CULTURED CELL AND METHOD AND APPARATUS FOR CELL

CULTURE CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001]
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immediate vicinity of a cell, its m1croenv1ronment, is constantly changing such that a

cell is exposed to a variable and uncontrolled local environment, which may not
closely resemble the cell’s in vivo environment. This results in a heterogenous

mixture of cell types, even in cultures started with a single cell. The

[0004] In vivo, molecules secreted by cells are important for their function and the
function of neighbouring cells. However, in known culture systems, these molecules
quickly diffuse away and are diluted such that the interactions of cells with locally-
secreted molecules that occur in vivo is lost or is ineffective and one or more of the
cells” normal functions thus may be affected. Additionally, in some traditional cell

cultures cells tend to attach or adhere to the surface of the cell culture container,



difficult or inpossible to control the properties and
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invention there is provided a method of cell culture,

is method, a_cell is confined between first and
[ QQ d As can be understood, culturing cells within a confined space can be

advantageous. For example, it is possible to precisely control the environment of each
cell and thus to provide a culturing environment that mirrors a biological niche. It is
also possible to remove any particular cell from, or to add a cell to, an assembly of
cultured cells. Further, confining cells between barriers can facilitate direct
observation of cell growth and subcellular detail in live cells with imaging techniques
such as standard bright field imaging or fluorescent imaging without the use of a

confocal microscope or a laser imaging device. When cells are confined within the
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barriers. The barriers are spaced at a distance

conparable to the size of the cell to contact the cell
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I'S provided a conbination of a cell culture
device and a cell culture. The conbination includes a
[0012] In accordance with a further aspect of the invention, there is provided a

method of forming an artificial tissue, which includes laying a monolayer of cells on
another monolayer of cells and permitting cells in one monolayer to interact with cells
of the other monolayer. Each monolayer of cells is cultured according to a method of

the invention.

[0013] In accordance with a further aspect of the invention, there is provided a
cell or an assembly of cells comprising a cell cultured in accordance with a method of

the invention. The cell or assembly of cells may be used as an artificial tissue, organ,
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contai ner defining a chanber for receiving a fluid
culture nediumand at |east two barriers defining a
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[0otd] naln anortaacy wWitkd RbBBweaspe@yofltBe ABRBHBN, @Here is provided an

apparatus for culturing cells in a controlled artificial niche. The apparatus includes a

container defining a chamber for receiving a fluid culture medium and at least two
barriers defining a space in the chamber for cell culture. The inner surface of each of
the barriers has one or more pre-selected characteristics. The space is sufficiently
small to permit control of the properties of one or more individual cells cultured in the
space. The apparatus also includes means for providing a culture substance to the

space.



together to.forman assenbly for cell culturing. Each

one of the plurality of devices can be generally
w@b@sos®Baped and the devices can be stacked iPCT/CA2004/002138

[Barallel [0018] In accordance with a further aspect
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FIG 2 is a partial top plan view ofthe
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an view of t paratus o I'n opera

off| fBecifici embodiinthie rctfnthle ainventioar fne ctmjm&:tmnnW[thSthe (dotézhpanying

ﬁ %e of cells cultured in the apparatus of Fig. 1; ‘
"6 is a schematic top cross-sectional view of a

cell culturing apparatus accordi ngto anot her

enbodi nent of the invention; FIG 7 is a schematic

BRIGFDESORPHON OPIMEHE WRAWONGEhe apparatus of Fig. 6;

FIG 8 .s a schematic top plan view of the apparatus

of Fig. 6 in operation; FIG 9 is a schematic bl ock

[0020) anTmsthe\Wghfks dﬁu@h HMSH%&C@EW&%@&&@H& lo@ e ilGention,

system and a cell cul turing and anal ysis system

exempl ary of an enbodi nent of the
FIG. 11is a perspective view of a cell culturing apparatus according to an embodiment

pf the invention;

FIG. 2 is a'partial top plan view of the apparatus of Fig. 1;

FIG. 3 is a front plan view of the portion shown in Fig. 2;

FIG. 4 is a partial front plan view of the apparatus of Fig. 1 in operation;

FIG. 5 is a differential interference contrast (DIC) image of cells cultured in the
apparatus of Fig. 1;

FIG. 6 is a schematic top cross-sectional view of a cell culturing apparatus according
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invention; FIG 10 is a schematic top view of a cel
cul turing apparatus according to a further enbodi nent
wotooshs9ossivention; FIG 11 is a schematic froneCwiCanwoso213s
the apparatus of Fig. 10; FIG 12A is a schematic
toensihecembedipeatpiche mveRiiienb| y of a plurality of cell
cuI turing apparatus; FI G 12Bis a schematic top plan
I
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cell cult uri ng appar atus, exenplary of an enbodi nment
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sgrfétenﬁarﬂ assélﬁammrﬁlgouna%awsﬂs shysteial adriSlardyhst a?‘xpéihlbd‘cﬁ&hbﬁrbf the

a wound dressi ng, exenplary of an enbodi ment of the
inwemdioni on; FIG 16A is a schematic top view of a cell
cul turing apparatus, exenplary of an enbodi nment of the
n f f the
f;fr% Zfr?)ta sgassco Fllnglc %0%8%18?7 ‘gfn%&l!lf gﬂ{d{%\g\ leggxtaatu\séc %‘é’or%%ngcto .} further
emlmdménta)fdtdlhvmuiohurl ng apparatus, exenplary of
anenbodi nent of the inventi on;, FIG 17B is a schematic

V|e of t s of Fig FIG 18 is a
Hhd: &afﬁéc ea&“s. %téﬁ%maémf%g ’g. 17Ain
oper ation; FIGS. 19A and 19B are phot ographs of- an
. UpiA q@'a' schdinlatif | feespa@ieCRiewa B alt |a§Sen¥lﬁE'o€f & f@lrglity of cell

|nage of cells cultured in the device of
DEWANE BIPADESCRI PTI ON OF PREFERRED EMBODI MENTS [0021]
The inventors have discovered that cell culture in

I%’IL(E.&%B%‘Q sa%rr?a(‘ljl\é?mé]?ﬁﬁ%ye%g tﬁg gseﬁllbicfcl)fi lpg Eﬁgt roll'ing

€ M croenviron cul ture
chanber. A cell's m croenvi ronrrent is the | ocal
G 130i$m‘;‘ scthemmticaiimhmglllastming the fomeationmaEtirabsembly of cells,
Vi Ci I,%j 0. known as a niche. In this
qXﬁng Bf]an ?I‘H‘éo iment of the invention;

FIG. 14A is a schematic top plan view of a cell culturing apparatus, exemplary of an

embodiment of the invention;
FIG. 14B is a schematic front plan view of the cell culturing apparatus of Fig. 14A;

FIG. 15 is a schematic diagram illustrating the application of a wound dressing,

exemplary of an embodiment of the invention;

FIG. 16A is a schematic top view of a cell culturing apparatus, exemplary of an

embodiment of the invention;
FIG. 16B is a schematic front view of the apparatus of Fig. 16A; and

FIG. 17A is a schematic top view of a cell culturing apparatus, exemplary of an



vivo biological environment is referred to as the

“natural niche" or interchangeably the "biol ogi ca
wo@sms9ssmd the in vitro mcro-environnment in BEI/ICA2004/002138

culture is referred to as an "artificial niche".

gnyipriphenttod thennwentions have identified certain aspects

of an artificial niche of a cell that can and nay need
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si ze and shape of the artificial niche as defined,

HIG.|18ds b s¢henpsit top Wigwiuditidhdparatuse fAig.eASInl opetivhact
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Further, nmonitoring and recording the characteristics

of each individual cell and its m croenvironment nmay

facilitate the culturing of an individual cell wth
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[0023] Li an organism a cell's mcroenvironnent is
highly specific to each cell type and to al nost every
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Fan m%ﬁg} ngﬁr niche. To precisely control a cell's
culture, its mcroenvironnent needs to satisfy each of
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agipgct 15 tBe Rhysisat ped/ghehanyeslwhaaaterigtios|or preperitasefitha susfaces that

. q ; o r pat _
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and removal of metabolites to and from the artificial niche. Further, monitoring and
recording the characteristics of each individual cell and its microenvironment may
facilitate the culturing of an individual cell with desirable properties such as a desired

phenotype.

[0023] In an organism, a cell’s microenvironment is highly specific to each cell
type and to almost every cell; hence résulting in the complex patterning possible in,

for example, the human body. The inventors have identified the requirements that a



[0024] In a culture, artificial niches may exi st al one
or in contiguous groups. In other words, a culture
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ot randd) heuttoretdeeics kg c@ﬁtairhmo&ﬂihhn orie artificlal ﬂﬂcﬁ@lllﬁ@bntrast to
i its artificial niche can

ngg? the characteristics of

aneslk peEpgaie iy b é‘ﬁ‘n erigIeethersdthe rieEramyBeraent\grawncy cach cell is

réiHobd %rﬁpur&%h rolled, [ﬁfcia'i‘ ﬁﬁhé@?o?m@& ﬁ‘fjﬁfﬂ') ety F e 1+1\t7en't1%n are
to osel'y

possi to contro its artificral nic
defivel and @nbiolied gTloakambeirhievediin b k@ poep of bells by defining and

fi.ning b d d d.sh
ot e I Raman g, ntedsb ol aad di PR TUSTE inte the grov,
s8Mkht BRORRAS hRBind 398k reen D eh LR & a%cwwéls} &ﬁﬁéc? Bhd e&ﬁroued

sources and si nks. ther, when a cel i's confined
Mmtcmn@u%nabbelunwn@dmlh tarke dlﬂmlr@tedn(ermythimagh photo-ablation),
s. mpvenent is, limted. As can

”‘%8&11}0% e%b ﬁcalt"n %8 glég]f%a%]\%l ¥ WAOHRG B nent i oned

above the pre defined space need only to have a size

[0025]ar aBérardte nidhes S zenEudub Ggr@@d ohichéss maly ol180bE donnected
ni che in one_ di mension, aIthoug in various

birechernelsso thaigomeccslls ifagulieresigvien reryed ia Physical contact
vﬁﬁpgﬂhgpgelﬁrblﬁ%?éhf AR WnRhiniGiES A culture device may contain

any combination of separate niches, niche assemblies, and niches that are not in

physical contact but are in chemical or other communication.

[0026] More specifically, the inventors have established that by confining or
constraining a cell within a predefined space such as between two or more non-
cellular barriers or neighbouring cells, where the space has a size comparable to the

size of the cell or its biological niche, the characteristics of its artificial niche can be
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[0027] A cell can be confined between two barriers
that are spaced apart at a distance conparable to the

w@ s/ osdosg he cell such that the barriers contap€T/CA2004/002138
cell 'to prevent the cell fromtravelling towards or

cdleativaly ovangglpd omndion empaifqrpd r Whepoy 2giiturdde cpfhrip  eongined in a
I .at e { .

oS T Bghlc S Bhetie 60910 Rt d 6Py ARl i

Hislogical sichgl Porcidsiahdy, dlus chralining batrited nigyddimef desit@ sizes and

round, a cell, for exanple, by seeding a cell in a
apfsi 9 (1beigpage| may esisedysiriace charagiprisdios gad RERPSHSA and may
f s i i er
R SPGB il Epbialf Kb PRk Furdlr OB BRAE Bitines
ihéivafual aell’o wsowihr amel. divisionamay ée paombakd,eas thelcelitsimevement is
er neahl e, or inper bl e. . For ex le, a barrjer ca
lﬁwte:d‘_? gﬁas%anpl?ea? recialg r%@wmﬁ%ﬁgl?efﬁf mgrgjgred gRovenihe pre-
Rahed %%atfeuﬂéétd' 8815 thhaE A5Be FoMHpaf-BRNYS MR EE bortdicell or its
facilitates the desired regulation, phenotype,
telngiealoniche fumetdioensom, plilaiuigh én stiiars enfbodimeits, a tedget cell may
appropriate chojce of a . barrier w.lLl depend on the
bty Rt STy soRRNS I cgRsAea o AT H8S ur e as woul d be
apparent to a skilled person and as further described

[0627)v. [AOBdOkard e cofBhdEBétwdess twd ARt WeR Maré RBaced apart at a
barriers is conparable to the size of a confined cell

dgengsomppmble te e s ehiistceBrsuch dhaidhe bamiery pantend the cell to
Ll tent t hat
Fppent B el P o il o RN SRAE HobPedol B B e o

such as bei ng damaged, killed, or caused to function
[0028} ur dhé parrjef082 thusAbrnaéd by btelefisi ttvheepaisis Guifhed that the cell

be|] ow, i.n so enmpodi ment f the inpvention,the,
RREFSEndits %ﬁ%ﬂ%@r@ﬁn&u@ﬁ@ﬁe am %émsfﬁﬁqnamﬂ%,bagﬁen%wy be
fofn@Pdrbundy LT QhatipRI bl BRI &Hﬁfﬁ}cﬁ@' ofnd

bi ol ogi cal characteristits or properties of the

surfaces that a cell contacts. The m croenvironnent of
[0029Lk el A earrienlimis He wovemait lof the eall tedaive to thepbartier. Bycan be
cont rol |1 ng~t.ne, manner in ich culturing substance

il o6, eaCTPBULE ety il detRiiat 3 ¢ B RE wipeS dgpms. T
caX dEPefmedbld, stlettivilyfpdrinetsle @dhierrhédblé] Fok @ample, a barrier can

directions and rates, concentrations of certain
begglsenlake, ianperAEs FeHIbaanca A adgshcAn thabimsiar §mgtipentoscreate a
; . o] . gul at T ur | .
GRS e el e, getvion
fomadioh rorfpackifersion ruftar detinti®, appebpsand stede 6y Bamicandll dBgend on

i ke,., The flujd flow ¢can_be reqgul ated, for exanple, to
the partignlarohy gq{{v,e&f itl&peg}rcggp@rﬂs g&?oql bgapnarent to a skilled person and

as further described below.

[0030] The smallest distance between the barriers is comparable to the size of a
confined cell so that, while the movement of the cell is limited, the cell is not overly
compressed to the extent that the cell may be adversely or inadvertently affected, such

as being damaged, killed, or caused to function unnaturally.

[0031]  As will be further described below, in some embodiments of the invention,
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be understood that fluid flow can be controlled by

regul ating either diffusive flux or convection rate,
worooso054988 As can be appreciated, culture substB/€a2man02138

be provided to a cell niche in various ways and

the Y ERRRTN eSS of pragliogh & copBplied ahiagt incpart, by Potinlling the
ﬁ%si@ﬁl?\éh&ﬁi@alt MU A I rgctgﬁ{fﬁg'otr ’prﬁpﬁésng | Surfaces that a
pllate; or an opening i h the culture ‘chanber. ITure
ilrehiats eEhemivradrsdronmentr afitheled] ¢am asccled dortoplled, g least in part,
cells. .Oogﬁ% As w || Qﬁf ndey st ood, by control ling
BhEORFQUIRE P8 MATRGT e Wi Ghe THEYENE) SUbsHIsEY igr@pHLded to and
RitAbRGH GRiheRER Afhe CRS}F REmBI! for BRI 1¥rd ﬁl@hi'af:ﬁ%iﬁqlo%p@irections
cultured cells with desirable properties cah be

apldt wiase dondeD3t3gnsAsf wettdin onfpenente rin dibs cmedied atd lcomgentration

i n..sqone _enbodi ts of the i.nyention, cel rowt h and
SHTPRE A ol e BB, e ultpeng Fyperdigs ' Helude o
duaehg edid &htﬁﬂirﬂg"%q'b\\(rﬂﬁfb@{orég QhutriddsS i @issolN&) ldx)ERDEd the like.
history of each cultured cell can be nonitored and _
Thedbrd daw cprbs, regigaleilf for examtle.ria create emcemtion gpasticrite Jt will

f indi.Vvi ell.ca tained. Precise. .
R et o S Bl B taling B Simpiey o or
doflveioh etk dritth. es canl Helipbre@iatdd, 66lkirs saifharicBs & 8 provided to

applications of cultured cells. [0034] Specific

SeSeAlpFRE i eone Wik ead Broyghevariove slrnavres. Fral argmaly, a fluid can

: r ' b Lth .
R3S BRGUAPRINE Uneufh € pREREHIC MtierBF Y ol in the culrure
dRefnber. Cofuteaubstanced carasisebepiovaley teabeltibyetier odllst he
i nvention includes a cell culturing apparatus 20.

atys 2 as bas late 22.and a tube 24 nounted
[@ﬁQgLs exﬁl‘%{ﬁ]e 5 mdersigod @?Vn?cw_am_ o teafhiEr1ab suelies df manners
dé6driR8 hokoif, NBIBRRIcal Bidhes chif6e 'sﬁfﬁb@er@l@dreﬁf?&ft&ih hd Quitred cells
liquid culture medium Apparatus 20 may further
witicflestrabla poopettiqsven bs btamedr enovabl y nounted by a
hi nge on tube 24 to avoid contam nants from entering

ha . I ntainer. In di.ffere . .
Q08 R R oS BB S bl Pt ddiipgfis 8t invention,
cellapepd antl @vslkom oin beanspiesredi(c.ge T@bfi@dlgr)teﬂﬁt re2bldeS on an
far. gas exchan%e. [ 0036]. A cover plate 28 is _
indEiduplosrdicbasish dhe linpreedpposy elecash seltyed wcell zan bg gnepdtored and
rERRRE RS spEARE 1hlgBh il SONEIIGPb L a0 ial el can e
obbesioad. Bedisk ddnow]edgadf icblll propefty aad histirg e usdfartigl i3€ontrolling

her ebet wee wi.t.hin which cell y be_constrained or
theFHL{0HiBa OF sl Auin ferchep Bratigasiof g fursel cell.

[0034]  Specific exemplary embodiments of the invention, including methods and

apparatus, are described below with reference to the accompanying drawings.

[0035] Referring to Fig. 1, an exemplary embodiment of the invention includes a
cell culturing apparatus 20. Apparatus 20 has a base plate 22 and a tube 24 mounted
on base plate 22, thus forming a container 25 which defines a chamber 26 for

receiving and containing a liquid culture medium. Apparatus 20 may further include a
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bel ow, base plate 22 and cover plate 28 formbarriers
that constrain one or nore cells therebetween so that

wo b@sos40B% cannot travel toward or away from tPeT/pAi08002138
and are kept in continuous contact with the plates.

cprer (Bat shoswm) seme vabdy moantel by Risga onyiubs dhie aveid contaminants
: i i . t . e .

54 $Rfrige 100 i HhOBLY il pfaints. | By SercBR b fonts the

copgrashyt e oskly 6ittiny edmepa8nttplasanr adhspatene nieatbegrieahat allows for

such as a pair of silicone glue gussets 32.

E8F £%4h3B%S vel y, the plates may be hel d together by

ot her chem cal or nechanical hol ding mechani snms. Cover

[0DS6E 28 &R¥%r Beité ng%kﬂ(ioﬁ&}l AbRE Ma @pﬂ%‘sft‘&%a&ﬁgﬁ?éﬁz inside

pl at'e 22. For exanple,” one end of cover plate 238 may

chembénige Base phts22 pidtavepplaterk8 arbepaspihopart &t edrdirndiiiskace as

[ d.to.b te 22. Ni hanb 0 :
B rERRe D hSofa 55 et TR o MeRb spm s, 3 Fgrpreen.
Wiase vlih @eZ2nARtheC 6oiftrabdlod odBfih&l. f WsMvall GbrBetibed further
chanber and in this enbodi nent, nmay have one or nore

bepsanibagsplets 22 udweor piLplate 28nnim ibestdroiabeansbain amecisanore cells
r .3 h [ [ h ' S i

U0, BOEAE R R F A D RBP BB ek and e
kRpe B bbntindae cohtattewRB BB ehlstes/ EThepbatier 2Grfatrtidad W generally
open ni.che chanber 30 in fluid communication wth
HBRBEFUYE) . [ 0038] As can be appreciated, plates 22

and 28 should be cl ose enough to constrain a cell

befug bl 0Nl ¥, 1OIPLESS R LR ) Batheld i

[ggﬁgeng ungﬁehsglbﬁréa ?e resul tsérgl;a I nadvert eﬁ?ﬁééf%%%%a Be'held in
positin as two oppesitsidnle ofl piwégy 28 bfy anhelhesl¢ matarialiniuch es cdeghir of

ell differentigti cell reaction, or. cha of, cell
ik (8o U pB0 50 Afamigicbr BF PIUGH i) oS R oeblnef By other
cBeRRhl 66 trh@Bakien! Ro1ARES mASHanRRY Gover pldié 28halhese Aifovably
wel | known to a person skilled in the art. For"

neovaitgst by, 2 hinige ondbapmplatee 2riide exsmplé.aons eod of icawdripdate 38 may be

I T ials. b .
tR5esfie Saest/ER 22 kR P AR bLPs Bty Sas platg 73, Niche
cheRbéro3Bhay DulFertZd d¥hvied BY 8ide MateeGiot ﬂﬁﬂ@l)%bﬁﬁl%jme base plate

shape and nmay be |arge enough to accommuodate nultiple

23 v mapisler 28 1 Boaoy cloped ehpmber and ip hinginbedipeent, may have
P i SpEftes 5" ANAP Au LA EKARSP ot gk R 50 ne

chnbérald thepugh the opening(s) (it being understood that when side plates are not
present, base plate 22 and cover plate 28 define an open niche chamber 30 in fluid

communication with chamber 26).

[0038] As can be appreciated, plates 22 and 28 should be close enough to
constrain a cell therebetween by slightly compressing the cell without causing
undesirable results or inadvertent effects such as irreversible damagé of the cell, or

unintended cell differentiation, cell reaction, or change of cell functions.

[0039] The materials suitable for constructing containers defining a culture
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requi renents, such as being thinner than the maxi num

wor ki ng di stance of an inmaging device. Plate 22 may be
wo@toog/osdeBE kness of a typical mcroscope cover BCT/PA2004/002138

Plates 22 and 28 shoul d be thick enough to be

chambpreare el knowmgiocr perantf kaledhin theiseditios sxampleotvbe @4, may be

P8, 85 2P e AT o, TRl Afedy PRSI Bhgerials may e

ddoftageokk, afuels a2 2o dbini? Sellnto b@op@c’iﬂyﬁﬁoﬁl’tb@e(ﬁ aABe @4 may have
different materials. Suitable materjals include

3y Slesitable #ipa 6k shape g s2y) kenlargesanersia o aggpmsrodate multiple niche
A¥skyrene matrix or polyethyl ene, natural or

syntheti c bi oconpati bl e polyners, or other

bi oconpati ble materials selected according to the

[0640F t Blabkes 22 hhdiR8dnaydave vhridnes §ivest Ishﬂpesl,e&ﬂ itekahesses. The

! - F | | at 2 d f
Bk 9 boff GiRert "habs e MBareatpRAY e ol nmonitoring
re@fitbAlenftNQuel HOb&EnP fihiphat ﬁﬁnz%eaﬂﬁxﬁﬁm@ﬁyoﬁln%odgﬁmce of an

derivatized or coated before or duri ng .culture wt
iemgingclevical dfate@rigy h@bé@dh@knesa@tﬁ astypical nipostepe cover slip.

HRLE, WA BRI sn S bR T o, A rns

eﬁi’b@ﬂhﬂénté, , BoWeeNoneordole b5 plates 2 1ah@ 38 infayt tisotewhat flexible, as
043] As can be appreci ated, cells can attach to the

“§Urbﬁd%@§f@%§esé@bﬁdd@ﬁowmhl ch may or may not be
desirable. To limt attachnent of cells, the inner

[Geuﬁ Cepiapl 2 %%d%%@f*bé‘ﬁ%ﬁ@o aﬁﬁ o‘%rdlfféﬂéﬁtdm%é Iains Suitable

sub ances t I'''mt” adhesi on, antrea

npséryads ynobnte, (potasy glapg| opatacy leasi rdaelgaﬂl glagg polyﬁtyreng matrix or
dhesi ve _bi onol ecul es i ncl udi ng pol ysacchar.i des,

PBFYéheVi‘ ey dael 95, ypihers biggompst gt?ﬂab”é‘ﬁ@ 8%iother bipgpmpatible

hdl& i kéléctaiiacéa?dlﬁg% 'tt{zeeé’enéﬂ th hﬁ%ultﬂ?&ie§§ gJﬂl "@é further described

attaching or adhering to plates 22 and 2
beloainpgioe examplepplabastd? @fd 2henayl et med@ Bf antled®d, riy-irdeet glass or
t.h materials that affect cellattachnent and

usgﬁaé#gg\%/stygeagh as roly(dinmethylacryl am de) or

di met hyl di chl orosi | ane. [0044] The inner surfaces with

[6@42]ai nOaé b fiote/of SlaiRs Q2 aha28 hasPHs®be A6fiva3iz6@Br 8b8&1 before
be used to control the cell growth. \When the surfaces

oR fpEing octure with exipqellviar ymetsix; molesylesy ﬁéblest,@l ligandsheggrowth
f $r§ l'ireg t&r@l 411%1 tﬂ?ﬁkg efh%cﬂgg 61[}(? gelpe%s gfo o 1n ﬁ{ehgf}et}gt aces of a

e surtraces of e cover
crrmhre Icharabeet is Riowmtoea peascar skfilled ialiongt.t he | nner

[0043]  As can be appreciated, cells can attach to the surfaces they contact, which
may or may not be desirable. To limit attachment of cells, the inner surfaces of the
plates may be made of or lined with substances that limit adhesion, such as untreated
polystyrene, glass, polyacrylamide gel, or anti-adhesive biomolecules including
polysaccharides, proteoglycans, proteins, or polyethylene oxide. Thus, the cells can be
confined without necessarily attaching or adhering to plates 22 and 28. For example,

one or both of the plates 22 and 28 may be coated with materials that affect cell
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surfaces of the plates. For exanple, cells may nove

due to concentration ingredient in the culture nedium
woeroosiosgpssray be forced to nove by an external POF/Ca2004/002138

such as a ma(gnetic force. Cells may orient in a

%@ﬁhfﬁ?fﬁ wa§ndiepdbivigiron SHE suesacepqy@perthyleerylainide)  or
aﬂm{ i s may al so be so selected as to test
0?1 2%n%attract or repel a certain cell. [0045]
The |nner surfaces of plates 22 and 28 (neaning the
[0044hc e T ht vater snifitcac tvith kertaia Iafﬁnityetys avertaimdepadf @lls can also be
eri al sp le cal | elther faC|I
L}Sﬁi& ithiconirplet owth. 3’% Sﬁ“ ¢ havegey gy 1i kc#ﬁa%ty to the
dﬁ'ltﬁfe%sceﬁg tﬁ@q 1%1%6& 201 RARY be 'cgl?f rRe'd%lﬁ %O'Jot th&‘&%tt}le SB¥aces of
be per meab or non-permeab
tbe rcmmletep;l mdethmyh@eamenels@am}d vuuennovte la@ra:lb'saloag) lthee inner
erf e a into chamber . 30.
R el S DO e disherpeBirato ngicient in
thel |cﬁ1ﬂ1!i1@ B itAor Hey i bd AR cSLHPRAGE by Y exlmal force such as a

transported i nto niche chanber 30 through plate 28,
megnetia dore¢. Cals may qitkal i oeertain way écpemgmgom the stméace properties.

DB Hus U 4 805 BT R TRl st o

repdliatcetthingellf the cells in culture, and can facilitate
the use of light to stinmulate certain chenical or

BBABE " fie.me mittoss o5 2 oench o, (ms o foeesghat contact

Jolass] f I
ROTBIALy Bohiaa0fpARKIL e AEPEIARAND B B8P bPimti
thagrowdh sf g aertdie celbed to confine cells w th precision.

Soft barriers can be used in applications where it is

6361, Btk 3 B 22 60 28 6B SRl el miigfp permeate
(bﬁﬁ&n—gé‘hﬂl&bw)% qf %ag RagA JBmsafs plaE@Y@ary W 8b&8sdP¥when it is

al so be made of shape nenory materials or

depisabde &p eperivise as Bagp ente elgfimwsliw@bqﬁ&(y neeoeer Batch2®weay also be
bl d

QoA T L BT o LIRS P B Eonca

At I’édﬂ‘rﬁasp&ﬂéch ind§ nicBle PRAMI30ahiongh plate 28IENGOAEEL S5 iPAUdition
or tension that a cell experiences. [0048] Wi |.e

toy) eReaings 0 arﬁ%hez@lafwr RfvRlates 220w 28 araychestrarspRrsst e dpaque.
a%ﬁ%‘ﬁﬁfeh{ ?isatéféstaﬁ Ulﬁl'ie{t@tosgca"l‘ grﬁtonﬁwgccitatgglc\é 111 culture and can

I cat es’ can be se
feadlitatd the use of light to stimulate certain chemical or b1ologlca1 changes in the

culture chamber or the cells.

[0047] Plates 22 and 28 may be very rigid or somewhat soft and flexible,
depending on the cells to be cultured and the intended application. Rigid barriers can
be used to confine cells with precision. Soft barriers can be us'ed in applications where
it is desirable to allow cells to expand or grow in size to a limited extend, such as
when culturing bone cells, lens cells and other hard tissues. Cover plates may also be

made of shape memory materials or photo-electric shape responsive polymers. Such
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particul ar characteristics suitable for the given
application and for increased control over the
wor@sosgss ronments of the cells to be confi nedP@i/CAR004/002138
ni che chanber 30. [0049] The di stance between the _
goIver platassmeprsansas] whew it ke desizableofo dysimighldy ety theo distance
I [ suc
BRGS0 FURTRR, e oRHSRV Yord  Efpbfton or

tdmmrama’ewmyempanyncée_pendl ng on the size of the cells
to be cultured. In different enbodi nents, the di stance

R R P O Y

iDAGERLd ﬁ;ov‘éuf&% EwezE Qb et A6R)! Be Eat@%&iryﬁée sAb& ¢& hlavc‘e certain

or stronal tance e in t e range
mbtmmﬂarzbhamctb@tsmscmﬁable o0 O&0givas applidatlme ang pimemc@mdl control

b o irrosGentEncip 8 Elate beRon oty fifipade hioer 3.
nmonitoring of the cells in culture because the optica

[0649] acThé distnt®BehRYR theGMiedR coRPhiabledb B Size of a single cell to
mani pul ati on of nei ghbouring cells to control the

beapuifireddanichs chpwher 36 such gt the sellsgror asramondlayerdn the niche

(=) ) ci ositi n
DELIRE AL LS, Be 85Bhod Flay uarf bR SF oBo3r® WA Balf o ve
@aprehelﬂ\ﬂﬁ&r@itadrﬂooﬁ&n&ﬂd, B8 disarveZRtwédn plarkizeaked$ may be

to_a mgnol ayer, caonveniently, |arge nol ecul es

%%ﬁwr 38562359 Fieronsi it hedARRbERESEMOR AHERS fgr Bagterial culture.
Pfcﬁ%%%{n?le %5 cﬁﬁﬁr@% {eRE IR sBinM1 ik s ﬁhs'te{ﬁtcg n{r%tl'\a/ec{%qn the range of

reduced rate, conpare
ﬂmh@bmW%snﬁmmh as oxygen and gl ucose, thus creating a
concentration gradient bet ween the bul k nmedi a and :

P20, ASTHEbLHRbent PEbY SR ERr BatTed ol iy o gronotaver

dah Uéaydvaﬁtag&ﬁisr 8b} 8xdrfip18 ONEfa@RkdsCRbhdhel Bf LAMIR in culture
such gradients in order to replicate the biological

‘bepasedhe |0pb¢ﬁ}ma¢h aptosh asmb@tdnyammdbq laart; whieaot pnum;asauon of

B8P o8l U TSP Y 858 A5

ﬂeaghgeﬁmigeawn@a oeH)) dng p@élﬁls)éqmsﬁia)hin‘g & JButoRE ah® s#lk€ at the target
correspondlng gradi ents of these nolecules in

glol ogi cal niches. [0052] The number and size of the
openi ngs of niche chanber 30 can be adj usted,

[BYSRM CRtled qlé gD F;rfv@ {Jltclfé fzuekfd PR Gl el Go CEMHS RTERbSth to a

of a particula I on
monolayer, conveniently, large molecules introduced into culture chamber 26, such as

growth factors or cytokines can only diffuse into niche chamber 30 at a reduced rate,
compared to small molecules such as oxygen and glucose, thus creating a
concentration gradient between the bulk media and cells located away from the
opening between the plates. Since concentration gradients exist in vivo, it may be
desirable in some applications to create such gradients in order to replicate the
biological microenvironment. It has been found that when plates 22 and 28 are at a

distance cdmparable to the size of a single cell, the resulting gradients of some large

14



i nstance, niche chanber 30 may be closed, or partially

cl osed, for exanple by including one or nore side
Web@sesognot shown). The side plates may have BOECAR004/002138

nore openings thereon. A sjide plate may be perneabl e,

PelseHpR 4Bl o 6PIVEBIcaEly FiBH ﬁ@r%a%ﬂr@spwg);%mws f these
Aolfs RAdE @%%ge vari ous di nensions, ranging from
NAROMBt I e- scal e pores to cell-scale channel s t hat

permt mgration or extension of cells out of niche
[ﬁbézber ‘TBOnuhBES3d s\i&‘earfethmopmiir@ ob lniiﬂleshanbermﬂasmrue adjusted,

he.side pl ates. .have |den

AREBIY b oo, PR PGS 5t B Han figpficition. For
1h§’£§r&<§ée nmh%h&laﬁibéﬁw m2Y- b8¥1dsBE! sidipRialy! Mo&ﬁe f§1‘ dRample by
plate, or wth asymetfi cal opem ngs in the sid
1p¢1a¢1m;g ong or gioxg fide pi,atetsdngt shawm). nichecii¢ecplpies ey have one or more
concent atl on t of cr om)l uI es_can ki niEdt
SRHER PHET: CRatiteP 0 MOER BRTFIIr e RaREeDie, of selectively
eamneHN. I Tﬂhda Qﬁbrﬁlﬂigaém antde Iﬂa@&ﬁ Ed:lfle&zfanﬁﬁd leﬁéh@i%nﬁ%gmg from
encounter in vivo. Contaliner y further include a
THaAMEHs-8eadn PoiEh to wﬂrﬁsgledﬂiam% ﬂla& ﬂi’ﬁﬁ@é ANigLation eisextension of

dia to create a strong,

(%ﬁgé{lnlrde htggg?lgc%@cdgﬁt ration gradient in niche chanber
30. Both the strength and the duration of a gradient
[0668hd Wherdrro splecplates acepresdnarorcoheetind sida platehavehidentical

size of the diffusing molecule, the conce ratjon of
qpﬁ@m&m sevirectipal Rarpation gradift PRy by Ceah fsf@twérphamber
[ t
.
a4 Elaﬂlefslyrlabgﬁsﬁmg drrc@wlrlahgprpemraaﬂwa@@ﬂlmtcdfenacwrdo]fewles can be

AR i 6 o %h B S O edp o' Ggptration gradients

;fa@tmuwt@n&y@s" A %H&odﬂtérhh R, SCoxhiferd 2sehf&yq{mnélewomae @ dam
m croscope is efficient for evaluating thée effects of

adJacamigeél Qﬁen@lsmfélﬂd@§h@mb%$0 Sl asﬂ@rpaétxtmmﬂle bubkigledig to create a

erFac))lq 1461&1 il 8n'c{1%oﬁ 561‘1 rgo:]gesadl USI ?‘8 arnébea 3‘%051§<lth the strength
aadahé abiaaoﬁmfargradhent d&p‘éh@ﬁﬂ an@l dpacﬁtdaselmm d@ﬁy@ﬁptsdrﬂ fate, the
can be used as base plate 22 an smal | fragrrent of

sitf rthe dipsing melscelgnthg copesaatien ebismelpaitle ipghambes\26, and
tﬁ%glsgﬁc@ﬂ,é{%gﬁ{ﬁg% by a bioconpatible elastic
adhe

STVe SUCh as “gili éon gl ue or dental adhesive al ong
at | east two edges of cover plate 28, or at sone
[0064] naPlatas 22f arldd2Saiapibs generaliy paﬂaﬁebca‘r dlightlgrangled. An angled

niche chamber is desirable for creating pie-shaped niches and for encouraging cell
migration along the axis of narrowing. Having a wide range of sizes in a continuous
gradient within a single field of view on a microscope is efficient for evaluating the
effects of a range of gap sizes on cells. For example, angles range from 0 to 45

degrees may be useful.

[0055]  Apparatus 20 may be constructed using readily available materials. A

standard microscope cover slip can be used as base plate 22 and a small fragment of a
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of plate 28. To form niche chanber 30 wth a desired
size or volune, the cover plate 28 nay be separated

WO ca@xsi059088 base pl ate 22 by spacers during settPemyCab004/002138
t he adhesive, or separated follow ng setting of the
maigrsseReeslide eangbst isedgsueayey plata 38 aFkeyumen . besglnedéogsther by a

ir.e i ze, 06 S e c e..const;ruct ed usi
At iy P R PR B ol B s
tpbagpésol @vassate @8, 61 dtisemeeomdiialtigh VeI caAYEIs abAsd thé pérBmeter
22 to _form container 25. [0056] Optionally, one or
ofplate 2BuTo farBrrighe shegten B8 Wity desiied iige orgpluses, the cover plate

h . .

ARG SpalReRATIAL oE8 piite 12 1 Wled PRI RR X the ghesive,
oraypazatteé ficdldwing setting of therddhesivdif etygsdaighgd joiitsndre iged. A tube
ghanb r. 30.. The tubes ha¥e differenetll?qsi}}fes and be
of B, AEFIEPY, SIZ6 OF SBIRCetAn B Ganstycied dsig; standagy gatesiplsefpr tissue

b ‘e kf heq | tian i
GREP SuCH ALTRRLL LA 57 ARG, b R SRR el PRATE
cpo@sEr 28l so optionally, chanber 26 can be partitioned
into two portions with a dam across the top of plate

Whep 1.he dia contained.in the.t artitions . of
[8G56her OpEOTIET Hhlef Hiofs dffa Spiiio, BoS ok yvin “may be
cEhiidceddedt chapbtens st ¢ARRRMNbERIohS for Gdnirth@YicAtHzOMaRs B §RE from
chamber 30 maéﬂbe i nduced. The flow nmay be controlled

chpmpegift- Fihedubss wanexisnd itovepren ordniof treconssings of méshsphamber
r ; 141004 rati n enci ng .

38 THORPE HG O g Shock B BE sPp Oy APOLEL IR fhoific

fimid tamted cambe irahspottbditdbe spedific 1004pA]in Beimbe J6aadich@ chamber
ells 36, chagg?r 26 and ni che chanber 30 may be

30, @3 pgifg desibledignpl e by aut ocl aving or exposure to

U Iight. [0060] Optionally, one or nore appropriately

60 r ABoCoptioasl®y, < ' i

O e 58 e S BTYG Suf B IR b B ons with o

deuwr domess the tepf ofplateel8. s V@@nathe nhaslaal echtaifed imtheetwappartitions of

4 ] ud [y h ty. I )
citnb a8 afidex fifotosd BEPean R b diHEREL edivetls SRaseniration. o
fiahiS Ehrb@etC aivhe Ehwinbbr B0 9B} B6 UhAfe@ THEIW VRyChERbdlled or

functional groups. They can be magnetic. Spacers34

regyiriediby eonfiplling the diffeyencedn graseure es¢aicentrionessi on.
Spacers 34 can facilitate positioning of plates 22 and

[@g;gggd PR RNEBhd Fbicticind FlbENE LARBCINS: TofMbells 36 are

seeded and cultured in niche chamber 30.

l'to form
e.

[0059] Before loading cells 36, chamber 26 and niche chamber 30 may be

sterilized, for example by autoclaving or exposure to UV light.

[0060] Optionally, one or more appropriately sized rigid spacers 34 may also be
placed in niche chamber 30 between plates 22 and 28, either before, during, or after
cells 36 are loaded. Suitable spacers 34 include polymer, such as polyétyrene, or glass
microspheres. The spacers can be fluorescent. They can also be coated with

biomolecules or reactive chemical functional groups. They can be magnetic. Spacers
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overly conpressed so as to damage the cells. [0061] As
di scussed, it is desirable to prevent plates 22 and 28
WO ea@xsi059088 conpr essing cells 36. The inventors PEWEA2004/002138

found that even if the plates were ipitially
3oshaquld hed selbercaty 19g1di o Fsishreaywressipa- Spacsls ¢ sfp focilitate

t I
RS e MBI R UG B0 gt Sl W0 STRMRENE i being
o&érljaeﬁmpﬁssqdlsataeso @inggedh@&llsl n this regard, rigid
spacers 34 dispersed between the plates are

lﬁﬁéﬁoc ohar GBSt b T B b9, PSRt Bheees, 3 HOLAR i yover
ré%ﬁl‘ﬁ%'c%ﬁé ¥6 PR fn'v@xﬁofsﬂﬁﬁv@'f@ﬁlﬁﬁthﬁf‘gv&Qf ﬁaﬁeef!lﬁféﬁ v&e‘i*@ 1n1t1a11y
from bei ng overly conpressed. The sizes of

msmpn@qa hetredlyc ahmb@rweew&, meysmuf@mtareotakem dlsrtn@ances dunng cell

48T RAS 50 SR P B s cRRIFALRbevon

;Mtesam aklll Q%0 TR akik bbgararaﬁ@al s@h&eri 33t digfepsed Wetwedre el plates are
rigid to resist novenent of plate 28. As mentioned

eripulaoRvRBIESOUShE 1S egl hePEerPd th dBicHRDPTpo Py by sed as
L3 1B TR RS PRI B2 TR SR By o o

fasn redinte @v&my td@ﬁlplreﬂ;ﬁaf Bhy kizee obf thpl mtcﬁosfpﬁems @8, b Ipremsely
on surfaces of both plates. io 62] Spacers. 34 and/ or
cotrpleds & Reaiceespigse 680 P ea%t §‘bé1£ﬁde AROSitinRFh it replaced as

de8ked. N§hE8NGERrosPRAES y3lé7l Aéﬁrl ’g’l@c e ﬁ%éﬂaﬁdthat are

toget her or separate nt o arrber
suffjcéettiyongidrto cespt Inhcmemeatof piatetZ& G’wghemmmed,rmrmmeembodlment
[ of. ni che cha a tupe..inserted i

(i BT ula a5 Of HRGLyPotin e B SRR BB AP Ry also

b%nfoﬁneﬁﬁe%lgﬁy ewfﬁ? ofté fo@ rmdre he H1Es QRANANFhotRMESn the inner
pl ate 28, ver plate 28 can be opened slightly by

syfper efiplatg 28 loa28sor2p surfdc@®wpthiplatawezer s and/ or
tenporary spacers. Cells 36 can be deposited using a

[p&%ﬁPQGSPaceP% DL for celi]lg 38'081? bk %éﬁ%gq%grﬁg ? @u gﬁé[nnglvg For

W Crons "across, so 't

ifghlce, SRbel S4nadidell®B6 dapbe eingield Yogditsr ok hbﬁarzﬂall‘yﬂgsﬁ fluid into
the wal | s of container_25 may have _a septum al | ow ng
chembers39 by ripierorn: pasapiiiary @ctm thraugh pg,glemgre gpenings of niche

0351913511 §? gggloélﬂ 11'1§ert8&)\{1§t'6 Iﬁ{;lﬁt fha%?oe!r 30 q‘lﬁg)x% %Esogrfégs sited

uring g, It Is care reposi t
difet @y ohiodshse glmzztaftetoﬂentomngarragﬁnmlge:weﬂ plate[ RO @bjver plate 28

C@H%p 5?@1%;51995%5}]&/ %9 sé{oPa)rlatlt%leg pflalttlas de anVH £§]WI pr e zre}saat,ned/or temporary
spacers. Cells 36 can be deposited using a syringe or pipette. The pipette used may
have a narrow tip, e.g. a few microns across, so that individual cells can be positioned
precisely. For this purpose, the walls of container 25 may have a septum allowing

access to niche chamber 30 with a syringe or a pipette.

[0063] If cover plate 28 is removed or opened during loading, it is carefully

repositioned or closed after loading so as not to damage the cells.
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Chanber 26 can be filled either before or after

| oading cells 36. [0065] Cells 36 are allowed to grow
wo@roodiosdose i n ni che chanber 30 under suitabl e PCT/CA2004/002138

conditions, such as those described herein or as are

[RAG4L ¢ Hledérs orhamber (26emay rbe filledrwith [appBpTiaies cwltume bpedium.
' ight Il
GRREFRELE D FUE) et BB oo b T BT ot ween oo

as to keep themin niche chanber 30 and in continuous
[6065hct Calls B6 emcdllonfedb ateys oR@ividedn 28che@Ghbn®eB3$0 Gedun Qliitable
travel toward or away,_fromthe plates. [0067] Thus, )
CGE&IUOB% SWEh 2tvase dlesrribre Delvimpers &g knowhipspersgns pkilled in the
fonfined by base and cover plates 22 and 28 to a
predefi ned space. As the gap between the plates is
enerally the size of a single cell, only a nonol ayer
[g%ﬁbl | 4ssan byrappregiated, plaiescP® anh AR1xdight3 campsdiowelld 36, thus
Figs.,.4 and 5. [0 can be appreciated, since. a
PRl otnagy s el eSS ar aF M6 eg Aisibin Pishe Chimber 30
@B @k 86itRIbEd EditacivithnAckE 6f plats D2 Ghe 28 OISR RIS travel toward
nei ghbouring cells of a target cell can be selectively
of @pey iftogtthe phdesnei ghbouring cel |'s may be of one or
nore particular cell types different fromthe target

t y A . . |
108511 Y8, ZOR PSSR o0 5 bRl By b b
anélcoveraglatee 2praadi 28etoya poudefindd gce. TA® tHeaggebetwetd tieaglates is
be nitored gontinuo fly and its growmh or division
grneplly fhecsize gE asingly é?Lj SRy ?é‘%%}oi"é@? ofgelishean, grpWayihin niche

AamBaB 28 Sﬁgg',,glhlggg%hﬁ?@g fromthe bul k environnent

and prevent cel om comng into contact with
foreign objects or surfaces fromthe top or bottom As
[0068k hadacarbé sppreciated, sitne asuetlfdde sowfined) Htieeask? tanchtrol the

Bst el o TR LGRS ok exdrim B A gt eIl fust el can
berelRstivelPleposie. ablkakighbbithg deds gﬁ?ﬂi@@f@me%ﬁ{bré‘pﬂﬁéﬁlﬁr cell

surface is selected to have characteristics m m cking _
tynes sdéiffgreat | frommthe Hargsk gold dufpe: ollhen candsintshideyi @zddients loé, certain
re C [.AUO X e 0 .a surface w.th .
cgﬁl hﬁ%rﬁsgrogc Sr fgg]tl cs %slérﬁ%urllgf%rgé?(y g%%tt?rﬁey ocfeﬁt Fan "be "precisely
cohtesliedn The eargetndellodfanarohoniedred 36ntiaBudle ah@Psewth ASdivision

%(lérly@gg pg ggglg%%%co%gi %leul'tﬁecrf glgte(s: g% ra?lg tz% rsihisetlci c(::eslls %f6 from the
bulk environment and prevent cells 36 from coming into contact with foreign objects
or surfaces from the top or bottom. As the characteristics of the surfaces of plates 22
and 28 can be pre-selected, it is possible to prevent exposure of cells 36 to a surface
with uncontrolled or undesirable characteristics. For example, when a plate surface is
selected to have characteristics mimicking those a cell may be exposed to in a
biological niche, cells 36 are continuously exposed to a surface with such
characteristics. Therefore, control of the microenvironment of each cell 36 can be

improved. As will be understood, pre-selected characteristics of the barriers may

inherently exist in the barriers or they may arise as a result of specific treatment of the
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i nherently exist in the barriers or they nmay arise as

a result of specific treatnent of thebarriers. [0069]
wab@s/050080Nn0l ayer of cells is cultured as descpCbed2004/002138

above, it is possible to renove a particular cell from

hagéerponol ayer of cells without significantly

di sturbi ng the neighbouring cells. As will be

st i .4t I val. of
18088] G en P RUO Ll s Riba 83 Ridhod SRR g Bbsshbie o
reevearpaitvulaacelt didm itise mbsdayse bitcellsmathongdetificamlyedisturbing
riteria which may be rel ated to karyotype, .myr phol ogy
threig bqur@.gzcsﬂs. [5078) bendeExirqdeby pfaaing bt it fhe 35k removal of

u .

(Pl ol SEdchE e ok AL Wheh 4O BaRHRTRRN ibseryed to
megt tona wo usore enitact whichhméywbe ogpiedito ahatyree maplidlogesnd cell

However, each cell, or the cells as a whole, is nobile

ween the barrier surfaces, i.e. novable in a

direction generally parallel to the barrier surfaces.
[OOME@ENI ARtdaM, be BRicERbbd, OneCAHmBR: LERISE cAYbeNGiltured while the
culturln? u5|n% a non-confocal inmaging device, such as
rgovscgh of theetedl(3)ria gestactad viahethat eaghfdellceeiscianontineeyisrapntact

[ | . udi ng: ifferential Lnterference ntras .
8B5S chASHIE A8 sl OV ER, b S RERCoB i e i
mbiiiki tepwlest the GdirictSurfgcas, Lanhewble M @Hﬁé&megdﬁeﬁaﬂy?ﬁrallel to
%he cell (s) can be confined within the proximty o] )
the, Barrigt sifrfases teonyenignthy Abe e Ocaan beripgredyduing edturing using a

> . |- | . e
Tsongkrl Sl R0 08, IERpHREC BRE BT fporscn
ibaging deviei iicloding| a/ difvarniak interdrémet @aitraftO@ML) imagingafevice.

the plates 22 ?nd S'WE%/bE incr?ased,to al I ow
fain Wlé]il

€1 Wee
}E‘&f‘ F?SBF‘@OM%?%S Bp bedh USIBE RerORIqoAbmigraseape because

thé AR cahastl Ransed Widiek ;ﬁ'@ﬂhﬁﬁrl ofQHE E%Jrag‘élahg dipyi r{m@éo]pfocal

niches and therefore the control of c teristics o
immagingdleyicgu Ahus; edfell(s) i36nermt be nivoitorednireudinge imagdde overf a long

[ i1l typical t d 5. .F
rfa of e R Mot s SRy Gy @ty Shety Spsen
of two cells. Further, as nentioned, the inner

[60T71]ceShefapbaivesn 81 fiads 28 ahd@ 28 haweb Hinkfe@§c@Nb allow multiple
affinities to different type of cells. As can be

laysey ebodlisda, srow bethernathe adaes withow lpeing ishffisiand cenirelurver the
i#l&i@idltugi%/@%%eso dgg%rleéorg ﬁfe%%ﬂppgpéﬁacgé{sﬂgg gfé %% \# 1\?19%@2 Cell. In

Irs N one layef an
modst embbdimentsatiod enbdragfesell [ahes el Itgpiodllyt het dxoed a¥erss For

er)zaal%pfe,ntﬂ?er %g;ta may be comparable to the total size of two cells. Further, as
mentioned, the inner surfaces of plates 22 and 28 may have different affinities to
different type of cells. As can be appreciated, in such a case, it is possible to culture
two layers of cells between plates 22 and 28 with the first type of cells in one layer
and the second type of cells in another layer. The cells of the two layers may interact

as they normally do in natural environments.

[0072] The number of cells 36 in culture chamber 30, or the number of cells
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as they normally do in natural environnments. [0072]

The nunber of cells 36 in culture chanber 30, or the
woeoosoes908f cel | ssurrounding a particular cell BGI/Ca2004/002138

be limted by the use and ?ositioning of plates 22 and

spgounding ¢ pagicule cellid®ean be lgwted dydha useeandeposigioningsof plates 22

r .such as to rIy ontrol of properties of .
B i g BE B pO R B P ReD PG ty pormi
dohgolcuf propedies alfl indviduaDQEIE) bt @6 -alléwaittbréved monitoring of the
schematjcally illustrate another exenplary enbodi nment.
celpredegiésur i ng apparatus 40 has a base plate 42, a
cover plate 44, and a nunber of sidewalls 46, which

heggdet i j h v/
AL g e
cottiveng gipasatusgphas@rbaat platt 42, aoeer plite 4dj sidannenbes of sidewalls

onparabl e to t.he sjze of the cells to be cultured.
#h%ﬁﬁﬁ%e?%%ﬂﬁﬁ%g °hapber 482 and 44 may be
generally flat or contoured. In cases where a nunber

[0074F! | Badtaatidnvet plaks et arkll F€ sredfRitlofed 6p%déit5 W& other at an
the distance between plates 42 and 44 may be either
apprepapigsisance. Theedigtanes igfcomparablerte dhut sizeedf the oellstarticedltured.

as_{ 0 at e, di f.f gr ent size | s at
R ler RrRRS AR 2 a0 B ShE Y TR R eftimwed eeases
wifer8a Airaband coRyhdenddigftiat sizéDire Gaibd eultvi@, SIREdiftance between
cells, [0075] Sidewalls 46 are sandw ched between the

pirieet g #byay bgicitherscompagahle imthy size of shelsegest ealle @r varied so
[ LI ' L b [ . The,di st ance

07 Rl Sy Ly COM LOUUAF gl L S0, o
ntiefyewnd idistanoe of Benieopt magbeadequas foaculheingppedccdlised by
persons skilled in the art. For exanple, for culturing

I e IR
ahd hf AFARIRbd ¢ SiRBdte ABsiFERYin B8 SRAPSHNE SIS nf‘(})lﬁa&i&aﬁ&eo etween

shapes of interfaces in biological niches. e or nore
eadh paieof epnosingsidesialls 4fraaybeary dependirer enthetapplitetiongdd san be

be |.tured. or r f the jnner surfaces m
ohrerfishy v o Ty B° o o e 3ple ARaullifing SR Pl the
ditanice bBsveed Sldswally RhE OShERN S0 taB0InféBMd. h factors so
as to induce cell adhesion or other cellular response.

é@ 7] Apparatus, 40 also has a plurality of fluid
[ ui t QD¢ 8 MeEHIRIAT ffaceyobctamber 48 anayiter theped tchsirmdate the

sﬁ’ﬁ)es WRi G Bl il %‘f‘oﬁoﬁ@eﬁi nf&fe¥. SHQ Ip ?ﬂoré %f tHOHh& surfaces may be
channel's

non-adherent to the cells to be cultured. One or more of the inner surfaces may be
coated with materials such as extracellular matrix proteins, gels, proteoglycans, and

growth factors so as to induce cell adhesion or other cellular response.

[0077]  Apparatus 40 also has a plurality of fluid conduits for communicating a
fluid to and from chamber 48, which includes delivery channel 50, source channels
52, 54, 56 and 58, and sink channels 60 and 62. Cells may be delivered to chamber
48 through delivery channel 50 using a carrier fluid. Culture fluid containing growth
media may be supplied to chamber 48 through source channels 52 ,' 54, 56 and 58.
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52, 54, 56 and 58, and sink channels 60 and 62. Cells
may be delivered to chanber 48 through delivery
wae b@snsd0860 using a carrier fluid. Culture fl uPdI/CA2004/002138
on{ ai.ni ng.growt h nedi a may be supplied tqo chanber 48
ﬁﬁrﬁwswngg iRclude, Rfieatss A530lvod gas, gihemereticaf ROTROURGS, tracer
dY8Y, thileHE SaRtitidsl Edted with SRALYE thdl@RiesPiieh TBCAHbbES, solubl
??)ér/rpoﬂ%{gs, %tar acesr&J(}yes‘,)V magneti c par telsc es coated w tsﬁu ©
mad equdessinnimimguhelscieschoram! i stirbisd ibysthe sellsutol te cultured, solid or

e
160 ehntbdr s Bsthihing BAEASE Qhchal e 8 Jiqual) dnthesuldel Ssrowth

Fluid i nside chanber 48 containing materials such as

ngealia, jveastasj dehiris, ofudeed wellmrand gholike maydieaextingist dtom chamber 48

B3R ik g S0 b D 0578 bl el G 8 Seonauits or

chadhelemap RaeEe d%_teﬂdi,ngtdmeapwmﬁm ald sandfttsng condiééiedss. For
may vary dependi ng on application and nanufacturlgg
cxamplede piagleghannat sray sgygplternativaly hefheas asapice anda i
serve alternatively both as a source and a sink

el - . t ' [ t :
ol ot AR R SRR RE S PRERISicef By Ffepgline on e
finsutfoas e te iparfernpalr ini £pdréculapgiplicatioro A bAebhdésefiption of possible
descri pti.on _of QossLbI trﬁgtﬂres_of t he channels is
SHRCREFPS 9L s rhepmels 151 ghetnrtelqv for jiivsialier PUIDEERFY]  The
si zes of the channel cross-sections can vary depending
[00791e TREINIZESSE the eNvnhal @ofsebiéhsC@n rvbigr ddpbidiflg o MSrequired
they may be cal cul ated fromthe desired anount " of
ffomurate @%ht: carrist flgide Whuss theytmayeha ealadated frem thedesired amount of

tent to be supplied to.cells.in chapher 48 [ .

iR EBentse o0 RS ot it mianksl R ES o iopfy q gets in
chenbar 48,65t wids. arfdodeteiarplited fi@rchabhbbtia8 MBatSREE M be carried
cells, a source channel can be structured to sinulate
apay. Beodremnle doy cuijuringcmsrn cghs; 2 smyecesehaped @Rdensructured to

' 1.1C.I i e r - i I i .
RGP ook B B 5% R0 O 8 ricon
d\:il-dgile:t&l Fﬁ)ss-zéscftibﬁi a?]l?twilﬁg) flowp rﬂty ttemwglh)teﬁ»ﬁegeh td O],OOemg'xl:rlons per

ce S. Q er exa e, O Cu ure a spermec ,
seeide 8"1%’dlss§“2€°1€1ﬁatﬁnséll’€f§pn%ﬁ?u81é PYEHN b Sshiphd) GellsngAs another

o ; L L .
S DA TS8R LD il i 015,80 Gty n
withdravg isemntifeaous tabile Mlundy whithnilows deresd the ftagelle of fthe inkmature

an _exenmpl.ary constructign, a.flowrate of one
SBIEb o B ge POCRBIE 8y IFBERPRAS (RVERD coprstly: In an
cxahipRey dundt@tibAlea Flakt i of Qndi fTEbIAECpéseébN® may be required,
vari ation. Thus, sink and
which can be varied during the culture to simulate in vivo variation. Thus, sink and

channel.

source channels 10 microns in diameter may be appropriate. In another example, to
simulate the presence of cells that would be present in vivo but are not in the niche
chamber 48, sink and source channels may be used to provide and withdraw a fluid
containing .cells, e.g. cytokines. In this case, the flow needs only to be intermittent

and at a low rate, such as on the order of femtoliters per second. Thus, the channels
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source channels 10 mcrons in dianmeter may be

appropriate. In another exanple, to sinulate the
woe@seswes of cells that woul d be present in viROI/0!2004/002138

are not in the niche chanpber 48, sink and source

@ndaves Boundyshape Witk 2ton fiegwtede and withdraw a f1 ui d

containing. cells, e.g. cytoklnes In this case, the

[bbg ne%d%llt%ﬂlo\f JS gmgé?ol% r}xglé?ﬁn}?%é X gdbeaﬁns?allegv\étt_llﬁg interface

suc as on t er secon
Helveeanha nireinst Gng. vhweneh 62 @i ntlowhap Fig 6)rand chathber 48 so that the

iameter. [0080] A filter qr perneable nmenbrane 63 may .
o Tt 51 P BEOCIRY PRREIedce! BeRvmen & GRaNeY quly grelective

sﬁbﬁmﬁkn’%e%ﬁn& s todghg- 6) and chanber 48 so that
t e flowrate ca e precisely controlled or

gul ated, or to allow only sel ective substances in
[Dﬁ 1F 1 UIAdV?ﬂ@e fdgsay be tustpled [ @&hhnmk] varemldd ommyntoe the fluid -
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based on thermal |y responsive nonolithic

PAW%IG, danlyheflemistyy, 75 (203039589981, 1060y et@l.; aul Responsive

espon bi om I c,, hydr val ve for
raim @ R Vs For RS | Yo EEE Prges Bty 75 200
22889). Y1 ef¥al.; €ic @ntcntd dRacl08t WHICE aff 1n8@gbra€€d Headif By #éfBrence.
|ncorporated herein by reference. [008 Che or nore

§$€ﬁ)rs 66 may be nounted on base (gl ate 42 (or
[ naPnG 8T {10ssease 66 pnayt ke maynte pnhmnl@tmﬂdor alternatively

OBU&R%? ??ate qﬁl ol lm&ﬁtogﬁﬁﬁ@rg&gf_,f W W‘ﬁ‘ rb ﬁfgs%ﬁlbe&/ %urtl?elfsbelow

ypes sen ors na
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gtlﬁ gq%pgy?&%ﬁg Sagerdsserqsao%s r%%y%se%csle t% I{arga?slsnlrjer (?xy%)ég %gr?centranon
and pH values; Clark-type amperometric biosensors may be used to detect glucose
concentrations and gradients. A review of chip-based biosensors is provided by Brian
R. Eggins in Chemical Sensors and Biosensors, John Wiley & Sons, 2002, the content
of which is incorporated herein by reference. Sensors 66 may have various sizes and
shapes. Sensors having sizes below 3 microns are suitable in certain applications. As
will be understood by persons skilled in the art, sensors 66 may include sensors for

sensing molecular concentration, temperature, osmolarity, pH, shear force, or the like.
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and pH val ues; O ark-type anperonetric biosensors may
be used to detect glucose concentrations and
w@e@diossss. A review of chi p-based bi osensors PGT/CA2004/002138
rovided by Brian R Eggins in Chem cal Sensors and
chsemsony @ koowin tovhieayt adSen be readip obtained oo masnfactired.
which is incorporated herein by reference. Sensors 66

avi ' i e rs vi.n
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inthe art, .sensors 66 may include sensors for sensing
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iﬁ@ﬁﬁf—ti% 8%{dE cg&fuo‘i&? c+ﬂﬂé9%3§'t‘& Oerﬁ@zﬂ%%ﬁ‘ecﬁ? g Wl'ifég ‘ﬂ[gat ttl%nyé?se the
art an e y O ctured.

can readi tai ned or manu
hidegBlidiAppwak wa tHe sutsirateeNEmark< edneleb frpdse@eddwivalibigmanners

substrate plate, between base plate 42 and coyer plate |
lmwnmeaaﬁgwr%el_iedr@w e T S BBt 1 Spictdinensional
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by §emb 'Prob&eddids of THE Mtdialisndl §o6khyYBAObRcal Engineering 4982
"Thr ee-di nensi onal m cro-channel fabrication in

@803 dilAetlhY Jsi Neyraimthap panb) L ePansutskisr “Neandieldalsubavelength

ctr hani cail te (2000) -8 B.-H Jo
xﬁcgog)l%&%&" Ré%u[%gﬁ?oa' ri %g?tl\( %n deI%iot B 0s é%ﬂﬂé? oofrSimer laser
isiotabrRIalGL.” IouMat pippiied Bhysid3i TEIVENS?) ash-bAgE, oal Rudman et
M crosif,tem_s, Proceedi ngs of The International

by et YHErmETieebanieh grorestiasnef Wyssurpbloamlyurgtban potylae with
WRbASIANAR BREnk > Rapast o?gypgzei%?ga[&mfe; S’%fgnc?‘e“@"ﬁp%)girlﬂggblm,

m Cropattern gener ati1on. urded ar gon
BHbetretlabsthe contents béhiachaire teotpodadedt ngbindfy rAfepdriced

Physics 72 (1992) 4379-4383, M Rudnman et al.; -and

y m mechani cal roperties of UV-cura .
O TRE TR S O RO, 48, BUEOREHBINE, DR b gnbossing,
sﬂlﬁiéﬁ%icr&ﬁae‘l\ﬁﬁf&%eﬁs&%ﬁlﬁfﬁfn, R @YCrRY fukBORhterials as isobornyl
2113-2123, B. beth et al.; the contents of which are

acridde ddBAd-e PRIl thy prefbmed maaterigl00gd|stapiderdn etivwofdbrication

. ] Crost ami PDVS, . hot - 0SSi
(GO O e e T e RO B B s CPRRY Bl gt mave
ispeihtet@hahdinbiifmes the ¥aA6Ydhaddly sidt@nfinBAhambBEMS. | Bhe PDMS
the preferred material, and standard m crofabrication

loysshAecrregmilad ope ansten afdthe oher do fwild it sidewaltsed@ dicmethods
18w AS s @Y1 i thE %ﬁlgﬁlatiﬁg\fa%/ers of PDMS are made with excesses

of one and then the other of the two components that are mixed to form PDMS. After

curing, adjacent layers are fused by heating them so that the excess component in one

layer reacts with the excess component in the sandwiching layers.

[0085]  The material of each sidewall 46 (hence its properties) may be individually
and specifically selected to produce a desired specific effect or to prevent an

undesired specific effect. For example, to replicate the in vivo niches for the stem cell,
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inprinted on their surfaces the various channels

surroundi ng chanber 48. The PDVMS | ayers are assenbl ed
woer@somosop of the other to build up sidewal | SPEBCAY004/002138

met hods known to those skilled in the art. Alternating

spaipeategasia pmlEhear suppartimanbertoliesdlss sidswalls oare banddrivatered with
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. V I . - .
Lt shitu ey 8 250 W pEALLEISHIS, SO i,
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t ogoni a I.ls in_.a bialogical niche.
BarPEa Pgee Aeds el dupBelsatl Setrierly Mrihais bt o
poBldimetli9lsilokanBi(POME. strongly to col agen-1V such that

wal I s made of collagen-1V gel should facilitate
controlling the orientation of the cells grow ng i

[0A80h e r Sulgwalin d6.conrtienjanty their epsttoyred inner gurfhceat inaegne shaped

i ndi ng I . I und on, t he r gnes
ol bl B BRSBTS WL e, B g R TR R, s
abi a$ ogeszaibedi aheslundbinit ag cMessliography, U Mromachining, and
%dh$£ins, connexins, and selectins. The renmainin

rfiPscdSY bt VOanbetndi @, mhlie Hateprsdiendt Society Tor Optical
DR b HELAN TP BA 0P U AR i g i

byaeferanoé.ar |y their contoured inner surfaces, may be
shaped using standard m cromachi ni ng techni ques wel |

tQ those illed. in the art, such as is. .
IREHY L RabeHAiE At baR. BF RS of (CHIGRARHY matcrals to facilitat
tith&h hsmithGuglafithn¥ e 48 fsa Md: Rt LI ma&%ﬁnloﬂ{%réd optically, or

and 2, The International Society for OQjtica
lightgandwruspdto ipitiaRaspedific phibiochentikdl reantions withircdmanthet 4&if
which is incorporated herein by reference. [0087]

rat nsparent eri.als t .
088 3, APt uETaY o, IR B ot ABRABR oAl Eidhs o sTectronic
cbinpbndnie nekdasy waylehbieabi® ot @rgeenopbjeciald ¥f tH cell culture. For

example, it may be connected to other apparatus and instruments for proper operation

—

of the culturing processes, as would be apparent to and understood by a person skilled
in the art of bioprocess engineering, such as is described in Biochemical Engineering,
1997, Marcel Dekker Press, H. Blanche and D. Clarke.

[0089] A control system such as a computer or other automation devices (not
shown in the figures) may be used to monitor and control the operation of apparatus

40, and to analyse obtained data. The culturing environment in chamber 48 may be
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light can be used to initiate specific photochem cal
reactions within chanber 48. [0088] Apparatus 40 may
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el ectroni c_conmponents necessary or desirable for a
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4ge @i@%eﬁ%ﬁﬁﬁnufﬂgl%ﬂ%? 86,%%5&&& F Egiveh%)eﬁgllal’%l the chamber

control "system sSu as a co ter or Other autonmation
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RSB e BTN O AR Bl P RTP EHECORGPABRFREIR 1 n
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0 SI mul'taneous '
Mierestinoalechani@f] oy angl t(beoH Ye-2El i nAChamiedr et al;
A8. Fur}_l,her, with multiple sensors 66, the gradient of

Migromaghingd dlowahandling gemppasaber misrPpyEpTe ygeeadings of SPIE —
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SRRk B OLIA1y BM $354 B 30, O 4688
abhané “Micoesmps -c Ramberizidd. thp AR80Iwddecaalek, Ui Rhoceddingd Sof The

not shown) .may, be con ted to the channels to propel
RRRiaek Moo Qries s%%v&@%%@%h PP a8 & pikis: the
cBR¥nRSHAReh alsiRIDGaNkd RS b3ErcARee! EQ?ﬂ%ffeQ of uitable pumps

ferrofluidic nagnetic mcropunhp,” Journa
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B s o8 ST e S O s
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clecirelkingtip PeEps gk reacipiens e divmgreds fof Thierons per sepond alchannels

Ci [ . ' M. 4560 £2001) 39-5 .
W8 seh B0, SRR SRS L O ER3G, RT iter ay Bf placed a
vhsiousepcdiite e ¢he rexaomkl Fehainetidnablted pUucHamben a8 tslevacome flow

ferrofl uidic fl_ug propel l ed by a rotating nagnet
TeHgRNeE RASHY Demdeeehangels; oel ectric crystal doors
that seal against a soft jamb, piezoelectric crystal

[GO91)S: Phe surfaces of chamber 48 may be given a positive or negative charge
prior to loading of cells to control cell attachment or behaviour. The charge may be
conferred by various means known to those skilled in the art, for example exposure to
oxygen gas at 400°C, exposure to acids or bases, or rubbing with materials with

differing electron affinity.

[0092] The inner surfaces of chamber 40 may be made reactive so that other

molecules may be covalently linked to it. The surface can be made reactive in various
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ot her types. Transverse el ectrokinetic punps may be
used. Flow rates under el ectrokinetic punps can reach
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o otish P8 PRty AR e isPiS U e AR s e aiascbe orented
agdediedgr oups on the surface. Thin layers or bulk
materials may be linked to the surface. Bulk materials

' %Jude el s made from protein, polyacrylamde, or

[@{’1 r nﬁg“é Fydacss nmyche denietiged, wilh bipdimgdprpteinsotbiptds target cell
| M cr ri L on .t nji ques... Th .

oS kb Leagn b Al AR SELHNBRyn i g

(fonttighpjractolsy), caihetino(fombdtin-litiedaadticydats §n&ionk R e6snexins (for

For exampl e, coll.a fn-IV %els or, fibronectin may be )

E6R ByLctgigic ! eétlagf AT seiectigrlestincigfaractiggs ot hupilaersef proteins

¥y Ak of Phd R Nul e &lof fchﬁf&?&?ﬁg% g?&rﬂ]éﬁg%(retpe%g{é%é gf the

| am nin-1, when some surfaces
AlTihtreaded sugace withgghiitsratidehfyddy oowithttheplatohotitvixable cross-linker 4-

surfaces .are .coat.ed with lammn-1, the ce|Jls in the
RN TR R g OB MY Foire Gt VUi oSS higyRs known to those
sEilled ac @ 4¥BYs BRcHRId MakuAsek M&&ba@ﬂeﬂﬁhdg% RiRlaf! &0 fuﬂétfons,”
a target ggka t%pe is normal |y exposed to I'n a natura

Béawarternwhse r2338-28#a.ulio rand nYoshitdtosdind 1efepences dierein, the
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ThE Proteins may be patterned in concentration gradients on niche-bounding surfaces

by methods known to those skilled in the art.

[0094]  Electrical conductors (not shown) may be embedded in apparatus 40 for
connecting sensor and pump electrodes to external electronics and power sources. The
conductors can be deposited using standard microelectronics fabrication techniques.
For example, the conductors may have a thickness on the order of nanometers. A

conductor may run along the surface of a substrate or through the substrate.

26



APTS-treated surface with glutaral dehyde, or with the
phot oacti vat abl e cross-1inker 4- benzoyl benzoic acid
wa@o@siostoss dyl ester, or by using other techni geerCkniman02138
to those skilled in the art as described in "Surface
Gorshuofons ey ralsegbe coverer matheinert |coatingscwitlo mepconducting materials
SBilgrgateri.al s, 20 (1999) 2333-2342, Ito and Yoshihiro,
At ?%W%H@eogﬂ %erein, the content of which is

i ncorporated herein by reference. The proteins may be
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El ectrical conductors (not shown) may be enbedded in
syER 8% 28RFEMA0 for connecting sensor and punp el ect rodes
to external electronics and power sources. The

[0006}Ct ‘%%xﬁﬁﬁla???ﬂ)%gé_%%fb@ﬁshlﬂ@ﬁ apta PR @is as follows;

m croel ectronics fabrication techniques. For exXanpl e,
the conductors may have a thickness on the order of
nanonet er s. Prepeemd genasellyvigt subsiraig orade efisilison pbusilicof diaxide,

substrate or_,t h.the.sulhstrate. Conductors nmay al so
be covered VR\’/Y ‘ﬂ{ﬁ’%g‘ﬁg%e&’é%?%%s wi th non-conducti ng

materials such as al um ni um oxi de. [0095] N che
chanber - 48 rmpebdecrnssnfad orf se platd4;i ng cel I s of
particular types, e.g., cells found in mamali an

testis.” As will be, descr.ibed, chamber 48 may be used

to cultlUre iﬁ\{‘%"i@’@é uym G oxilejas titaawp nifEde Hgnsnagent conductors
respective, Gddiniwdyaloh¥e 408t ehbdie 6Nt " §n Y€ exters
assenbl y togget her p?oél)ucees g gesc%rr 353 E’i E%gtéél‘ﬁ(}gl &E?I%eg)t(tenor
or product sudicead basespleted2; [ 0096] An exenpl ary

process of constructing apparatus 40 is as foll ows:

prepare_a ggne rsﬂl ?l/{% fr%h%%lggs : SétB ggctétes&rcgaglt%z omc tolsﬁI #0 0 ncogcriuctors,

silicon di OX|%o e

sensors 66 emehagR bdbing Piyel @aydBWMmdde BTt bxbn@é,dglicon
or titaniumnitride transparent conductors (not shown)

connect i ng 8#HdePoldmideyorpalrtilosarss on the exterior
surface of base plate 42;

- construct sidewalls 46 with microfluidic networks by creating and
stacking several layers of substrate, each with channels moulded

into its surfaces, as described above;

- cover the sidewalls 46 with a generally flat substrafe, which forms

cover plate 44, thus forming chamber 40;

- optionally, and either before or after covering chamber 40, make
some inner surfaces of chamber 40 reactive so that certain molecules

may be covalently linked to it;

- optionally, and either before or after covering chamber 40, pattern
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deposit an insulating layer (not shown) on top of the
conductors, where the insulating | ayer may be nade of,

wo evosexmepl e, silicon nitride, polyimde, or PCT/CA2004/002138
pol ysi | oxane; construct sidewalls 46 with mcrofluidic
net wor ks by teindajersef nipl¢instoacknedniss verfades b glemsbeo 0.
substrate, each with channels noulded into its

ce r C t d
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48l Buse 4] cdvieriplatesrdi and wheviifiee tidcells phdrebdwbeh sitho limit the
t her before after coverlng chanber 40, nmake sone
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d@Sleruamb@anvﬁmm[emeﬁ]argm celd GBadmeorrr mereruulmn@ellm(e g. cells 70, 72
e de

d ||
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or away fromthe base and cover pl ates.
may et manusdlyi sperifigally, pqswmgdtmechamimu% @r tmygmay position

I‘tfé?llxéele\%g ggorlgl‘g é&% 8¥geagezaﬁolg €5 éq%ﬂg?m aﬁérgﬁg‘c\élfi,e&boneg gﬁ:qng cells can
nﬁﬁualeZcoalﬁldmﬁ é)tc}ffaherb@héh e afeonipreded tow e efeBlothPBA target
within chanber 48, In such cases, the other cells also

R thys é@ﬁh?lﬁéoﬁﬁmag deneighbourinpteslls.ar get cel | and the
nei ghbouring cells may be manual ly specifically

[9’0’99]t | opg iy HRarbeld 1?1 Remtie 9% lg;’aﬁel%gﬁiotn' \9@11 a micropipette

hersel ves through sel organlzat
ﬁ@pprtm tapt with ¢over plitaddntenmebd.sCover phateudd nyaycbadoweared into

e 6 SoATY af GEPorB st HEIRGLS. LNGt RV By % giioned with

sﬁﬁdﬁh%bﬁﬁbﬁ&g@@dl& ScelfsQQ%E’Als&sé LB MrbESGRAG Inbidld? the fluid

chanber 48 by deposition with a mcropipette fromthe
chasgelsi 3t tec 63 eForpdxample Acetle mpapetle deivesed pj eliembbt 48ayiakme of

IR0 STbReriE] bagheefoha fhuliited Roth ichaclies o4

i1 Odrink18 rson@th 6% OncEablivers® ot my%lﬁ&gﬂﬁge bhEQHERemble in
one or nore of the fluid

chamber 48, which can be fac111tated by the barrier surfaces present in chamber 48

which can have pre-selected suitable characteristics such as appropriate affinities to

specific cells.
[00100] After seed cells are loaded, valve 64 in channel 50 may be closed.

[00101] Chamber 48 receives fluid culture media through channel 52. For
example, for culturing spermatogonium, the suitable media may contain seminiferous
tubule liquid substitute. The media may have high concentrations of amino acids,
potassium,‘androgens, and estrogens. As can be understood, these media simulate the
liquid in the seminiferous tubules that is needed for proper development of sperm

flagella.
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channels 50 to 62. For exanple, cells may be delivered
to chanber 48 via one of channels 50. Carrier fluid
W(rmqpslosyosiermved t hrough channel 62 by openi ng Rel/¢ag008402138
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oF©Ini SXPHPILE side O a Bl WnhiAg of P&t EOEBE Wihed. he
SU|tabIe medi a may contain sem niferous tubule Iqu|d

substitute. The nedia rmy have hi gh concentrations
Ol aci didie pediadlom;and awmeaf@%tws cap deduenitngech gnd ﬁ@,ntrolled

Pt%ggxgﬁe%w L5k %8‘?13 a’b% 3Rai® %ﬁuﬁh@ﬂﬂsgie@ 45'{1?3 o Qi EntBtion of

erous I'S nee or proper
otgyel apdehd pdff valperim dhambet I48 Fﬁﬁ]ie@’a‘zhtﬁnﬂiiqﬂ& dehsard 66, the
may be drained fraom channe [ 00103] . Suppl enent
eElient of AgrrRBdnaienial g Higdlh %&‘@abteén?ﬁ%‘érﬁﬁer 48 t hrough

channel s 58 and 60, which serves as source and sink

[60F05E! S rma@g%;sa\fﬁhy 40 O krafparak Soellt Q%w&yapbm& 48 can be

nedla may | ncl ude testosterone which 7s normal
moe®estd, fon emgﬂn,n lgyresing nulhmsscmi@ imAgiag gviaks. IFamnaxalnple such

te.th Th dia fl
BERE oY b e o5 BT Rscpts BEafre? SomEoh etpe A can be
r&}8Val fhd B8 ERtBe REendBY apiticesis. t 0 si mul t aneously
nmeasure the concentration of oxygen and the pH value

in chanber 48. Further, with nultiple sensors 66, th

[0106knt ok camgiipaar ribee ptamatign drEcesmAB b Usedh tqaawmtor and
cggﬁﬁ’lu{h%do ek&gﬁocﬁ] a ?%f;a?usag@can \téeanﬁa%'s'esobtté:l ?%’tr'é.eﬁ’“he culturing

n ch tore
eﬁXﬁﬂthnt ihychembeagd$rincayoscadjosted dy:mgalb!;ebasreém therinformation

%egﬁ@ggé)llrﬂgefegl? ?’gﬁ? ﬁ‘i\"/elél %%eﬁ%ma{elolg%ao}l@:gl&nag veligs OE RH. glncose and
ofcgg%g?maﬂpatfaﬁsﬂl &RkbLhes i Nt ended appl i cations.

A conputer or other automation devices nmay be
used to nonitor and control the operation of apparatus

[20103hd t Figndiliustratopa aamtislad examply o cellsl qultiadgn apparatus 40.
As illustrated, chamber 48 contains a type A pale spermatogonium 68, a type B pale
spermatogonium 70, and two Sertoli cells 72. While not shown, it can be appreciated

that each cell is constrained by base and cover plates 42 and 44 therebetween.

[00108] As can be seen and appreciated by a person skilled in art, the niche for
each cell grown in chamber 48 resembles the biological niche for such a cell. Each
cell is confined by one or more other cells, and, in some cases, one or more sidewalls
46. For example, cell 68 is confined by cell 70 and 72 in the horizontal direction and
by a wall 46 and cell 74 in the vertical direction. In other words, cell 70 and 72

confine cell 68 therebetween and they contact cell 68 on opposite sides and prevent
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environment in chanber 48 may be adjusted dynam cally
based on the information gathered in real tine.

wo-e@dlossks | nf ormati on may i ncl ude val ues of pHCTCALWS002138
and oxygen concentrations in chanber 48. [00107] Fig.

®11i68) fgayn tegveling apa tfioow fhem; ébkameeceil‘ T4 etd thedottonr se@bwall 46
;Jtlgb @&%ﬁ- ac[telﬂ 684t%ere@§tg/§8n Hﬁ& E@@fc%’ng tc)?g r&gnpcg?%g(s:l € s1ges to prevent

ype
cell&8rfasne gandlling Z\Qayﬁrﬁﬁhthm Sertoli cells 72. Wile not
shown, it can be appreciated that each cell is

Ll Sy o i v
H%Ywé’én%[ﬁ d,ﬁﬂgeelr e%%r 'd@gl%ét Juh C%hl%i ﬁq@ﬁts‘?ﬁ&haﬁﬁ e provided

grown 1 n cha sthe 0|ca nic

thtooph ehapekls.lodaterhaboet br bdowartkllned by one or nore

ot her cells, and, in sone cases, one or nore sidemalls
70. an

d.b
R S N e W ARG
aldelli gt c%fl@sﬁbﬁrdslacsiﬂenﬂ ifoReEa@iber 48, ARSI 5005 @Eene‘&ecleﬁl]gglgnly $0

and 72 confine cell 68 therebetween and they contact
that|the @dls san bp pysied by giftwdcanrier gt of hrrnalesir U868 from

travelling away fromthem |ikew se, cell 74 and the

B8 1, ot P a0 5 RO BE R s

chahberGB Witlo msyrimyeadrla migrapiysegtef 1 om t hem [00109] Cells
in chanber 48 receive nutrient by diffusion through

s between c 0 a ] esser, degree, through
@@ﬁ: Nut/MiPSFRLS ‘Mﬁ?ﬁ eé’ée‘i)%l rigus arpliceliotsugh channel s
| ocat ed above or bel ow a cell . [001 10] If desired,

[08113] may Hoe ckAnPNeshphtHIe Jd"@an%g 1d¢680 ﬁﬁiﬁgg [1ealf£§r sperm with

renove a cell or cells such as a sperm rom cha
aggale sHbisaics g@aﬁtmsprgﬁbm@dhc enpdrofr faryexsmplideaf testieulareddnser or

a artier. out.of cha 48.
AR | SR o] petlstafy B8 Bl ot A nEu G GO soibiveserved
forentitlled frowith gt Dlatke SitnelR destaibb@heréth, W th a syringe or
a mcropipette. [001 12] Apparatus 40 can be used in

| Qus applications. [001 13] For exanple, apparatus
[d@Hfﬁn be L SEgpn BRI oAk ésmeﬁ ;pf@peﬁrxmt\xpgqﬁh@ man@ltlcellular

BYPLEBLIESSLA RLI S Sy b G i
assetribly ofwiches. Aaloan bk mppnealatedahﬁmyatsybﬂ) acly knged to provide and

reserved s 1
hiTol an assembly of artificial niches.

[00115] Apparatus 40 may also be used to provide a single niche for a single
cell, or niches for part of a multicellular unit. For example, in the case of culturing
sperm cells described above, instead of seeding the Sertoli cells, apparatus 40 may be
configured and controlled to provide important proteins such as Sry, inhibin, and
androgen-binding proteins that are produced by Sertoli cells and the boundary walls

similar to those created by Sertoli cells to establish the blood-testis barrier.

[00116] As can be appreciated, an array of apparatus 40 can be fabricated on a
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for controlled gromh at a later tine as descri bed
herein. [00114] In organisns nultiple cell types often
weziosnsgosgiet her in nulticellular units to perfPCMCA2004/002138
speci fic function, and these units often forma
sotgle evacd. Ysdllsstiatest, chasleardBcan Acoonuhatite Maltipdancdil or it may be
recjated. a ratus 40 nmay be used to provide and
Eiediot ﬁ“%s"g%ﬁé‘ﬁ?afé?t %Ptificial niches. [00115]
Apparatus 40 may al so be used to provide a single
[00¢1E] f or FurSiengdeiffeadxemplity BinbbdifehRard@dstribdd Below.
mul ticellular unit. For exanple, in the case of
ulturing spermcells described above, instead of
(§e%‘6q°H@t‘qu’é'°BEPf'§gianéé1°P§°1 apparatus 40 nmay be

nfigured and controlled to provide inportant -
réﬁamg ns Shtmentonmdyearligineqsnpriters fad £aEDYies Hrograms egn be used

r ' 0 . e lj scells and e
BRI 4 Y AOPNGRY Y oE R fraCEL el e a
Mikdgodessaes tahl bshintérpofatedodhtd estduttutiag rdetice o8O0k 46{eparate

an _be, reci ated, an array of apparatus 40 can be

As
GF%‘B@}Z&%PBH- HENR P vae @B regsd the measpeanesnts Eprithesensors,
aﬁﬁyﬁ@@h@‘&ﬁ@ﬁ‘ﬁﬁ? %ﬁtrm; ke Ric esc%%ééogdiﬁélg.'e It FH@%G&%%S 1ayf1 accessory

eSigned to culture a single target
deviceshmay bp endrfifotedeasingingoiledbp ook oemultipde prodesors dnddoftware
bel ow. (i) Automated nonitoring and control [00118] As
PReAP " ®ned earlier, conputers and conputer programs can

be used to control the culturing and nonitoring of

[0e119] and Rig. ®ilakiaes &bERnGRAy BhfReurMicd MIRLEFRRNEYS between
can be incorporated into a cu turlng device or in a
t

the samppier cwptern 90z eentraling cyiering mpdt de egnstodled caudturing and
surenments fromthe sensors, analyze the

aﬁ%&%a‘i‘g&%&gon rol the niches accordingly. The niches

and accessory devices nmay be nonitored and controll ed

[09120He or Timidichs Tmlcmsmsmw Be amhc&ﬂ}‘ihvsamebn? o@ftiediE. that has

0Q1 19] Fi 9 illustrates an exenplary_ configuration

OB S5 WAL THREAT He PaIUF Y SPLTRDBeS on (he outer

G:9aHe" Bt Init&Hehciigl Jith bR et | i1 {

?anal ytical s?)?/ﬂs#t ens 92.ra Occ;)élsz ]oﬂ?%;]]{érﬁ%'etﬁg cgﬁ%ﬁ%i%{rﬁgoseaﬂggged

intaye devi¢enthatigedorinms wutinbichburiey fumctiges thahitathds centralized at a

Pgﬁr‘%g Qfg‘t@%g I,1°r (f%lé gﬁ% 5%&1%glﬁ%e? ﬂltglangt&ts (’éfr egl%ﬁ r}ﬁlc iece?slserﬁglr}]/.n ,egltlc%r ﬁinctions

include the storing of nutrients and gases, supplying positive or negative pressure to

move the liquids, solids, or gases, receiving and analyzing signals from sensors in the
niches. The device can have a multi-well plate and a cartridge can be placed in each
well. Alternatively, the cartridge can be placed in a biosensor device, for example,
one that shines light through niches to determine if a cell is expressing a specific
reporter gene. The cartridge can be provided preloaded with cells. In further

alternative, the cartridge can be placed on a microscope stage or in a multi-well plate.

(i) Conducting cell-scale molecular biology in a single controlled niche

[00121] The tools of molecular biology can be applied to cells in artificial
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surface for interfacing with other devices. For
exanpl e, the cartridge can be plugged into a device
W bas/opss or ms routine culturing functions thapCTan2de/002138
centralized at a place distant fromthe i mmedi ate
ni¢hssni This dibs eadtiplei emefitss Jbatsiells arsSich lmsmmt stafiesand a defined

i ncl ude .t of .nutrient and“ Je n

PR HHGY The RS R o RUd pEV G A0 oPFRES rREL A%, by
Bovitahg, 1ife surPdsas thd &teio\Hl1og s t@ﬁﬁbﬁ(té i GmSti@ Re4ttheht AB)ding
sensors in the niches. The device can have a

thecell implace,pang: dlloyring fineagonirptig treatments giich g6 dnicrpinjgetion or
r . d d Ln_ a

Wesop b D8 LRy e Ao A8 ERNAE oP 367 michRy

through niches to determne if a cell is expressing a

[00%22% i c repelt t:elrturg epparaflb @r davite ietgaplagnofihe pnmniudﬂ @nay be

| oaded W|thc |1 hi f ther al ternative,
e 1 1 RFECEG S %Ic SROLFUIAT npiglogye oﬁ@ngfaégén%)lb’ﬂﬁ nok other
| I
il E“Ehi‘fﬁﬁ‘gd‘éﬂ%%??%?‘*%%é%h B33 pfcfiRn Rt

of nol ecul ar bi ol odglj_y can be applied to cells in
[60123] ci alRigs hids andrHilsillsisatend culplringbderdéd tIQO defiming a niche

B IR T .

ohfY orie 16 €liree nidleinQY Iddbithel dithénsiorpport to the cell to
allow cells to survive traumatic treatment, hol ding

[{)8 ell in place, and allow ng fine control of

ment S g RiFheschamber djasiBeriph fudtces 104 1 andpisr eonpegied with
nh{ig 1@%&%&1%;%%&0 gﬁa{bﬂggh%;%a @, shipdd fof'ﬁ@fgre%"t RardeB¥ 103

ni c par at us or
nggyarspd forydetiveritpetoion ermadt dionreny chanba&ﬁffémnmﬂﬁtﬁmmor materials
nol ecul ar anal ysis or

I | ]. bi_ ol h I
oBi e Ty HPRRS S o0 ShADS oReRi O @iy Hevfhgerepampeied with
aajaeerﬁpo@uowuuﬁhg lmltg riaRmgh " @RARN 104 03Z3heE A3 ml@1gm Ailow

lustrate a culturing device 100 defining a ni
V@ﬁaWb eantibddhies, ncadbisnc ehidyste, Himfertiny esrdefiy nettlers heqeentantd be

P at | e to three niches in at
FABL P SR TRIR o SRR B SR pbe0) i
chVit@inhedt i$ eetiARRE] 3? hnBopis, Eﬁ@ﬁﬁlﬁ@t‘i@ Qxﬁ‘ﬂ-&é]lu'[ﬁl”rhétﬁkecoatmgs
m crof | uidic channels 103 regul ated by val ves :

opithe Biraaes BALRIASEBaINGB coripctida palt dereig headling sursahic sources
t | ut
SR BERE L1 oM R SURRIE ok pd P07 S80S EmBes

ave
Channel s 103 nay be interconnected with adjacent cell

[@AN28]r i ng Jeils tage idadedighd chivadel thrddkh nfdrafiidicscHdelantd via
Vgﬂ%gs f‘H gnv(\‘i 124 while withdrawing solution through channels 114 and 104. Valve
124 includes a slider 122 slidably mounted between plates 105 and 109. Plates 105
and 109 each has a through hole (not shown) for allowing access to, and/or fluid
communication with, the niche chamber. Slider 122 can slide in and out between
plates 105 and 109 to close or open the through holes. Slider 122 is actuated by
bladder 110, which is in turn controlled by valve 111. Gels or filters 107 allow

diffusion of solutions to mimic natural bathing of the cell. Cells can also be
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vectors, antibodies, calciumchloride, |ipofectin, or
any other reagents to be introduced and the nedia to
wheooslosBed for cell washing. The supportive NPCTIEA2004/002138

envi ronnent is established by ani sot rog bi om netic
1%19&?411&% & depesitieatthrongt dhe 1oy or dettomeok thef nicke chiraber with a

SUI tpalgeragl é}c}h{bcggggﬁ%&ss:%ﬁﬁ&%?@l&%ue?g%ns Qﬁndl IJ:B?abl e

si ze and shape of the niche chanber. [00125] Cells are
[00326}d anElecitadasi 0B hlow g hlemrmrfﬁﬂdl to st estabilighetedcrdst 3 cell for

I t hdr.awm sol uti-on
ol o R oS 10 s e o ppoRcs SRS of St el a0 ghat the cel

n
b8 5 gl s AR o

0§ Hehinyleatip rbeausovihe g:eﬁcmm@ram isapmhhjmomiidedi dn an artificial niche

t th li der 122
oG LAt S0 tesunBed bR 768 sim Pycwrperiad peal of i
sidles O[Tl Edi8d bBuGeD forhBE ansi@tichest &ei’@ wlﬁl Bt @o@{ pumber

bl adder. 110, which is in turn controlled by val ve
bepause sinelq Yastag cap e aldcedhinihe fimsiedintovicindtywifiacingle oell, rather

T 468 o PR bt 5 e bR B P o

of the niche charrber W th a mcropipette, or through
[@0t2Fel s Pasen b2 tar bmgbvﬁle@ anfkatiposkdIh@ritlcakOfide within the

00 264 Elec%l@i?deg1 aII?wan electric field to be
CRUPNLH| s3Il F5LCF e damber. dpbingtanee under pressure of
bﬂdﬁ&ts rageshel 08 aﬁ§1§n F&k@%@ﬁ’tr%gloﬂrlﬁoe%bﬁ of ﬁt}ﬂ&? i®In 1€ controlled

cell so fhat he cel ni che can
treuglmclnampdrblﬁemdv‘ﬁh@djwl onal el ectroporation results in
a high | evel of cell death because the cell nenbrane

i nprom sed an a Ci ntrolled, i

rran r as C@Brblek?gﬂreﬁ]@ft‘eélr ﬁ"e Oilém f E’ ag‘h? ‘{]eé(bce 100
ca@nbalvariedl byt sthed §98s of BktGateRUtdn be iﬂﬂﬁﬂbfeoﬁla&&@ For example,
transfection of cells with controlled copy nunber

Pistral Mecag by astiated scetber lmmwraetysitiaganechanisine lAmmdixample it

' ' t.h h
o154 Bt Pl BBl S8 by Ry DR AR b e
assirews, deverd, ORiE] mﬂr@ﬁﬂrs}ﬁlgzmuﬁecﬂ%tﬁw stefle aRE SO
di sposed that it can slide within the chanber so as to

th | u f th f t d
GRS " St Brainle cspanting PRl i sen s%»unsgm%rt‘gnelfontoegompress
a e td ﬁi@tchﬁﬁb&fto ?%ﬁl!i}e‘gg i fole iiag%ﬂlg,[ gbgfgge?%%% Eggled using

t rough channel 5 and val've can
chappelsclidt ddr anhlysis obymeicufcapiieryn ietsoroptvacdie r RTPERY bt &ther

1 .
me&%ds, m some cases at other locations on the same monolithic device 100.

Cultured cells can be compressed or exposed to other treatment, that bursts them, and
their contents can be transported to an analysis device such as microcapillary
electrophoresis, single-celled mRNA extraction, HPLC-mass spectrometry, and other

analytic tools, through a microfluidic channel.

[00130] Cultured cells can also be compressed toward each other so as to

enable fusion of the cells. Fusion of cells may be desirable, for example, in hybridoma
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can be varied by other types of actuators than an
i nfl atabl e bl adder. For exanple, piston 120 can be
W(ae(mﬁ/aimds by ot her known actuati ng nmechani sns. PGECARD04/002138

ex Jﬁ igihed to a plate that can be
0{5 pE’éI??& dé@ FUSEES? Evprsalisstodiecrpmapgessed tagsther as
th@‘(f@fuﬁl SRR LRI C
B b iy TG e e REH P B0 BTy gfiyBble niche
bﬁmrc@hem@abéblpﬁstomsumas p@iyaztbyﬂpn@ shycal @eﬂof bumstitgeells such as
er.to ra e t hat exanple, its contents
l%é}hrgg Ogglr?ﬁlfsg ?q'ﬁ%ggﬂgﬂ%ﬁhg CRaetsor anal ysis by
m crocapillary el ectrophoresis, RT-PCR or other
[0013Dds, iQuiaeRe déaﬁesoeltnagtbiéeﬁtegﬁﬁ?tfbﬁ{éa With biher 8&A&s such
nDnollthlc device 100. Cultured cells can
ag oPHpete sBadisrenis, 96 thel invensionein ar %aglnemparaﬁlmatharucmle as
ﬁgﬁﬂ n or t
lﬁna egﬁgq?aégﬁg}é %ﬁg%ﬁaéﬁ %%%‘%ﬁbfgﬁz% %gﬁrsee ces f@o may %e provided. In
aﬁbmatwe) pibbésichts, Sinngkanislgl heyl al‘éBNﬁcRmta rohetdrofere of the other

HPL rrass spec%iometr% and ot her analytic tools,
epphogd i descr pest heiela dhe wathAevyices; ourhar]degise tl0P caray: b Istacked

16 hwith BE v&ﬁiﬂ?{ gn8ad 4 f’;?%ﬁgoﬁ.@/‘fé%&t ﬂgérrsl %%a a%@/or media in

enabl e fusion tthe ce usi on
bd@menabs dJustreted eeemhping, deivice Wﬁajmwllgqﬂawsmped and the units

bl add t II's to b
Y a0 PGB R ks HRAS ) AR Ao Dp giranged o 2D
a@38DaRRSs Bhtd :ﬁﬁl @bé\te@ dr Sifdr Hﬁ%&@ﬁggﬁ%‘% 6’ahs IBYR Gevices may

niche barrier. Chemcals for fuslion
bpdisgdthgligm thegdauiess. Gharngls Mr aitd elgetriedl] consaetsh1 s cdri gdhnect

|on can..be ded t hrough t he channel s.
'V?@H%gi?l%h %@a%@V?E Y158 may be integrally forned
wi th ot her deV|ces such as ot her enbodi nents of the

[00M32]t i on Miraflusdio ghamapmﬁtgu $an bO'in EorA R MEth aﬂéultured cell to
hl lustrated in Figs. 12A and 12B, an assenbly 126 of

@V ibaleh clasering gt @é 05111 in/fletead ion ghagnel dimesiony e

enbodi nents, an assenbly nmay al so |nclude one or nore

[@d133)e ot m@eroqmﬁel HEHR 1%@%&51&9%&% T{Aﬁq&ﬁ@n@}d fed to

devi ces, such devi ce be s

dwmeh: dhatn pdnfmlm symak eraBalgsed \akt hnlOfocmplllhl@uteléaM@hSreﬁE gas
each unit

|a|nb il lustrated,
8{}12‘ Oe%T?PE*)’ EJE% fgz‘%@c&ff&n%tﬂ&fa%w AR#FSt WECEMNSLY, redyother
mResweéaeied i n par aI lel. The individual culturing units
may be arranged into 2D and 3D arrays. Slots and
rooves or other intersecting fornms on adjacent

Mes mlpidén adbdd chanmel 404 connediéng tes or Grammidhs chedibers
e ?Axﬁﬁgc‘i 'f&aénaf}%ﬁtb%pfﬁghlﬂerfo%%%ngeo 1nq%1({ Chromatography (HPLC)-

mass spectrometry, microcapillary electrophoresis, or other analytical tools.
(iii) 3D tissues

[00135] = A shortcoming of existing artificial organs is that they lack fine
structures. For example, existing artificial skins lack hair follicles and sweat glands

and are therefore uncomfortable and appear unnatural.
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with their counterparts on adjacent devices. [001 32]

. Mcrofluidic channel openings can be in contact with
wa@2@aloswsed cell to all ow patch clanpi ng of theCT/eAboos/002138

detect ion channel function. [00133] Mcrofluidic

[9R48BEI s dfigovi3niibistratesne eproseduge bior saavprbling@nublls eh tao three

SREh 5T 5] piEh] SIS B B0 Brob T ReAT o b iReBBan, A bliratity of
ariifitthlOnichésoTBAt aGr RRRYd 1@&&0&%@&&@5% 1&er qb@ eseveral such

measurements. [00134] Fluid_in a annel
leﬁéfﬁﬁé 3% may hev@naed wl‘mr%dq Eaelh layoel 32 vy doetagadqﬁfee@t niches
AR T il ) Gl SRRSO PR o b
oalt&mﬂr GQeliorendtused o dﬁ’fdiiﬁ’ft lapak yl?acmhytIQﬁbSdlfftétd?t el? lepes or
tissues [00135] A shortcom ng of existing artificia
Pt afalﬁsaqd[sali%&qo]wrhé@paraé@w Layds ﬁ%mbw acked tegether to, form
Rtficihl R I thbd 1 Rho IS bk BALIISBd By AShin
sweat gl ands a are ererore unco
pear unnatural.[00136] Fig. 13 |IIustrat es a
[Qg&ﬂdur e Tan exemphiny embodisieht celis i sehembpattemabiapmlmz are

tt f nbodl men
st AR R PPyt Bt retepormciics 1381 ofcgls in the
thrgetBshut My, t TRe Phitdn IrHHes (F0he! RUEks Adde t§%¥ﬁ5@lond to the
such layers 132 may be formed and cul tured.
patiernrfycedlorpes fou@ﬁflflélr gngleeplttidek 08 few-well¢hick Uayengf the skin.

bk AEPBE B ad B B R0 BB 3B RS 38 and
bdttblfnelfaemr 13ty dop ahaz)mm baviersdi3Bf giders4 sebdnt iYPENIsOKith the

terns and are grown separately. Layers 132 can be
né‘?‘éc%é‘ﬂ’op@&étth@r sifnglay Haiyrad roels .W,quéd ngmmllnbe exhesedHasby the
3 trar
550D R i 1T bk Hokuke] I Fhe §p Fpa bottom
bpaicretifeand Hdemay hBD iatescognamio fmﬂﬁ}nelikdbdiﬁﬂdﬁnesv\laﬁ#ﬁly within
ch layer 132 corresponds to a layer of cells in the
U?Z]f‘ @t tissue type. The pattern of niches for the
cel I s is made to correspond to the pattern of cell
[001B8] found ﬂoﬁnaansérﬂﬁbﬁt Q&‘ﬁ |t1s§d%' Ffl Qrfoﬁﬁi’é{’u‘c‘)ﬁlléyetr Ii'SfK \Cfrhlch
| ayer of the skin. Each | ayer of I's may be “cul
may copwRsnond e atlayss ohbyrodarmispis rfmtrchesenwne mpcbaamd‘:rdBBAman be
r%?&exrseéln P ¢ gzﬁ ose C%FICS %‘ﬁ{ ﬁl%il‘%?g{glb%sr cla%rbse %p%%ec%}ed wﬁen top barrier
133A is removed, niches 131 are exposed but can still be fed from the bottom. A layer

132B, which for example corresponds to a layer of dermis, is then laid on top of layer
132A. The bottom barrier 134B for layer 132B may be treated to minimize cell
attachment, for example by brief introduction of an extracellular matrix (ECM)
protease on one side of the cells. After removing the top barrier (not shown) covering
layer 132B, layer 132B may be ejected from bottom barrier 134B by pressuring the
underside of each cell through a microfluidic channel (not shown). To add another
layer 132, bottom barrier 134B is removed. The process can be repeated to add

additional layers. Stacked layers 132 can be glued to each other with biological
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[00142] An ovum can be grown in an artificial niche in a state optimized for in
vitro fertilization. A micropipette tip can be introduced to the niche and the ovum

microinjected. The niche may expand to accommodate divisions of the ovum.

(v) Long term preservation of cells (cell banks)

[00143] Currently the most common method of preserving cells for later use is

to freeze them. A disadvantage of freezing is that the cells are exposed to an unnatural
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Véactors used for produci ng reconbi nant proteins
and ot her bionolecules, it is known to those skilled

[00M4T]e ar Fuith@inor@Xh Gradftivgial teNSul6Rs, B inSdditA3idahe cells are
getrtnental to cells, with the result of a reduction

oftgn stigerl éq reglnes gheir local concentration in the culture chamber. Stirring can

generate harmful levels of shear for cells. In a controlled artificial niche, culture

medium can be provided to the cell and the concentration gradients can be controlled

without stirring the medium or the cells, thus avoiding the harmful shear forces

resulting from stirring.

[00148] Furthermore, basal conditions in niches (i.e. the conditions of the cells
in the absence of toxic conditions) can be controlled to achieve better product yield

than in traditional bulk cultures.
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offthd erghnismiu aTHewystemtcrfohdhed r&plhbdﬂcb@tmlﬁlmttbhe andphysiology of an
different cell types are connected in a subnetwork

A2t Berforms the function of an organ, and these
subnetworks are connected in a larger network that
[0@153F B tAe eiéfﬁ}ﬂﬁﬂy%vfé@ 190 §28h oS B, qﬁtA%d"fﬂﬁ%ﬁéﬁ has a

For exanple, a single device may control
simple network. As can be understood, the network could have a different topology as

shown in Figs. 14A and 14B. Device 140 includes a pump 142, valves 144 and fluid

communication channels 146 for maintaining chemical communication among niche
chambers 148. The digestive system and circulatory system of natural organism can
be reproduced within device 140 so that cells cultured in device 140 can be fed with

more complex culture substances such as food.

(viii) Niche-optimized wound dressings

[00154] One or more artificial niches may interface directly with a natural layer

of cells or-natural tissues. For example, a layer of niches may be formed in a cell
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[00156]  The shape of a niche chamber, and hence the shape of an artificial
niche, may undergo controlled change during culturing to accommodate changing

morphology of the cell, for example, during growth or differentiation.

[00157] Figs. 16A and 16B show an example of a niche chamber 161 which
changes its shape to accommodate the growing axon of a neural precursor cell as it is
differentiated. Niche chamber 161 is connected to a tube 162 containing a plunger
163 with a lumen 164.
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exanple is illustrated in Fig. 15, which shows a wound
dressing 150 designed to support tissue regeneration.
WO\2005054088.51 is rooted on its gum 153. Gum 153PCTEEA2004/002138
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neuron. [001 59] An artificial niche can al so under

0]
chamberok [ilustrated an Figsn 17 Ad1 W pyd 18KFhe eellreuburing device 170 has an
Il for l.e.hQy. surr I ng. the, ni che al th
e R R S R AR
comprigéetwa falf.8phadeO M 1Y anddi By petssed ©®latds. each other along the

borderline 177. Gel 171 may be loaded into device 170 through channel 178 by a

plunger (not shown). Channels 173 and 174, which pass through gel 171 and can be
connected with channels 175 and 176 on device 170, provide passageways for feeding
and draining liquids to and from niche chamber 172. A tab 179 can be provided to
abut gel 171 so as to keep channels 173 to 176 properly aligned.

[00162] ° In operation, a primary follicle is loaded in niche chamber 172 with a
single layer of granulose cells by micropipette and micropositioner outside device

170. Gel 171 can be made of biomolecules in patterns that simulate the stromal cells
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(not shovvn) that open on the outside of the gel can

suppl ement this function by diffusing sol ut’ions
(OHrineaghduformaticsgaidy The two gel halves 171A and 171B
are brought together to formgel 171 enclosing the

(ORI 11”4 tf e POt i b RS Moo St o

clfllkurbdeﬁamsﬁwvﬂ‘md?lﬂs 198 2RiabB. i N a manner to sinulate
the polarizing gradient of nutrients and growh
which a natural growng follicle is exposed

@@%{4& [es of/ b cytrse phambes in Hds devigs was farmedusies & A2 xbﬂocmu
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row t hey agai nst
pb@nﬁ@renﬂs Of thasnictoseoyterstitie d/ermglﬁecgto th8cover Bl kd they #eee held

to'gg@%? SN oc%li {:{a%r%gThe gﬂgtugé waso ﬁ/lggl%aldgggdetﬂgyp%e}& Is1silcone
adhesive (Dow-CormngTM). The glue was allowed to cure for more than 72 hours
before exposure to cells. After the glue was dried, the clamp was removed and a glass
tube was glued around the chamber to form a well which would serve as a media
Teservoir, as shown in FIG. 19A. A snug-fitting lid with a cover slip top was
provided for covering the well, as shown in FIG. 19B. The 1id was useful for

preventing contamination while minimizing light scatter during imaging.

41



stromal cells in the ovary. To make roomfor the
expanding cell(s), gel 171 may be namde of conpressible
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ohed PR et PR, A R AR Ri A R e o
proliferate in response to EGF and FGF in the developing mouse telencephalon”,
Developmental Biology, (1999), vol. 208, pp. 166-88 (“Tropepe 99”), which is
incorporated herein by reference. Briefly, neurospheres were collected, centrifuged at
1500 rpm for 5 minutes, re-suspended in CM, triturated to a single cell suspension
using a fire-polished pipette and plated in CM. Cells were replated at clonal density
in tissue culture flasks (Nunc™, Naperville, IL). |

[00168] Polystyrene microspheres with a mean diameter of 5.8 um
(Polysciences™) were rinsed three times in NanoPure™ water and then air dried.

The microspheres were sterilized under a UV lamp and then re-suspended in CM.
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?de%ngoﬂ%tgh‘{ }gl%g&;ﬁ% q:%&?ﬁ'?ﬁ ?1#1183 3)0 qﬁeﬁ}b Igi\?/é and the cells

weed divvedtalgomy., Developnental Blology (1999), -vol.
208, pp. 166-88 (" Tropepe 99"), which is incorporated

IQE{RIE, o2 Wbt i igstians &%ﬁfé&éﬁi@%ﬁ% ing shalker at
IQ@rﬁH&p&{b@ﬁfﬁgb ‘i’ra@ﬂorttcff'r&ég ﬁi%%% gﬂe | pe @@ c&ltt%g p+acg élatqe

suspension uSing a fire Te an
cgiyre Gi@amlgerwé:le&s wepd washad dixedlmﬂﬁ#%qmrﬁoﬁn/aldldhyﬂe o0 <)

b pEricBiilRa FSTG L APE5Y TriGh XaTd0abe, blogked fer 1

hmmﬁ POdysoak S6@S (Gl v A IBub &S RHF !
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(Ghamicen™),ithouse dntifdebulin WV/IgG ((Rigma) nidusa ante-O.?Mgpe nded

h k
(R S b BREPEN Ts Ao nre e TsCh dolloving gaining

Wl phinGhy antﬂsoa;dslc@11§wl%rw§shecpfoe haR gl th BeRieq flﬁp %9,

cell suspension was then filtered throug a steri
miges it Appsptiase c@endars amiityidiess AME AYdonjlizeted @bht anti-rabbit

at 106 ce) | s/
1Tt chilfgn b iR L o dynte ceRmeaied soa
anti-mooslp 6 (Gsdk@bn IMfenéefeafdhdte OEE wirk k@theWvwith Rhodamine-

rubber| ed tweezers and 2 uL of cell/m crosphere
%6}40%(1\61)15@% Rrobesitd) fon 3feinutesigfaoom temperaturdie

suspen3|on to be drawn in to the gap by capillary

[08a70P".  THEInkRR BlAh&e WaSedd e hn inverted microscope (Zeiss, Axiovert
200™) using DIC optics. The cell culturing chamber was maintained at 37°C in a 5%
CO; humidified air atmosphere. Samples were illuminated every three minutes
during image acquisition and kept in the dark otherwise. Images were captured with a
digital camera (Sony™, Japan). Initially, cells were imaged at low magnification
(5X) until a single cell was observed to divide, after which the developing colony was

imaged at 40X magnification.
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| owered gently over a period of a few seconds. Excess
cel | suspension expelled when the top plate was
wo owsiosmssvas pi petted away from the openi ng of PCTYEAR®P/002138
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j [ i very three.
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. i r .ROoSi ti and . .
RS2, T Sy BN, Tty g i
other ¢alls Ineigras@bainkiaatly and &terale SitiniseB&s @faihdi®ach other. This

experinment. The, derived val ues such_as speed and
S‘iﬂ)«%%? Hef ﬂletcengflwgrsutféqeﬁ 8o gpt suppor snidieienieslbattachment for

migration or spreading. Thus this culture system is effectively non-adherent.

Movements of cells on the surface of the neurospheres were also observed using time

lapse imaging technique.

[00173] Because cells were confined to grow in a space only 5.8 pm thick,
intracellular details were visible. Vesicles and vesicle transport were also visible and
greatly facilitated cell tracking. Cell blebbing (i.e. the formation of small membrane

bubbles along the border of the cell) was sometimes visible on the periphery of some
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cal cul ated using a conputer and specially devel oped
software. The nerged data set could be queried and
warabpz®es i n the context of the lineage tree UBCTIGA2004/002138
Siety of 2D and 3D views, pattern searches, and
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cl onal I yderived col ony was nonitored with i nages taken

3 m.nyt es. .Fl 0 sh N ' of | f
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pe@¥adicklhr 1afe ORMANY 8Gs FRARAUBLIHE Qtuflqu of &Nisﬁdﬁ Fa{a?

were three cell deaths and one cell” m grated-ou
Pargmefqrathyt edn ba mepsuraddisivigdbialcubbelingsdeiick indudetaatbieizes and
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mﬂl#rs"i‘scfb‘i"éﬂ{erfc@ﬁ fam: I?#Arg?mor spreadi ng. Thus this
cu ec

ture systemis e I'vely non-adherent. Movenents
of cells on the surface of the neurospheres were al so
[MF&]ved dsimy canrbe laapseeiatadngmbgdinedbnbfiR. ink&8ibn7dh have

Because cells were cgnfined to grow in a space only
C%faé“ ﬁqsﬁaflfﬁgsquf REREREPPa) cituring cng!C@S g Brogesses| e.
Vesi cl es and vesicle transport were al so visible and
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the formation of | ‘menbrane bubbl es a
gxdolied wpperties del 4 awificiaonishé rrevidedityt enoembédiment of the

B0 A O ST ok P0 isi ASS cgace
a target cell and/or by removing a particular neighbouring cell from the artificial
niche. It i; also possible to control the gradient concentration in the culture media
such as nutrients and oxygen gas, which in turn can be used to encourage orientation
and location of certain cells (for example cells may move in a desired direction to
seck source materials). Thus, the niches provided by the apparatus can mirror a

biological niche.

[00178] . Itis also possible in various embodiments to monitor the niche and cell
growth at a single cell level during a prolonged period, for example, to obtain and

record a complete growth history for a single cell. It is therefore possible to acquire a
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reci
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disk imaging techniques.

[00179] When an assembly of cells are confined to a single layer, it is easy to
remove a specific cell, or a group of cells, from the assembly. Thus, it is possible to
control the resulting cultured cell population, such as to ensure that there is no cell in

the resulting population that has a certain undesirable phenotype.
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phenotype. Further, confining cells between barriers
can facilitate direct observation of cell growh and
wQaipsmebdoss ar detail in live ceIIs Wit h i magi ngPCT/CA2004/002138

ques~su s stand d ht field. im
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[00483] i ty IDfis ARbEPIsBibIE RAPURe] dh b8y mf%bﬁe%ﬁ&rhﬂ&s 30 within

rate). Therefore, it is possible to performlong term

chambeid$- of the confined cells with high resol ution

techni ques such as differential interference contrast

Wi [ C ca
10546, L 8 R R NP R R B M BRE R 5 e i
20ehitsformscahitanet25e thsead) the lbottbtﬁslﬁi'nd:rl’jﬂatﬁ @fld the base plate can be

severely limts the duration of

t%\)rhot ot oxi (il t a
P\eparale| plg ﬁ%gtl el pésg the bettera heriiesurlate TR be dstaplgpble from
of
o 2 A i Sl B e oROB Hon DR 36 | 1o
is longer than what is possible using a confocal
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t echni can

b d |
BV S R g0t S Dot Sl e Al froasdo block
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thes medivm g ohe reulteresy Fhamband oNicpteding di sikidirgeigénag gradient in the
S ques. [00179] When an assenbly of cells are
confined to a single layer, it is easy to renbve a
specific cell, or a group of cells, fromthe assenbly.
[QOMBK] it ilisis lalss pobdilett®place an array of culture niche chambers 30 in one

medium container 25.

[00187] Additionally, while the construction and operation of apparatus 40 is
described above with reference to culturing spermatogonia cells, it will be readily
apparent to persons skilled in the art that apparatus 40 can be modified to create an

appropriate or desirable microenvironment for a different cell type.

[00188] The possible sizes of niche chamber 30 or 48 may range between 100
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control the resulting cultured cell population, such
as to ensure that there is no cell in the resulting
w@oalosdoon t hat has a certain undesirable PCT/CA2004/002138
henot e.%OOlSO] O her features, benefits and
Wﬁﬂ?éﬁ@é &Mt he present invention not expressly
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[@;@ et m&ﬂéf‘ép%%%c@ﬂﬁtl% that cam berpemnitared er wchatreléad: na niche
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|1y )
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giGtd Edif i ng spermatogonia cells, it will be readily
apparent to persons skilled in the art that apparatus
40 can be nodified to create an appropriate or
[084921 ab| eCelilsc nmgribve dandedndr fivadeddfrbinetdiire GRMbEX P& niche

chambers by centrifuging, moving with magnetic particles, or attracting with a

chemoattractant.

[00193] Temporary dividers may be included to prevent cells from accessing
certain regions of the culture space until the dividers are moved or destroyed, for
example to‘ allow a cell type to grow or extend processes, or to prevent two cells from
touching until the divider is removed. The dividers may be moved or destroyed by

hydraulic, mechanical, electrical, chemical, or other means.

[00194] Solid materials, for example specifically coated microspheres used as

spacers or for other purposes, may be introduced to the culture spaces during culturing

48



[001 88] The possible sizes of niche chanber 30 or 48
may range between 100nanoneters to 10 cm [001 89] The
wa@dosos®sshanbers or ni che chanbers may be pr eBGTICA2®d/002138

in certain. applications. [.0019Q] The inner surfaces of
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nce such 1ol ecul.es attached to surfaces,.to _ . |
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the® RQuBded darisagssprise fachbdiealRRE wqéggih%}ts hisy (behavioural,
chem cal makeup of surfaces near of touching the cell;

morplitiesietl, endenvitenmentehient of obj ects near the cell;
density of cells surrounding a niche; and types of
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lymph, or other fluids.
[00200] Cells may be cultured in accordance with or using embodiments of the

invention for use as an artificial tissue, organ, cell transplant, or in vitro fertilization.

[00201] As will be understood, the above examples merely demonstrate the
possible applications and variations of embodiments of the invention. The invention,
rather, is intended to encompass all such modification within its scope, as defined by

the claims.
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spacers or for other purposes, may be introduced to
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el ectrical or fluorescent responses produced by the
cell sr in the niches my be used to detect neurotoxins
3or otlikemeshed of iclaamag sthersin FU0 PO9]or Endisdipaests sraofigidhepheres,
hAVIERE - i I AF0 an.organi sm Possi bl e
eﬁggs 0 s%%ﬁ%Fgg?%ﬁgégﬁgggFEQ%(F%%ﬁﬁﬁg'the secretion
of beneficial bionolecules in response to the host
4or gaihs methahef amynerendf, clams fli tbtlewharginodachlofestd bayisdhas one

or other fluids. 0200].Cel]s may be cultured in )

of o et ER st o Db R IURS phibetinlesieslatiche of
sdi@lcelise as an artificial tissue, organ, cell

transplant, or in vitro fertilization. [00201] As w |

be understood, the above exanples nmerely denonstrate
Sthe poesnathed appny eae iobskimnd tooti whéreinssaaf providing comprises

] £ ' i on. ..The i n i on, ther, . .
o AR Ptk o RN e s o R Yo i seid
spdcs. scope, as defined by the clains. Wat is clained

is: 1. A nmethod of cell culture conprising: confining

a cel| bet n first and second barriers, said
6b arr iLas gngtggi & aqy gne of claims 1 to 5, further comprising manually

positioning a specific cell type adjacent said cell.

7. The method of any one of claims 1 to 6, further comprising monitoring said

cell.

8. The method of any one of claims 1 to 7 wherein a monolayer of cells are

cultured between said barriers.

9. The method of claim 8, further comprising removing a cell from said
monolayer of cells when said cell to be removed is observed to meet one or more pre-

determined criteria.
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di stance conparable to the size of said cell to
contact said cell and prevent said cell fromtraveling
\NQQNEN&W&F away from each of said first and sePONGA2004/002138
barri oV to s d cell a culture
B el obiiaim St HiereBr ol Sherimert i LeAelatediin gue or
between said first and

Igg%gﬁg%gggﬁfg%gﬁgg éigégﬁﬁﬁgald first and second

barriers overconpressing said cell. 3. The method of

1d| ai A 2methed gon cenirdllingeproperties of sp@wéiugl aelds i @i dell culture,
heres, each having a di aneter conparable to the size
PUSIP§ cel | . 4. The nmethod of any one of clainms 1 to

3 wherein each of said barriers has one or nore )

char aonBningta el et epacedlefivedrbiriag lftahtet‘m syrgasee thas icoutgot said

of t bioI0|caI nic ofs t.hod . of
Gl P RomPaBfe S R Bof i Sald orth AT af RYT A 165t owo
suefaRdsivagsh e8d adll d:cﬁfﬂéd‘f@hzﬂfllﬂg@te&ﬁ|n@@rb Peb-SaddrtaT dHaddck@1itics;
gradi ent of said culture substance within said space.

6. ThenfBihed ﬁ’lﬁm@é}yop REPTsufb@diBg kaldo c8li tBUFérHﬁf control of
conprising manual 'y positioning a Specific cell type

ropetesaf sgiicgllcaid . 7. The met hod of any one of clains
1to 6, further conprising nonitoring said cell. 8.
The meovidohgafcudinge smbetande tolsaidrspack.t 0 7 wherein a

nonol ayer of cells are cultured between said barriers.

1% Th@é‘iﬁ&éﬂ(}&' O?Elaﬁhqlmvﬁerelfn ?fdhﬁ%-s‘él.% ficRhaBt ?chgvdrél Eelected

from sai d nonol ayer o en sw
tb enineoieetaiastenbtasrof eltb lnologmet nicimeoftaidnasdle pre
determined criteria.10. The nmethod of claim9, wherein

ald Q cr' eri.a.a rel ated to one or .
B kaiosHhalBheuanbl Bhofhnd 18 ciftlsSiphing RigpRiy Faftoning o
@@@ﬁ&@élntﬁg a@fagﬁﬁrsglae;guof i ndi vidual cells in a cell
cul ture, conprising: confining a cell in a space

deflned by at | east two surfaces that contact said
The method of any one of claims 11 to 13 further comprising monitoring said

cell.

15.  The method of any one of claims 11 to 14 wherein a plurality of cells

including said cell is cultured as a monolayer.

16.  The method of any one of claims 11 to 15 wherein said space has a shape

mimicking the shape of the biological niche of said cell.

17.  The method of any one of claims 11 to 16, wherein said providing comprises

flowing said culture substance to said space at a predetermined rate.

18.  The method of claim 17, wherein said culture substance has a pre-selected

concentration gradient within said space.
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cell and having a size conparable to the size of said
cell, each of said at least two surfaces which said
w@edos/0888 act s havi ng one or nore pre-sel ect edPCT/CA2004/002138
haracteristics; limting the nunber of cells _
urr ?ﬂl‘?o‘f‘?? od of g eng of ¢Jamesy H to Epnthestin saidmroyiding eosnprises
j &b Y 1 d] re _subst ance t.0
T L6 Bl SRLRI0 Y0 e aft utel e S AEOET Salg east owo
spriaces dihteseiddipadear act eri stics are selected to ninic the
characteristics of the biological niche of said cell

3. e hod.of .claim,11.or .claim12 further . )
Bonpr LSRRGS 1o HETGh PHE "RORlsBBercPEers sanpipe, with a
sérihol CEBfossd@i djfeeht said4spatbe ofi®t othond (ﬁ'n}ﬁo%ﬁla?fcogcentration,

clainms 11 to 13 further conprising nonitoring sal
tempgratuns; osmplaritye pHoanbsheanfpresne of claims 11 to 14
wherein a plurality of cells includiﬂgdsa}d cell is f

|t . 16.1.Th od of..a one o
2 R iy AP o RIRORIGE caid 41 B0 b Sig ALl o Surtaces

compriskdiffgrenhypshafaoktulehie bi ol ogi cal niche of said
cell. 17. The nethod of any one of clainms 11 to 16,

28 s e aiing g du' B A iShe cerarnday na et Bonolayer
off b&1sBe M@l ofd nfohlaiRrlofcelld) %@#éﬁﬁﬁhg Gl {ﬂusra?c% ﬁys? %{O%B%Sler to
on grad Wt RN sal

has a pre-sel ected” concentr at I'en
ideraetevitlocellsiod satdtshouhdofiorniyyeo méherndin edchiams of $aitl dirdtnd second

RS S RS B RT Rk ns oy S B d b e

| east two surfaces into said space. 20. The nethod of

28! ai f cofabindioneifa cAicAlnFeAelies kAba e&n&nﬁ&&%ﬁ%ﬁ%ﬁ 9,
with a sensor disposed adjacent said space, onhe 0

coancentration,. tenperature, .
oanof Sy e dathle BRI 18 gpSlving § TR Sbe istivgr any
ne of cl ai 11 tp.20, wherein said at |east two
gurf%{ccl,S%St @%?QE%YPS’& c%ﬁfl%raesﬁ’lac‘?lypgé@ secules. 22. A
' ificial ti , conprisin
Im';;ih% gel (fqu{s?réiglnemng andag}rgéé arllcf ilnacontillmsosuléI econtactnvﬂerith eachgone of said

barriers during culturing wherein each of said barriers has one or more pre-

selected characteristics; and

means for providing to said space a culture substance at a predetermined rate.

24.  The combination of claim 23 wherein said means for providing to said space a
culture substance comprises one or more fluid passageways allowing fluid

communication to and from said space.

25.  The combination of claim 24, wherein said one or more fluid passageways

comprise one or more microfluidic channels each terminating adjacent said space.

26.  The combination of any one of claims 23 to 25 further comprising means for

regulating fluid flow to or from said space.
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of cells on a second nonol ayer of cells and permtting
cells of said first nonolayer to interact wwth cells
woRisas®ssecond nonol ayer wherein each one of BE&i/dA2004/002138

i rst.and secqnd nol ayers is cultured according to_ .
Phe SR bt OHE 0B SLF B ELA ty 35, Shereys o Igas dn OF said at
16R B dBirHER i9berthcaBlelto lreHisGndgidege and a cel |
culture, conprising: a container defining a chanber
for receiving a fluid culture nedium at |east two
2ar r ihescopdiinationpiany pac of ichina2d te B4 fbeher compeising means for

onstrai ned jn_salid space. and in continuous contact
n\%\?l{iﬁmggéﬁl%&ﬁg cg?s"ilrsag}eg I%S%Ifils%q‘cg‘ during culturing
wherei n each of said barriers has one or nore pre
29¢| ecTtreccopitanfidheTicidiinCZ8 whadin®@ed feh®y fop midHiWAg cbMprises a
sai d space a culture substance at a predeterm ned
seByoE dispasedin gaid 6REPPRIL i on of clai m 23 wherein said
means for providing to said space a culture substance

300NPITIREInHNEBhH o@%ﬁ? b Whir PRS2 9ENBY % gaéelﬁqb\gif&gseﬁéiﬂé tne or

comruni cation to an rom sali d space.
np@eriof nefdcoter cbnachition mpeene; osnselbdtypp, ard sivareforce.

fluid passageways conprise one or nore mcrofluidic

SGoan keSSBS DR 29 B7UR5E 2o b S8R RonEone omor
RO e RGtrIRRTor EdhedtBBhill deRdhritd Hiconitd1QYstt@. or from

sai d space. 27. The conbination of any one of clains 23

to 26, wherein at |east one of said at |east two )
3Bar r i Ibecopdinnsion i8N opg of glame A8 40 Ahdwhersisat lomt apegtion of

ofOBPLARbLOROL naRpafiie Of claims 23 to 27 further
conprising nmeans tor nonitoring said cell constrained

in said space. 29. The conbi nation of claim 28 wherein
38ai d Theasesatfimationoefi ¢laim A2, wherpin s@d barrien sompries pasetbscope
in said chanber. 30. The conbination of claim 29

C&HﬁPgPﬁ said sensor is a sensor for sensing one or

nore of nol ecul ar concentration, tenperature,

30 D ITRkidoyhbirtilon T E1:8MER, WheFei said bortidhCoCAPbARE RMnade of
of claim29 or claim30, further conprising one or

opp PEPelybreparroneusadlasst arofess chntactdommimateiialy. sai d sensor
to a control system . 32. The conbi nati on of any one

387 Chk Wnmmatidn 3t 'an%‘ﬁg %!f Qafths b? B t34,aw?181[et1ri gtnlegsft one of said

barriers is moveable for adjusting the size of said space.

36.  The combination of claim 35, further comprising an actuator for moving said

at least one of said barriers.

37.  The combination of claim 36, wherein said actuator comprises one or more of
an inflatable bladder, a screw, a lever, a clamp, a micrometer, and a piezoelectric

crystal.
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one of said barriers is transparent. 33. The
conmbi nation of claim 32, wherein said barriers
W@ I0s/05®88 a mi cr oscope cover slip. 34. The copd@i/naLioeno2138
#1; cl.gim 325, wherein said RO tion of said barrier is
de SHROIBFIPO P, 31X, PRHAL CRFPSES 11 Hs Surther esmppaising one or
t e terd waqidd ' ks f,any.one
e oo DRl e v bR TBE AP Bla FiER over
dompirgssing siid aglveabl e for adjusting the size of said
space. 36. The conbi nation of claim35, further
novi ng, said at | east one of

onpr#Si ng.an_ act uat or tor
0GR PP PG 5 Sl 3o R Pk o chore gt e molded on
onB oF Bioke 58datl Btib@t or conpri ses one or nore of an

i nfl atabl e bl adder, a screw, a |ever, a clanp, ‘a

51’ croneter, and a piezoelectric crystal, 38. The
PorbiThgtcosbinationnf clias 83 te % frgheamprisng 4 divides for dividing

Gl e r d_bet wee id _
S el g8 p eI P SBBEE R o Eens e O e L S gpovin
bstweadn calllregid8®. The conbi nati on of claim 38, wherein ‘
said one or nore spacers are nol ded on one or nore of

aid barriers.. 40._ The cqombination_of clains 23 to 39,
4? urt hef Cé’Bﬁ’b’?arhé’Pn‘bf éa‘t‘j‘f \‘}Bd@PeIPH‘r sl g fergisstemevablafien said
combea plurality of regions and for preventing said
cell from noving between said regions. 41. The
conbi nation of claim40, wherein said divider is
4 e no B (cembingtins oif @ny: one af alaims 23 to Fhewheneti thatsirfacesfof said

' 3ta 4 erein the surfaces of
bglg?égoa&gnlp?-lrsg?éﬁégg%ﬁesse&m%?cgr‘%m types of nol ecul es.
43. The conbi nati on of any one of clains 23 to 42,
48.0npiThs i combangtiennebtye ofie Bifrcidifs PXBS kd 4N @anbﬁsiﬁg\ﬁePelﬁféable
openi ng adj acent said space fqr preventing said cell
16 egfé\ﬂdr?&ei i ePVepaR Py #ceahsaid appsaiterpreventingiseid cell

feRMBANAL gg&spgceg@[)ﬁgﬁgai&)gp&ﬁ@é.ws 23 to 43, wherein

said barriers d

44.  The combination of any one of claims 23 to 43, wherein said barriers defining

a plurality of spaces for confining a plurality of cells therebetween.

45.  The combination of any one of claims 23 to 44, which is included in a
cartridge.

46.  The combination of any one of claims 23 to 45, further comprising said fluid

culture medium which is received in said chamber and immerses said cell.

47. The combination of claim 46, wherein at least one wall of said container has a

septum allowing access to said space with a syringe or a pipette.

48.  The combination of any one of claims 23 to 47, further comptising a capillary

conduit for transporting a cell-containing fluid to or from said space.
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a plurality of spaces for confining a plurality of

cells therebetween. 45. The conbi nati on of any one of
W@L@sns9088 to 44, which is included in a cartrpPdhyeA2006/002138

The conbi nati on of any one of clainms 23 to 45, further

4% npr4 spmbingteniof 4 ehlbicwdwiring devige sndarsih¢wtiré, sompisinged

in said chanber and i merses said cell. 47. The

combi fgntRier AbfifingaBhdRibeOEFREN I a H1EATUItOREN MBI, Of
said container has a septumallow ng access to said

Space Wabitwd Bt 96hidhe @ sPAdesh b&id cﬁgmby) EachURR!oF kit Prriers
of any one of clains 237to 47, further conprising a
heatjmigl dna oy mepomplg-seldetad dhamowpstidsi ng a cel | - cont ai ni ng
fluid to or fromsaid space.49. A conbination of a
cel | amudstamblp@f ey iof endredelds eabtrained indaid spRBRE ias it Beep said
a cantai ner defining a chanber for receiyving a fluid i
aSHANIRNY Ansregiahin goniiaeye coiNgotwith icashssaad Prrifepy during e aring;
dpd sai d chanber, each one of said barriers having one
or nore pre-selected characteristics; an assenbly of
two or nore cells constrained in said space so as to
keep REANY FIJURHENG 0 R sPIreAfYLtPTe VOHERIRA aPTedsHrmined rate
with each said barriers during culturing; and neans

r . . .
o e A oA o Bl S R SHU IR 3 SPFLRARE st %o pormit
oghtepledfiprepsirtiessy anndi vidsalsogtl$ incdudimtd.y smal | to permit
control of properties of individual cells in culture.

1. ' [ of I mA49.0r .claim.50 wherein .
ai o MBS %a@@%r?% e B 8 iy 50 aegghn Shif SRS Bprises 2
meoiyeabf ellsof any one of clains 49 to 51 wherein said
means for providing to said space a culture substance
conprises one or re fluid passageways allow ng fluid
onmiticceamiypation ggany r% Aarlging 4860’ 5B whegkein said means for
PR 5 0 sBloc L AU SubsiREs Sk DnP B ks MRl dagsaceways
atlhemeehed cemmunattion teeatjdaften saidapatespace. 54. The
conbi nation of any one of clains 49 to 53 further
%giﬁgrjl S;c%]) biGation offo élai%?%,' \?vmerre]: gzliclil Io‘rjle folron\avorteoﬂlgla garssoargeways

comprise one or more microfluidic channels terminating adjacent said space.

- 54.  The combination of any one of claims 49 to 53 further comprising means for

regulating fluid flow to or from said space.

55. The combination of any one of claims 49 to 54, wherein at least one of said at

least two barriers is permeable to nutrients and gases.

56.  The combination of any one of claims 49 to 55 further comprising means for

monitoring said cell constrained in said space.

57.  The combination of claim 56 wherein said means for monitoring comprises a

sensor disposed in said chamber.
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55. The conbi nation of any one of clains 49 to 54,
wherein at | east one of said at least two barriers is
w@ersesdBe to nutrients and gases. 56. The conbCThan2am002138
of azéwone of clainms 49 to 55 further conprising neans
58or  ridwicombinagion af dlage Py vensreiR paifl REMOT it agenspr Sprateasing one or
n§07r'e .o?[‘l%le%‘&{g? 'cggctelrlgﬁioq{ t e@e‘réﬂn%%é?@cﬁﬁﬁﬂx,ﬁaﬁ,aér% %@%nf%rcfegr
nonitoring conprises a sensor dispose n’ sa
chanber . 58. The conbi nation of claim57 wherein said
59ens (rhei @nabisdiwosf Eloim SEnsi clginodd, durtheprcempfising one or more
nol ecul‘a’:e concentratian, tgﬂ%er at ure, oslrml ality, pH,
IEFREPAEF Slecirafosdor epneeiiig BENTFAL? 8FOUTOISVEP 57 or
claim 58, further conprising one or nore transparent
60 eCtTiRAMUIRIoRUIHAG tonB bf Tiifs 4918 3D, (e ANbiRa portion of
system 60. The conbination of any one of clains 49pto
089 of piié beiriersiss tlapsparend portion of one of said barriers
is transparent. 61. The conbination of claim 60,
ereil.n oneg..of. sai r-he s r.
T ot BB 1B 50 el B SRR W & icroscoe
cpogrtdlipn of said barrier is made of one of polystyrene,
porous gl ass, or other contact |lens materials. 63. The
conmbi nation_ of, any one of clains 49 to 62, wherejn, at
HeastThsrrompination $fis, miélpéﬂ}ege%vémq %S%F@%&er irgmade of
hABrpbES: rBusSRAGCor Gfter BRRCCRALHARALERN Of claim
(%g, ?u&fﬁg%mi%%briggﬁbmén 2éiua€or for noving said at

| east one of said barriers. 65. The conbi nati on of

63l ai nite4ombmeationrofsaly dnactiicddios 49d0h2, sdwsrapmet astnaeeof said
of . an. i nfl e pladder, .a screw, a lever, a clanp, a
P inaberotb G adbsREe She s FE gl i 6. e

conmbi nation of any one of clains 49 to 65, further

640 NIl ddgnbdikioflof IR 63) Aeeict cPmpEiSidg hataor@fbr fat thoving said
barriers faor preventing said barriers overconpressing

ak loagt qug|of saig particke conbi nation of claim 66, wherein
said one or nore spacers are nolded on one or nore of

32l d MR GhBfiSition of claim 64, wherein said actuator comprises one or more of

an inflatable bladder, a screw, a lever, a clamp, a micrometer, and a piezoelectric

crystal.

66.  The combination of any one of claims 49 to 65, further comprising one or
more spacers placed between said barriers for preventing said barriers over-

compressing said cell.

67.  The combination of claim 66, wherein said one or more spacers are molded on

one or more of said barriers.

68.  The combination of claims 49 to 67, further comprising a divider for dividing
said chamber into a plurality of regions and for preventing said cell from moving

between said regions.

56



68. The conbi nation of clains 49 to 67, further
conprising a divider for dividing said chanber into a
w@bkansabdo88 of regions and for preventing sai d BPE/CARIVGNV2138

Vi bet ween, sai egi ons. 69. The conbi nati on of )

ot iSCo B igO b ST o MR SHCADIED For TR saom said
doeahliirner. 70. The conbination of any one of clainms 49
to 69, wherein the surfaces of said barriers conprise
different types of nolecules. 71. The conbination of
By ohe embgnationsof4@ytane 00 claims @i toi 9 whepn theatuirfaces of said

nbr ane posi.td oned to cover .an openi ng adj acent said

bgﬁjgmegsec?wgsp?rcgffgﬁ?{l" W@esao &?IFCL}I?Som | eavi ng sai d space
t hrough sai d opening. 72. The conbi nati on of any one
70f  clBienSordBinktion’ df aifi@heidf daintk Barthi By, cod@hisioNs pRrmeable
plurality of spaces for confining a plurality ofg
malyARt Posifoned) toscovee Ak BReRIRS Adjagant sTidespaowrifimpreyaningfa cell

Hoesd Betiee Adiaga sEidesroonbirs
R PP R pR Tk enll 0T Loy One of ol ai ms 40

to 73, further conprising said fluid culture nedi um
RBhi chessombination ed any osaoficlgismseto Zno/hersiresAe daisiatsddefining

assenpl y. of cells. .75. The conbj nation of cl aim 74,

AL T spaqes Taicopfiampamiuighiglagscsly af prdl thersbeiween.
septum al |l owi ng access to said space with a syringe or

78. Pi MRt @mbifiatichNer 6aYnBads SR 48 P9 ewRichClsaint®d4® in a
to. 75, further conprising a capillary conduit for
catadesporting a fluid to or fromsaid space. 77. An
assenbl'y of cells conprising a cell cultured in

cco i.4:0 t 0 f.claimns.1l to. )
T O TIR Y  oldB ol BAOBE AImE B 1005, Gy ArPrising it fwia
colturanyedine welick listomaihed i &id cHénberhmdagmesridsysaff assembly of
cgllls of claim77 or the cell of claim78 for use as

rartificial tissue, organ, cell transplant, or in
vitro fertilization. 80. An apparatus for culturing

o t it Lo . | U nd
768€l | TheRoMbERALA OF L18Hhn zﬁ, n\%lféérr&fhgirt 135C8R wac,lpgp&#f E(?}galngr has a

contai ner defining a cha recel ving a
sepinm atlewireziiogessao saié apdce with bsyrinigeos a gfettai ng a space
in said chanber for cell culture, the inner

76.  The combination of any one of claims 49 to 75, further comprising a capillary

conduit for transporting a fluid to or from said space.

77.  An assembly of cells comprising a cell cultured in accordance with the method

of any one of claims 1 to 21.
78. A cell cultured in accordance with the method of any one of claims 1 to 21.

79.  The assembly of cells of claim 77 or the cell of claim 78 for use as an artificial

tissue, organ, cell transplant, or in vitro fertilization.

80.  An apparatus for culturing cells in a controlled artificial niche, ‘comprising:

a container defining a chamber for receiving a fluid culture medium;
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surface of each one of said barriers having one or
nore pre-selected characteristics, wherein said space
WO soososfosgi ent |y snmall to permit control of prPEECAREE/002138

of on nore i.ndividual cell.s cul tur n said
epac et IR R GBI G et 49K, EbE: bi6eH sbbges e inner
sai d §Paee of8dachTBRe aP34IAL batricls BhdhS &R We@?éﬁ_}ﬁ@bgected

barriers conprise two opposing gl ass plates
apparcheuasteotics, avherdo said speed m 8dficinhidy emnalldaimnsjiamatrol of

has a Si ze conparable t .single cel

53 PSR tiRa et Srota it il Bt fobass and

V\/nerelns i d SJ?% i ea%ugells cultured therein to a

monol"8SAEF ; Orfﬂfo b aa‘}j’gl%‘F gapge t959idsRecof ¢l ai ns 80

to 83 wherein said neans for providing conprises one

&r ndfhe dppaiathspeaxiagestyherain aid bgrittsuiothmeBenwoioppbding glass

Rﬁéﬁ and from said space. 85. The apparatus of claim 84
Bfein said one or nore fluid passageways conprise

one or nore mcrofluidic channels term nating adjacent -

ai d sRagshardtls oFNEadPRar 8f Yhiff 8Pn¥vh@fb@n %faldck lagoa size

to 85 further conprising neans for regul at | ng

compwrable torthd siggosasinglsgelbe. 87. The apparatus of any

one of clainms 80 to 86 wherein at |east one of said
arrigrs, r I L ases. Th

8Igppar At uery b8 B%n{/feagl eO%gfo(%c %Prsrsg%gﬁsqza Vglf’g‘?llﬂlls?lﬂégpace tihfts cells

cabufed itlsdreig toreamsholayer.moni toring a cell constrained in

said space. 89. The apparatus of claim88 wherein said

gp noni tqring copprises a sensor, di sposed in
8ai &RB%Y@WS anyrARe Adaims oS8 whaarimsay meansdpmproviding

C%ﬁ‘l;pgSé%Qﬁ' 1h§reqhﬁ@?§é%5 écv&é/s SAGWI gﬂL‘ElH %o @Ja‘ﬁoﬁfto ﬁld from

mol ecul ar concentration nper at
saiddpadsear force.91. The appar at us of cIa|n189 or clalm
90, further conprising one or nore transparent

Iecﬁ{%desa; o nnect?QgW% ai.d sensor to a co t%
syst e GPMe © LA SV RF OIS Pe oFT 08P Papeeways
cBthprivheicLdrmére rhi@ﬁ)‘ﬂulcﬁc BiinhE18 ferffin M@ adjacent said space.

86.  The apparatus of any one of claims 80 to 85 further comprising means for

regulating fluid flow to or from said space.

87.  The apparatus of any one of claims 80 to 86 wherein at least one of said

barriers is permeable to nutrients and gases.

88.  The apparatus of any one of claims 80 to 87 further comprising means for

monitoring a cell constrained in said space.

89.  The apparatus of claim 88 wherein said means for monitoring comprises a

sensor disposed in said chamber.

90.  The apparatus of claim 89 wherein said sensor is a sensor for sensing one or

more of molecular concentration, temperature, osmolarity, pH, and shear force.
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of said barriers is transparent. 93. The apparatus of
claim92, wherein one of said barriers is a m croscope

W@ owsHn3®Bs p. 94. The apparatus of claim 93, WhRCBICA2004/002138
said portion of said barrier is nmade of one of
Dol ysthe epraratperafuclaigh $9sor clairot ¥ fucthert @omptising one or more

terials. .95 Th t f f claims 80
BB Frdree o pRREMEIT sphodPh Safe urtents
noveabl e for adjusting the size of said space. 96. The

@ parHidppafatd ¢ff dityUne of dlaife B0 COOD Wisdrbigl od MoadlCd g@&i@ﬁ of one
for, noving. said at | east one of said barriers. 97. The
Hispisbaimiars g traspataRios, wherein sai d actuator conprises
one or nore of an inflatable bladder, a screw, a

Jeve rTh@apgglg@am’ of 1 A LHP %feﬁ{n? oRDGf & 'b%,rzrﬁg% %%:Tléicg?f,c?%e cover

crystal. . The apparatus of any one
@ip, further conprising one or nore spacers placed
between said barriers for preventing said barriers

ver - conpressi n .Cce ultured therehetween. 99. The
o PGt o G WHEREA oL RPARoBife SBiY i 1> made of one
cﬂ’gﬂ!:}@flﬁerﬂi Bt SRSk, O oBLcEMadiRIE nRteriM. d barriers.

100. The apparatus of clains 80 to 99, further

conprising a divider for dividing said chanber into a _
P ur alhet gonsratyegi amy oam @f fobaimp (88 on®4.nehergindatclepst dnecrfi said

raltie B 0B 3 iclenst
BRI LR B O0Re oft whE 00T 17 om sai o

cont ai ner.102. The apparatus of any one of clains 80

%60 100he apiperagisroft diainsdf,ffantke oinmwRing dvdotiR61Sfor ANGMLS aid at
1di ffer%nt .(h{qpes of nol ecul es. 103. The apparat us of

Sav0 OnHet 314 R4Sy 80 to 102, conprising a perneabl e
menbrane positioned to cover an opening adjacent said

9B aC eTHeGlppRAAMVTICI A 56, Gkteir §00MeBAY} BnFNed 0RPBF Riore of an
through said opening.” 104. The apparatus of any one o?

ipflaipbig bdderp 2 308 W, afryeniarelaen, @ rhigronaders anikd piszogjedric crystal.
plurality of spaces for confining a plurality of cells

dgher elkh%ta%gﬁtus of any one of claims 80 to 97, further comprising one or more
spacers placed between said barriers for preventing said barriers over-compressing a

cell cultured therebetween.

99.  The apparatus of claim 98, wherein said.one or more spacers are molded on

one or more of said barriers.

100.  The apparatus of claims 80 to 99, further comprising a divider for dividing
said chamber into a plurality of regions and for preventing said cell from moving

between said regions.

101. The apparatus of claim 100, wherein said divider is removable from said

container.
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105. The apparatus of any one of clains 80 to 104,

which is included in a cartridge. 106. The apparat us
wotooalyoshe of clainms 80 to 105, further conprPGi/Ng2004/002138

said fluid culture nmediumwhich is contained in said

KRanbke apparatusTh agppee af olvimg 8@ Itailfil 1 0Bereivh éreesunfaags of said

ne..wal.l.. of said contai.ner has a septum all ow ng
Aﬁ%@%ég ?Bn%eaélgfegeB&@BeWﬁH‘ghgcgﬁi nge or a pipette. 108.
The apparatus of any one of clainms 80 to 107, further
Wenprite agparata@pifl dgr yne o cildiinst 80 tb I AU2S ROKIPrRGIgAa permeable
fluid to or, fromsaid space. 109. An assenbly for cell
TRRINPIRe RESiHEPgSt tospavgr an PPEAE iadipcert sgisl snaee forepietenting a cell

Fool ' ' ' f. t.he conbi nation of any
oﬁg%%%&gﬁgghﬁﬁé%eﬁgﬂggggﬁgg%ﬁ " apparatus of any one of
clains 80 to 108. 110. The assenbly of claim 109,

MHer éihe appahtusrd anf osabficlpime & fot 03pIwhemin sfé biusiers defining a

engr al | at e- shaped and..said plyrality of devices
ARG R s Ry o ameQ gy ot kel thiestecsel |

cul turing, conprising: culturing one or nore cells
108i | eTheepbératilslofdnyTBNEHRNAnRIZ0%81 04, AMRCRYs ifBLBe LBl d Sirtridge.
such that each one of said one or nore cells is In

¢continuous contact with tmo_opgosin barrier surfaces
0Rd iLherpppraiisyed spyeonesel daipr ¥Q & 18% ritherscomprizingTsaed fluid

j . [: i.d_barrier surfaces are
c&@%ﬂé%ﬁm%&@gﬁsﬁ ?Itv%nlﬁt@ﬁ%gg%ﬁc%ﬁefi 113. The net hod of
claim 111 or claim 112, wherein said barrier surfaces
187e Jdwepphiatuspifaiam. 1061 &hefEire atniehh @tle 6fallbolysaith €or@iner has a
cl.ai 111 to 113, further, conprising, ,during said
SE‘ZIF’?’Lr}ﬁ]iOWQI}g 1558 RisAY sBRRS Voith Aynge P g&dpHe: sai d one or
nore cells. 115. The nethod of claim 114, wherein said
108e Tthe MPH&atusBRARy BN oFR1A ong SHRANIRE &lcapi
I magi ngr%gvi ce. 11%_. Thel%ﬁ%?ﬁgg tgfq|021 gl?tr}ﬁegg%@ﬁﬁuvﬂ%eggicﬁpmary
condut fontrapsportingee flwdgesr fipm selstspaced usi ng a bri ght
field i magi ng device or a fluorescent inmaging device.

7. [.m 1 erei i d.gnhe or re
10 S S e Bl BBt P Ry orERe B fone of
sgidndevizss beligYnd oRgien@ntignition. of any one of claims 23 to 79 and the

apparatus of any one of claims 80 to 108.

110.  The assembly of claim 109, wherein each one of said plurality of devices is

generally plate-shaped and said plurality of devices are stacked in parallel.

111. A method of cell culturing, comprising:

culturing one or more cells while restricting movement of said one or more
cells such that each one of said one or more cells is in continuous contact with

two opposing barrier surfaces and is mobile between said barrier surfaces.

112. The method of claim 111, wherein said barrier surfaces are generally parallel

with each other.
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118. The nethod of any one of clainms 114 to 117,
wherein said one or nore i mages conprise a plurality
w@boososmes t aken over a period of time | onger POEOA2004/002138

about one day. 119. The net hod one .of clains

1§50 TS rohodingiin 15F @7 GT0R ol BUPRngAd hebigr fietogs are
18) dibyarof 1 mages taken over a period of time which

gialseﬁngjtﬁ 1|¥arrn ted by significant or substanti al

phototoxic effects to inpose a constraint for _ _

1iyat h@he methadf off angt oreroforiaibedViterl 1B Briber eemprising, ciring said

r cells.. . . .
c1(1)ltur1ng, obstammg one or more images of said one or more cells.

115. The method of claim 114, wherein said one or more images are obtained using

a non-confocal imaging device.

116. The method of claim 114, wherein said one or more images are obtained using

a bright field imaging device or a fluorescent imaging device.

117. The method of claim 116, wherein said one or more images are obtained using

a differential interference contrast (DIC) imaging device.

118. The method of any one of claims 114 to 117, wherein said one or more images

comprise a plurality of images taken over a period of time longer than about one day.

119. The method of any one of claims 114 to 117, wherein said one or more images
comprise a plurality of images taken over a period of time which is not limited by
significant or substantial phototoxic effects to impose a constraint for gathering

information on behavior histories of a cell or cells.
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