge%sﬁl t %ecﬁpﬁﬁﬂ%e&evice ata
density sufficieRE to-SchietBEEiED-daiPitdratishs L Differdnt intakvelt séedingedensitiessvere used to

quantify the nuphier afteelisdocatgshinthe aalkaidtiyacdevica. Hepalncytes wers fluorescently labelled

by incubation with 7-ethoxyresor fin.for 4 hours prior to loading of the cell culture device. Images
(512x512 pixe% of an %ti%‘af‘éﬁé?&ﬁ%sanqﬁ?ﬁ% the HeighCofthe°dévicg of the cell

culture device. The complex coacervation reaction between
the cationic methylated collagen and anionic terpoiymer
resulted in the gradwal gelation of7the‘methylated~édllagen
which trapped the cells in a three—diﬁensional matrix.
Methylated collagen and terpolymer were prepared acacording '
to the method of Chiu et al., 2000.

Optimisation of Cell Number in the Cell Culture Device .

Homotypic interactions between hepatocytes are vital fog fhe
maintenance of cell polarity and functionality.

Accordingly, it is important that the three—dimensioﬁal
egﬁrapment of hepatoéytes by laminar flow coacerﬁation is
able to load hepatocytes in the cell CQltureﬂdevice at a

density sufficient to achieve cell-~to-cell interactions.

Different initial'cell seeding densities were used to
quantify the number of cells located 4in the cell culture
device. Hepatocytes were fluorescently labelled by
incubation with 7~ethoxyrescrufin for 4 ﬁours pridr to
loading of the cell eculture device. Images (512x512 pixels)
of an optical section spanning the height of thé deviceé

- {200pm) were taken at an interval of 2um with a 20x

' objective lens using a confocal laser scanning microscope
(Olympps Fluoview@ SOD).T The images werse fhen processed
-with Image-Pro® Plus td quantify the number of cells in the

optical stack. An optical stack was taken at intervals
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(200m) were taken at an interval of 2m with a 20x objective lens using a confocal laser scanning
microscope (Olympus Fluoview(r) 500). The images were then processed with Image-Pro(r) Plus to
guantify the number of cells in the optical stack. An optical stack was taken at intervals 31 WO
2006/052223 WO HS®B1305/000385 along the cell culture device to see if RgaYRGRAS/ENgsvariation in
the cell density along the length of the cell culture device. It was observed that the number of cells in
the cell culture device was low and. was generally insensitive to the cell seeding density.
Hepatocytes wereslsé epsepidd bR st eF e céiP caffreldeibe £%eiddhéR Yhe flow of the
collagen-cell spspensioswas steppeds Whesrbetpitial eal seadingeeaneenimtionawasincreased to
greater than 6x13§ cells/ml, the cells occluded the cell' culture device and laminar flow complex
coacervation coutd 4t (5 &chizved. Three-Dimensional Spacially Localised Entrapment, of
Hepatocytes and Fibroblasts in Cell Culture Devices by using Laminar Flow Complex Coacervation
Cell culture delicetaritRRRfRE Rifetshedre b il at& e By othembhfting of B UL PISMS: Sfgard 184,
Dow-Corning) £va caicrapachined polycarbenatestemplate: dihei PDMS1oertbsane mas then treated
by oxygen plasma to chemically bond, jt to lass substrate..6x106'cells/ml of primary rat hepatocytes
or NIH 3T3 fib?c?tﬁa%%%é{rre]engﬁg énddfeilc? ggggrgﬁagﬁ/sinwfﬁsng?%?oofo%gt lS/‘fgtcédtcéz)l ag%%/l ggfgre being

pumped into acdlosée: loeplperhisivaapparats &ydaseised tbevé 1 Phe ebll&§en-

collagen—cell suspension was stopped.

When the initial éell seeding concentration was increased to
greater than 6x10° Cells/ml, the cells occluded the cell"
culture device and laminar flow compleﬁ 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 PbMS (PDMS; sylgard 184; Dow—Co;ning) on a
micremachined polycarbonaté templaﬁe.k The PDMS membrane was
then treated by oxygen plasma to chemic¢ally bond it to a
glassrsubstrate. 6x105‘celis/ml'of primary rat ﬁepatocytes
Q£ NIH 373 fibroblasts were suspended éeparately in 3.0mg/ml . .
of methylated collagen before being pumped into a cloéed_'
loop pérfusioﬁ apparatﬁs as described above. The-collagén—
cell soiution was pumped in ?araliei with 3%:£erpolymer
solution. Hépatbpytes and fibroblasts can be three-
dimensionally entrapped in two discrete layérs within the

cell cﬁlture device.
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cell solution was pumped in parallel with 3% terpolymer solution. Hepatocytes and fibroblasts can be
three- dimensionally entrapped in two discrete layers within the cell culture device. 32 WO
2006/052223 PCT/SG2005/000385 Example 2 High Density Seeding of Hepatocytes in a Cell,
Culture DevicW (IDifef&atdrojection designs were evaluated based on theipCaffiGaayg/eitoasd| entrapment
within a cell culture device. The projection dimensions ranged from 30 - 50 pm and were of different
geometrical shapes. Cell culture devices (100 pm (W) x 100 pm.(H) x 1 cm (L)) with various projection
designs WereFd"r%t‘t}m‘ﬁsﬁtg L-Edit (Tanner Research, Inc, USA) and translated into photomasks
(Innovative Laser Systems Slngapore) A S|I|con master template was fabncated usmg standard
deep reactive idgetd o rEORGIYE ¢ retBglsilor

(PDMS) (PDMS.; Sylgard 184, Dow Cornlng) was, then poured over the template and cured at 65C
overnight befare teing peeated o cThen PRMSsnemiraneavas thensaxidizesiinooxygeri plasma for 1
minute (125 watts, 13.5 MHz 50 sc and 400 m|II|t r) for_irrevers hem| al bondlng to glass
coverslips. Th:% c%'lF cu¥ture dev%:lgs Wi pPOJectlons vgv{e%e & thery q%%ht%%éﬁly eva?uated for their cell
entrapment efflbacprioy irtkaduting trepttontesangpeéntieein AX phe8pHatebdffeesaling (PBS)

using a syringg;puBpdRto theeeltculture device.Dynamic sgedingolhapaiasytesiptqgell culture

devices with projections, and assessment and quantjflcatlon of cell viabilit é’ hy flugrescence staining
(W ; 100 pm. (H) 1 ith various projedtion designs

were drawn using L=Bdit (Tanner Research, Inc, USA) and-

translated inte photomasks (Innovative Laser Systems,

Singapore). A silicon master template was fabricated using

standard deep reactive ion etching (DRIE) -techhology. A pre-
| polymer solution of‘poly—(dimethylsiloxaﬁe) (PDMS) (PDMS;

‘ Sylgard 184, Dow-Corning)} was then poured over the templateA
and curéd at 65 °C overnight before beind peeled off. ?ne_
PDMS membrane #asAthen oxidized in oxygen plasma for 1

‘ mindte (125 watts, 13.5 MHz, 50 scecm and 400 miilitorr) for
irreversible chemical bonding to glass coverslips. The cell
cultire 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 cultureAdevice.

: Dynami¢ seeding of hepatocytes into cell culture devices
with preojections, and assessment and quantification of cell

viability by fluorescence staining

Varioue methods to dynamicaliy seed hepatocytes into the
cell culture devices with projections were investigated to
depermine an acceptable operation windon for the'process.
Hepapocytes were introduced into'tne'cell culture device by"

either infusing or withdrawing a cell suspension (1.5 x lQG
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Various 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 the cell culture device by either infusing or withdrawing a cell suspension (1.5 x 106
33 WO 2006/882228/BE21SG2005/000385 cells/ml) from a syringe pumF&t/aiitopsiedids rates. The
effect ofdifferent.dynamic seeding parameters on hepatocytes' viability in the-cell culture device was
evaluated using fluorescence dyes, Cell Tracker Green (CTG) (Molecular Probes, Oregon) and
Propidiuhi lodfe- (B TV oleE P roBe S €5t e By, B stahibr G and-R¥crttiteEelld Tespectively.
The viability of bepatocytesi aftee siynamigseetingintal they gelkemtiredeviee was assessed by
fluorescence dyes,,Cell Tracker Green (.CTG).and Propidium Jodide (P1).(Molecular Probes, Oregon)
to stain for Iivglé%%tr%:cyrgﬁg ceﬂ%%@s%é%%vé& e é:e?%ul%ul% ‘dlé:v{?cég svvglsgﬁeﬂ%erfused at 0.8.ml/hr
with 20 pM of €VBG whltesd i Enliufel Frethareide paisEy MEES M tiavitesg i €orpdiatioh, Grand

Island,,NY) supglementgd with penicilind stigptamyciiy dexamethasangeang 60, mM HEPES
(Invitrogen Corporation, Grand Island, N\%] for 30 minutes, followed by culture medium for 30 minutes
and finally 50 b%%%fléﬁor?fgl?ﬁﬁﬁm@s]f B eelld Rete haned With 375 BaFE3maIdehyde

(PFA)for 30 mirates, andsgpewetasrider a confocal laser scanning microscope (Olympus Fluoview
300). A quantification of the cell viability was performed by using image processing (Image- Pro(r)

Plus 4.5.1, Media Cybernatics Inc., MD) to quantify the
The viability of hepatocytes after dynamic seeding into the

cell culture device was assesged by fluorescence dyes, Cell |
Tracker Green {CTG) and Propidium Iodide {(PI) (Molecular
Probes, Oregon) to stain for live and necrotic. cells
respgctively. The cell culture device was ‘then verfused at
O;S_mi/hr wifh 20 lecf CTG diluted;in culture medium
(HepatoZYME-SFM (Invitrogen Corporation, Grand Island,/NY)
supplemented with“penicillin‘/ streptomycin; &exam@thagoné
andIGO mM ‘HEPES (Invitrogen Corporation, Grand island, NY) )
for 30 minutes, folléwed by culture medium for 30 minutes
and finally 50 ug/ml of PI for 15 minutes. The cells were
then fixed with 3.7% paraférmaldehyde (PFA)-foﬁ 30 minutes
and viewed under a confocal laser scanning ﬁicroscope
(OlympusAFluoview 300}. A quantification of the cell
viability was performed by using image'procéssing {Image~
‘P§o® Plus 4.5.1, ﬁedia Cybernétics Inc;, MD) to quantify thev
numbér-of 1ive'and dead cells, and the pefcentage_cell '

viability was normalized against static controls.
Results

The proiection dimensions ranged from 30 - 50 pm 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 hepatﬁcftes and this design was
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number of live and dead cells, and the percentage cell viability was normalized against static controls.
Results The projection dimensions ranged from 30 - 50 pm and were of different geometrical shapes.
30 pm x 50 pm x 100 pm skewed rectangular micro-pillars were observed to be the most effective in
entrapping th&Repe8E3s and this design was 34 WO 2006/052223 PO ES2005/0B8385
subsequently used in all future. experiments (Figs IB and 2B). An operating window for the dynamic
cell seeding process was also determined. Using real-time fluorescence nuclear staining with

Propidium iodFPESFIRBIEE0IASBboEs, 2Ot JEM1 BT VIR SALRG Swéihdie vEIid&ed that cell

necrosis post-8Beding is highly dependent on the loading flow rate (data not shown) Hepatocytes

were introduced into the cell culture device by either infusing or withdrawing 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/hrARhiepewas highet haathae by tiithdridmghetell StRPEMRbIPLEceF MRS The mean

cell viability was serespepdinghy highemuahes hepaiery, fas Jvers-seeded at the minimal flow rate by
withdrawing the cell _suspengi?nPthan,giyL ‘infusin(g,the c:ePIII us Mer&sion ﬁFig %) Therefore, dynamic
seeding of thesﬁgﬁé’t%%gte‘%JWas carhied ol 6)? W:h%%raan t eoceeflcélugpens‘?g% ffom a reservoir at the

minimal permi@sigiefibworate foiea mMivegthannekoha veartisd fadadimeénsier temidimize detrimental

EﬁeCEsonthen@%&%@@¥“§%st~seeding is highly de@endent on the 1oadiﬁg
flow xate.(data not shown). Hepatocytes were introduced into
the cell culture device by either infusing or withdrawing.-a
cell suspension with a syringe pump at different flow rates.
The minimal achievable flow rate by infusing the cell
suspénsion 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 correspondirigly higher when hepatocytes
were seeded at the ﬁinimal flow rate by withdrawing thé cell

" suspensicon than by infusing the c¢ell 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

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

In this example, it was demonstrated that and extraceliular
matrix (BCM) can be introduced to the 3-D construct (i.e.,
cell éulture device} independently of the cell localization
process using the projéations of, the cell éulture device.

In addition, ECM can be modulated to control cell-matrix
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Example 3 Modulation. of Cell-Matrix Interaction by Different Flow Configurations Durin Laminar flow
Complex Coacervation of Methylated. Collagen and HEMA-MMA-MAA Terpolyiner._ In this example;
it was demonstrated that and extracellular matrix (ECM) can be introduced to the 3-D construct (i.e.,
cell culture deVieepindEaehdently of the cell localization process using thB{r8{estispest the. cell
culture device. In addition, ECM can be modulated to control cell-matrix 35 WO:2006/052223
PCT/SG2005/000385 interactions without affecting the mechanical_stability of the 3-D cell construct.
Formation of 3:BHYREHHE SGPSorf 1o hEFatotl s B??aﬁﬁ?&r’“ﬁ&ﬁ%ﬁﬁl%x%tﬂ?eﬁﬁﬁbﬁ ©pon the
dynamic seeditigeofFhepatetytesamishimibe.cell culture device, a 3-D collagen matrix was formed
around the cells by a complex coacervation reaction between a positively charges methylated
collagen and a negatively charged HEMA-MMA-MAA terpolymer [Chia et al., 2000].. The 3-D

matrices, weredggalized within the cgll retention.chamber, of {ag cell Suiize devics, by yirtue of the
laminar flow profile within the cella cultuta-deyice, thereby preventing turbulence mixing between the
collagen and terpolymer streams [Toh at al., 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% terpoBpmer sbkitiopneas thereirdised via e sidecgiamets tHolinitiste thetbmplex'

coacervation reagfiqn (Figis,5 20d §)'sThe complex coapervation. teactianshetwesn methylated

cells by a complex coacervation reaction between a
positively charges methylated collagen and. a negatively
charged HEMA-MMA-MAA terpolymer [Chia et al., 20001. The 3-D
matrices were localized within the cell retention chamber of
the ¢ell culture device by virtue of the laminar flow
p;ofile within the cell cultgre device; thereby pieventing '
turbulence mixing between the collagen and terpolymer
streams [Toh et ai., 2005]. Hepatocyteé were re~suspended in
1.5 mg/ml methylated collagen and dynamically loaded into
the cell retention chamber»as-descfibed in example 2. A 3%
terpolymer solution was then infused via the side chanhels
to initiate the complex coacervation reaction (Figs 5 and
6. The complex coacervétion reaétion_between-methylated
collagen and terpelymer was carried cut with 2 flow
configurations to modulate the degree of geiation of the

A nethylated Collageﬁ. In.the first configuration, methflated
'collagen flow was minimized by locking tﬁé cell peserVoir
with a luer lock. In the second configuration, the cell

, résefvoir was left opened to'magimize the meth&lated
collagen stream flow asva result of hydrostatic pressﬁre.
The terpolymer solution was inqued using a syrirge pump at
0.1 mi/min for 1 minutes.follOWed by 0.5 ml/ml for 5
minutés. Subseguently, the excess terpolYmér solution was

. removed by perfusing with 1X PBS.
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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 the cell reservoir with a luer lock. In the second configuration, the cell reservoir was left
opened to maximiws/theihethylated collagen stream flow as a result of hpdrostatis/pressure. The
terpolymer solution was infused using a syringe pump at 0.1 ml/min for 1 minutes followed by 0.5
ml/ml for 5 minutes. Subsequently, the excess terpolymer solution was removed by perfusing with 1X
PBS.. 36 WO 2b061.052228°R CTIS G2U0500 0385 A/ sa dRFhtish s EEGH plex &6 &cstvatddicollagen

matrices with £oI¥fQcal laser-scanning Mmigroscepy &MY Methylated collagen was labeled with a
fluorescence probe, Alexa-Fluor 532 (Molecular Probes, Oregon), and diluted to 1.5 mg/ml with 1X

PBS. The 3-,D matrix support for hepatocytes after dynamic seed ing.into the cell retention chamber

of a cel cultuie Agyipe. GQ0 AT “90PIEN -4 gt wesauned as-desqiihed above with the

2 flow .configuratiohs using t eled methy collagen. The nuclei of the hépatocytes were

counter-stainéd &y apertusing >9dth (3506 af b SyEeBreen QRASEU ar PRebES. 'Ofésorhat 0.8 ml/hr for

30 minutes. Thessamples were then fixed with-3.7% REAfoK mingies-befose visualization with a
confocal microscope (Olympus, Fluoview 300). Visuﬁﬁlization of c&rlnepleélcface{vated collagen matrices
with scanning SRERSHY HAGrokbbpy (SEMYSEM SRS bF e EoMmpTex coACEVALEd 3-D matrices in

the chamber of & cell culture.device (200 um (W) x 100 um (H) x
1 cm (L)) was formed as described above with the 2 flow
_configurations using the labeled methylated collagen. The
nuclel of the ﬁepatocytes were counter-stained by perfusigg
“with 250 nM of "Sytox Green (Molecﬁlar-?robes, Oregon) at 0.8
ml/hi for 30 minuteéz Thé samples were then fized with 3.?%
PFA" for minutes before visualization with a confocal

microscope {Olympus Fluoview 300). .

Visualization of complex coacervated collagen matrices with

scahning electron microscopy (SEM)

SEM sémples of the compiex coacervated 3MD'matrices in the
micro-fluidic channels were prepared by pIEpafing the
samples immediately after plasma oxidation of the PDMS
membrane so that.bonding betwéen the EDMS'cell Culturé
device-and the glasé cherslip was not pérmanenti The
samples were fixed by perfusing with 3.7% PFA for 30 minutes
'aﬁd the PDMS cell culture device was peeled off the glass
coverslip. The PDMS celi culture device was then postéfixed
with 1% osmium tetraoxide for 2 hours, and then sequéntially
dehydrated by incubating with 25%, 50%,- 75%, 95% and 100%
etﬁanbl (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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micro-fluidic channels were prepared by preparing the samples immediately after plasma oxidation of
the PDMS membrane so that bonding between the PDMS cell culture device and the glass coverslip
was not permanent. The samples were fixed by perfusing with 3.7% PFA for 30 minutes and the
PDMS cell cutresdevieezivas peeled off the glass coverslip. The PDMS e€lt/isaitenizooessice was then
post-fixed with 1% osmium tetraoxide for 2 hours, and then sequentially dehydrated by incubating
with 25%, 50%,-750', 95%.and 100% -ethanol (10 minutes each). The cell culture device was then cut
into 5 mm thickuEr6§seBtbHSs It d5UF§idal bladieard 3738 Pr2006/050323 BET/SG2005/000385

subsequently dghydeateddn dquidgahonidinxiges Thesgampes-weareoiewed withdeOL JSM-7400F
(JEOL Ltd, Japan).- Results The degree of cell-matrix interactions between hepatocytes and the 3-D
complex coacervated collagen matrices can be modulated by controlling the extent of the complex
coacervation reastidrrsThis control of exerted by varying the methylated collagen stream as described
by the 2 flow configurations. When flow of the methylated collagen stream is. minimal as

implemented iy configyration 4, dae ameunt:of methylatad eellagen that,cancemplex cgacervate with

the terpolymer solytion was limited, resulting in a conformal layer of collagen fibres surrounding the
hepatocytes (@42 hof sRoRni oAt En HRd sy mEtRidteEdli i istas dhitémented, in
configuration Zicitvelamednbof amiedaﬂbﬂaﬁammdoezomemtoaber\mmpmm terpolymer increased,.

fo”n"K)aﬂb“%5%%%§@é¥qgﬁegg§%¥ggggsﬂ%%g'control of exerted by varying

the methylated collagen stream as described by the 2 flow
- configurations. When flow of the methylated collagen stream

is. minimal as implemented in configuration 1, ﬁhe amount of
methylaﬁed.ccliagen that can complex coacervéte with the
terpolymer golution was limited, resulting in a conformal -
lafer of collagen fibres surrounding thelhepatocytes {data
not shoﬁn). With an increasing methylated coliagen floé as
impleﬁented in configuxafioﬁ_2,‘the.amount of material
available for complex coacervatioﬁ‘with terpolymer
increased,. forming a fibious matrix where hepatocytes were
embedQed in (data not shownj. The collagentsfream can
potentially be regulated te further fine-tune the degree of -
comple%:coacervation reaction, thereby bontrolling the

extent of cell-matrix interactions.

The observations of the SEM samples of the 3-D matrices -
formed within the-micro-fiﬁidic channelﬁusing'coﬁfiguration
1 corrobordted with the observations mdde using the
fluorescence-labeled collagen. Hepatocytes were-packed at-
high density within the micro-pillar array and covered with
a thin fibrous shell of coacérvated collagen matrix {data

not shown).
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embedded in (data not shown). The collagen stream can potentially be regulated to further fine-tune
the degree of complex coacervation reaction, thereby controlling the extent of cell-matrix interactions.
The observations of the SEM samples of the 3-D matrices formed within the micro-fluidic channel
using configuMiRd0EEbborated with the observations made using the PlIGregEEMeessabeled
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). 38 WO 2006/052223
PCT/SGZOOS/@HB@B‘B‘*E&ampIe 4 Evaluation of Hepatocytes' Viability after 3-D Seeding into a Cell
Culture Device ngrqlr}s nd Llnar FIo onlplex C%cervgtlgn éDrlrQa r}/ rat hteé)atocytes
were first thre Sl ub, B Uhing 1 ojections,
followed by the- -.- TUeHON Of 2 .' e ; of methylated
collagen and HEMA=MMA=MAAte GOty er solution [Toh et al., 2005]. The viability of the hepatocytes
was subsequently assessed by fluorescence staining after. seeding into the described 3-D patterned

construct. 1.5 406 eells/gy q{@fﬁaaay@mﬂ@é@cwﬁwr@mmm&@mml of methylated
collagen and seeded into a micro- channel (200 pm QXV% 00 %Sﬂ)ﬁ L)) bytﬁllthdrawmg,
three different o%%&t%%%r@ﬁﬁ HEES fp ‘g r¥airH %ﬁ% o Ei m?mr Folfowing cell seeding, a

3- projections, followed by the construction of a 3~D matrix

using laminar flow’ complex coacervation of methylated
coliagen and HEMA;MMAwMAA terpolymer solution [Toh et al.,
2005j. The viability of the hepatocytes was subsequently
assessed by fluorescence staininglafter.seeding intb 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 collageﬁ and seeded into a ﬁlcro—
channel (200 pm (W) x 100 mm (H) x 1 cm (L)) by withdrawing .
at three different flow rates froﬁ the cell reservolr,
-ranging from 0.}k .- 0.02 ml/hr. Following cell seeding, a 3-
D mat;ik was formed argund the cell aggregate within the
micrebpiliar 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 adegquate 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 previduslf reported in example 1

(data not shown). The ¢ell viability at 0.1 ml/hr withdrawal
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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 microenviroxment of the hepatocytes within the
micro-channefY WHIRE%e were adequate cell-cell and cell- matrix interab€i®iss;2tkh80piability of the
hepatocytes were assessed to investigate the effect of the seeding process according to
methodology used in example 2. Results Cell viability was negatively correlated to higher_withdrawal
flow rate as pFeviSudis Fefértéd in. &XEhpler s St bt SRBWNT.YTRE RN VidBMity=8€0 AShifhr
withdrawal 39 M® 2006{052223 PGH/562005/000385 rate wass6hOlazwbichowas signifieantly lower
than the cell viability when a withdrawal rate of Q.05.ml/ 0.02 ml/hr , was used, (> 800). The
formation of the %-B%ﬁ%gri{}b%% 'ci%ﬁle%ogﬁ%gﬁigg d%jﬁotgap@pggrtt% xa%)é/ dgpr?mental effects on
cell viability asesit \iabittyasfanyrd: fivan 80% nweds anarpible whervihedsiniavgwithdrawal flow rate
was used. Tf&%ﬁ@&gor&%st@@iwikhi%irfpééyrteysviégﬂiiy Achigvable withoultmatriformgion in
example 2. Example 5 Perfusion Culture of Bone Marrow Stromal Cells (BMSCs) after 3-D Seeding

into a Cell Culféife Bleb itk P rof&ttionSamt Ldiihaf FiOWECEhipléx datahfatiti® In the following
example, the prephserhdell eukurecteviee ewithw-projecticas weae used tothkee-dlirgensionally trapped

bone marrow siipma)gefis (FMRGRY The BMSESIRARG MO exanple 2.

‘ 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 followiag.example, thé proposed qeli culture device
"with- proijections was used to thr@amdimensionally trapped
bone marrow stromal cells (BMSCs). The BMSCs in the-microu
channel were maintained under perfusion culture for 1 déy

pefore assessment of the cell morphology.

Isolation and culture of rat bone marrow stromal cells

{BMSCs)

Aspirates of rat bone marrow were piéted on T-25 culture-
fiasks énd maintained in a 37 OC‘CGZ incubatoi»for(Zé hours
" to allow For stromal cells attachment.‘Thé_bOné‘marrow was
then removed and the attached BMSCs weﬁe‘washed 3X with 1¥
PBS. The BMSCs were then culturédAasing Dulbecco’ s modified
Bagle medium ({(DMEM), low gluceose (Gibco, Grand Island, NY)
supplemented~witﬁ 10% fetal bovine serum (FBS) .and |

'penicillin / streptomycin. The cultures were cultured to
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channel were maintained under perfusion culture for 1 day before assessment of the cell morphology.
Isolation and culture of rat bone marrow stromal cells (BMSCs). Aspirates of rat bone marrow were
plated on T-25 culture flasks and maintained in a 37 C C02 incubator for 24 hours to allow for stromal
cells attachmav. 26¢veoone marrow was then removed and the attached BiviBGsowsam@asmshed 3X
with 1X PBS. The BMSCs were then cultured using Dulbecco's modified Eagle medium (DMEM), low
glucose (Gibco, Grand Island, NY) supplemented with 10% fetal bovine serum (FBS)-and penicillin /
streptomycin. Fpewdulfifés wrardiEfnred 6 4orw @ 2008165222 FPETH$E 2D05/000885 Sabout 80%

confluence befreassaging. Bassage driheghs were used in all experiments. Seeding of rat
BMSCs into micro-fluidic channel using micro- pillar array and laminar flow complex coacervation 5 x

106 cells / ml of rat BMSCs (P2) were suspended in 1.5 mg / ml of methylated collagen and seeded
into a micro-clsarmriln 2@l um QVFMSIOO prre(H)wd drem LRl withtrawing atstiow raten$0.03 ml/ hr
from the cell reseryolr. Epllgwing, gelf seeding 4 3;P maixwas formed arqund the cell aggregate

within the cell'retention chamber by the complex coacervation of methylated collagen and ‘
BMSCa m micioTulie GRAHer A Bosih 198D (AP Eion CHhuS Syotony AL S8t 0 o ahdin I fgure
8. CO2 indepe’ndént'cailItsmefmé@itlﬁdcgnéiéﬁgg@fadl@%@%@@@@@@mﬂdﬁ@@(@MEM), low
glucose (Gibegy (3rand Isignd. N¥bspppigmented with 1004 feJal ROHRESEIAY at flow

rate of 0.03 ml / hr from the cell reservoir. Following cell

seeding, a 3—D matrix was formed around tﬁe celitaggregate

within the cell retention chamber by the complex

coacervation of methylated coiiagen and HEMA%MMA—MAA

terpolymex streams using configuration 1 described above.. .

Perfusién culture of rat BMSCs in microhfluidic channel

~A.closed loop perfusioh culture system was set ﬁp as shown
in figure 8. CO» independeht culture medium consisting of
Dulbecco’ s modified Eagle medium (DMEM), low glucose (Gibco,
Grand Island, NY) suppieménted with 10% fetal\bovine serum
{FBS), penicillin / streptomycin and 60 mM HEPES was
circulated at a flow rate of 5 ul / 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
ware able to successfully trap rat BMSCs using the above
described conditions. Laminar flow complex ceacervated

collagen matrices was incorporated indépendently to
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(FBS), penicillin / streptomycin and 60 mM HEPES was circulated at a flow rate of 5 | / min for 24
hours. The micro-channel was placed onto a microscope heating stage to maintain its temperature at
37 C throughout the culture period. Results Cells loaded three-dimensionally in a micro-fluidic
channel wer®@Bl§53e3cessfully trap rat BMSCs using the above descritsesiceorditenss.. Laminar
flow complex coacervated collagen matrices was incorporated independently to 41 WO 2006/052223
PCT/SGZOOS/Q g%8§ ,stabgige the 3-D cell construct within the micro-channel (data.not shown). After
24 hours of perfusion Safturd ft was S6derneaRAE et at BNIST stkon trectee-intoranight 3-D
aggregate spafwirig thetergthol the kel cultire device. SZelidarextansions ffapsthe aggregate were

observed to apghorthe, aggregate tothe projections as well as the walls of the cell culture device
(data not shown). The cellular morpholog%g#g%qggg cﬁﬁrﬁ}l'erda %Qﬁ(i\g:b??)cﬁoé—"eotﬁﬂﬂni%r@ scale in

vitro model wadistiRe el RARSEH ok BIMBETEh calfuldkinc2 ) sabittates indicatiag the
importance ofthe 1dimensignality oftbe cefiilarHaicsoppdinraent(atanat shown), 42 WO
2006/052223 gg@ﬁgz&%s/googss EFERENCES Beret F. Isolation, purification and cultivation of
rat liver sinusoldal endothelid tens 1ESES). FABoPABRF Thvedtiyation froo4) 576 esnmEhs

of the cell culture device (data not shown). The cellular
marphologylof BMSCs cultured in-ﬁhis propoéed 3-D micro~
scale in vitro model was distinctively different from BMSCs
cultured in 2-D substrates indiCating the importance of the

dimensionality of the cellular microenvironment (data not

shown) ..
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Chia et al., Hepatocyte encapsulation for enhanced cellular functions. Tissue Engineering (2000); 32:
461-495. Chiu et al., Patterned deposition of cells and proteins onto surfaces by using
three-dimensional microfluidic systems. PNAS (2000); 97(6): 2408-2413. Toh et al., Complex
coacervating wisseflutigiess for immobilization of cells within micropatterenggddevicassp/assay and Drug
Development Technologies (2005); 3(2): 162- 167. 43 WO 2006/052223 PCT/SG2005/000385 All
publications and patent applications cited in this specification are herein incorporated by reference as
if each individ FEFRERIEEHSEN or patent application were specifically and individually indicated to be
incorporated by reference. The citation of any publication, is for its disclosure prior to the filing date
and should notd5& Corstruetras hhcadmissiorf that thepresentdnientian isnot entitled to antedate
such publicationilwgyirg@gfs@,r_{@rain\ég{g@gh@ghgy@etjjfsfor(%(mg_inx %tci)q:n @gg been described in
some detail.b;iwag (%f_illust[ation and example for purposes of clarity o undaerstaﬂding, it is readily
apparent to those of ordinahykifiin the art ihlight bT3R& teachings of this invention that certain
changes and modifications may be, made thereto without departing from the spirit or scope of the

appended claim3iFhetofidwingleratpieg arevffersd:byvayof flusteatiomangd rethyway of
limitation. It must:hecneted, that asdredzinthis.specificationand 98, 457405

Chiu et al., Patterned deposition of celis and proteins onto
surfaces by using three-dimensional microfluidic systems.
PNAS (2000); 97(6): 2408~2413. '

Tbh’gt al., Complex coacervating microfluidics for
.immdbilization of CQlls within micropatterenad devices.
Assay and Drug Deveiopmeﬁt Techndlogies-(ZOOS); 3(2): le2-
167. ' '
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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 ordinary skill in the art to which this
invention beloRgs:pddoE¥e28/SG2005/000385 Received 19 July 2006 CLAPASsLAeSIhgigkure device
comprising a channel, the channel comprising one or more inlets and one or more outlets, and.a cell
retention chamber defined by an internal 5 surface of the channel and a plurality of projections
extending theironpaiwhérein the projpedtipns ane spacédcaparrat ledstgahriof tiietway along the

longitudinal axis, of the channel. and whersin the rpjeclions arg. snaced-(o, permil the passage of

liquid but not cells between adjacent 10 projections. 2. The cell culture device of claim 1 wherein the.
channel compfides alBeainal artiside tatan 30 Theadedu IR HekAde: BRc iR further
comprising a tepasalk: kb #1 ¥ he:cellicuituve device,of elaim 2 wheteinisaid rreigetionsqaroject
upwardly from_said bfttom wall of the channel. 5. g_he cell c%l ureadcevice.of cllg;\im l%/vherein the

channel has aﬂéars? WoRets. 20'6. fﬁgac%hgcrhlﬁreacfle%i@euo cl&nT 5 Wherein the "channel has at
least three inlet$sclosure prior to the filing date and should not be

construed. as an admission that the pxesént inventien is not
entitled to antedate such publication by virtue of prior

invention.

Although the foregoing invention has been described in. some
detail by way of illustration and example for purpcses of
clarity of understanding, it is readlly apparent to those of
-ordinary skill in the art in light of the teachings of this
invention that certain changes and modifications may be made
thereto without departing from the spirit or scope ofaéhe

appended claims..

The folliowing 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
appendé& claims, the siﬁgulai forms "a,"'"an;"‘and "the"-
include plural reference unless the COnteﬁt clearly dictates
-otherwise. Unless defined otherwise éll technical and
scientific‘terms used herein have the séme-meaning as,
commonly understood to one of ordinary skill in the art to

which this invention belongs.
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7. The cell culfure device of claim 5 or 6 wherein the channel has at least 2 outletsp@TYhgEsikRGBIES
device of any one of claims 5to 25 7 wherein the channel has at least three outlepg:gi-dd e g@ﬂ, 2006
culture device of claim 1 wherein the projections are separated by about 1 to 20m. 45 Amended
~ Sheet 7PEA/AU PCT/SG2005/000385 . Received 19 July 2006 10. The cell culture device of claim 1
wherein the Qfﬂ,gﬁggns are separated by about 1 to 15m. 11. The cell culture device of claim 1
wherein the profecttons are separated by about 1 to IOpun. 5 12- The cell culture device of claim 1
wherein the %ojections are. separated by about 1 to 5m. 13. The cell culture device of any one of
claims 1 to 12:wherein thé pfgjédtionsl arer eircistal, zerabaipailan neGlangrlah o1 squgee. 10 14. The
cell culture deﬂgg@pl%g}n%%m inthe proj g jons are rectangular. 15. The cell culture device of
claim 14 whereip.the rectangular p‘ratl)'ections-alee %%raﬁ%%ﬁ%st gﬁ%nﬁ’@ r&atiRe S the plane
perpendiculal Tt fluidiv paftfirthectsehannerhanrer catfdmadenieviee ghelaimal5 wherein
:EZ f[ﬁigtﬂgvm[;@ﬂsﬁﬁe?mwe%m@%wgai%r_ Oofek%lgg 49 ttgg IPslane perpendicular to
S erefrom, whereiln theé projections are spaced
apart at least part of the way along the longitudinal axis

of the channel, and wherein the projections are spaced to

permit the passage of liguid but not cells betwaen adjacent
10 projections. |

2, The cell culture device of claim 1 wherein the.
channel comprises a bottom wall and side walls.

3 - The cell culture device of claim 2 further
comprising a top wall. |

15 4. The cell culture device of claim 2 wherein said

projections p:oﬁect upwardly frem said bottom wall of the
channel.
5. The cell culture daﬁice_of claim 1 wherain the

channel has at least two inlets.

20 6. The cell culture device of claim 5 wherein the
channel has at least three inlets.

7. ' The cell culture device of claim 5 or 6 whexein
the channel has at least 2 outlets. ‘

-

B. The cell culture device of any one of claims 5 to
25 7 whe:cein. the channel has at least three cutlets.

3. The cell culture device of claim 1 wherein the-

projections are separated by about 1 to 20um,

45
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20 17. The cell cultute device of claim 15 wherein the rectangular projections are I tween
gular proj %?3‘/ 8@55@0@385‘

-45 to .+45, relative to the plane perpendicular to the fluid flow path in the chann X
culture device of, claim 15 wherein the 25 rectangular projections are at an angle BRHIEE % ‘1118/29%6
relative to the plane perpendicular to the fluid flow path in the channel. 46 Amended Sheet IPEA/AU

PCT/SG2005/000385 Received 19 July 2006 19. The cell culture device of claim 15 wherein the

rectangular pt§jections arerat anenglewetyean 420 (s +25, slative io&%%géaine pgrpendicularto the
fluid flow path in.the channel. 5 20. The cell culture device of claim 15 wherein'the “réctangular

projections afe at SR AHYTE of 39 rERRAERESthebilaMeondrpenticuldnt. the fluid flow path in the

channel. 21. The cell culture device of any one of claims 13 to 10 20 wherein the rectangular
projections aféfrom 30 toO weid wadtht 22« THewveeleCWitire device of aay. one ohfhcéaims 13to. 21
e

wherein the ngilar projections are fr m 30 to 100 m in length. 15 23. The cell culture device of
any one of cgifr%é 13 toogiov% Sren e redtangylai Bl ctiohs at@#®m 10 to 300 pm in height.

5 1z The ce_ll culture device of elaim 1 wherein the

projections are. separated by about 1 to Bum.

13. The cgll culture devide of any one of claims 1 to
12 whgrein the projections are cireular, semi-circular,

rectangular or square.

10 14. - The cell culture detvice of claim 12 wherein the

projections are rectangular,

15, The cell culture device of claim 14 wharein the
rectangular projections are arranged at an angle relative to
the plane perpendicular to the fluid flow path' in the

15 channel. ' :

- 16, - The cell culture device of claim 15 wherein the
rectangular projections are at an angle between -90° 4o
o .
+80°, relative to the Plane perpendicular to the fluid flow
path in the channel.

20  17. The cell culture device of claim 15 wherein the
rectangular projections are at an angle between -45° to
- +457, relative to the plane perpendicﬁlar to the fluid flow

path in the channel.

i8.- The cell culture device of claim 15 wherein the
25 rectangular projections are at an angle between ~20° o
- & 4
25 » relative to the plans perpendicular to the fiuid flow
path in the channel.

Amended Sheet
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24. The cell culture device of claim 13 wherein the projections are circular. 20 25. Bteggz £ 3
device of claim 13 wherein the projections are semi-circular. 26. The cell culture 3{?&%“;8 g gtgfg
25 wherein the projections are from 30 to 50 pm in diameter. 27 The cell culture deviCe 0 ko %
claims 24 to 25 26 wherein the projections are from 10 to 300m in height. ‘47 Amended Sheet
IPEA/AU PCT/SG2005/0003 85 Received 19 July 2006 28. The cells culture device of any one of

claims 1 to 2¥%urther comprisirkpileansifon heatieg foeelbguliirgi gonwingd inuthe ¢ell retention
chamber. 29x-&he cuitpre device gf claim 28, wherein the, 5 means for heating is a hot plate. 30.
The cell culture Q(j\?%e of clg?m 8, Whg?égnr%]ee n%aﬁgf&% ingega’r?lﬁ’iség% water bath. 31. The
cell culture d&ORerofEART 2B WHerERahRL Arerpeortedting Gompisatha NEL{@sCoPEsReating stage.

10 32. The cedtultire davicerafataim 28, wherein the means for heating comprises an incubator. 33.
The cell culture device of any one of claims 1 to 32 further comprising a means for introducing liquid

medium.534pdhe cell cultpre deyice of claim 33 wherein the 15 means for introducing liquid medium
comprises a syringe PUMP 35.% g&?‘gﬁﬁed&g\ff@o?éla%a?@vﬂéréﬁﬁetﬁ@m the :

réctangulaxr projections are at an angle of 22° relative to
the plane perpendicular to the fluid flow path in +the
.¢hannel, |

21, The cell culture device of any one of claims 13 to

10 20 wherein the rectangular projections are from 30 to lOO‘pm
in width.

22. The cell culture device of any one of clairﬁs: 13 to.

21 wherein the rectangular projections are from 30 to 100 um
in length. ' |

15 23, The cell culture device of any one of claims 13 to

22 wherein the rectangular projections are from 10 to 300 um
in height. - -

24, The cell culture device of claim 13 wherein the
projections are circular.

20 25, The cell culture device of claim 13 wherein the

projections are semi-circular.

28, The cell culture device of claim 24 or 25 wherein

the projections are from 30 o 50 gm in diameter.

27, The cell culture device of amy one of claims 24 +o

25 26 wherein the projections are from 10 to 300pum in height.

a7
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" means for introducing liquid medium comprises a peristaltic Pip 20 36. The cell cultul;%;i

. lai
33 wherein the means for introducing liquid medium functions by gravity driven ﬂo‘%eceiii?\z%gé@gg%]gg
culture device of claim 33 wherein the means for introducing liquid medium is comprises an wy

electroosmotic pump. 48 Amended Sheet [PEA/AU PCT/SG2005/000385 Received 19 July 2006
38. The cell %ture device, of claim 33 to 37,' wherein the medium is cell culture medium, terpolymer or
a suspensiof of cells. 39. e E&H LIl daREe $PBBIRhekinthe Bsusfendiohmt celisdurther

comprises collagénribeThecef clitiires dexicesofdainna9wherein the, collagen is methylated. 41.

The cell cultyg.device af e of claims 1 to 40 wherein the cell retention chamber comprises one
or more 10 cell cultures. 42. 1%1Heece Ci%'ltﬁree%&@\ﬁ%g%fﬁ’aﬂﬁpﬁfwherein the one or more cell cultures

are seeded in the device by laminar flow. 43. The cell culture device of claim 42 wherein the 15 one
or more cell &dltures seedefSn B5e HeTEHy fardiitt cRow fire babstatiallyltisereie §1a1 one another.

44. The dell owiture devicenebanyngneHf£1ams 4149, .

30. The cell culture device of claim 28, wherein the

means for héating comprises a water bath.

31, The cell culture device of eclaim 28,. wherein the

means for heating comprises a microscope heating stage.

10 32, The cell culture device of ¢laim 28, wherein the

means for heating comprises an incubator.

33, The cell culture device of any one of claims 1 to
32 furtl;ep comprising a means for introducing liquid medium.

34, The cell culture device of ¢laim 33 wherein the
15 means for introduecing liquid medium comprises a syringe’
pump. ' . .

35. ~ The cell culture device of claim 33 wherein the
means for introdusing licuid medium compriées a peristaltic
Pump.

20 36, The cell culture device of claim 33 wharein the

means for introducing liguid medium functions by gravity
driven flow.

37. - The cell culture device of claim 33 wherein the
means for introducing liguid medium is comprises an
25 electrocsmotic pump.

48
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43 wherein the one or more cell cultires are embpedded in a. collagen gel within the PW@@Q&E}%S
The cell culture device of claim 44 wherein the collagen delis formed by a cqacervﬁgagig%&%op 2006
between methylated collagen and a terpolymer. 46. The cell culture device of claim 45w ereinl{}?’e
‘terpolymer is HEMA-MMA-y, 25 47. The cell culture device of claim 45 or 46 wherein the methylated

collagen and é@rpolymer are introduced separately to the device. 49 Amended Sheet IPEA/AU
Received 19 Jfy 2006 48" heEeilcRtire deyige vt emimtd T akereds the nithylaed sofagen or

terpolymer melybenmidadnnith aceell uiture Rsiqrdabeing intrgruced into the device. 49. The cell
culture devicg&égggsc?_rbenofc%aién 4110 5 48 wherein the on€ or more cell cultures are anchorage-
dependent cells or cell' lines. 50: Jesc‘ell culture device of claim 49 wherein the anchorage-dependent

cells are selected from the group consisting of hepatocytes, fibroblasts, bone marrow stromal, 10
cells, endoth&ldl cells, chartftoEftes, Buidobigstderhpecyés 36eutat eells: angbstellate cells. 51. The

cell cultu®e devispeafelaim 5@ whereln the~endothelial cells are liyer sinusoidal endothelial cells
(SECS). 15 52. The cell culture device of claim 51 W%rei%%tﬁe%g%sgg% seeded in the device by

Qynanﬂcsee@U@- The cell cultu;e device of claim 3% wherein the
collagen is méthylated, ‘

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

10 cell cultures.

2. The cell culture device of claim 41 wherein the .

one or more cell cultures are seeded in the device by
laminar f£low. : '

43, The cell culture device of claim 42 wherein the
15 one or more cell cultures Seeded in the device by laminar

flow are substantially discrete from one another,

44.. The cell culture device of anf one of claims 41 to
43 wherein the one or more cell cultures are embedded in a

. collagen gel within the chamber.

20 45. The cell culture device of claim 44 wherein the
collagen gel.is formed by a coacervation reaction between
methylated collagen and a texpolymer.

46, The cell culture device of claim 45 wherein the
terpolymer is HEMA-MMA-MAA.

25 47. _ The cell culture device of claim 45 or 4€ wherein
the methylated collagen and terpolymer are introduced
separately to the device.

48
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53. The cell culture device of claim 52 wherein the SECs are seeded in the device Reeeanndid? July 2006
coacervation of methylated collagen and the terpolymer under-laminar flow 2'0 conditions. 54. The

cell culture device of any one of claims 1 to 53 further comprising a cell reservoir connected to the,
channel. 55. The cell culture device of claim 54 wherein the 25 cell reservoir is locked thereby
~minimizing fluid flow through the channel. 50 Amended Sheet IPEA/AU 'UIYSU2005/000385 . :
Received 195 Iy 2006 56°Hhe GBilc Aitkbtreice Bt oRimS Sddkimeit Thevedwesarinis is left open

thereby maximésting Tisbdowothrauah the Chappgt GfaT ifaceibelipiEdevise of any ane of claims 42

to 553 Wher%i‘gul%qﬂ:s@ar seeded into the device by withdrawing a cell suspension frofii the device
using a syringe pump. 58. The &8 BtRE device PARG oHLST diamnsla?ees3 wherein cells are

seeded into the device by infusing a’ cell suspension into the device with a syringe pump. 10 59. The

cell culture déVice of any dHtBofgiainsibuss idswhick the cetiyetemsionhsrabersisarraaged such

that a space 4s prerdded forthe Rerfusion of adiquid med hrough the channel, the space being
%I)é of the channel and a row of the projj:leghct#oen%. 6&nﬁ%}é3 T8f Tulture device of

defined by a %jge w of \
any one of cISFREPHERT cells or cell lines.

50. . The cell culture device of claim 49 wherein the
anchorage-dgpandent cells are selected from thé'group
consisting of hepatocytes, fibroblasts, bone marraw stromal .

10 cells, endotheliazl cells, chondrocytes, osteocblasts,
myocytes, neural cells, and stellate cells.

1. The cgll culture device of dlaim 50 wherein the
endothelial cells are liver sinusoidal endothelisl cells
(BECa).

15 52, The cell culture device of claim 51 wherein the

SECs are seeded in the device by dynamic seeding.

53. The cell culture device of claim 52 wherein the

SECs are seeded in the device by complex coacervation of.

methylated collagen and the terpoiymer under laminar flow
<0 conditions.

34, The cell culture device of any one of Cléims 1 to
53 furthex comprising a cell reserveir connected to the
channel.

35, The cell culture device of claim 54 wherein the
25 cell reserveir is locked thereby minimizing fluid flow .
through the channel..

50
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58 in which the cell retention chamber is arranged such that a space is provided B EitESIe ¥ iHe.
chamber for the perfusion of a liquid medium through the channel, each space B@W@’%ﬁﬁé&lﬁ?@%
side wall of the channel and a row of the 20 projections. 61. The cell culture device of claim 59 or 60
wherein the liquid medium is terpolymer. 62. The cell culture device of claim 59 or 60 wherein the
liquid mediu ig cell cultur. Z‘lmedi . 25 6.3. A method of making the cell culture device of any one of
claims 1 to 62, 3aid method ConTHginG i SR L6 1eH taBricaigta Sowtarsia phibtolithography:
and 51 PCT/3%2003/8093851 Reiceivask 19 Jpbn2 @06 -4n ye plica Mo ding #1sing apQlymeric

compound. 64, the method qjhcggm?S wherein the fabricating step comprises: (a) spin coating a
silicon wafer with a 5 photoresist compound; (b) illuminating the photoresist compound with U.V. light;-

and (c) develg ing the photoresist pattern. 65. The method of claim 63 or 64 wherein the replica 10

moulding stepomprises progucita Pekirrtisasioxaret (RDN Seeptifa diomdike 4abtieated mould.
66. The nfethd oftanyeane of tinims &3 (68 da e thedenlica gould s suaRIied of 4 substrate.
67. The methgdof céalm 66 Where:kr}the sgtést&ate,ls .

USpension from b evice using a syringe pump.
SB. The cell culture device of any one of claims 42 to
53 wherein cells are seeded into the device by infusing a

‘qall suspension into the device with a syringe pump.

10 39, Tha cell culture device of any one of claims 1.to
58 in which the cell reténtion chamber is aﬁranqed such thét
'a_space is provided for the perfusion of a liquid medium
throtgh the channel, the space being defined by & side wall
of the channel and a row of the projections.

15 60. The cell culture device of any oﬁa of claimé-l to
58 in which the cell retention chamber is arranged such that
a space is provided on either side of the chamber for the
perfusion of a liguid medium through the channel, each space
o being défined by a side wall of the channel and a row of the
20 projections. |

€1. The cell culture device of claim 58 or 60 wherein
the liquid medium is terpolynmer, -

62, The cell culture device of claim 58 or 60 wherein
the liquid medium in cell culture medium.

25  63. A method of making the cell culture device of any
one of claims 1 to 62, said method comprising the steps of:

(a) fabricating a mould using photolithography;

and

51



15 glass. 68. The method of claim 66 or 67 in which the replica mould is irreversibly bonded to the
glass substrate by oxidation in oxygen plasma for one minute. 69. A method of cultuﬁﬁ@&ﬁ@qﬁﬁm@mﬁ
cell culture 20 device of any one of claims 1. to 62, the method comprising the stegdceeiyey 19 July 2006

introducing one or more types of cells suspended in methylated collagen into the cell retention
chamber of the cell culture 25 device; and 52 Amended Sheet JPEA/AU PCT/SG2005/000385

Received 19 July 2006 (d) ihtrodueipg erpiume] 5ol init] camplex coaceryation
% %%%)x.g %ﬁlﬁmm 60 OF S 69 wherein

reaction which results in gradual gelation-ef the collagen matfi e me

the terpolymergg-5 replaceg:pyith cell cifture medium after gelation of the _collagen matrix has
occurred. 71. A method for observing allg cgci?cﬁ?'uar%r?n %gcé‘f TUftre HE@ic@a&%ﬁﬁF%@%f claims 1 to 62
for bioimagingsE8ﬁ1p‘?%ﬂ%‘.1ﬁ?€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. 72. The method
of claim 71 wherein the cell@lturepin coating a silicon wafer with a

5 ‘ photoresist compound;

{b) illuminating the photcresist compound with
U.V. light; and

(¢} developing the photoresist pattern.

_ 65. ' The method of c‘laim 63 or 64 wherein the replica
10 moulding step comprises producing a polydimethylsiloxane
(PDMS)" replica from the fabricated mould,

66. The mathod of any one of claims 63 to GSIin which
the replica mould is supported on az substrate.

°7. The method of claim 66 wherein the substrate is
15 glass. |
68. - The method of claim 66 or 67 in which the replica

mould is irreversibly bonded to *the glass substrate by
" oxidation in oxygen plasma for one minute,

69. A method of culturing cells in the cell culture

20 device of any one of claims 1 to 62, the mathod comprising
the steps of:

(e} introducing one or more types of cells
suspended in methylated collagen inte the
cell retention chamber of the cell culture

25 : ' device; and

52
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15 device is perfused with a liquid medium, 73. The method of claim 72 wherein theﬂ@ﬂ
a cell culture medium. 74. The method of any oné of claims 71 to 73 wherein the i

i

selected from the group consisting of 20 a light microscope, an immunofluorescence mict ﬂ)’ 4 %6

a confocal scanning microscope. 75. The method of ahy one, of claims 71 to 74 wherein the live
imaging of cell re-polarization, cell regeneration, protein trafficking, endocytosis, transcytosis, cell-cell

25 interactions and cell mafgy interactons cangbe Opégﬁ%né_@ Adngihod of.

candidate pharmaceutical compounds ag%gsggd%ar et co‘mprlsing:ﬁ?ﬁ Amended
6 Bty bIGRAHGF dPReMBdRrergsvitss of, any one

PCT/SG2005/000385 Received T95RY

creenin lurality of
FERESEPEAAY

of claims 1 to 62 with one or moréme@xymxogmmmm%tﬁrgg@ing%ggﬁwp ;atnx;.(b) perfusing
the cell culture devices with the 5, candidate pharmaceutical compounds; and (c) screening the cell

culture devicexito identify the deskgd £ogaund. . 74e, g%@q_qlfocr}%urjgg:%ifgg é%];ﬁ % ?%%glzica_ltﬂuid
with one

comprising: 10 of the cell culture devices of any ohé
or more cell ﬁ/ sinac
) collagen matrix has occurred.

71. A method for observing a cell culture in

aiseegin _a pluralit !
eplace %aﬂgnc%gbeulture medium after gelatiom of the

a cell

culture device of any one of claims 1 to 62 for bieimaging

comprising:
10 ; (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. '
72, The method of claim 71 wherein Ehe cell culture
15 device is perfused with a liquid medium.
73. The method of claim 72 wherein the liquid*mediu
iz 2 cell culture medium. - -
74, - The method of any one of claims fl to 73 wherein .

the imaging device is selected from the group consisting of

20 a light microscope, an immunofluorescence microscope, and a

confocal scanning microscope.

75. Ihe method of any one of eclaims 771 to 74

wherein

the live imaging of cell re-polarization, cell regeneration,
protein trafficking, endocytosis, transeytosis, cellwcell

25 interactions and cell matrix interactions can be observed.

76. A method of screeming a plurality of candidate
pharmaceutical compounds against a target comprising:
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(b) perfusing the cell culture devices with the biological fluid; and 15 (c) obtaining p #@% j 88!)
fluid. 78. Te method of claim 77 wherein the one or more .cell types are selected f;ﬁy 385
776 Yefi106

consisting of hepatocytes and sinusoidal endothelial cells. 79. The method of clai
the 20 biological fluid is blood. 80. A method comprising culturing cells in the cell culture device of
any one of claims 1 to 62. 81. The method of claim 80 wherein the cells are anchorage-dependent
cells. 25 82. The method of #laiffSEitErairPheredistareo Seteetdd fobt e graHa 6RBSISENG Of

~ hepatocytes, gfityobtests:there masrow sogzaleells, %ﬂ%%?”ﬁh%%fggélﬂmehded Sheet IPEA/AU

PCT/SG200500Q: Received 19 July 2006 chondrocytes, oste mi%’c?/?es, neural cells, and
stellate cells. 8??.1 %%‘r:ﬁ%?h%é%f _ ﬁﬁ% Me?eiﬁ%é@%tﬁ@l?a’tié@lls are liver sinusoidal endothelial

cells (SECs). 555 Amended Sheet . IPEA/AU
b) perfusing the cell culture devices. with the

5> candidate pharmaceutical compounds: and

(e} screening the cell culture devices to identify
the desired compound. )

77, A methed for purification of a biological fluid
comprilsing:

10 ‘ {a) seeding a plurality of the cell culture
devices of any one of claims 1 te 62 with one or more cell
types in a collagen matrix; ' -

(I} perfusing the eell aulturE‘deViceg with tﬁe
biological fluid; and

15 (¢} obtaining purified biological fluid.

78. The method of claim 79 wherein'tha one or more
.cell types are selected Lfrom the group consisting of |
h_cepatocytes and sinusoidal endothealial celis‘. -

79, The method of claim 77 or 78 wherein the
20 - biological fiuid is blood. o

80. - A method comprising cultnring cells in the cell
culture davice Of any one of claims 1 to 62.

81. The method of claim 80 wherein the cells are.,
anchorage-dependent cells,

25 BZ. The method of claim 81 wherein th‘e cells are
selected from the group consisting of hepatocytes,

fibroblasts, bone marrow stromal cells, endothelial cells,
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chondrocytes, dsteoblasts, myocytes, neural cells, and
stellate cells.

83. The method of claim 82 wherein *he eadothalzal
cells are liver sinusoidal endothelial cells (SECs} .
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