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BACKGROUND OF THE INVENTION

[0003] Acute liver failure is a disease with a mortality of 60-90% depending on the cause,
despite maximal supportive intensive care treatment. Even though liver transplantation
remains the main curative option for patients suffering from acute liver failure, it is
constrained by cost, donor scarcity and donor compatibility. A high incidence of patients with
acute liver failure is dying on the transplantation waiting list. Attificial liver assist devices are

;) particularly useful to sustain patients with acute and chronic liver failure that are awaiting
liver transplantation or recovery/regeneration of their liver, but are ideally also capable of
improving a patient’s condition and converting patients from a non-transplantable to a
transplantable state. Such devices ideally have to fulfil a varjety of functions such as

detoxification, regulation and synthesis of molecules in a manner resembling a healthy liver.

[0004] Devices for artificially providing liver functions can be grossly divided into non-
biological and biological liver support. Early attempts of treating liver failure focussed on
non-biological means, using of hemodialysis and/or plasmapheresis for detoxifying the
patient’s blood through action of adsorption, filiration or centrifiigation separation of the
blood elements. Such approaches of developing non-biological liver support therapies have,

however, yielded only limited or no success. The development of bio-artificial liver devices
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SUMMARY OF THE INVENTION

[0009] The apparatus of the present invention may be termed a perfusion bioreactor. It
may also be used as a module in a cell culture system, which may also be termed a bioreactor
system. The apparatus is based on the sandwich culturing technique. When included in a cell
culture system, such system may include a plurality of apparatuses, e.g. slotted onto a
supporting platform. In short, an apparatus of the invention includes multiple stacked tissue
culture plates, in which each plate is arranged at a distance from the next plate. Each plate is
designed to have one cell culture or two sandwich cell cultures. Each plate may have a sleeve

which may consist of an upper and a lower portion. Each plate may for instance have one or 2
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voi d int er E033leThe invpwpnoyillfheheiter ynders Flé?flﬂl 1& esence hthedetled dechg'gon
section y r{h I u , BN ade Q@rm
i ncl uded" W en ﬁo ﬁlqlggneﬁa151 g‘? tusg%f‘ﬁt@ggﬁl #\%/Ig%ﬁtg}r%agéﬁ(ep@gu%re pl ate hasg
an upperdriwings.(19), a | ower face (18), a central face (16) and a
circunferential holder (90). The hol der has an up 91) and ower
(92) annul K014} Figgee pA diecpietsiangmbadiment ofssappemEs &ﬁﬁﬁﬁhfalﬁae”ctﬁe E

annul ar fzfjvﬂﬂ?i ﬁfe?edtﬂ"@ﬁll é lfﬁas@@q aﬁ&‘ a‘tH}P@éll (8 %ﬁ)ludé@ 'é.tphﬁﬁh of culture
@ con d t nd

respecti I gure nt act upper face (19) a e | ower
face ( 18;)1atesr @ @mtarwagkedtmeamﬂﬂoag hﬂlhfoﬂ"fé i ﬂw)bagq)éﬁa A$ Wgﬂwﬁéomweon
plate (6).. s ar ((8). PaBieEfiturd
spans on ?%%mﬂgﬂ%@gé dwﬁ%ﬁg annu ar rlng %C%mﬁg?hﬁﬁéﬁ)othermnse
voi d. Arpiaam)dnaagaesmfbs(ﬁ)ammyabhsém AGkal dreith 1hﬂ§>if6‘équf@“éh?"ﬁﬂé (B of the
pl at e, |qﬂ eﬁp05|ted onto both sides of the central face (16) and

onto bot pper face (19) and the lower face (18). Cells (32) are

arr anged OE)O?EEF%%DQQB ?rﬁ:ﬁu?ﬁfrﬁm@} %ﬁo@nent%% hrlaRR (E’jc oﬁ ﬂﬁ@ nﬁ%hh@l i8

arr nged | er conpart nent ortion

(30) coripasinggiithag @fcﬁn@ufeb%nﬂﬁh‘éalb@ taﬂ@ﬁse ﬁ?a@ed ei@a ywall (9)[ 6@*26]1‘1% ga‘rﬂage
213 and a@ﬁe?i& & st%? t%lrﬁl(s: ey h&ﬂ[ntgh&') ReS ! @)k MRUSREE r(BF i®fin aﬂhld

upper f a central face (16? and a sl eev
(17), wi ¢o|mrmnn¢atigughﬂhm eul(lezz(y) mﬂlarﬁ@wall {9} Hie thipueh hgleg|(kpgn the culture
[ 0021] n% ?5(@6 2F depicts a schematic of a further possible

arrange P an upper face (19), a lower face (18), a central face

(16) and a#ﬁ)‘lﬁf' ngu% ‘i@‘tdeﬁictsh@t d Sirited @hbodtrdeht & zInha’ e@fusi0) 6f thd &jvention.

arranged i he culture plate. The through hoJe s ns tk\T e

and | oweFhedimvsing (2) hasmrfg@gm{@&nﬁab‘zyﬂ 6P thatds ek rﬁ’ éP i &3 ©

(90), astow n%mﬁe fe%atﬁ%}méhaﬁ@piﬁﬂaﬁiy of culth@Q2¢s 6 wtmanéeddﬂmaﬁoasmg
asse

exanple o and st acki ng culture ate m{plna t had
h

the pres@ht Aiﬁnmé‘ﬁt (‘Bnm theebasp pe) a&ﬁd"“} SRE‘T't c8s gall qu ia '] @Pg
are for I’TH Y11 ILllI'l ?QH{CQQ%IB@ mmﬁ?ﬁ%nﬁﬁg&i méam}ﬁ-@d'UIﬁl ate§ (a) he

culturepaels ormed fromtwo non-porous PET films (5 Cells
(52) are s ngu‘é WD HEAS Y cﬁﬂ@h@f&g@oﬁwb&tdnaﬁfmﬁ@w)ry mﬂmtpcptam@
51).

PET fil ns uently cells are _caover vm h

anchor aglelshipY pe alﬁ‘%“i"ga}il@&) appaRly of %IH%‘H{S’Paﬁ f‘g ° PRf°C ﬁ‘rﬁ %-}’Qlﬁp%ﬁlfalc\é
assenrblt Y( @?aﬂm ﬁ@dﬁzlrerquéet @uts? m’; alchofps s@auazp m@{) i a:h)um dnsidd ’(hmgig_ilfe f@:}z}te,
conpartment, each conpartnment corr on 0 NRQr O i
(51 covbreAOsoRkFETY Goth ke GPPPLCTa ShAB |y TRE 475 TR (ahes sty
PET fil ng, ggf Iaﬁgw@ag%emﬂ’sﬁétefﬁggp ’ﬁﬂe%ui e 'qﬂt&e g6p Qa;blaedeqniaatfa:e @6) that is
two- part sa?ig\lmgcigd ggt?vselag E&ienupper face (19) and %11 01/0%46'1'2 acg IFI /'&%296?1%%10 a(é)g’ ?1%) thus

sections the interior of the culture plate into an upper (31) and a lower (30) compartment.

[0018] Figure 2B depicts a schematic of a cross section of a further exemplary culture
plate (6), which can be included within an apparatus of the invention. The culture plate has an
upper Tace (19), a lower face (18), a central face (16) and a circumferential sleeve (17). The
inner face (17a) of the sleeve (17), facing the central face (16), defines a circumferential wall
of the culture plate (6): An anchorage substrate (35) is included inside the culture plate, being
deposited onto both sides of the central face (16). Cells (32) are arranged on the anchorage



8 upper (29) and a lower (28) portion is used to assenble the culture

pl ates. Thi sybpuproPadebz hol der is of a larger dianmeter thampdhe:H&lhoosso
films (51) and the PET nenbranes (52). Apertures (48) in the upper

(29) and the | ower (28) portion of the holder are arranged close to
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[0026] Figure 7 is a contour plot of wall shear stress across the

surface of HheohdsmoRet ween two culture plates in an appacakaseodbookdee
i nvention, at a flowrate of 1 nL/mn. sl evated wall shear stresses

of approximately 0.0048 Pa were observed at both sites of contact

with at gfgjr%mhea Rfwed (58! ﬂdi‘ﬁ@n B 88 to ad§seHB?e frleWnBluRNb18tes. BNE tRXhhS

the flow respectlvely, bet ween two adj acent cul ureﬁ%l)at es.

These sihabderas ofrdarear dianetenthan the RREIGRINS(S D andghaRET meaypranss (1)-<Apeghss
out et ) g SQIPPE{'%;%HEEQW hA508) bR Ok LR 10k UinBnfbEiBR tohe

the flo oxygen concentrations
det er m neitbuatfertive dfrthe porings ehdedwidenso af toadefinp ;ﬂgp@gluholaa: v aif g pages.

h Th
2% obt Z?ﬁ%ﬁ%&?s RSO AP PRI i) abOfepiadel) o DA ARERC DT
at the i nI E?‘r%lll%lftde ctstQF RIRFIEAGE R cell culthfiO Sdtent '(h}”a%co%dﬁi Q¥Sthe

t hree phas hot om crogra h vi sual i zati1 ons of hepatocytes
pr esent meu:hoh;‘ whehtmaryd@ ohepatsicytes pidTeattor . hsfsystersi inpfades, four appagggyses (1)

def i ni ng a th%ho%n%lonf i é!%]sﬁ‘ovgsuh‘feuﬁ en%l %el'l Q eas?z%ﬁnatf‘ié 25 &ebf%ts the

i nvent i ofi. " PHOL B Cr 0 swereta en after hou
pr e- per f disiensioms aft the cell attdtdrc Bysténoan fop ‘ae‘ﬁ%fm therm@bﬁt(é} areSHghle agd side

e oncr bSO o e D Rl RSl el of e
whi t e basysphmiesertigte gahelp Fog. 01(3 elrwsthntcesll Solture gystem i @gplofedrvigur thqf@
oDt G 6, A T LSS 1, DRSO
per f usi oplaﬁ:t(42) d: v sherrl Thasyseomfiathed heoa nteeorspdi(#@ andl 4 wllsr (‘E‘él Fig. 4P
O o e 5ak 00 W S RRIE R s B PR, ot i
in perf @h@hbmmghmu’lﬁdes @)c;rcmnﬂarmtiabwalll f)en therfoyme of usylindes altom well (ED)and a
Depi ot ecP¥E (Ena g buREdRirme Ob by BT SediRetaf Y Sho i Gan
whi t e. ochjaﬁm;eig dfepresanmaii opvievesud ddedview. Hig. atfl@hpwagb%duﬁﬁheﬂns ofa
FAERMCET e Y I T .
wal | sheedrrespordagetmsai8)diThé epewall fs dwpacteatmsopwewrmdﬂdeha@w Bi. &Gdépllcts
culture me%rﬁeriasglon%%f %.%%x?gt a8 (55J10f tlhg ous 5‘1’ an apparatus in top view and side
view. Fig. 4H depicts the dimensions of a bottom plate (41) of the cell culture system in top
view and side view. Fig. 41 shows the dimensions of a bottom support (44) of the cell culture
system in top view and side view. Fig. 4J depicts the dimensions of a side plate (43) of the
cell culture system in top view and side view. Fig. 4K shows the dimensions of a top support
(42) of the cell culture system in top view and side view. Fig. 4L depicts the dimensions ofa
motor rod (46) of the cell culture system in top view and side view. Fig. 4M depicts the
dimensions of a roller (40) of the cell culture system in top view and side view. Fig. 4N
shows the dimensions of the lower portion (28) of a two-part holder of an apparatus of the
invention, both in top view and side view. The depicted portion has the shape of an O-ring
with a lower annular stacking protrusion (21°*) and a lower annular fringe (25”°). The
depicted portion firther has a recess (51) in the portion defining the sleeve of a cell culture
plate, once the latter has been assembled. Fig. 40 shows the dimensions of the upper portion
(29) of a two-part holder of an apparatus of the invention, both in top view and side view.
The depicted portion has the shape of an O-ring with an upper annular stacking protrusion



[0031] Figure 12 depicts the cell viability at different |ocations

wi thin the awpapaloasorgonpared to static culture (cf. the pbepetshoHioosso
Fig. 10). Cell viability was investigated by |live and dead staining

(Calcein AMand Pl staining) (A). The cells were stained by cal cein

AM and Ségwaﬂd"m?gbg%tag#@%te e Cg??’g '?ﬁeedép%% gof%nlﬂl er ) 12 ledge (52) for

i ndi cati as goo Wer e “a in bo static and
per f usi oassemblyuwﬁh aTheengrirtien bfthegwaced hotdes 4 ecptrons! fospragesyept zocell

um The yl ffiﬁyg\ﬂaﬁ@,\gé#ong%l lﬁ%ﬂtlfled usi ng MIS assay (B).

[ 0032] anal'ysis of hepatocyte excretory functions

of cell S ' o &if}tm uz*fﬁya%cﬂe%)au@&ga@%fdfsa e?kgggmé 3y din 3BPARIdie 8 the

the i nventi on, uorescel n lacet ate tal ni ng.
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d h h
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i ndi vi dual I £t dffwdlh SheBP BRdsa s fthd BeficH\WENhE @16
after 10 déﬁﬁ]ﬂ\%%r?lc?g% gdc%n{)%bf‘? MIS assay. [aO §5 Fi gurce 16 v

dep gct S bmeaautw culterg DiaipR Hedt SpRaRRtES; of thet in¥entiens wls? @ﬁwc{ﬂt? af & mhigy
pPar gfysel wii nd éﬁl\é?:@gséso Bf %ﬁpx‘éﬁ'ﬁﬁ@fﬂ%@ doas tfkhoﬁr@reoésbs%ﬂ%dsétaédﬂg sites of

culture over a perio 36] F|&;1ure 17 shows th

differ en@ormcédvxﬁumﬁxrmhdaoéﬁ ot ml‘mlﬁp ﬁﬁh@@lf@l ptyrs aﬂﬂéﬁl’%ﬁ@cﬂm YJHme,
(B), phagg éc}p On Wt to) e&% ackf) el E'LQ§Q“hE§e £33 ¥ Borsdt Mint é/thi'c@gh(l’lf)le

cells in sing an apparatus of the invention

in statimay bbttdstee ag et and op@mqgwm @aﬁfevqmnp etweet ehediacenbe @rt‘cléfit?s m
culture syt S‘;Th%gglordl ng to the invention with an apparatus thereof
(1), designed as an integrated nodule of an existing liver dialysis

system w t fjogaR) 1806 eH hbWs H:Le(o&%'%en onbHiatibrf detedithed apitRSIet SRNAE AlLRE of
(73). Aplasmacircuit (80

he .syst em has adsorption g%uméﬁ Q%}
and a | od fappsrafiisafaperding 908}116 BveRiiak athe EFEcR ogFyHRfiqn P Ahe jcgls
i ncor por gfo@bicld? i§ SELRES bIRAERAANER difBreh@PeH thé okial doadet@tion Aethe inlet

culture systemvia a check valve (76) and a switch valve (77). WD

2010/ 042a7beelet stihebprevtse9
‘ [0028] Figare 9 shows three phase-contrast photomicrograph visualizations of

hepatocytes present on different regions of a PET film of a diameter of 5 c¢m, defining a

( - central-face of a culture plate in an apparatus of the invention. Photomicrographs were taken
after 24 hours of pre-perfusion static stabilization in a 5% CO; incubator. Shown are cells on
the center region (A), on the region between center and peripheral (B) and on the peripheral
region (C) of the PET film. A white bar placed on each photo represents 50 pm.

[0029] Figure 10 depicts confocal microscopy visualizations of hepatocytes present in a
culture plate of an apparatus of the invention after 10 days of perfusion at 2.12 mL/min as
compared to the static culture. Cells at different locations (B-D) within the apparatus are
shown. Static culture (A), a bottom layer in perfusion culture (B), a middle layer in perfusion
culture (C), and a top layer in perfusion culture (D); Nuclei of dead cells (red) with live cells
(green) counter-staining. Depicted is the green channel of the recorded image, represented as

white. Red chamnel representations resulted in black images. The white bar placed on each



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0038] The present invention
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based on san ch culture configuratiofy The apparatus addresses sone
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[ 0042] Besides these requirenments the inner cross section of the
housi ng may WY@ oamsrslesi red profile, such as ovoid shap@cﬂg@ow%g
of acircle, an egg, letters Vor U, a{iriangle, a rectangle,

square, or any pol yhedron. Hence in one enbodi mrent where the base
and the top wall of 1QJéI,IENT each ot her

t he housi ng defines ?’jri\Ler eas S@s@@?@?ﬁﬁ%ﬁ indri caI I nterior.
Typically, the maxinal distance spanning the inner cross section,
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to pass. conﬁsfsqfcqx resytioelidramy snesas- Bachag thee raes fpeEnerhs Hppamng, a dnnmel

corresp JAQV%JRH% R Henin@ VR wdlPGShe Hofite eras.cﬁﬁﬁﬁﬁ\)éechﬁﬁfi& 'rﬁéy be of any
t her eof el OV\? The cell's may. accor di nq y be arranged
8

within tsm,e angl| hape Bxamplep inelude, bt argveotilintited ta, the shspe oha Guﬁlséﬁcféﬁ@#erw
lover f asgﬁalreké ﬁé)(tr the .ﬂﬁ{)@ S‘l]* zJ[ SiafB. Bs8ReRALAAILRRGNE RRD bidlode outlet of the

anchor age substrate t ows 1ons, small proteins, netabolites, or
gases t dopaing of threapphrptus sy tvesatitchiescglébles. 1 n the latter case the

anchorage substrate may be, at least to a certain_ex

bet ween t h&0WIH&Vithin dredovsing of BrePrags there ’tsffel%b‘“éll?"h@ffatatﬁl é’“g?ﬁ?
the” cel | fade8 Ci‘l{éd&ﬁitu%ehﬁﬁt%é Bray iftl@id BT deSited ARBEICTRAEINR ISR E[nldgiblk to
| ayer is capabl e of rotectlng{ the cells to a Iar%e ext ent fromtlgl‘umt11

ef f ect s igMaghaiact dyringdhe entiye gyltuingpscepsstobg pefouned therpint [hgahoxg p4

encount avé}dtw tﬁ%ﬂ%ﬁ%&t el rbtﬁhxﬁéh‘léﬁts ﬁcﬂﬁ%réﬂ@lai {ﬁll bf th%fhoh’s'iﬁ% aﬂﬂﬁzs mutatis
shi el de | ayer si nusoi dal endot hel i al ls fromt di rect

shear ofmmaédlﬁ It‘é)ﬂ‘!@ ouj e platea@s zmﬂmh@mﬁe@e@ SndperLieDs @@ﬂé&g Fguter
desired s%‘f’fg':t tgaﬁ?éré’ 1@&’[1?@51@%&%&“10“&5&&|cbﬂ1§xﬁmiﬂaﬁé1?ﬁ§ﬂﬁeen the

Wth regar e out I mensi ons and ape a culture plate it
i s howevielet m)débb phidet of tiee Inwksing rasTqss atceﬂmr@ed@e,t fatcené foy ¢ tlagugtohelggresent

'flhr cunt %@x%h‘l afhe%'lﬂnegélatgﬂ Sre1OMBY a9 Ag! %usﬁlg el"ﬁ"%J 6 stzRRedOf. that
e inner

I eNsi o housi ng 1 n tthe plane of "t he cross section
defi ned thgy waearmmgcdu af lenst wesentiallyeparallst ta ¢ash I@ﬁl%l'l?hgsq plaigp sunyde of identical

22121 g 1 TR ATl B T VD ol S LA B
culture cpﬂmeepﬁate is raeleaetmesephaﬂyarra"ﬁged innthe plape oHthetitmer cxdss secbopdefieed by
the circumferential wall of the housing. Hence, a first plane defined by the at least essentially




[ 0059] The upper face, the lower face and, if present, a central face
may be of aRygb&leBs297M0 2010/ 042072PCT1SG2009/ 000369 20 Pogsedbd8lo00369
geonetry and i nclude any desired materiygl. They may for instance be
curved, round, stralght or flat. They nay be arced, such as concave

or convex, dul at ed i ng qpher G
geonet r iPale UQP‘E%‘?PI el ? fhe ?}8#‘]1 pﬁteg | g ?eecggggﬂﬁa@%ﬁe parca Pl ot
arr angengghedby Sﬁéf(ﬁﬁﬁnﬁéremfﬁihtvsalb of hhmmm arerrmy th@aobmhvdﬂh@ts at least

t f
Ceoar o reentiaenial Thioie Epasiiias HREhE PR 480k AP i 8y 48 o
cul't UL e%a‘sf‘ezis%@?ﬁﬁ&ﬁeuarriﬁ@&nﬁﬁtaﬁmd é)\cellture;pﬂaﬁﬂnﬂ melﬂwlf&f(the ga;eovmss
a wee or m)re | ca odlI ne 0 e u er e
| over f aewiongdefiper Iq:‘yaél'3 ?lfcuﬁ}%grg’ét?ﬁl aglt Bféﬁ} E? gr &, ?d:l%é%gt algfl of

gsfe”t | gfd3haBdd %ﬁ%Faxu N6 letel B@ed Thisnangfeanes bt helectsdyn ba'an@k&asmt(bto 90
efine a stral

I n some enbodi rrent aI th face es bo
t he uppeatestess dyairally His pagleds selecteding ’&P&% %%{Ea“ﬂ eef Tt Fﬁéfs‘cﬁ

The UppEiﬁstirﬁ:Q%e%QﬂcfeB% la%ﬁ‘g’e ﬁ(ﬁﬁ@ to |af)01&r4’@3<ﬁgfee§, lﬁeﬂﬁaﬁgé inf amgalﬁdnao to
circunferential wal

surface of a sleeve that face
it o | orabost A5 sl 2 03 b abauit 3Qdgeres. BpmAhY 8% afy et dib 1 dbout 15
propertigs. o5 Ayt "d %%&h%%@%&é st 568 owcataoass g %éacacmmﬁ@ypgysmd
y a

structure: I ntern surfacCe of the Iate

@%H{)E”% allel
pol ar armtodizserts theayiries are a@ﬁﬁ&ﬁéﬁﬁﬁ%‘f&ﬂl R e 1?19%& g PE tetr par
Fur;herwaﬁ%ergénftft@é Abalept ernal areas of inner surfaces may provide

di f-feren ace C aracterlstlcs Thus, sone surface(s) or surface

areas wit h!) 53] ?Hé E!Hﬁﬁe ?ﬂaﬁ% QreSiHEA g@inah VR siryy at walidtaree fibiroerch rmﬁ;er Hach
render ed I ar

er areas be rend d. nonzpol ar
desired, 0 Pléﬁﬂlﬁé?ﬁcugﬂfea’@ﬁgrlﬁaﬁ@“iﬁ ?éa’a?ngﬁgﬁfﬁﬁ’éta&f’e ?ﬁ‘g 3368]3 ﬁ"gmgF
any ot heﬁlatgaﬁltt EallefiboapRAlAhY SisfiBde ifwﬁéb@raﬁjae&twttm’ewesaﬁi}‘ te/edeoted in

alterati‘on of surface characterjstics. Su t eat I ude
process thezange Smasahayt B35 Apdp bW A P 95 a?é ‘ﬂ’é@tl }‘QP%]%% > a0t

charact e\f f irh ¢ aﬁdi@b hA Shb@ND7ERRUGHbbE NMRinth dinfonatendbedistent the distance
essenti a or at least to certain degree, an alter cleurfac

char act etrqhg@e&nc adjprsat sulbye glaes 1o d (g (headiptrpye Dty ER: Ricfipegpt

cul ture of Feeélht%s pny e GRrdrint fidh SheldiR@icBBBiweER @ﬁy el acﬁfideﬁtmulmk’feplates In
conp05|t|on | Uid contacting the respect

f.
Somp. entisaphodiments the diaEn beHBEAT FOIPSPT R IR dh POL Slhﬂy %"1‘3%?‘1

f1uid t halnCoRLakh dider 0,95 RAEld dBueSiTEReE. 36E@R03 %m&a&b:mvﬁoﬂmrmrabsut
the treat.nent does not alter the conposition of | ar _nmedi,um cg[}%e
t

as a pol & mmUpEbpRt 2 mmekn OSSP e S Roeg b B‘é“ﬁ‘éé‘f’? Faasy

or into falchxt%s aﬂ?@@a‘é@'&rﬂﬁm a seldcRAGddio\of MBA BN thréd afltui@ylates, differs Ibgdm(mbre
to al tert surface characteristics may incl ude vari ous aﬁ@'sd

nmeehani ctibn Ohempae moss baw P2apm, o meredhgnchi OTRﬂI!’TPE't mPh%ﬁ“". ‘?m
conmmon| ylih%? b1l Anf hE c?l%tenib%dﬁnén'i: %ﬁﬁ’tﬁﬁc&%&@e&h@iﬁd&ﬁﬂ Sulthge/plages is at least
differen evels of affinity for the fluid sanple. As an exanpl e, the

sur f ace obsphtadlyiwilerreri al s can be rendered hydroph| lic via
treatment with dilute hydrochloric aC|d or di |

t id. As .
anot her exdP§§i3d Thy qlmeclaes AP BPYEstioeth ] nL 1(9521%%%’“111‘% This

" ender ed oy 4 GpibldddPy mRBhBHdat Pafsieﬂlﬁig\éhélhasoé(ﬁﬂﬁfb eludéd inthesivenmferential
Al ternatively, the surface properties _of any ydrﬂa tob| surf.ace can

be WO 2@'&@%&1@@%/0@@_@@%3@@& illustrative examyp e culture plates may snap

in place if arranged in the housing. In some embodiments the culture plates may be in
physical contact with the circumferential wall of the housing without any further aachorage
or fixing that would achieve a locking connection between housing and plates. In such
embodiments the plurality of culture plates is simply stacked by using one or more element or

device(s) that serve(s) as a spacet, providing a distance between adjacent culture plates (cf




21 rendered nore hydrophilic by coating with a hydrophilic polyner or
by treat mentywiibfye3sis act ants. Exanpl es of a chem cal surfa6e-1009/000369
treatnment include, but are not |limted {0 exposure to
hexanet hyl di si |l azane, trimethyl chlorosilane, dinethyldichlorosilane,
propyltrigh osi Lan et r aet hoxysi | vei d y

G oe, " S5 RERS DS R pleGhABRE NG wrROSiopd o ULCARURY Bles WibTTLARTY the
cycl ohexismet biyoks séatiphhefxthie iHoasieg o8 {{e2apaeyhexsach culture plate is fitted within the

DB BB TR A B RE Y s Bl AR PR et

et hacr ykat ey tnchopoiny ?lal@efpﬁlaﬁﬁ ﬁir@e?nsipﬁdhmlﬁea}re sl I&;&H&ﬁﬁal%in&ﬁ)fmtah;‘gehe
uoropo yapn¥ te, Oﬁé n?t 0 ﬂfo get €§e %b. ol.- net Ccr aﬁée fre

pol v/ i minagia r5ts vealy STBET B LR TR PRy b RL T PBERAE s

( PHPMA) , pRtePBRaSHN el ot kit posifidi? kithinCthe hbydiak bhitecapphany) Thuade sslécted

ol igo m ol i go- STbl ock co-ql_ i goner gisee

Bi omat er F&fge ylztmyl,al ﬁn?ﬁediﬁﬁqwfm fion { %E&?Qﬁ@%@%ﬂ@é%{@ﬁe) ,
3, 4- - .. 2. 2-bi SL4- - .
ot opoyy piibtaA e oHEE PR 5 AR L e rsRt RS of JRofYing. In some

(3', 4' - epoxyGiehehiy shapt d JinRndioRPOK ¥y of aleX)ihciudinp anty alee plate are

?iz- g?bfgﬁé’%gﬁh%% gtﬁgg%)%gs?ah‘gﬁlé(e 1@%1%‘?’[8%%'@%@ the cjreymferential wall of the
epOXK- | - BEBANAl seal may E&GJﬁ&&nolels)e @;!}Ec_iﬂad)fd)_elﬁb aiffmamt tighetloca]llb’lwwmloﬁh@toéﬂuid
may- have, a _clrcunferenti wa IS clrcunterenti al ,wa t he

Tabd anqin HE o6 POIEER Aot G BE R ES it gy et A oh Y oy Pt Py
of ar Ff@&%idté/ﬁlawéﬂ &iumle iPhR t Bmedsiths leFm cﬁ@ﬁ:ﬁeﬁlﬁﬁzﬂ wmh bﬂ]me ma"]glg ahé ﬂ]}e
typically arranged at |east essentially parallel .to the wer, .fa 0
the cul t Br@mEFRERes of hesHErCBEs Henms ﬂnﬁ@é’dab% the seel e B efipGRey

pl at e i s efb0eeskladtion T 1108818 Mdidlal Yo PERAAdE euliR! cifcomidiential wall of the
circunferential wall he culture plate _and at | ssentia%oll_%ofal

t of t St
per pendi BeNsEE wwl/anig thy cyltesdipiss- 1Spae SMboqENeRE, 2 ﬁ%ﬂ?mf et
embodi MegdaSinP Hdind ReryURPAkarlzs it theRubiapetct ace salkef &ylldnloginl Stch

are arranged at |east essentially in the plane, of tngﬁ I Nnner cr.oss
section EelipgErans maydecqt anynEalln tigid ongemi-nigld materigh J8 Spige embodiments a

[0063] | BeafiRE a0 diai®RtappliitioURPRle { aGRedRighiOdeal] BS. 4 Siihg HaREInGbmAcf
culture plate is (areg%gr'ranged in an_angl e of incl |%§t| 0{|1_ W t h ,
regard t &8t haelaradipid mdieh Ry Raiden & former & majitan gtighsealpys andliyytaative

may be selfehed ddlify neRdal fh Qudb Q. Foigaer 8Rsis ddpledakddl 4 Phetorngliee
is selected’in a range from45 to abgu 0 degrees, for

It ma
i nst anc e 2WHoskgatensi Ve POy ReEmFECH B BiSothe sselingmatssat m%%ﬁefﬁ%%% fromp
a range {£000:30QkcufiBr hRergRRIHonAD iHRANE 8Sntadt TRID bR RO chrunatefintialdPall

degr,ees, from agoyt 75 to "about 90 degrees, from about 80 to ahout 90
degrees 6f the.chavsder gudbbat cooeEsneeof e SFiAGPites; BYsapfymerisation.” A

enbodi megy esgé}gﬁhﬁ Q@éiinggﬁgce;s‘@ thal/ R $OMBEsibRCE: Q{ewé%%iﬁ)w hati@. Ak ahCexiffle,

arranged of f Wth redgard to éach other. ] As alreagg

ment i onewithpey exidatives dieatneeab JIIWE N fosmp et wearroYHent uisppibie seal alyHh  srepoth
| over fa IR SleSenRRGRT Qp&Eitiked by 208 8e. A due
central ?’ggaggsﬁ%féééé%s%%%gonp&/ SG2009/ 000369 27 a?rag.%geééiﬂaj.ﬂtg

| east es dwhisicampytilgamatt the desired vsdofitheanppiseys in selringeelinmay boaseds ace.

The central face may accordingly be sandw ched between_the, upper face

and the | o055 dthe ituee plates Baws f HERST 19q§ 29deloBivh SPnEnyRicehgmbodiments
central E}ﬁfegirs'aﬁ iﬁ:‘i{%'gd?%%e!vﬁﬂgn RV &l p1hg %?;-twéﬁ RNEPpRE Fake and the lower face

per pendi cu to t ongi tudi nal axis of he housi'ng. This central

face is Hutrofaincy impluded i thel Hopsiagdiance. e semaembediments drsuppentace, the lower
particul |l 8 ; Yiud B6RdeAin hRARE f
essenti aﬁ“ﬁ;aggé]?eg G@ﬂ%%%éﬁgvga%ﬁfthgh t (.ﬁdg{fﬁhtgﬁg%agpl ates in the Space o
housi ng. thdesnétntenplates svhidhermow iertaltenftaclefiney cmpgtimeyt. &x swael embedigignisrthe

culture plate has a sleeve around its circumference, defining a circumferential wall. Once




[ 0065] In sone enbodinents the central face is accordingly of smaller
di mensi ons k¥ 541610 %ﬂe defined by the parallel arrangemapl,cghoblisso
culture plates than the upper and the lgwer plates. The ci rcur# erence
of the central face may in such enbodi nents -be arranged in any

et ancantragy i 8o ppyrid o oo T B pA AR AR AL R e s

profile au 6ﬁEntdiﬂnrtEﬁﬂﬁﬁ‘Eswﬁdsamghemrmﬁnﬁet&atqurwﬂll bﬁh@ﬂlbm;ﬂg v(ﬁanhraliggmlda

to the an pr.of he .u r and the f

excanpl ¢ GRaRERL oA Do R e BRe b bR Gt okt
triang ulj@rﬂl@}%mﬁﬁ@hﬂ 1033 f?ﬂlngm@cf& fbing a gEak mlﬂamﬁﬁm’fﬁéﬂm\@:}l of ﬂmlhll?mmg In
arranged within the profile_ of t u t he. | quer an
ar r angeriaitreggrd thecipgieetiah v aﬂlﬁg the E‘ﬁ&é‘? a]P‘E?CI@aSEB% gg%gngﬂﬁ ST R crgss
the centdegfiod €@ RRRADHAT WA Bfﬂ&%lhbﬁs@é st:élﬁthuﬂotmelbul&ﬁé pldieis! ftvedrwithin

face, this enbodi nent falls under the ht | eed| ng,. out er £
di mensi dhe cermicesptiahwabol the hapyns. Ja s %‘p ?nrt% P URBeIBE, dhe yegyer face

profile gfydhb &&ﬁﬁ&feﬁﬂlamaaﬁ%fﬂ?evcum efate a&mﬁ anfintetied bpaceshithé fafurd flete. Tt
central face does not entirely span the

2010/ 0428 PadEToEETb Bl BBOESISDIeics é‘i?rﬁoé’i‘léﬂ@ewﬁl?mtﬂ?%a@m#%rs@dbﬂ’é’f  first
Thus | ne'ﬁ]g(\q/xv{?e V\ﬁ%‘%ﬂﬂ 'R %Eﬁcén@ @éc%n@ CRItRE Platd &ﬁsb e% afgddasieh e fastChdlthiéRate

plate b Ich a central face is arrauﬁ whi l e belowother
posi t i orkeiegpesidonsa helomathe serondralienplate fiense dhg pepcs T efcmisspgetiys et

s arra L Ithe RRfer BRE LESRAPEIVOsROK &il@RSplHR. 0 Whi ch
the%centra facelédﬁagﬁﬂri]%egpépan thé culture pllate in theP&llJane of the

respecti ve [§@¥%f As notddOMRE, THR tBERbpal anliabe lcswet faee of gadﬂl arltukd pmdofnay
I n sonme enbodlmsntsthe central face is of th esagle dlnﬂ)é st cfid
upper f algedpces: Well jasvier of gei desifpdsBawriahnisd dPteft £% HATERPITEFRY 3ot
is of | %[mﬁ%%t%w A& aﬁla%uuep@frthé Qlﬁﬁsu@g‘\dn'fs&ﬁe lepbedindfcatent 1643t SNES the
enmbodi nrents the central face is of %er I’Igldlt er face

O e pREfnd Bedowes fart o Gdict ate FUTES Hal if horovd diainhtiace BT s LS s

plate, ingbisbRg Iﬁ%the%ﬁlﬁdaﬁrﬁerﬂé at Goasi MeDoRiHeWREr BRITERS TowReRtfacNel @ich
upper conpartment. Typically the |ower and the upper co ar nt are

in flui cowSrmBbleiecisnoEeRswiarHIEaas THICERPOTON §F IARROK ISR, PIS S % Biept, pash
' n t he c%f ﬂcefﬁﬁ%acﬂ ﬂmﬁ:@ AR B oA e ﬁﬂ@@r genihe dbwérafieed cﬁlCéddHQﬁi.ture

p of, two | ayesarra ed in altﬂliPé'\thfg wola
of i he celfferaip paruisi T 5o CERBUEICRE RS WPPE,ATRI0E DT Thempt PhR PELEWTS

pol ymer. mclud{n%qgg}; A IRRk Iﬂzﬂ%‘a ) B1RAMEs of SonSRERIAMRAGSTBR Saporous semi-
respective circunferential of .a cuI ure pl at g]ﬁ?oin ncl uded.in a

sl eeve tHgddafer thahperayils s, %%]spfﬂ@l‘ﬂsninﬁtj lHes &iseR cdripdhemedip, such

culture :&I(ﬁ%@ Et\?\gﬁs Cilshéy &nlmdﬁh&ltér%ﬂs%y%%ﬂﬁﬁ@d%ﬁnﬁ%@oﬁésﬁoﬁd@@&pper
CI rcfum‘ ere of the housing of th a‘tz)igarat us ns o

Ieevem@f’ortlﬁ‘éfel‘cfa% Qféf?ﬁpa‘lt’éf%@}i‘wnéh%ff*‘&({%fe pelgw)- &Flwie Hlawm‘a?f‘?mgly

C' rcunt eﬂ@gﬁ&?ged hokde rtheaéelﬁ&ﬂhﬁé Bk, REhWnnd @S PEakl Wpes hEBVEIONRY face
further define an annul ar stack mgﬁ protrusion. The annul ar _stackin

pr ot r usi thareafyThercellemeay Alse by eHengsp Feking a8 anchprage substipte that allpwy 10ns,s
the |ovep, fAfe nfatholifes CUA gweg th g’é&se tRérelly %blﬁﬁt% d 2qrs Mﬁé Satfen adethe

stacki ng"protfusi on gener s the sane le as

ci rcunf em@omg@ﬁu@ﬁé@rm@sb%r@ﬁﬂ%t o eatai %f%ﬁtsealﬁﬁaedc h@}?e% the upper and/or

profile RLGOLN.L BFnebhPUITheE Bld @l Hebdls thoitdid dauA] Ro:ithENsr MBsUdds
or 1 nstance have

st acki ng protrusron nay hape of a circular or

ovoi d comleeslezm-t’ﬂg&i hyerf is|capaifie af Péljg:ﬁngéhq eslls ty aolarge), ex{cqmé Hompihe effests of
triangl e %ﬁé% Oéﬂelale @Jss gﬁ E‘cﬁcéxﬁ& € n 19&1 bluterBd b fh Bbc es m WVO

polyhedr 2 ANAUl acki ng pro y proj eCt para
the | ongsmctdimhb liarei &ejoﬁretsﬂmaldmitlm m@yem@ﬁ:&mmﬁmdgll gndothirbalene snfram the direct

st acki ng ,pro S enerally projects along the direction of the
ci rcunf eﬁ&ﬁ%‘é{tﬁ?tlt%ﬂ%%&”ate defined be the sleeve. In sone enbodi nents

[0057] The interior of a culture plate may be of any desired shape and dimensions as long




_24 protrusion, i.e. an annul ar stacking protrusion projects from

both the upp@Panb%gf@E the culture plate and fromthe lov‘ﬁ(fi‘/gé'ﬁlﬁw&osm

the culture p n sone enbodi nents poth the upper ann
st acki ng protrusi on and the | ower annular stacking protrusion project

in adirec ndlcul r ta both faces of th tAhr | af e.

[ 0068] A%'ELF‘&FS tiﬁ’ﬁ Cﬁ’i‘g iy Sranzse Wit ﬁ‘?%%ﬁﬁfgsé ‘#&5 kel B the queer
a Spacerdi'nﬂ?nbﬁﬁs al@gHsh O Of Otulalsb hlateeit ﬁhblﬂﬁmd el abtédwhaithe stlnge p{atd ieeds to be
apparatus of the invention. S odi nents..a_cul ture pl at

the pl urBfted yo dre ey ’é"nBi‘la‘th]% c&gﬁ%g {%‘fcﬁrmﬁt § SFISCtg ]gjﬂ?c’élﬁ?r
cul ture glhadngiont df keShc¥SMY!iAthé bREK b theDdrBis! 45l defifeny the enemhfewneal

pl at es have annul ar_stacking prot r#éflons pr.ojectin fro both t

upper fa‘eYéIziﬁc‘JheclP@SmS\Akﬁls? aselegion "cﬁ‘l‘*%‘ihémﬁ?l% }%&Blé‘mﬁ Plate in
culture . §RY QE@%\HEEeLCl%ﬁQ&Ehe%tehb?iﬂﬁth%f@@d‘éd}lﬁrd)ﬁl@tefm%@ﬁmm
I n sone enbodl nts the stac

%r otrusions of adjacent culture
pl at es aplens.i Theeigterior géthenaiyrecplpenbefuter be ofany Uesireq e lugnss dge volume

bet ween ﬁl\ég 1?1 dbAE @ﬁlﬁao&#leﬁﬁrb% seﬂeeee@%l th'eriar%érﬁ‘orﬁ%&ﬁ'mb%béﬁﬁ%ﬂﬂiﬂhﬁérs

st acki ng ot rusi ons lurality of culture glates are of
| east sudtnwftl tol abgauum& r@ﬂhhﬁ@» glbaut ﬂril torebous 2Qemilshiters; apgyd 0.1 to out 100

| Ong! i B Y 2s! B%LBAHRIONERI0Ss LAY D5 % BRAY So wifhliERIRbout 0.5 to
I’s d| rect

enbodi e fon Is the Irection perpendi cu

cul ture gt 68 milliierataporh@®S 4m Abdud 25 seillditerapborol.f e iabﬂ% lé élﬁlﬂlﬁéema gpout
such e”bes TeBbE: fIO?xgllﬁitterL &8sk ﬁ&%hil@é mlﬂf&st&raﬁo&'osﬂ e%sutbz%mmars In

oppdsi ng Taces o Geant el ture plates. .~ [0069] I'n some
enbodi neotsembatinerst t1$¢ ‘edye pEthe intemiryed thet culthee pdate @lﬁ’?’p‘éfr ]elﬁt,lbh@f a
culture plate the sleeve may be included in a circunferential hglder,

provi di ng 408581 clherterreniiprsonigl,|“vericalhe beleRt uraB oyt a flawerPh PEPeR e \i9P naA
define th G EE! flbihaletab la ﬁsﬁoﬁewﬁéﬂet‘cﬂé EppakabLorane pfddéﬁthﬁ“&enﬂ@n@e

portion o e circunferenti al A respective hal der may

an upper Ola¢m¢cbm sich gweay thad thgﬁiaﬂffﬁéﬁliqdl byglge %PW&SS&PP%HYME‘IM Yrrangement
abut ment . @, Jﬂﬁ}lfbo;% os ﬁrf"ﬁfe lfbfusﬁ\E s Sﬁéﬁtéﬁ Qt lBﬁs@tlﬁ'gelﬂf r{1f§:k!>@ Bt &Hst substanhally)
enbodlment th be ternmed an frin plca t he
upper f rpergendielarr Waﬂlgéﬁrei:t#pra%ﬁ@| Wﬂﬁﬁ“aﬁﬁvfé‘f‘teh‘ef &'ﬁ;ﬁéﬁz f Berd hipeplane
cul ture Ré%i éﬁﬂé L& pehldfi &meeulh{rb Pfeshs o eaéﬁougm}l Al 881 heQProddde In

wi dt h of ectlveu face o he culture plate. [t pr gects
toward tfhis bbﬁgmqmdﬂlﬁamleh@( tbe @pparpiss irousAnged, gelativaly & fierautyee platey injthe

the diregllon, &%mbﬁ‘&}:ea@%ﬁta%ﬂa%wé 0f%he bheh GeRiBE, B st amUgiReFathAaRe
of the culture plate egger annul ar frlngﬁ may include a

cont act i n‘glqt@iftthecﬁppal‘ifhlﬁss m&i)t@lﬁ@" ot the gulige plsfsi Gukedir¢csion gRposEe to
the uppey fﬁ?&tiglflrlﬁ h@ﬁa@ fortB®f Ctl?@%ﬁ'ﬂf is%tﬁ?rﬁl' tﬁﬂ‘. Mtiti%ﬁ the
ins ance he Jgechtn il ¥ aC| e upper face of the culture plate, It

fay-’ be oﬁlr@nnfewp@nﬁfhfgméﬂiré gl@f@s ghthe heesing @tt¢ft§3sat lgastaroughdy éb,% dhe fl;recﬁon
mat ch thgs %af ':HJ}& ﬂg(pee& Jh@%grtﬁ’fﬂf“]ﬁehﬁﬂtﬁﬂel él'a‘treg afd) @ttRis phBBiok %ﬁ%ﬁ‘t@& ioB%0p of
na er dt at |

portion sel ected to provide a space
for cont exthi oter. fodwitdl yendlodomdnts, thismositing, refleets appapntptinneobfhe; ppparatus,

Chut oy Mg iflot 3, ARG diiflofd, 208 nlWkich TAIRARER e Bo placed

abut ment OwWer tace culture’plate n su
2010/ 0426ﬂ1®|2(ﬂdt$ﬁﬁﬁ)@9h0§)ﬁ%®nbdlﬁnmdm qmnmfeerm&l weH gé theehpuiag iewraaged

a lower fri caI I r t

Dl ow ¢ hel 19eresf LS heraenlitir ke pleaP ERehls B A0GF hapoReRRRly )bl
regardi ngmn@nreﬁt @ﬁﬂl@ﬂﬂlﬂfre pliatee.rInfiiis n@e tbmdrcmpﬁemnﬁ@wllof titettwusing extends,
plate ap t i s t he of

ci rcunf er%e%tf p:a?n ef[’(?% eiqu'en tﬁ%gg ity rl}togflans C ViRl fares of
has an Uﬂwartanny;acdugw inhért d168. se&hm defiped byutig ditoemfepemsinl fall ofthertmysing
be projecting at |east essenti al i cul ar, 1ot he

ci r cunf eFeRig casfarrangnd attiﬁé‘StHBV‘%]@'/ ngﬁg%ﬁﬂjﬁ&f ound,ii-¢ fhe oefes o Pe ﬁ%@l of

[0059] The upper face, the lower face and, if present, a central face may be of any inner



[0071] In some enbodi ments a holder further has an annular fringe
projecting hpyefigeidpm the circunferential wall of the hgl Hﬁbz?o-g}aﬁ‘osm
el 'to

fiinge_may project I1n a direction at | egst essentially parall
the plane defined by the parallel arrangenent of culture plates in

t he housi he an fringe is.ar t

| over fale 0]flt fﬁgolgnﬁr* %? %#Ja@eatnly ‘%es}ré@%?d ?é:c?na?edﬁ gb%&p?ﬁ\%g@%%e ]Elgrt% %’

or bel owduné, dtavght opflatt BheyAnaydrediresgl suchlae carmaué arcohwmgndul&ted or mclude a

orientated,towards the ace between t dj acent. ture t.es. |

ot hor oofifhts #4808 or % RRE EoneiH Sedet®, i 3R s b Rl B pfelle

flrl nge i mzafgemagwf dnef;(wm:améms siphas daﬂdniagd?eddlctwﬂfe drextien of (sj\js.rir}s , Which wiasy

pl ate, respectivel e. ont i de n,.SoNne i men

Dol tier heEGER bipbaubt cptimivations poth geseat p e Mt SRR IR I drd Siected s t

L h te UppeltSe aaﬁldlrédlﬁl ﬂa@vs@paratﬁm caf sthid Bge eﬁﬂé@ddﬁrpdﬁﬂﬁ@(eegi ovev@mdel bems) Cl
et ween twp

cent culture plates. I.n o odi ne each culture
pl at e of YRK B‘ﬁg dimygats both the uppry derei 54 they v%F" E%Ied@rwaj tht éPfeﬁFBkaé’rcen“al
annul ar ek Ree aﬁf@s@e&s@ﬁ@ﬂy @ﬂaginaﬁndiddlﬁ@ PlamA\ HES mtmaseby pAeh tanfdihara
fringe may contact the u face_and a

ppée ower annul ar
cont act SFEGvk I seree eippaiments All den tasrberiiate fediop etr R [duver face
capabl e %aﬁg@%&r&}p@ﬁuglhe respective upper and | ower face and hol ds

t he upper and ower face in position. [0072] In sone

ﬁnPgdl nment go440g mxnbipgaﬂ favd ﬂidmﬁ@ﬂov@er gaﬂle; ml?esaiﬁm eenrﬁl fied mlmeai ciwyurhfaeential
ol der. In_sone enbodi nents t |eote ulture plate in t

ol ato. detrlbetiBhy SEHaCHSr b FPere Gt Bgelignienpr oh eyt Mol Bpyde o my

defi ned @éé}féﬂ'%ub@b@?iopeh&s Sdiﬂhs@ﬁb@djhﬂﬁﬂﬁeﬁstidﬁesmp% stufige Mmohhology hend
| ower face may be o

smal | er roflle in_th ne .de
ool | ol SRR U erE Stse Lo BiaL T e be ReR CeA Golar P oSt or
the cul t geLpRbP gl thus hwgﬁhobwaﬂﬂ@fr@fe? QAT 1Hex A0 0F368:r 20rfaces may
enbodlnents t he uppe

r | face do not eptirel
the cul t Bio¥ids I%Pﬁéreﬂéts\)%’é’ﬁ C"G’aftéﬁs B%SPWér%’gtg %ﬂa‘?r FEFCR &S ﬁ

ci rcunt eganE€platdsush 6l a YN QS h@ﬁ?ﬁ)&ldnhﬁf@ b%l’ibkﬁiefdﬂfiﬁ[dﬂswlﬁldhtﬁér&%‘a@ may be
bet ween t he CI rcunf erence of a_face

of the culture (Efﬁg{]tgthe
ci r cunf efefergd ppPalr. Yhare depited fritsstment 053 8 e@gﬁato P aRREHES o
of the hgligther part[HORShpASatdd niak/| Hesédiadd ver SxpaiHices Taﬂﬁalt@tahbﬁl o surface
pl ate may be a 1PI at_plate of circular profile. A laln ugﬁé{t? ace

a plai n Fharesteristes %99 tisatmgnt Mayegclphe gay arecsss thy eﬁdﬁhéﬂ/ rﬁ*@%a

radi us. Repdbibheuitiieethafaoe sl thd MBts 16ME Endiiba Qo Manthia e least’ e%ﬁhnﬁalij‘r bﬁat
is snmaller than the radius_of . the holder. In such an enbodi nment f?md

upper anifattHie CPIR degrss an pifre Suacs sharagteristis ypen gebssquent feriact 8’1thaa
di anet er %&i‘sm?y Gith -2 cHerd ey, ToRMaIle 104 tradtiekt dves REtQfticbehé Boxhﬁ(%:tiﬂnadﬁ

def i ned paral | el arrangenent of _the culture pl at es and hayv

i npér r aﬂP@sc%'ffacﬂn% the Fesectize guckansiagse. dp sgmeRmbotisgentiofigdreatmsnt Hoes fnt

further hgue Be da&%gltla@d)faadyon@fﬁ @A bt Ithé G8spRERicCaifaBE akdiah tsontk
a plane parallel to the upper and the | ower face;, Both the upper and

the | owermbodiments the irprimeulpes icsjalies the SaRPesiiRRet apolirapediun sa¢h g apolar
cm In syeiy @ﬁﬁaﬂﬁq}m@ﬁéﬁlﬁ ofRP&peciE pldi&s) Wb tlapBaeas. safely be

arranged 1n the holder albeit not spanning the entire dianeter.

Further matibed1]iA tdebighend it iy befcatritd quitltd Glier frAbE cldigdieriSics flaly Snclude
and/ or an anchorage substrate maéhprow de further su rt for

upper antelianeanacueh ay BRehanical thermal, elepiugpleor %‘?Seﬁy"ani‘P‘S fhat 1s

securin gcéﬂi‘ﬁoﬂf}ﬁisﬁ& B%he brt 8 wHRBRAL W cheNiBils fl@ﬁ@ dlfferenf: RIS b affinity for
Accordl \?\gmrﬁvl n sonme enbodi nents the sl eeve may or. be %Pncl uded

4 saraplaehs aseremple, theowpiars OMP%@rm%F}ai%%ﬂﬁd%eéﬁP hilic

Of anup r Ad a8l Y Mo Ad BSARGL 1
t wo- part ﬁﬁa % E’%{# a&ﬁf%&? ﬂﬁng@r&%a%ﬁg Eir ot rusi on %ﬁréglpae ¢

| ower ann@N@meﬂl)éﬁhXﬁlga ALAVIB) spidase pandhs rasdered dydwphifisebil ph axidotien vk

oxygen or air plasma. Alternatively, the surface properties of any hydrophobic surface can be
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by a pl ane tpgtiribgz correspond to a nean plane that hasy@gidiesnonsse
di stances to both the upper and the |owgr face of a culture pate.

[ 0076] The through hole of each culture plate is furthernore

osi tioned,at.an outer d 0 C . ' ]
Poeh r ogunarts Hord HhBopRtl Y, shlfig ek of Ry phiyfrer 3 ARtk SR
wal | of subfclantssExegnpldiuf atchericghsunBteiresmpusndhadenbul anendt lingted e exposure
circunference of,the.plate,.e.g. ti,guous. t .GJ r LAl

ot "the dir derangpdiBent - ogaflc SRR B Ry SO RMILE HbbRtchRld-
cirTchnf Qdil@ﬂé,itaﬁ'adiﬂﬁixbsiﬁh?,tgllﬁ:iimgpﬁopﬂimﬂsth' ex;ﬁﬁhhe;éidamh_ 'dopmpyltr'retm'lane, 2~
enbodi nents a cul ture te. a ee at _provides a ... .
oir ount dadhencsy suoheuDefnimahofylatt Atas RexbPaP RO rimsigrysilane,
enmbodi MeHIAditReIMoRMBNPDMS), §RY,4bpopasitlohantiethylitneieksilade plyeawahyl
I n sonme "enbodi nents the throygh hole of each culture%%tfgjls 1

00s i 11 orfBEMASTYLF) A RAVTREIACERALE 178 RATE Sy STHIPeDo LY G ( HoTTReEr R
t her eof ﬂ@mﬁwg&%tﬁﬁeﬁes glRs] idtedtgatbR | SolH(Einidigil t dcpyleside), poly[N-(2-
di stance of |less'than a quarter., of |ess than ut a_fifirh hout

si xth orhyalwwrfa)@@v&ww?a&aﬁﬂ(PEIBéﬁA)a&-P*E@gh%ﬂg%?%&@%zﬁ%}@ﬁ&gﬁgm a-
than ab%%lgﬁﬁhe%l AleoDRBEA LN AT cIB ol mdr Tgee M| T\et 6L Biohalchals
culture te awa gfromlts circunference, in a radial &Hlectll otg. Igl
orbodi A0S ks 4 HS14S Ty EOBIRASEORY L oBtene) PR g hpRimethyimeth-
enbodi "Eap%ﬁat]febQ,ztm[qqg,h-eﬁxekﬁgfo?ﬁ?@?ﬁeggm@ebpaﬁe,@,ﬁeﬁdx@r@aoﬁémxﬁaaymmn

about ha ess t han about , out a.quarter, ab _ué fifth
about a at.x(H - PHrexyygeheryimeiByy-3vhenoxzeslpedy. %rb‘!”%@"g@ a‘a ,‘gwciféo-
% abOUtheZLyE?é)c‘)@l%ﬂ?H&iﬂa?e? $ishhaRI %bw—bﬁ—(j%(z,@fegibgfpfoﬁ ¥)Sphehyl) ?ﬁgﬁﬁ)tdﬂ%'

pl at e away ts crrcunference, inara di rection.
di st anceepeay-li-propandh enmbodi ments of a culture plate of circul ar

profile also be taken as_npre than about hal f, nore than_.abqut t .
Phitds. mol@63hds seimned fpee: (5 PURSS Haieh ek HEr & SHARSBOd . gpis
nor e t hagrcaRabilen®il WAL, TR Sdeh &teahauhe Rvdlofide dTanhe chlhas phboniy Ifife the
apart fromthe |ongitudinal axis _defi nec% by the ci ﬁum erent{ al vval(i ¢
of the H8tesiongf a resbpgsiyy ppiira Plagid e HERHI RS RES cyltiigmlqie s Gpjeqlty) ypranged a

sandwi chgskQatasany Eaﬁwp@eﬂw fien& mBE of i benes pfats dn abme hentdimente the
pl ate. The through

ole of the culture plate may accordingly. al so
span acrépsr sfien of GeRiliEe Blalgels sHgneddrhdfFas .%W@%f é’eﬁﬁé’r‘:ﬁq yor g
case in grhadiRBaiiSwilieseteheulaRO AL Aldabe 1amaBseiithdlyepdrperfliculdrt 1o ehe
plate wi thin the circunference thereof |n su%h eqq‘oodl rrggt EIFF[ he p
central lpagiadinglexised thehopsingilnsome embpdments bafh theurper face g fogleyyer face
i denti calf QruRiMeAdIh@MNariMatrinde@SA6dst leSschiilyl RNGE tpkdiendtl thaXinfer Grods hection
housi ng as the upper face and the |ower face. The above said

f egar di népfined bythevismbuenfiadvall gt thedwesingace and the | ower face
therefore | ikewi se applies to a ,central fac Lf . present..ln sone .
enbodi ment 404674 T8 éﬂ"t‘lg%nhf’ n{ssthg 1pg aFf‘erg?fo‘?‘P Ihgw?r age,of %lmélﬁge plate is
defined (aye)tda@npa @l dn@hgldlof anga e with rdehel 1o uhd tif@mptraites wallaf tidwlture
upper and the |ower face. In sych enbodi rrené(f tgg cent gal. ;j‘lflcg]fidoe .
not ent i Pl@tey Thjfaanglia,may hesgleeted mpdapes Fern'q el G686 eitiea PhErLgfs'e i
that defid@iddd &{-e{ngbl o8] BNELahdul 98 WeBreed/\B may for instance be selected in a range
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from about 50 to about 90 degrees, in a range from about 60 to about 30 degrees, from about

70 to about 90 degrees, from about 75 to about 90 degrees, from about 80 to about 90 degrees

or from 85 to about 90 degrees. Accordingly, in some embodiments the upper face and the

lower face of a culture plate are arranged offset with regard to each other.

[0064] As already mentioned above, in some embodiments between the upper face and

the lower face of a culture plate there is arranged a central face. This central face may be



enbodi ments the through hole may span across the central face

| ongi t udi nakgyap1difa672i s the case if the through hole is g¢vR69R0bAsA
position in the plane of the culture phate where the central face is
still present [0078] As an illustrative exarrpl e, the culture

| at e a r r i
g pl ai n%ﬁ%&fi ﬁ‘té% §% ﬁ%yﬂa{@yg’ﬁagglg@ Gﬁ\tﬂéa&%H B]IW : g\l-;'xf) %Sétﬁlzégeﬁgﬁ
r adlh ust rf}él{hanagpﬁm;dﬁﬂ@y ?amﬂw%ica:gé bem%eeri thetupper face p‘o%ﬁh@ lowes dageeafcd CW?
each o in that centers .o ace i
o penciPis df SUBC SuBrOBRIE S seabate iR SRl {15 18 Al batuelty R
ci rcunf gneas tied daptriiAces cfaht heusing d&nmntralr ﬁmﬁsegeamﬂy@ff npgxdgmally

culture plate that _is erpendlcu ar. to eac I

face. TRBOW R $ARE ¢mg 50%91 B qrﬁlé? e % 8\ éfh eéﬂen 'Igne?rbg' 8t least
arr ange@séeﬁnzﬂﬁﬂ) @Haﬁbi drfinbdient) pmra clim@e phang ih e Hoowig. Nmﬂhel&&séhe centra1
central face have a radius fhat . is $ i IEure
upper f &é %%Sltﬂk}gy legtRef thequier qipensiqng o %upppﬁmﬁﬁﬁ O%GI(g lf

Ej he u fp§[at@(5§ 18O E). e Fsifhe ’@Maﬁpﬁlhhlbabgarcaﬂfaaﬂhbmxﬁﬁal%dm c(ﬁ the cergiral
i anet e

The central face have of 3 5 (4
o G aretcettursrlats Shpald e 1 RO S e ENE=L i oF Deoisweh age s lowr

centric I m&ﬁlmb/ Enchidisy £ MRS (AR %Qm@fﬂoi’fﬂ@ﬁdﬁ%]nbhﬂoﬁ]ﬁaﬁ 0
t hat |s%dﬂt%/ ﬁ 8 he c(':enct e&riﬁgof both the_ up face a

face. Thet elot‘fhﬂi@ﬂ ﬂeﬁaﬂ‘?@ﬁﬁe\ﬁw % soh@ore{lan 2 ey B9 DL o ble %%é}v?\ﬁ {ifae
cir Cunf &h n@g B %nt rbﬁmé’ %Ptaﬁﬁhuté @ﬁ[ﬁe@ﬂﬁ “§1B1GP B pereRN19 ﬂﬁ@nﬂﬁnat e maximal

culture p hr ough hol e spannlng the cul ture ate
arr angedVlé‘d:l erfée eenyesl &Get%eeeéﬁmedﬂ@%ﬂa‘f’@ pt the upper; g0d tEﬁE') EICEYFT‘?#I@? LMY

of Dbot hntl @ p%%u@f‘gmt B |29 WEdut baCcEn, Aol R3 Bhakiiuand chhér dbdap0ghom. In
hole is of ess than about’ 0.5 ¢min the plane of the t

faces, |emb@dielsentﬁowh€rp dhe diveengions & fher %?é@ face eheeed fhasa gR tho PRP§EsAnd
however 185 5PR6E d 8dihal f¥e ﬁ&teﬁ’mﬂéss—t ﬁﬂ%@st %Ertﬁllﬂ tBe &r&?ﬂf’&fend:deﬁcﬁi e @iter

the center of the culture plate (i.e cmor nore fro

ci r cunf elimemséinsiof thgpemrgre plateck iy hoyr evﬁra%‘éed thekpiptedesizng wi é“‘g’e‘h?’iogfmem

face is JHRR@EabAT ad Bell la9weih t
of a cul '?Il[l,l‘%% g&]}ég&ﬁml t%ﬁﬁ%{eﬁﬁ?%%rfl; arre'{lngig%a t he tbgorogﬁ ,:)

hol e nayhs rﬁamgh@ &@rhmaamgfoéctbe appargtey lewpabn Suh embodimenis

the above, T’ﬁ aggzu Wi OFitt3 cRcufiifetnti@l indBftRthnk Ghadii daphtle of
C|rcum‘e tu plate with a radi.us, of 4cmoneﬁie5|d

there i $eeumm tl:le b@tmeehtqslhywmr@me%egéhﬂjr%%%wt prptgsion detined by
opposi t he through hole is positioned to span this void,

it doesei%%!fgglbt{aalrll%c e central face. [0079] As expl ai ned above, in
sonme enmbodigiRs] f MRk aﬁbm&twﬂewﬁ@l ﬁic@ﬁ@éccotdﬂ@éljﬂ of igallt Birgatsions én the
pl ates, have a holder wth a circunf nti al anu dtﬂl

| ower arpltneadefined hydhe mellchasanasmep & e Gplge @ t"tSLf]F‘@l ?}P fr?é@ g lower

def i ned éﬁé(teé I’I%ehﬁlcgﬁ'fereﬂc@ o?f Qﬁ@ca%’ﬁ*ﬂpﬁb@ﬁﬁ&ﬁntsﬁﬁl HAPRNmERS Be aﬁdﬁ@d inhemy
| oner face snal | profile in the p Iane deflneg éthe

par al | eldeamcamﬁﬁéwn Weteﬁbe vRRef andthy Il%‘f“‘ega?"r%ﬁ for fpstazes @ ccrfafile,fh

the culty Eﬁﬁlp]]}a 'b@ &%ﬁﬁn&lﬁaﬁ%rﬁ@ﬁl@ VA lrbdpBctieahBlewbt its drofile offset
respective der nc udes central face. WO

2010/ 0420irz FETESEbOSI B0 2o0fitn ob theropprreardoe lower feet Bulis eprle e
central fa68 BRY & Qlfs Syl &y P06 plofild luch RledRfadef bnad AYloh @s it

par al | el "ar rangenent the culture plates than the profile of t
hol der |mazt1ma}swpﬂthaﬂow$ it te be hrrangsd avithimthe priefile o herupaer a9ddhe foxes ace. If

does entirel %‘}%%1% rcur‘ngD%ﬁlgr el alfa Egc%ggseg gg%ﬁ%h SEHS c&ﬁlﬁﬂqlﬁ’ée to

that definé rence. n such enbodi nen he t hrough h
may spanexaesdoms paoijle of tiod wihien gndathie lowert face, dlpip embodisgat faaﬁ andarthe glightly

0 a postera Rued by GrOEFaRRR il B i SRR Ry B? (R pibpRESH

the central face may be selected in such a way that the central face does not entnely span the
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| oner faceswappdiv@soeit ati s nut adi s. [0082] The throuqiéngfmmsﬁg
adj acent culture plates are positioneddistally in the plane defined

by the at |east essentially parallel arrangenment of the culture

AL T 0 O R o o

enbodlne e 1 nner cross section of the
ci rcunf arcmﬁmreaplavvabtﬂowfwlmh?e ammsalrfgce is arfap@@Bhile beloweotherbprsitinaatos the

first cultur | gt agﬁ pt.s | {u t f
pl urali ts9m8f étjlot? u@g gl']sia]gér3 gﬁar rné)ngeg{mrﬁ "téhe &Em%’g%g?}lﬁ 1%1%4? oasmtonS
essent i abiryspopedds Ipbmnoms qntoabvhmhsh@bennhb iface tdoe ot spho thesculivrhplatesipabe

to the I?a&g & di naIB ts of the housing. The through hol es of
adj acent? I eereﬂjfﬁ 2%e thus in some enmbodi nents positioned at at

| east essefy @J“chor fag§:m39 8 il dtJ} R Hh sdfle &%4@&&5%%&@&@@&@

of the hou ture plate and
adj acentof$}m:mmb agidityrae ﬂpzl wpper face alati ﬂmrlg‘e'dr face. HntShme@p@Qﬂlmﬁltﬁethgmléml
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%F?r altg’ t nbod ?ﬂ’é‘& PXEuY X‘Fétbﬁl R&L°J Eir cunferenti al
by the c r@gﬁﬁeg PR ol &in bt ot g‘*?Sé’Q&r"e%E%ﬁEé‘%?éﬁﬁi“h‘%ga
whlelr e ? o:llﬂlﬂelpiﬁe i mb]aadbdam éaslﬁdve ¢hezeafthe sygcmﬂhﬂfe@efamtg the girgusnisrenpef the
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by t ho. SPGB Holn RuRhE pratd B, L RUENC] Bt iR 1 he ot EhReatial R Bl
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contact the upper face of the culture plate. The contacting portion may for instance be a
surface facing the upper face of the culture plate. It may be of corresponding surface
characteristics, i.e. selected to match those of the upper face of the culture plate. The
contacting portion may further be of a width that is selected to provide a space for contacting,

possibly also for securing, the upper face of the culture plate. In some embodiments the

bod

fringe may be arranged in abutment to the lower face of the culture plate. In such an
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to span this void, it does not span the central face.

[0079] As explained above, in some embodiments one or more culture plates, including
all culture plates, have a holder with a circumferential wall, an upper and a lower annular
fringe. The maximal width of a culture plate may be defined by the holder. In some
embodiments the upper face and/or the lower face may be of smaller profile in the plane
defined by the parallel arrangement of the culture plates than the circumference of the culture

plate. In some embodiments a culture plate with a respective holder includes a central face.
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circular profile. A plain upper face, a plain lower face and a plain central face may be
arranged in parallel, all three of them having the same radius. All three faces may further be
positioned level with each other in that centers of all three faces define an axis that is about
perpendicular to each of the faces. The culture plate may also include a circumferential
holder that has a circumferential wall, an upper and a lower annular fringe, atranged in
parallel to the upper face and the lower face. The upper, lower and central faces may have a
radius that is smaller than the radius defined by the inner face of the circumferential wall of

S the holder. The upper and the lower annular fringes of the holder may project inward over a

L distance of 0.7 cm. In such an embodiment the radius defined by the inner face of the
circumferential wall of the holder may be 4 cm (i.e. a diameter of 8 cm). The upper, lower
and central faces may have a radius of 3.5 cm (i.e. a diameter of 7 cm). In such embodiments
the upper, lower and central faces may be centrically arranged, i.e. their centers may be
arranged in the position that is defined by the center of the inner cross-section of the
circumferential holder in the same plane. There thus remains a void around all three faces,
between the circumference of the faces and the inner circumference of holder. If the through
hole spanning the culture plate is arranged at the edge of the culture plate, i.e. in the upper
lower annular fringes and the through hole is of a width of less than about 0.5 cm in the plane
of the faces of the plate, the through hole not span any of the three faces — albeit spanning the

entire culture plate. The above said with regard to the orientation of a smaller central face in
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[0085] Such an arrangement of through holes of adjacent culture plates achieves a serial

flow of a medium through the spaces between adjacent culture plates. A medium in the form
of a fluid enters the culture chamber that is defined by the inner faces of the circumferential
wall of the housing, of the base and of the top wall thereof (supra) via the inlet in the base
wall. It flows to a first through hole in a culture plate, passes the through bole, flows through
the space between the opposing faces of two adjacent culture plates and flows further through
another through hole. In use for culturing anchorage-dependent cells (adherent cells) each
culture plate includes a plurality of adherent cells. These cells may advantageously be
* arranged about the face of a culture plate, in particular within the culture plate, contiguous to
a face thereof, for example immediately below the upper face of a culture plate. In order to



[0110] The oxygen concentration at the inlet and outlet of the

st ack- pl at e wangwiabosul t ure bioreactor was neasured usinge
Di ssol ved Oxygen neter (Mdel 4000, W\WRsgScientific Product Sﬁs%mossg

3' ngapolrle) every day Hepat ocyte Viability Assay [0111] Live and
ead cel]s, |
co. st ai A it The ta&'% BibvRR &86&6%%95%%%@%& ng% drltod

ures*were stalned cein AM
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cul ture ther@ilie phesviotdes cﬂmd a¢ glerfming rtlmscia@g/by \fombigeit del flayv waradlel to the

stai ned g%;}ogm%a ageesl Of tAwl\é a ;acent %Eﬂn'e p?ates " gr'mowg ';nﬁths‘llﬁi f:\‘ﬁglzed shape and
arrangement of the through hole arranged in a culture plate (e.g. close fo the edge, lengthy) it
is possible to aim for a flow velocity that is at least substantially uniform along the face of a
culture chamber. Using the architecture of the apparatus of the invention it is possible to
achieve, at least along a large portion of the face of a culture plate (cf. Fig. 7) flow conditions
that resemble the laminar flow obtainable in a single-chamber bioreactor for drug testing (cf.
e.g. Xia, L, et al., Biomaterials (2009) 30, 5527-5936).

{ - [0086] As explained above, in one embodiment ’ghe through holes are provided by a
holder with an upper and a lower annular fringe, while the dimensions of the upper, the lower
and a central face of a culture plate provide a void between the circumferential wall of the
plate and the respective plate. This void is spanned by the through hole. In such an
embodiment the upper and he lower face may be defined by a porous semi-rigid layer that
permits nutrients and gases dissolved in the medium, sucli as oxygen, to pass. The central face
may in such an embodiment be defined by one or two layers of a rigid or semi-rigid matter
that does, at least essentially, not permit nutrients and gases dissolved in the medium to pass.
A medivm in the form of a fluid passing the through hole of such a culture plate enters the
same via the hole on the lower annular fringe. It then flows past a porous semi-rigid layer,
then past a layer or a double layer of a rigid or semi-rigid matter, thereafter past a further

porous semi-rigid layer and finally exit the plate via a bole in the upper annular fringe.

(- [0087] The through holes of the culture plates may be of any profile in the plane of the
culture plate. In typical embodiments the profile of a though hole is of elongated shape in the
plane of the culture plate. In some embodiments the through hole of a culture plate is a slit. In
some embodiments the through holes of the culture plates in the apparatus are all at Jeast
essentiaily of the same dimensions and the same any profile in the plane of the culture plate.

Thus in some embodiments the though hole of each culture plate is a slit.

[0088] The through holes of the culture plates are selected to be of dimensions that allow
an at least essentially uniform flow distribution of a fluid flowing along the upper and lower
faces of the plate. In this regard it is advantageous to select a though hole to be of elongated
shape in the plane of the culture plate, lengthwise arranged at least essentially parallel to the
circumference of the culture plate. The though hole may for instance define a longitudinal
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[0089] As already mentioned above, the culture plates are designed for the culture of
éﬁchorage—dependent cells. For this purpose the interior of each culture plate may include a
suitable anchorage substrate for anchorage-dependent cells. The anchorage substrate may for
example be deposited at a face of the culture plate. It may for instance be deposited at both
the upper face and the lower face of the culture plate. It may also be deposited on a central
face of the culture plate. It may in this regard also be deposited at both sides of the central
face of the culture plate. The anchorage substrate may for example include one or more
components of the extracellular matrix as present in higher organisms. It may for instance

include a collagen.

[0090] By combining several apparatuses as defined above a cell culture system for
culturing anchorage-dependent cells can be formed. A cell culture system for culturing
anchorage-dependent cells according to the invention accordingly includes a plurality of
apparatuses as described above. The phurality of apparatuses is removably arranged in a

scaffold or in a housing. The apparatuses are positioned to allow a parallel connection of the
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[0093] Providing the plurality of culture plates may include assembling omne or mbre,
including each, of these culture plates. The culture plates may be assembled upon mounting
into the housing, In some embodiments the culture plates are assembled to a defined unit i9n
advance, i.e. before being mounted into the housing. In such embodiments each culture plate
typically has a sleeve (supra). The sleeve defines the circumference of the culture plate and
may be taken to define a circumferential wall of the culiure plate. The sleeve may further
define an annular stacking protrusion. Such an annular stacking protrusion is projecting
upward and/or downward in relation to the culture plate when assembled to a unit. A

respective annular stacking protrusion is thus projecting from the position of at least one of
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upper and the lower annular fringes of the circumferentjal holder are projecting inward from

the circumferential wall of the holder. The upper and the lower annular fringes of the
circumferential holder are designed to removably hold the lower face and the upper face of
the culture plate, respectively, in position. The upper and the lower annular stacking
protrusions of the circumferential holder are projecting at least essentially in the direction of
the circumferential wall of the holder. In some embodiments the vpper and the lower annular
fringes of the circumferential holder that is being used are projecting inward from the

circumferential wall of the holder in an at least essentially perpendicular direction thereof.

[0096] A housing as defined above is provided. The culture plates, ii some embodiments
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deposited at both s1des of the central wall of the culture plate. Cells seeded on the anchorage
substrate are thus cultured on the two opposite faces of the central plate. In these
embodiments the cells do not face each other but rather face the upper and the lower face of
the culture plate, respectively. As explained above both the upper and the lower face of the
culture plate may to a certain extend permit fluid to pass. As a result cells cultured on
anchorage substrate on the central wall are exposed to a continuous supply of nutrienis and
oxygen once the apparatus is in use and fluid such as plasma or cell culture medium flows

along the upper and lower faces of the culture plates (supra).

[0100] In some embodiments providing the plurality of culture plates includes providing
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the upper, lower and central faces, is already defined once the upper, lower and optionally
central face are assembled in the holder. Accordingly, where a holder is provided that has a

respective through hole, no drilling or incising is required.

[0103] Once the apparatus has been assembled the flow of a medium may be allowed
through the apparatus, The medium is allowed to enter the apparatus and thereby the culture
chamber defined by its interior (supra) via the inlet of the housing and to leave the apparatus
via the outlet of the housing, Hence, continuous iz vitro perfusion can be provided for cells

cultured within a culture plate of an apparatus of the invention.
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incubator for one hour for collagen gelatlon to occur.

Hepatocytes Isolation and Sandwich Culture

[0107] Hepatocytes were harvested from male Wistar rats weighing 250-300 g by a two-
step in situ collagenase perfusion method. Viability of the hepatocytes was determined to be
>00% as determined by Trypan Blue exclusion assay with a yield 0f 1.5-2.0 x 10% cells/rat. 4
million freshly isolated hepatocytes suspended in 3.5 ml William’s E culture medium were

seeded onto collagen coated PET film. The medium was changed to remove unattached cells
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bioreactor is bottom-top. The oxygenator, which consisted of 10 m long gas permeable

Ismatec tubing (Tygon ST, Upchurch Scientific, United States) of 1.52 mm in inner diameter,

is placed upstream of the bioreactor. The entire perfusion circuit is placed within an incubator

4 set to a physiological temperature of 37 °C and the oxygenator is equilibrated to an air
mjxturé of 70% Oy 5% CO, and 25% N,. The rationale for the elevated oxygen level is to

meet the demand of larger cell mass and the serial flow configuration of the bioreactor.

Oxygen Concentration Measurement

[0110] The oxygen concentration at the inlet and outlet of the stack-plate sandwich
culture bioreactor was measured using a VWR Dissolved Oxygen meter (Model 4000, VWR
Scientific Products, Singapore) every day.

Hepatocyte Viability Assay

[0111] Live and dead cells were visualized using calcein AM and propidium iodine (PI)

co-staining, Sandwich cultures were stained with 20 M of calcein AM (Molecular Probes,
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William’s E culture medium and incubated for 3 hours at 37 °C. The absorbance value was

? measured at 450 nm using microplate reader (Tecan Safire2). All the data were normalized to

10° cells based on the number of seeded cells.
Computer Model

[0113] Since the entire bioreactor geometry is too large and complex to model, only a
three-dimensjonal fluid volume between two sandwich stacked plates was modeled. Fig. 6
shows the three-dimensional computer model of the fluid flow between two culture plates
with the inlet and outlet of the flow depicted by the protrusion from the peripheral of the disc.
The fluid flow volume between the plates has the thickness of 1 mm and a diameter of 50
mm. Both inlet and outlet protrusion have height of 2 mm. The three-dimension model was
first created using Solidworks (Solidworks, Singapore) before being discretized using
ANSYS meshing softiware ICEM CFD (ANSYS, Singapore). Tetrahedral meshing was nsed

A for the volume discretization resulting in a total of 55360 nodes and 2687535 elements.

Modeling Fluid Flow

[0114] A finite element approach was adopted in order to evaluate the distribution of
fluid shear stress on the cell surface at various flow rates. To simulate the flow, the
commercial CFD package (ANSYS Inc, Singapore) was used to numerically solve the
steady-state Navier-Stokes equations. Fluid properties were set to those of the culture media
and the culture medium was modeled as an incompressible, isothermal, Newtonian fluid with
a density of 1000 kg/c:m3 and a dynamic viscosity of 0.889 mPa s. Flow rates of 1, 5 and 10
mL/min were simulated for comparison. Outlet boundary condition was set at zero pressure

outflow, while the no-slip walls boundary conditions were used along the walls of the model.
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Biotechnol Bioeng (2008) 99, 2, 55-67), the wall shear stress levels generated by both flow
rates of 1 and 5 mL/min fall within the acceptable range. On the other hand, the maximum
shear stress level generated on the cell surfaces by flow rate of 10 mL/min may be
detrimental to the hepatocytes culture. Fig. 7 shows the contour plot of wall shear stress
across the surface of the flow between two culture plates at 1 mI/min. Elevated wall shear
stresses of approximately 0.0048 Pa were observed at both the inlet and outlet regions of the
flow model as the fluid enter and exit the flow volume, respectively. The wall shear level

decreased to approximately 0.0016 Pa as the fluid flow between the two plates.
Hepatocyte viability and functions

10116] In this study the stack-plate apparatus of the invention was evaluated by culturing
rat hepatocytes over a perfusion peried of 10 days at 2.12 mL/min, corresponding to a wall
shear stress of 0.0042 Pa. This shear stress level has been shown to be well below the critical
threshold detrimental to the long-term maintenance hepatocytes culture (Park, et al., 2008,
supra). The inlet oxygen partial pressure in the bioreactor was kept at an elevated level of
~466 mmHg, taking into account the serial flow configuration of the bioreactor and the high
oxygen consumption rate of the hepatocytes (Park, et al., 2008, supra; Curcio E, et al,
Biomaterials (2007) 36, 5487-5497; Allen, JW, et al., Toxicol Sci (2005) 84, 1, 110-119).

(" S Fig. 9 shows the morphology of the 2D monolayer hepatocytes after 24 hours of pre-

perfusion static stabilization, before the overlay of the collagen top layer.

[0117] The live and dead staining of the hepatocytes after 10 days of perfusion is shown
in Fig. 10. Live cells were stained by calcein AM and shown in bright tone (green), while the
nuclear of dead cells is stained by PI and shown in red: static culture (A), the bottom layer in
perfusion culture (B), the middle layer in perfusion culture (C) and the top layer in perfusion
culture (D). As good as all of the hepatocytes in the three different locations within the
bioreactor were viable after the 10 days of perfusion. Fig. 14 shows the mitochondrial

- dehydrogenase activity (%) of the hepatocytes as monitored by the MTS assay after 10 days
of perfusion. The activity of the sandwich perfusion culture in the bioreactor was normalized

to that of the static cultures. MTS assay was comumonly used as an indicator for cell viability.
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holqe ( Mia?xarl?ed sec(fme in the urea synthesis from 73 to 31 pg/x 10° cells/day was observed in the
first two days of the perfusion culture, followed by a gradual decreased from the second to
the fourth day, and finally stabilized at a range of 10 - 20 pg/x 10° cells/day from the fifth
day to the tenth day. For static culture, the urea synthesis rate was below 5 ng/x 10° cells/day

after the fifth day.

DISCUSSION
Hepatocyte Functions in the bioreactor

[0119] One of the several overarching aims of current BLAD designs is the maintenance
of long-term viability and liver-specific functions of hepatocytes. And as such, two main,
non-mutuaily exclusive, division of considerations need to be addressed in any BLAD
dévices: the biological and the engineering aspects. From the biological aspect, recent
research focus has been the re-establishment of in vive microenvironments in the hepatocytes

g culture: Several studies have shown that the creation of microenvironment mimicry of the
Hiver native structure, after the hepatocytes isolation process, promote the re-establishment of
the polarity in these hepatocytes cultures through the formation of bile canalicular network
between contiguous cells and sealed by tight junctions, which invariably lead to longer
culture period and significantly higher viability as well as liver-specific functions (Park, JK,
& Tee, DH, J Biosci Bioeng (2005) 99, 4, 311-319; Allen, JW, & Bhatia, SN, Semin Cell Dev
Biol (2002) 13, 6, 447-454; Marion, TL, et al., Mol Pharm. (2007) 4, 6, 911-918). In the
current study sandwich culture configuration was used to evaluate the bioreactor design of an
apparatus according to the invention. This intuitive technique strives to retain the sandwich
configuration of the hepatocytes observed in vivo, where hepatocytes are organized into

plates separated by sinusoidal cells. The space of Disse, thus formed between the hepatocytes
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perfusion culture was consistently higher than those observed in the static culture over the
period of 10 days. The maximal urea synthesis rates found in the initial stage of the cultures
(both in the static and perfusion cultures) can be attributed to the initial hypermetabolic state
of the spreading of the hepatocytes (Smith, MD, et al., Int J Artif Organs {1996) 9, 36-44).
[ 3 This is followed by a more stable long term culture urea synthesis rate, which decreased from
second to fifth day of culture before stabilizes from about seventh day onwards. MTS assays
showed that the mitochondrial dehydrogenase activity of the hepatocytes in the perfusion
culture was almost double than that observed in the static culture at day 10, which may be

resulted from sufficient oxygen supply in perfusion culture.
Shear Stress Regulation in the Bioreactor

[0120] With a channel height of 1 mm and a flow rate of 2.12 mL/min, the fluid flow
through the chamber is considered laminar flow with an estimated Reynolds number of 0.7,
therefore diffusive transport dominates advective transport within the bioreactor. Similarly,
viscous shear stress, as opposed to turbulence shear stress, dominates the characteristics of
fiuid shear experienced by the cells. The effect of fluid-induced shear stresses on hepatocytes
has been well documented (Park, et al., 2008, supra; Tilles, AW, et al., Biotechnol Bioeng
(1999) 73, 5, 379-389.). Numerical and experimental investigations have shown that exposing
hepatocytes to shear stresses <0.033 Pa was not detrimental to their viability or function
(ibid.). Computer simulation of the three flow rates at 1, 5 and 10 mL/min showed that the
wall shear stresses were lower than that of the critical value (0.033 Pa). Even though the
maximum wall shear stress of 10 mL/min (0.059 Pa) recorded at the inlet and outlet regions
of the flow regimes exceeded that of the critical value (0.033 Pa), a large portion fluid
volume between the plates recorded wall shear stress values were well below that of the
threshold value. In general, ﬂie numerical studies have shown that elevated wall shear
stresses were located mainly at the inlet and outlet of the flow volume because of the
constriction of the flow area in these regions. Shear stresses level reduced gradually with the

increase of the flow area between the two plates, where low wall shear stress values were
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1999, supra). However, given the numerous branching of capillaries, which resulted in

copious parallel channeling of oxygen-rich blood supply to the hepatocytes, within the
architectural structure of liver, it is not sensible to maintain similar inlet oxygen pressure of
75 mmHg for many of the current bioreactor designs, for the simple fact that far lesser
branching of the oxygen supply can be effectively achieved with current technology. Further,
a single pass of oxygen supply in a bioreactor typically encounter a larger mass of hepatocytes
as compared to those observed in vivo. And as a result, many bioreactor designs nowadays
have much higher pO; set at the inlet, typically in the range of 120 - 250 mmHg (Park et al.,
2008, supra; Allen et al., 2005; supra; Tilles et al., 1999; supra; Smith et al., 1996, supra). The
oxygen consumption rate (OCR) of hepatocytes has been experimentally shown to be in the
range 0f0.39-0.98 nmol/ x 10° cells/second {Allen et al., 2005; supra; Smith et al., 1996, supra;
Tilles et al., 1999, supra). With this in mind, the setting of the inlet pO; level will invariably
depend' on the mass of the hepatocytes encounter by a single pass of oxygen rich media, the
flow rate of the culture medium, and the design configuration of the bioreactor. To achieve
such high level of pO; at the inlet, an oxygenator with at least 10 m long of silicone tubing is
typically needed to equilibrate the culture media oxygen partial pressure with that of the
atmosphere (~160 mmHg) (Park et al., 2008, supra). For pO, exceeding 160 mmHg, it is
necessary to load the oxygenator in an environment with artificially elevated level of oxygen.
For our current study, we supplied a 5% CO, incubator with air from a tank with of mixture
95% O, and 5% CO,. Taking into account the O, diffusivity of the silicone tubing, the length
of the coil, and the pQ; of ~530 mmHg (it is not possible to achieved pO; of 722 mmHg
because of the constant mixing of the gases from the tank with the atmospheric air), the pO;
in the culture medium could reach level as high as ~446 mmHg within a day. Since the culture
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cul turing anchorage- dependent cell Ll uring system (3)
conprising a plurality of apparat g’@’é’??ﬁ’g‘gﬁor ding to any one of

clainms 1 - |t , T f . |
I
connect i dnhas beehesugatséads thatt pleyited maysanpsirabutsethe (epatpeytes meagdenhgnoed the
éon”gﬁ .“S.d rw{ge{bilﬁy LA G RE.RBERR R S GRNERRE, 6ELd £, 4R BidRIBL. (2006) 34, 11,

17529—1744). A study by Mareels et al had shown that pO; of 235 - 250 mmHg led to higher

metabolic stability and liver-specific functionality in their AMC Bioartificial Liver device

(ibid.). In an eatlier study by Yanagi et al demonstrated that under high oxygen tension of
~178-328 mmHg, albumin production and ammonium metabolic of rat hepatocytes in their
pack-bed bioreactor are 17.9 and 10% higher than those in the bioreactor with normal oxygen
tension {~100 - 128 mmHg) (Yanagi, K, et al., ASAIO J (1998) 44, M436-440). Hepatocytes
culture in the apparatus of the invention under high oxygen tension did not demonstrate any
adverse effect but have vielded viability and liver-specific functions better than those in the
static culture. Hence, it is safe to surmise that our rat hepatocytes culture did not suifer any

cellular damage as a result of the elevated pO;.
Scalability of the Bioreactor

[0123] Scalability is an important consideration in all BLAD designs. Studies have

shown that 10 - 20% of liver mass is sufficient to support a single patient (Mareels, G, et al,,

_ Ann Biomed Eng (2006) 34, 11, 1729-1744). Even with that amount, in a human patient it
{ ) constitutes liver cells number of as much as 10 - 20 x 10°, of approximately 1 - 2 X 10° in
miniature pigs, and of approximately 100 x 10% in rat. At current setup, a single perfusion
chamber of our BLAD system could support up to 300 x 10° rat hepatocytes, which is more

than sufficient to support a single rat. Given that the hepatocytes of minjature pigs and human

are approximately 1.5 smaller than those of the rat, four perfusion chambers of existing
bioreactor design could pack up fo 1.8 x 10° of porcine hepatocytes. Existing BLAD designs
currently under clinical trials like the AMC Bioartificial Liver (Mareels et al., 2006, supra)
(HepArt, Amsterdam, Netherland) support up to 10 X 10° porcine hepatocytes, while
HepAssist21 (Circe-Biomed. Inc, Los Angeles, CA, USA) utilizes 5 - 7 x 107 cryopreserved
porcine hepatocytes. To support a human patient, current design of our bioreactor need to be
farther scaled up by at least 5 times to accommodate the estimated 10 x 10° human
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[0124] Besides ensuring efficacy of the bioreactor in freating patient with liver failure,
one of the prime considerations in the development of the bioreactor is reducing the cost of
the liver support system for patients. Studies have shown that early treatment with a
bioreactor is effectively lower than the cost of liver transplantation, however, prolong
treatment with the liver support system seen in many patients could well increase the overall
treatment cost. One of the several attempts made to reduce the cost of treatment is through
the use of polymeric hollow fiber cartridge as culture chamber, which is widely and
commercially available, and has low production cost. However, these cartridges are still
constraint by its one-time usage, which did not overcome the costly process of cell loading
and culturing for each cartridge. To address such drawback, our group proposes the concept
of a renewable bio-artificial bioreactor with the ability to restore the liver-specific functions
of culture cells. The function enhancement of the culture liver cells is effected by switching
the culture cartridge to a loop perfused with TGF-B1 supplemented culture medinm.
Preliminary studies in our lab have shown that a culture supplement consisting of TGF-B1
within defined range of effective concentrations and with suitable delivery/release vehicles

has the ability to enhance the hepatocyte functions in simple hepatocyte culture

5, .
pn

configtirations, i.e. without the supporting cells or sophisticated matrices or scaffolds. These
studies indicated that TGF-B1 supplemented culture medium provide an economical and
controllable way to culture hepatocytes with sustained high level functions for our bioreactor
support applications. On the other hand, the oculture cartridge perfused with TGF-B1
supplemented medium was temporarily removed from the exposure of patients toxic blood or
plasma. The toxic metabolites excreted by hepatocytes to the surrounding region in the
cartridge can be effectively wash-off during these perfusion phase. The intermittent perfusion
strategy allows hepatocytes to regenerate their functions and the usage time for the cartridge
is greatly prolonged.

[0125] To evaluate further practical and commercial applicability, the perfusion system

was designed to form an integrated module of an existing liver-dialysis system, which
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al ong the | ongitudinal axis of the housing (2); and (d) nounting the
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| ongi t udhealasenai ciravit, nﬂmm@smmcggpomimj into the pIasma loop of the liver-dialysis
system (Fig. 18). The flow rate in the plasma circuit of the liver dialysis typically exceeds
100 ml/min, well beyond that of our bioreactor critical range (1-20 ml/min), and as such a
separate loop with a variable check valve upstream of the bioreactor will be installed to
regulate the flow rate within acceptable range for the proper function of our culture

chambers. The bioreactor is connected fo an additional circuit that contains the TGF-f1

-
N L

supplemented culture medium. A switch valve allows the bioreactor to switch between the
plasma and the TGF-B1 loop.

Summary

[0126] The above data demonstrate that a sandwich_culture based stack-plate perfusion
apparatus according to the invention is capable of regulating and shielding cells — using the
example of hepatocytes — from the effects of shear stress caused by the flowing medium, and
thereby allowing adequate convective oxygen delivery to the cells. Hepatocyte viability and
function remained stable over 10 days of perfusion, and were increased compared to those in
the static culture. By means of the present invention there is also presented the concept of
renewable BLAD and the potential perfusion loop set-up, based on an apparatus of the
invention. This study suggests that a bioreactor configuration based on the apparatus of the
invention is scalable and has potential as a BLAD in the treatment of liver failure.

[0127] One skilled in the art would readily appreciate that the present invention is well
adapted to carry out the objects and obtain the ends and advantages mentioned, as well as
those inherent therein. Further, it will be readily apparent to one skilled in the art that varying
substitutions and modifications may be made to the invention disclosed herein without
departing from the scope and spirit of the invention. The compositions, methods, procedures,
treatments, molecules and specific compounds described herein are presenily representative
of preferred embodiments are exemplary and are not intended as limitations on the scope of
the invention. Changes therein and other uses will occur to those skilled in the art which are

encompassed within the spirit of the invention are defined by the scope of the claims. The
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within the scope of the invention claimed. Thus, it should be understood that although the

J present invention has been specifically disclosed by exemplary embodiments and optional
features, modification and variation of the inventions embodied therein herein disclosed may
be resorted to by those skilled in the art, and that such modifications and variations are

considered to be within the scope of this invention.

[0129] The invention has been described broadly and generically herein. Each of the
nartower species and subgeneric groupings falling within the generic disclosure also form
part of the invention. This includes the generic description of the invention with a proviso ot
negative limitation removing any subject matter from the genus, regardless of whether or not

the excised material is specifically recited herein.

. [0130] Other embodiments are within the following claims. In addition, where features or
aspects of the invention are described in terms of Markush groups, those skilled in the art will
1 recognize that the invention is also thereby described in terms of any individual member or

sub gro{lp of members of the Markush group.
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one of clainms 27 -31, conprising depositﬁ%g a suitabl e anchorage
substrate (3 in the interior of the culture plates (6), 33. The
met hod of any'"8hE C¥™E4Ki ns 27 - 32, wherein the anchorage- dependent

cells conprise hepatocytes and wherein the method is a nethod of
formng a |iler Assipptratiev{igefor Séhlturif}e ofEHoRgd-dRberdélY QIR e Caéﬁd:%& rgl}
27- 33, further conpri siﬁg}g: . al(%ovwg?g%t he flow o ﬂa medi um thr ¢ gf ti €
appar at us, wher SCRPHHES ASRTSHE LW R (DG AR eiticf (8, ang parterelify of culture
plates (6) stacked within the housing (2),
wherein the housing (2) has a circumferential wail {7), 2 base (8) and a top wall (9),
the base (8) comprising the inlet (4) and the top wall (2) comprising the outlst (5),
“ wherein the circumferential wall (7) of the housing (2) defines & longitudinal axis of
' the housing (2) and an inner cross section in a plane perpendicular to the longitudinal
axis,
wherein the inner cross section defined by the circumferential wall (7) of the housing
] {2) has a shape and dimensions that are at least essentially wniform along the
) longitudinal axis,
wherein the culture plates (6) are arranged at least essentially parallel to each other,

AN

each culture plate (6) being mounted and sealed to the cireumferential wall (7) of the
housing (2) and being arranged at a distance from an adjacent culture plate (6),
wherein each culture plate (6) is mounted and sealed to the circurnferential wall (T of
the housing (2) bjf means of a sleeve (17) of the culture plate (6), the slesve a7
defining the cirumference of the culture plate (6) and defining an annular stacking
protrusion (21), the annular stacking protrusion (21)- projecting along the longitudinal
axis of the housing (2);
wherein each culture plate (6) has a through hole (14), such that the inlet (4) and the
outlet (5) of the housing (2) are in fluid communication, -
wherein the through hole (14) of each culture plate (6) is positioned at an outer end of
)  the culture plate (6), proximate the eircumferential wall (N ofthe hox}sing (2)
( ‘ - wherein the through holes (14) of adjacent culture plates (6) sre distally positioned in
k the plane defined by the at least essentially parallel arrangement of the culture plates.

Z.  The apparatus of claim 1, wherein the through holés (14) of adjaceit culture plates (6)
are positioned at least essentinlly at opposite ends with respect to the longitudinal axis
of the housing (2).

3. - The apparatus of claims 1 or 2, wherein each oulture plate (6) is at least essentially
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the outlet (5) of the housing (2).
arranged in the plane of the inmer cross section defined by the ciroumferential wall (7)

of the housing (2),

4. The apparatus of any one of claims | to 3, wherein a culture plate (6) of the plurality
of culture plates (6) is mounted to an adjacent culture plate (6} via its annular stacking
protrusion (21),

3. The spparatus of claim 4, wherein the annular stacking protrusions (21) of the
plurality of culture plates (6) are of at least substantially uniform height along the
longitudinal axis of the housing (2), thereby defining an at least essentially unitary
distance between opposing faces of adjacent culture plates (6).

6.  The apparatus of any one of claims 1 - 5, wherein the distgnci; between opposing
'\ faces of adjacent eulture plates (6) is seleated from about 0.5 mm to about 2 mm,

{ 7. The apparatus of any one of claims 1 - 6, wherein each culture plate (6) of the
Plurality of culture plates has an upper face (19) and a lower face (18), wherein at
least one of the upper and the iower fice (18, 19) of at least one culture plate (6) is

porous,

8.  The apparatus of any one of elaims 1 - 7, wherein the through holes (14) of the culture
plates {6) are slits.

9.  The apparatus of claim 8, wherein the slits ave of arcuated shape.

10. The apparatus of claim 9, wherein the slits are arranged at least essentially parallel to
the circumnference of the culture plate (6).

) . XX The appdratus of any one of claims 1 - 10, wherein the through hole (14) of each
{ culture plate (6) is positioned at an outer end of the culture plate (6), proximate the
sleeve (17) thereof,

12.  The apparatuf of claim 11, wherein the through hole (14) of each culturs plate (6) is
arranged at the edge thereof, such that the: through hole (14) is laterally defined by the
sleeve (17) of'the culture plate (6).

13. The apparatus of any one of ¢laims 1 ~ 12, wherein each culture plate (6) has an upper
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face (19), a lower face (18) and a sleeve (17), wherein the upper face (19), the lower
face (18) and the slegve (17) of the culture plate (6) define an interior of the culture
plate (6).

The apparatus of claim 13, wherein the interior of each culture plate (6) comprises 4
suitable anchorage substrate (35) for anchorage-dependent cells.

The apparatus of claims 13 or 14, wherein at lesst one eculture plate (6) further
comprises a central fuce (16) sandwiched between the upper face (19) and the lower
face (18) ofthe culture plate (6).

The apparatus of claim 15, wherein the central face (16) has an upper and a lower’
side, and wherein the anchofage substrate (35) is deposxted at both sides of the eentral
face (16) of the culture plate (6),

The apparatus of any one of claims 1 - 16, wherein the sleeve {17) has an upper
annular stacking protrusion (21%) and a lower annular stacking protrusion (21'").

The apparatus of claim 17, wherein the sleeve (17) is comprised in a two-part holder
27),

the two-part holder separably consisting of an upper (29) and a lower (28) portion,
wherein the upper portion compriscé the upper annular stacking protrusion (21") and

the lower part comprises the lower annular stacking protrusion (21).

The apparatus of claim 18, wherein the upper portion (29) of the two-part holder
comprises an annular fringe (257), the annular fringe (25") projecting inward from the
circumferential sleeve of the holder in the plane defined by the parallcl arrangerment
of the culture plates (6),

The apparatus of claim 19, wherein the annular fringe (25'} comprises a lower portion
conﬁgurcd to contact the upper face (19) of the culture plate (6).

The apparatus of claims 19 or 20, wherein the through hele (14) of the at least one
culture plate (6) is comprised in the annular fringe (257,

The apparatus of any one of claims 18 - 21, wherein the lower portion (28) of the two-
part liolder comprises an annular fringe (25°"), the annular fringe (25') projecting
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inward from the circumferential sleeve of the holder in the plane deﬁned by the
parallel arrangement of the culture plates (6),

23. The apparatus of clatm 22, wheréin the annular fringe (25'") comprises an upper
portion configured to contact the lower face (18) of the at least one cultire plate (6).

24. The apparatus of any one of claims 1 - 23, wherein the base (8) and to the top wall (9)
of the housing (2) are st least essentially parallel to the plane ofthe inner eross section

of the circumferential wall (7) thereof.

25. AThe apparatus of any one of claims 1 24, ‘wherein the housmg (2) defines an at least
essentially eylindrical interior,

26. A cell culture system (3) for culturing anchorage-dépendent cells, the culturing
system (3) comprising a piurality of apparatuses (1) according to any one of claims 1
- 19, wherein the plurality of apparatuses (1) is removebly positioned by a scafiold or
by a housing to allow a parallel connection of the inlets (4) of the apparatuses (1) to a

feeding.

27. A method of culturing anchorage-dependent cells, the method comprising;

(a) providing a plurality of culture plates (6),
wherein each culture plate (6) has an upper face (19) and a lower face (18), the
upper face (19) and the Iower face (18) Being arranged at least essentinlly paraliel
to each 'other,
wherein all of the culture plates (6) have upper faces ( 19) and lower faces (18) of
at least écsentially identical shape and dimensions, |
wherein each culture plate (6) has a through hole (14),
wherein ce;ch through hole (14) is positioned at a.n outer end of the culture plate
(6), proximate the circumference of the culture plate (6)

(b) seeding anchorage-dependent cells (32) in the plurality of culture plates (6);

(¢} providing a housing (2), the bousing (2) comprising & circumferential wall (7). s ”
base (8) and a top wall (9), the base (8) comprising an inlet (4) and the top wall
(9) comprising an outlet (5),
wherein the circumferential wall (7) of the housing (2) defines a longitudinal axis

of the housing (2) and an inner cross section in a plane perpendicular thereto,
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wherein the inner cross section defined by the circumferentisl wall (7) of the
housing (2) has a shape and dimensions that are at least essentially uniform along
the longitudinal axis of the housmg (2); and

(d) mounting the plurality of culture plates (6) stacked into the housing (2),
such that (i) the culture plates (6) are sealed to the cireumferential wall (7) of the
housing (2), (i) the culture plates (6) are arranged at least essentially parallel to
each other, with each culture plate (6) being arranged at s distance fom an
adjacent culture plate (6);
wherein each culture Plate (6) is mounted and sealed to the circumferential wall
(7) of the housing (2) by means of a sleeve (17) of the culture plate (6), the sleeve
(17) defining the circumference of the cuiture plate (6) and defining an annular
stacking protrusion (21), the annular stacking protrusion (21) projecting along the
longitudinal axis of the housing (2); and
(iif) the through holes (14) of adjacent culture plates (6) are distally positioned in
the housing (2} in the plane defined by the at least essentmlly parallel arramgenent

of the culture plates.

28. The method of claim 27, wherein the culture plates (6) of the plurality of culture
plates (6) are-mounted stacked into the housing (2) such that the through holes (14) of
adjacent culture plates (5) are distally positioned in the housmg {2) in the plane of the

inner cross section thereof

29. The method of olaims 27 or 28, wherein cach culture plate (6) comprises a suitable
anchorage- substrate. (35) for anchoragc—dependent cells, and wherein seeding
anchorage-dependent cells (32) comprises seeding the cells onto the anchorage

. substrate (35)_. .

30. The method of any one of c¢laims 27 - 29 wherein the through hole (14) of each
culture plate (6) is a slit,

31. The method of any one of claims 27-30, wherein pg’ow'diﬁg the plurality of culture
plates (6) comprises assemb ling each of the culture plates (6) by mounting the lower
face (18) and the upper face (19) into a cncumfereut:al holder (27), such that the
circurnferential holder (27) forms a circumferential sleeve (17) of the culture plate (6)
and holds the lower face (18) and the upper face (19) in position.
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The method of any one of claims 27 - 31, comprising depositing a suitable anchorage
substrate (35) in the interior of the culture plates (6),

The method of any one of claims 27 - 32, wherein the anchorage-dependent cells
comprise hepatocytes and wherein the method is a method of forming a liver assist

device,

The method of any one of claims 27 - 33, further comprising: allowing the flow of a
mediwm through the apparatus, wherein the medium is allowed to enter the apparatus
via the inlet (4) of the housing (2) and to leave the apparatus via the outlet (5) of the
housing (2).
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