FORM NG CELL STRUCTURE W TH TRANSI ENT LI NKER | N CAGE CROSS- REFERENCE
TO RELATED APPLI CATI ON [ 0001] Thi s application clains the benefit of
U.S. provisional application No. 60/960, 743, filed Cctober 11, 2007,
the entire contents of which are incorporated herein by reference.

FI ELD OF THE | NVENTI ON [ 0002] The ‘present invention relates to

formati on of | | r ures artlcul arlLy to nmethods and devices for
formng thr el OFMRG GELY SRy CRURE Wil chans ERaAINEEE RLCAEET £

| NVENTI ON [ 0003] Three di nensional (3D) cell structures are inport.ant

as they can mmc cell behamors in vivo, nore closely than a 2D cell

culture. For exanple, 3D in vitro tissue nodel s with high fidelity to
In vivo tissu§§ E ve ig)ortant applications in tlssue engi neeri ng and

pat hol ogi cal &R HEPLEATIEN st udy and test

effects and nechani sns of potentlal t herapeuti c agents. [0004] A

di ffi-cul 1000'1? conv qmiy fiAtaticRchEiniuas thefiosl. sgp:%Disﬁﬁ{ah aﬁblﬁc.ta%ﬁwol s
to provide efficient transportation of matter, such as a cel

cul t uri n§OPEEI7Td, fi lﬁﬁﬂﬁs‘@trerﬂﬁe%%éhe eatifegantests gt)fvh,@hlar%tnoamqra@g As

transpor hatdiPhy Rifefdnkber through a cell structure is typically by
perfusion, it 1s nore difficult to transport matter through the cell

structure when the cell structure has a |arger volune. In sone
conventional FECRHPEIEE INENBIQN ni cro-scal e cel | structures, cells

are encapsul ated in an extra-cellular support, such as in a hydrogel

or a thipdeayer of TﬁBtp?éééanéﬁtncﬂ{%YétQE% ﬁ:r%@h@?fbf@eﬁfﬁl}ddﬁr@é mat rix

(ECM support for the cell structure. This extra-ce support
forms a B&rﬁlwléfly%mthqdﬁrﬁnﬁsiem&ﬁ§@'dpframgdhr®r-dlrr@nsnenalt(6Dr)Itvelicel | s.

structures.
'BACKGROUND OF THE INVENTION

[0003] Three dimensional (3D)-cell structures are important as they can -
mimic cell_behavjors in vivo, more closely than a 2D cell culture. For example, 3D
in vitro-tissue models with high fidelity to in vivo tissues have imbortant applications
in tissue ehgineering-and pathological model development, and can be used to
study and test effects and mechanisms of potential therapeutic agents.

[0004] A difficulty in conventional techniques éf forming 3D cell cultures is to
provide efficient transportation of maﬁer, such as a cell culturing medium, through
the inner regions of 3D cell structures. As transportation of matter through a céli

~ structure is typically by-perfusion, it is more difficult to transport matter through the
cell structure when the cell structure has a larger volume. In some convehtional
techhiques, to form micro-scale cell struc;tures, cells are encapsulated in an extra-
cellular support, such as in a hydrogel or a thin tayer of matrix which pfbvides a 3b

-extra-cellular matrix (ECM) support for the cell structure. This extra-cellular support

forms a barrier which limits transportation of matter to the cells.



SUMVARY OF THE | NVENTI ON [0005]1t is thus desirable to formcell
structures in an environnment that facilitates transportati on of
matter through the cell structures. It has been discovered that a

m cro-scale cell structure can be efficiently formed with a transient
|l i nker and a cage in a fluid conduit. The transient linker initially
links the cells to formcell ates but will not forma permanent
barrier that BMMMQRM@H%'&E{M N'ﬁl matter to and fromthe cells.
The cage retains the aggregated cells but has distributed openings to

facilitaggodgjans porittlétthtﬂ‘ﬂdéglra'ﬁﬁattroeférlﬁ Bélrétgjbt&'egflﬁﬁﬁ'éhvﬁd?‘%é%ﬂ?hét” the

formed cell structure. The cage i nc |'ural

m cr o- pi rfaei!rt@teaﬁrraaaxg@réation of mmﬁmugmthqpallatmmds pﬂuh'aebaen where the

o otal oy b A mltr-sBhip Bl e B PR R LorRe ol 41,0 '

present itnansighi Ime[]aﬂ(;mae:aga :rpadMlMdalt frhéhilﬁthsiéht I‘Meﬁin’@[lghﬁ!eé thel ar
structure, met co cells Si.ent
li nker t&® %{5{;’313 ‘Ea%*’regg{e?ﬁ%i&s'ﬁgf@égf &’95'56@9” ?ﬁtﬁ%g?ﬂls

faci | it atraaspdtistivalof aiztRe RRAY froh tAdicakse ”rhééééérétélné HBgyréQitbd
aggregate. The cage defines distributed openi nrgas that are sized to

retai n t Relishut Ihaﬁé’éﬁt@@&ﬁ‘é oPANINGE fafastiaie IT§P$@0 tiea|af majief threugfedi um
i's suppl yfrd rédISny R tHg%nﬁéFcédll é‘ﬂh@ urS. Yhé I&Qéé“f’&rf bﬂﬂﬂvoﬁ)!ﬁ@ilfgrgf

t hrough the openi ngs. gregate s retain
cul t ur ed MigofRiians arrgeged wta aubsiantially beshapedpatteyn, brwss’eﬁ]mgajmbetweene

o cupp) LR A ST YR o RRRRA bl Skt PR At 81 B ey

be mai ntained. The cells in the fluid nmay have a density of about 5
to about [B908] | | i onA@@tDrldmgwﬂo amabpeskofithapsdsent invientten, therethprovidedd may

h

di st buf oy ssiokifio 8 eBRlbriohs, B HeHoB thbSed RN ol aria

t hr ough traesiertllnksrt houa:mlume ;Tdumltyayme{osagf bpe a:h@pd‘bedinker facilitatedlinitial
dth h th dui t dui,t

"Bt t onF ST BL P s b0 P RSB BT EmAISHRE g

ga%/ conp?%mn@dmbtlam sized tﬁ)f refeio trectdlicrfrepdtenwiflog donmisinea b@llt l&lﬂmr@nd

oo B Rt P 5 R e BRGATR 7 v B0

pat t er n. thEngpepitigsb glggpaihtéavechiiictiRet inthe Velupéd by SultiiPad BSomPaltel 10

to about 50 mcr%geters The |inker m etfh’g?“ se a_ pol yet hyl enei m ne

backboneSEHIURy dgAele Mpvoem susrended in 8a¢ mﬁ)'ﬁd‘ef may bei disaaivasay
have a nmltﬁéﬂh@rbéf@ﬂe%é ﬂefd @%995%%%%& %laH@JtA ﬁQ\Q%@t@*ﬁ[dl@ﬂ,mJ&?we
cells may conpri se HepQ&X .or rat bone marrow stem cel

cel | s mayolumRRaske ara"aatﬂ@ﬁyaélegqe&w thwzﬁleuctmavéwawaya deowity pabasibl te
t hat havﬁbcﬁﬁ%r}nm&ﬂ cfe! ?ﬁnltaﬂ%iftﬂ% %ﬁ%@ﬁgm& [ {RHRR) ooﬂ?ggékég%ﬁnﬁénﬂ'&n%n

nodi fied cell oW O e act
wi t hdr av@ll atfoyk 6 &0 abowisd pilant hef opaningsi reay bbmiusidblﬁpém f@ﬂ:tate perfusmn o_f

0007] A
L our el et AOALISHATREE o8 s SR badd WERbefknobhiifa’ o
}‘ ! U|k d fl| cwidud, arlm ﬂ'\lee‘k?d)rrdnjlﬂqw mwhmghlthedomnmrrm aigndaﬁtlt hay c@mpltﬁs@lal ent
| nkKer - a ce cul ure ne cilitatin Initl a
attachne &0(5? a%]oae%ﬂ't’g gl wa {Sc?%%ﬂ;ﬁ'% s eg’ﬁgP@g 1% dnaY cage in
t he condetrmpisera pmt@nwbﬂﬁombﬁgakeﬁdaﬁglﬁbﬁm e bR ana B@tvaféelﬁ' tﬂe sidee

cage definjing distributed openings that allow the fluid T
t hr ough. Woltfe Bs@éomatjpr@dﬁ@yp@@pasq)mﬁrawltays oifhpmpr@cmilam@ayabe anged .

in a substaiedahla sdﬂ‘s%?ﬁﬁﬁydu ttgnjﬁe ﬁeﬁéf}%{%ééﬂéﬁn%@f aﬁ@:ﬁ%ﬁi S€

m cro-pillars. 'The condurt’ may abott posi ng e walls
ext endi n@icre-pifarheap betabout éﬂdb ah@.lt;ﬁﬂomemme’ms nﬁlye bmtesfmlaw coonprigeea

bot t om J&?etﬁﬁ!ah&n{iﬁe BQ&Jolnlé' a%dr}?y\ﬂra eegr%ugg rl‘)%'n%lgd ?o theboac}(bgné OT?%) out

linker may have a molecular weight of about 2000 to about 20000 Dalton. The cells
5 ‘



O the present invention, [O0010]FIG 1 is a perspective view of a
fluid conduit for formng a cell culture structure, exenplary of an
enbodi nent of the present invention; [O0011]FIGS. 2 and 3 are top plan
views of the fluid conduit of FIG 1 during use; [0012]FIG 4 is a
confocal inmage of a representative 3D cellul ar aggregate forned

accor di ngay comprieerbepGaents of rat bene mesmvt stenmveelisi Bhe cEIEODaY EbBprige | s

a scanni lectron mcrograph (SEM_ of a,r sentative 3D,cellul ar
aggr egat %?@?ﬁ%{# HeUBr Ef‘% 86@%”‘3& COMmpsaR SelR t%§¥ ﬁ?‘f?eg?ﬁ%g‘@ ﬂﬁef’ EQ/E?WP"i ‘on,;
[ 0014] Fldldelfydesgrouts aisurfznss of thd gbtificdeels, oTh@fiew pF esemii@hiayedecel |
structure faorned in a mcro-fluid channel according to an enbodi nent
of the pﬁ%@ﬁggwﬁpe\a{m&w'tm@éng fores dogwpsfregn Pfathgrﬂ?%bl&ﬁd CPEMNY$-nage
of a conparative cell structure ' . :

[0007]  According fo another aspect of the present invention, there is provided a

cell culturing device. The device comprises a conduit; a fluid flowing in the conduit,
the fluid-comprising cells, a transient linker and a cell culture medium, the linker
facilitating initial attachment_of adjacent cells to form a cell aggregate;'and a cage
in the conduit for retaining aggregated cells formed in the fluid, the cage defining
distributed openings that allow the fluid to flow through. The cage may comprise a
plurality of projections, arranged in a substantially U-shaped pattern. The
projections may comprise micro-pillars. The conduit may have a boftom and
opposing side walls extending from the bottom, and the projections may extend
from the bottom. The cells in the fluid may have a density of about 5 to about 6
million cells/ml and the transient linker in the fluid may have a concentration of -
about 6 to about 8 uM. The cells may be suspended in the fluid. The linker may be
dissolved in the fluid. The linker may comprise a polyethyleneimine backbone and |
hydrazide groups bonded to the backbone. The Iiﬁker may have a molecular
weight of about 2000 to about 20000 Da[’toh. The cells may cbmprise an aldehyde
group. The cells may comprise HepG2 cells or rat bone marrow siem cells. The
fluid may be actuated by a.withdrawal'force applied downstream of the distribufed

openings.

[0008] Other aspects and features of the-'p_resent invention will become
" apparent to those of ardinary skill in the art upon review of the following description
of specific embodiments of the invention in conjunction with the accompanying

figures.
' BRIEF DESCRIPTION OF THE DRAWINGS

[0009] in the figures, which illustrate, by way of example only, embodiments

_of the present invention,



formed in the mcro-fluid channel of FIG 6 but under different
conditions; [O016]FIGS. 8 to 11 are confocal inmages of representative
cell structures fornmed at different flowrates; [0017]FIG 12 is a
bar graph showi ng the dependence of the percentage of viable cells on
the flowrate; [0018]FIG 13 is a confocal inmage of a perfusion cell
cul ture [0D18EpRX2 CcEIG.Sl isra pertpestive vheanokd fluil mondudit for darrrdngng cath

enbodi nent, of th resent. inventiopn; [00191Fl G 14 .is a.transm ssion
Tont | raduresi{iR, BREmplan e s besiaent ot e qasintitiehvaty's o
confocal inmage of a perfusion cell culture of primary rat bone marrow

stem cel o911 a f | BIGE.Chamh8lare top prad vieesasfdha fjuid coadtiddi P dringhe
present invention; [0021]FIG 16 is a transm ssion |light inage of the

cell culfSre of FIG 15 [0022]FIG 17 is a schematic diagram
illustrating an alternative fluid conduit for formng a cell culture,

exenpl arjpoep] an enpi@ligne Rt cobfod BnddeesdteprasemitiverBD adililar aggregate
formed according to an embodiment of the present invention;

[C013] FIG. 5 is a scanning electron micrograph (SEM) of a representative
3D cellular aggregéte formed according to an embodiment of the present invention;

[0014] FIG. 6 is a transmission light image of a representative cell structure
formed in a micro-fluid channel according to an embodiment of the present

invention;

[0015] FIG. 7 is a transmissicn light En’iage of a comparative cell structure
formed in the micro-fluid channel of FIG. 6 but uhder different conditions;

[0016] ' FIGS. 8 to 11 are confocal images of representative cell structures
formed at different flow rates;

[0017]_ FIG. 12 is a bar graph showing the dependence of the percentage of
viable cells on.the flow rate;

[001 8],' FIG. 13 is a confocal image of a perfusion cell culture of HepG2 cells
in a fluid channel, formed according an embodiment of the present invention;

[0019] FIG. 14 is a transmission light image of the cell culture of FIG. 13;

[0020] FIG. 15 is a confocal image of-a perfusion cell culture of primary rat
bone marrow stem cells in a fluid channel, formed according an embodiment of the
present invention; - ‘

[0021] FIG. 16 is a transmission light image of the cell culture of FIG. 15;

[0022] FIG. 17 is a schematic diagram illuistréting an altemnative fluid conduit
for forming a cell culture, exemplary of an embodiment of the present invention; and

4



[0023]FIG 18 is a perspective view of a further fluid conduit for
formng a cell culture, exenplary of an enbodi nent of the present

I nvention. DETAI LED DESCRI PTION [0024] FIGS. 1,2 and 3 show a fluid
conduit 100 for form ng and culturing a cell structure, exenplary of
an enbodi nent of the present invention. Fluid conduit 100 rmay form or
be part [¥023]f | ui dFYG dﬁ/isea)éremecmiwe\view ofgg furtheofladd chaduitfor formtitgea

devi ce. e other co ents or, .feat.ures not shown in
o s °1, SPedifld SeBBlac Bt S SsShinfBE RE N Esalt iVERBhey Do’ necded
for using the device in a partlcular application. [0025]Fluid conduit

100 has a botBENALED DESLSIPTIONI de wal | s 104 extending from bottom
102, an inlet 106, an outlet 108, and a cover (not shown). Inlet 106

oy e PRS0t ol BB 0Bh FARnd luing o
communi cesil stuchiré fexeridiarybf eeceituiménast 1 orssnd Ve Maicgdiihe

d outlet 106 |
Fuld. cortRfan el oF bat 2hS MBI doviado aisprdied & Suig hasnolp the |

respect i y&liob. THY @&\eke fial,Have 6§hér%8%oﬁ@ﬂs%?@éihre%q{b@ Qhé\ﬁn (hpleshown,
but see FI G 17). The cover covers the top of conduit 100 to provide

an encl od@d 3{@@@@5@%@%«?&9@!@%@@@@8 nerded for usivg dmedevierMiged
by cond é 99 el ected depending on the particular

appli catlon |n§|i 8|Qtﬁ)g the shape and size of the cell culture.
structure to be fornmed. For formng mcro-scale cell cultures, the

wi dt h arl@0R8l ght ofluideonduiti 180&&&@@&%1%@%!@@11%“%04 ess than
1 Fog t t
m @ﬁ%ﬁﬁg#ﬁm BdhtorP 182 G‘éﬁ%ﬂ%& gﬁ@, V\eﬁ %lﬁ%?qﬁb %rfnog cH%er 456‘1}’ %o?ﬁvn&bou .

general |y rectangul ar cross sec a he var yi
50 to abolgt 186 tmfblrcbmmuslcatl@@@ﬁn\edhxtmscnura:e)owtmyaom)fcmrsuapllym aany

oxarpl e TRl 88C TSlta8 168 R BRI BHAREREPRER ST e Bh oty of
LT abl & polyaers | Bl ute nol voarbara b oobvactyLLCr B ch phot o
resi st e%%%bg%@"i"ﬂ cp naml%ag dﬁ‘ﬁ‘o%‘q%?? ﬁﬂ'@tw@e ”e VR [BePRENEYEnem
I nc., MAhrdGh,differktaryatirayod et copaliysinot Showe) bdwbaé IFeast W)epme“wvat e,
T s b ™ - P ort e

[0026] ~The shape and size of the fluid channel defined by conduit 100 may.
be selected depending on the particular appiication, including the shape and size of
the cell culture structure to be formed. For forming micro-scale cell cultures, the
width and height of the fluid channel in conduit 100 may be less than 1 mm. For
ekample, in some embodiments, conduit 100 may have a generally rectangular
cross section \._Mith‘a height varying from about 50 to about 500 micrometers.

[0027] - Conduit 100 méy be formed of any s;uitablé material depending on
the part_icular application. -For example, bottom 102 and side walls 104 (and the
top) may be formed of gIAass, plastic or a polymer matérial, or a combination

. thereof. Suitable polymers may' include polyéarbonate, polyacfylic, thick-photo

. resist epoxy resin (e.g. compounds in the SU-8 series from MicroChem Inc., MA,

- U8), polyoxymethylene, polyamide, polybutylenterephthalate, poiyphenyie.nt—;?ther,
polydimethylsi!oxane (PDMS), mylar, polyurethane, polyvinylidene fluoride (PVDF),

5



PMVA (pol ynmet hyl met hacrylate, flourosilicone, or conbinations and

m xtures thereof. The polynmer may be fornmed using a suitable

pol yneri sable material, which may include nononers, oligoneric

bui | di ng bl ocks, or any suitable precursor nolecules. Different parts
of conduit 100.may be forned of the same or different materials.

[ 0028] A emﬁamoﬂmehyrmmeemaw aﬂosrrds]i@:oaeeorchcmitiemfébrisrandcmbttures 100,

whi ch ' b |l :
rom's: doerdin heaaik tnap 8 IRt s s GRS BrbRsliSode e BEE T 1 ot
106 and WMehmrhduuentdmaﬁais dligonieric bveilding rbmd m’aérty@utatﬂawecmw et

108. The ps, be en ad acent Cro- |IIar y be in e range
of about MOCHISSa RTeBPAHSS GpguK 300 gt of jie WO&%&

sel ect ednhfrafoVvi de- a desired perfusion rate through t he gaps, as
will be further explained below Mcro-pillars 110 may have any
surtabl ﬁross sectional shape. The width of mcro-pillars 110 may
vary, 28k in tAelyakyef arlcr@mil{acss 440 gre dispesast i conduit AGY g/micla)rarq he

o1 157 5 4mdhdee 81t ensRRontbna: R Reriegiesd 1o LnsWaliehpacThe be

formed. In sone enbodi nment’s Il Tar t my vary
f r om abcReniand o tae bhshaped natfermfaeeerréet 106 @memﬂmjlwmﬂesl -endnef

|
M cr o pi T AFShEER iR Fadgs ofter 118, e Gops BRRKEY atliBept MEFSHIEE o
100 or i mapber'rrnthwtaage af ab@rﬂammdboubsm)mrd:mmtérﬁo T@efsrzreeofahe gaps
on 1 as deI ted by
Fray

tiall | |
Dot dasimiay BEsERR{ B al0adh deSied Bpditicn Faidiiouan fig G 25 YAE
(ext tendhtforthéreeﬁprmnapwerbwgfr\gcmnptuare 13@?11?3(:\%?&5 a/y suéttdb}e cRE9SEctita
no Sno Vi de connec e en (0] osi n airs
of pill %@ﬁ%e ﬁ&tcﬁé‘“‘é’i"o@ A5 IN0 MR VY. § %%I'"ft rtgr-gg tWO%Sff
of conduhicrchéterd. OfkehdighiTenhe e MBPbe seRictQdithdiny oede dRfsirghass,

and the other parts of conduit 100 including side walls 104, pillars

110, andfetlpEUEigEe laReiomed. inpome embqqyﬁevﬁefogmmptﬂ yrepillargeightyal | s
104, pi H‘rﬁ%rﬁr%m §B&Jtt1|®etoté%ut BYE nicBhetsts! 9 S5iHe 3miYlih A8 Otha!

unit. | S" case, l'ars 110 extend fromthe top cover down to the
gl ass bcﬂf‘taomweﬂdt@\fﬁfdwﬁﬂrm@QWtGDGﬂUlbﬂo%ondurt 110 may be forned

by
[0029] The mrcro—pr!iars may be formed from the same material as that of

conduit 100 or a different material.

[0'030'] Micro-pillars 100 define a partially enclosed volume or cell-growth
region 112, as delineated by the dash lines in FIGS. 1 and 2.. |

[0031] Opticnally, pillars 100 may extend to the top cover of conduit 100.
Alternatively, cross-bars (not shown) may be provide'd to connect the top ends of
opposing pairs of pillars 110 and the, cross-bars may be spaced from the top cover
of conduit 100.

[0032} In one embodiment, bottem 102 is made of glass, ahd the other parts
of conduit 100 rnc!udrng side walls 104, prilars 110, and the top cover are formed
. from the same polymer Side walls 104 pillars 110, and the top cover may be
formed as an integral unit. In this case, pillars 110 extend from the top cover down
: 'to"the glass bottom 102. The polymeric portion of conduit 110 may be forimed by
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nmol ding. The nold may be a microfabricated silicon nold. The

pol ymeric portion may be tightly attached to the glass bottom 102 to
forman enclosed fluid channel. The pol yner and gl ass may be attached
to each other by permanent chenical bonding or using a renovable
fastener such as clanps. [0033]1n anot her .enbodi nent, conduit 100 rmay
as a whahelding. The mexid afayare & niergfafirieated silicon Tidd.uiihe potyyndm pfoohomd of

i b o piTu P8 T siehgt U s s bORIE RS Y Fodh phpded il Channe.
m cro- f akhe pzﬂym@maﬁcﬁglh@s #ii6. belMeachat i egsh ethef bypdmeamshiicherhi2@l and

mcro-pillars may be treated using known techniques to inprove
per f or ngpr Sw%ﬁerﬁ‘b‘{ﬁqi%ﬁstwfs%?a%ﬁléﬁmse fluid conduit 100,
including mcro-pillars 110, nmay be fabricated using a

m cro- f ghg3yat i on zh%meq%mﬁﬁeﬁsmo@rtqmqﬁa%% wHdH® bk fSmigdfdEnn g,
soft Ilthography, reactive ion etching (R | E), or deep reactive ion

et chi ng ittea¥ayd Ui Th%unﬁn@quf@%?qiﬁ BRlasiplymenor thedi@ui t 100 may
be formed using polydinethylsiloxane (PDMS). A silicon tenplate may

be firstpbsyjmed byFlaia%nea@qbo\éﬁdin%r@ms M99 nAPod RVACERIUAISIHY arys

t hen rmldedlnthe silicon tenplate ded "PDV5 structure may
t hen be S@i@aweﬂéarwfﬁbawwegmra@m T%@&stmﬂu@mmumﬁoﬁwémcm

h h
o o allrDRR e et R IEhH ot eS8 YibrRb T e M flen °1°
[ 0036] | mppheatian. rer esampld, fisidreandudit 100 Fimﬂﬁd[ng raiokb-idi|lara #10umay bed s

d d | wt h
Cause e e SRRSO G Sl 5 B B M e
for ini tmcalfdilygIscﬁﬂdlth@l’abla'y,crehd:tisfetlm elehmgqBllE), ag gee edaesive meetching

transi ent .l il.nke only tenporarily attach to the cells and w |
di ssociz'bgln'il:) hf"\end €cells after the adj acent cells formcell

aggregates. The linker may be a transient inter-cellular polyneric
(TIP) |i[e838]. The lhlonbmbmﬁmbﬂt dorschédl 108dmap belfoinedldding Cel | s 116 for

formng a, desired., cell ure.are suspended in fluid 114, Fluid
174"y PRAETRHEEIG e PRI I SHEST s RIRE A, P gret IRImest 96 ¢ he
TI P and redduioe idmgteRitige e PDRISEhBteril i itierl héldealyin Bise Qll"@cﬂﬁfeﬂfblatél ng

any suitable i on techn ue known to persons skilled in art.
[0038] T ?éaﬂ?'ﬁe‘gﬁ%étm%r%ma yeres %P&ﬂﬁeﬁﬂgomqrhwﬁwﬁa$%hlaﬁ £s5)

for about 1 minute, to chemically bond the PDMS structure to a cover plate (not
shown), such as a glass cover slip. The device may be sterilized before use.

[0036] . "~ n use, as better illustrated in FIGS. 2 and 3, a fluid 114 is caused fo
flow through conduit 100.and cell growth region 112. '

[0037] " Fluid 114 contains a cell culture medium and a transient linker for
initially linking the cells to form cell aggregates. The transient linker will ohly
temporarily at;ach to the cells and will dissociéte from the cells after the adjacent
cells form cell aggregates. The linker may be a transient intér—celluiar polymeric

| (TIP) linker. The linker may be dissolved in fluid 144. Cells 116 for forming a
desired cell Structﬂré are suspended in fluid 114. Fluid 114-may inciﬁde a carrying
solvent for dissolving and carrying the TIP and other ingredients therein. Fluid 114
‘may be prepared using ény suitable preparation téch’nique Known to persons skilled
in art.



culturing the particular cells used, as can be appreciated by persons
skilled in the art. For exanple, culture nedium may include
the-nutrients required or desirable for cell growh and culture. For
exanple, the cell culture nmediumnmay contai n Dul becco's nodified
Eagl e medi um (DMEM), M ni num Essential Medium (MEM, F-10 Nutrient

M xture, [UBSB]Z Nut r iTha telMultuse medimﬂlmav cigitath epg dultablResatedidl(shark
Menori al lﬁ'@t itute | scove's Mbdifjed Dul becco's Medi um

(1vDV), GiitiEBgdne p ’S‘Fiaﬁ%ﬁqg Userly ad eaitly appesialed by Reseps skibehidng,

CQ2, gr oythFbasknhSe, &ﬂ’(ufé mﬁﬂluﬁpﬁéy@ﬂﬂ@é‘e t?&aqgﬁr%rﬁ? H’éqﬁ.ﬁréa@r @@¥|r§£ﬂe
ceIIs that can form cel | %re gat es thro@g a transient |inker, and
or @xamabt the qaiirc

may i ncl paechaevh aﬁ@p@lﬂtrgp uétieenpRdiumceEY Sonfairh
|
Sutt ol (PUPebaRs ASied Mokl mEaRnpHURND, fiih B HBUATMEM),
si al i ¢ alci1@ hutpemteVintiee. F-H:Z)Numeirh‘Mfﬁure:emédadlmrMemeu batRde@EP dnkiman
| i | | th
cervi cal Meaoraf et ARt ed R, B8ve VndtretDrinarsdBMatiu, AVHED, | e

may be sglut@dml eotalRaifrsarym (:femsxs peHINIiIrfStrébmBIREC TR GroWtHRREIS oral
stem cel I &@Eorm ne hepatocytes may al so be suitable. [0040] The
cel I's mt HP8d so that they can be seeded in cell growh
regi on 112 as fluid 114 flows through conduit 100. Cells 116 may be

sur f ace-pooddf i ed soeusmts inBgYewellé (RAGHRGHHECNAQIBGatbS trblgnai ent
i nker. For .ex ells 116 may be cells that contain, or have

been noo‘rﬁriSé@d’t? Bk%ﬂ% May 'fbﬂi%%obmacﬁﬁpe@f rellsy feorexample, #BlA f i ed
f rom Hepfh siglid scié Pégmzesl WARh @@l He fbAfkd @rﬂém%’rpé?bej%ﬂﬁ&lgaf ow

stem'cel s (BMSC), A549 hunan | ung epithelral I'ne, HeLa human
cervi calSuRg ﬁmbpﬁ@emﬁjﬂh vgihy @ highee pxpressies of sizliaadid Ums1he psadrargr

porci ne é)@hﬂ%&?ﬁ%ﬁﬁﬁ@%ﬁ%ﬁ ﬁ%g@ﬁhﬁfﬂ&tnyi cQIF i Ao AHLILEB pithelial

culturlngHe uremalumma
DVEM  10%@lIFigsarela humss servitiab cefl mtmmrrwrgl@ma cell ltries LGS ancbuz'éurcar

or Buse dry Ty ERShubRl, PHEYER|S SuqfaBratRoBimdlrots Mesenflia "o

be desi rﬂ@he:etlsapdeomﬂe hmimb@t&s mby alsodshemitdbledf the cells to the
wal | surfaces, so that a desired flowrate may be 8 maintained in

Conct 80y 2P R BN, L R bR SBBRA T fflrb "3
f 1 ow r atregion 1d@ragifluid 1'04)\‘1(505 tHnad:gfscﬂusiMﬂOal Ceilst ‘Hltﬁl”maylbechua‘acmot
OCCUr- modified so that they‘wili aggregate through the transient linker. For example, cells
116 may be cells that cdn_tain, or have been modified to contain, aldehyde groups. '
Cells 116 may be modified from HepG2 cells (human liver.cell line), primary rat

bone marrow stem cells (BMSC), A549 human lung epithelial cell line, HeLa human
cervical cell line, human glioma cell lines U87 and U251, primary porcme (pig)

hepatocytes or other types of cells.

[0041] For culturing HepG2 and BMSC cells, the cell culture medium may
include DMEM, 10% FCS and glucose. The gmcqse content in the ¢ell culture
medium may be higher for HepG2 cells; e.g. about 4.5 g/L; and lower for BMSC
cells, e.g. about 1.0 g/L.. - |

[0042] In one embodiment, it may be desirable to prevent substantial
attachment of the cells to the wall surfaces, so that a desired flow rate may be



[ 0043] The cul turing nedium may be osteogenic and may be prepared from
a basal nmediumw th 100 nM dexanet hasone, 0.05 nM ascorbic acid

2- phosphate and 10 mM fl -gl ycer ophosphate. [0044] The transient |inker
is selected so that it can initially link cells 116 to attach them
to each other and formcell aggregates 122. The |inker may be

sel ect edmsimtdihed in conciait 1091 aﬁbﬂachhenmmasd ibetayoitledthyadithee taleetingosdllss and

cause th |1, t tofo DceII ar, aggr The
Fker  nopbtengtada i edrylr Al Pyt e ind 4 a0 108 rattncan
di ssoci agghdut ae0alottas R bstRtibPattichfient BeS 8t stchave attached to each
other. The half-life of the linker attached to the cell surface may
be in th@ ge of about 1 to _about 5 days. In one enbodi nent, the
hal f-1if Oﬁgf} be abdfUiWinggnediumy ManBe C8teOIPBsATPHBRY B] RFgRased frem
cell's wighagdl Héﬁﬁn%ﬁ'ﬁ‘fb{ﬂﬁwgie%ﬁr%thésﬂﬁe lg, 65%[\/1 TRYBRUG B-gJhpepiab de

term nal groups, which can react wth the al dehyde groups to cause
aggr egatdBh1bmM Belyasrophosphaigne enbodi ment, hydrazi de groups may be
conj ugated or bonded to a polyner backbone such as a

pol yet hyjogagj m ne f %{réné? QFis s'e x{(gcﬁfh%?ﬁ cﬁmﬁéllﬁﬁk%el!éﬁ 1€to

| i near pol yneric | ers en rlner ers, two-step’linkers, or the
li ke, rrearta@b therado esdnreﬂwandmrm celhmregﬂtes nazefrseahnleeldney:besed in,

I?;ngixgn %?ggje ﬁtu%g're |n er@%"@h%‘?é&ﬁ%@éﬂ%gEi%’%g?%&ﬂ?3702;

and De BwﬁktceaggregatéSurftbméDe:@uheaggmgamfs IThelhmgenmolﬂcalessr@baly

sel ecti e er| a technol and L
vol Cor iR RR SR R s a T ARt Pihateciieig el e o
from t heelle hhaee afthetedt tbeaehlotiserhave Harlifedf ﬁ@grnﬁgﬁét&ﬁshe@@@m@mt ly,
t he trans?fent | i i not, form a per man barrier around the

cel |s. THacgm Sk *WP&@réﬂﬁOfr?&?é‘fﬂﬁ%ﬁE?Hﬁ% @srsorlnp@eaﬁfequaraﬁ%ﬂ@

cel I's. Matlifemayldt sSbailthowoutder ifites. t 0 establish natural cell -ceI I
interaction, to secrete ECM and to establish cell-matrix

i nteract whi ¢ be desir r a 3D inter-cell ul ort

{0047} LBl ker e STk o L3usiace A %&%ﬂ%ﬁﬂ%%%%e.
I n one eshedh ApdhazideRemhinakes XNH?@W@arﬁ o3t RHhR aBh roliggaabout
2000 to about 200%0 Dal tlonk@Tﬂw1 rimry 'ém ne gr ouas o%h{% Em arns

may be rFSHF? pearegation af Bermpldsain @r&em\m#wr@ anvdr%?afé@ JURIUPE Mayebe
al dehyd%ohmpeie@ﬁor%rﬁas% sqidwméivfsacfkb@ﬁe &6t a$Hob ﬁ‘?ylér%l QIPERt €

cells. The i nker ma e to reside transi ent on ce sur aces

with a tackboner elndﬁff%raammbmnwyes ottEsdineanpalymessy rﬂ@ns@e@dﬂ@ert 0
al | ow anghasages. %%B%Hféé%t oPt‘F:le'lrﬁe ?%8%88 fid s&%lé‘ﬁ‘éx‘xé{&nt linkers
envi ronment for

of t ncorporatl ng exog
bi omat e@rafisclosad zrpd@reenanmle,yzrhamereals Mmempmdes aamwwalantt he

|1
ot SHPaSBH i P YRS B, S PR A24BHH oo gk
to ﬁur vian. e“SLgfanw emgdweeuhg iop :lz\yng Vwcab!alsw va lsefeetry@ﬂelﬁcml ?é o>((|dat_|on
anchor a or._exapple mra ells (primr
cells a%gotggﬁqo%g%%grfgrggggtgﬁ%m é’&g%deggﬁém %ba\%gﬁor age- gependgnt
cells may be conveniently used in an enbodi ment of the present .
i nventi §@046ls onceA trhmsies linkeh@dilledieg@iztg foattharsdiibadsr terdeliofdve n t he

Ce ol il SR b Ehof s HE P LR PP Mt S
such as pafiet-arourd the cells. This atiows efficient mass transportation.to and from the -
cells. Further, this allows the cells to establish natural cell-cell interaction, to
secrete ECM, and to establish cell-matrix interaction, which may be desired for a
3D inter-cellular support. | |



[ 0049] The tenperature of the fluid nay be maintained at a |evel
suitable for culturing the particular cells. In one enbodi nent, the
tenperature may be at about 37 C. The tenperature in conduit 100 nay
be controlled using a heating device (not shown) and a tenperature
controller (not shown). In some enbodi ments, a heater (not shown) may

be enbed[ﬂed?]' n t heThé linikrenaleye basezmwm&nﬁbma@uﬁmea;@ar-m[gw@ﬂided
[ 0050] The fl \é’ rates of the fluid flow through conduit 100 ar
cont r ol | & e\FPARIMERL RE liaker Tea% kAves moé%auiarmfwmgb%?qoﬁﬁ? aRpyly

l'i nked byodopendildd. | THKSHmarkRnihé Bodpsi th@tf%l%f‘mf; Intytbd Hb‘ﬁflﬂé%rto‘s’(l’éﬂd

area) should be selected to reduce or mnimze the iI'npact forces
creat ed Mydrazides, miiich ¢arbﬁﬁa@hwm@eoaid@fymﬂar@lmmrmnmm@ rsadified celht

I
L ShyBEbb (EHAMERCTRIL 7o TorRA0BE S ol FARREL N co
sone entsuiacesivith a halhﬁfy of ebaddwb kday’s] ohe |I1nkm(may be. BéleefelddodallbWow i's

actuated b hdr a ce down tream of t ted
open ng< P FRBARFHRRT SIS Pibuos e oy het S o e o Aksuepor

wi t hdr awietguk Qrc@q;drauhda@(o@@nbugdmmméﬁw@twbbt@ht@@&wnmhn@s‘s using a
fluid pu r’%% I nstead, of applying an actuating force at inlet 106.

[ 0051] | tiraf1seartd Ai?e‘”&ﬁd@?é’@ gan fegreteand aecymutatgtheif own ElMderow i n
condui t oAy not be uniformand may vary in different regions in
the channel and at different tines. For exanple, as cell aggregates
accunmul ate . in cell _growh region 112, the fluid flow inside cell

growt h rl88#8h 112 %‘me’ﬁﬁ%@?ﬁq RebeyaRPosedivear anmherest i, @I substratedo rmy
sl ow dovyrird, Ryl HRd kuitlﬁlyc\ﬂﬁéﬁ & rétdfREdlc td ad {a.%o?@gsee aérm&xbcéwﬁwt

100 is maintained, the fluid flow outsid gr ovvt region 112 may
become fexample,pammaiiap cellao(mmry cells aﬂﬂmelldmﬁaharmncgom dependent.

appl i cat ation
TPy £ ARkt (o1 138) B Eob ok by e REBIABAARIG 2.
pillars m&@erﬁwmﬁlmtawwhbe ocls laa\!e ddgregatad andrbeéh uenfimedinghe cell-
condui t 002 I

faster cﬁw&um g r%’é?haggg'r'gﬁﬁrk%d% oﬁ%i% r@; &t"grr:b % ]';% r%ﬁéregésgs\é\'fﬁ)
shear staneber the celie tacah bstemEh eratfioseppdrisuchvargdld. f1 ux may be

adj usted ‘and optim zed to achi eve a desired bal ance. [0053] The fl ow

rate 9r [Bb"@(] and‘ﬂjié]g'ﬂp%?gtﬁfaé&ﬁﬂghum%g%ﬁnwﬂ%\é ER% level suitable for

culturing the particular cells: in one embodiment, the»température may be at about
37 °C. _The temperat‘ure in conduit 100 may be controlled using a heating device
(not shown) and a temperatufe con'troile.r (not shown). In some embodiments, a
heater (not shown) may be embedded in the fluidic device on which conduit 100 is
provided. ' |

[0050] _ The flow rates of the fluid ﬂbw-through conduit 100 are controlled to

allow cells 116 to form cell aggregates 118 initially linked by the TIP linker. The flux

(the rate of fluid flow per unit area) should be selected to reduce or minimize the

impact forces created by the fluid flow on the cells while maintaining sufficient

supply of cell culture me_dium to dggregated cells trapped by micro-pillars 110, in

order to maiﬁta_in viability of the cells. In some embodiments, it may reduce the

.ﬂow impact if the fluid flow is actuated by applying a withdrawal force downstream -
- of the distributed openings defined by micro-pillars 110. For example, an active
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optim zed so that the in situ formed cellul ar aggregates are |arge
enough to be confined by pillars 110, but small enough to prevent
clogging of the fluidic channel. The sizes of the cellul ar aggregates
may be nodul ated by cell density and the intercellular |inker
concentration in the fluid. In sonme enbodi nents, the cell density may

be abOUtw%erwﬁ:@Q@ﬁce@né’? bé bpﬂiééﬁthhﬁfg'ﬁ‘ o@@ﬂ’lb@esdcﬂta@rusﬁ@d fuhia uhi;f'ker

concentration may be about 6 to about I n one enbodi rrent
cel | den&ptead Rhabrlyeg apastuatingifprcedt "Ei@ﬂ 1@/ m and the inter-cell uI ar
| i nker concentration may be about 6 p.M If the cell density and )

l'inker qeoseptrat i sh@liig bbPdBlISbd fHabficABEAIFX D AGEIBY IFRYNGHE 160 at

inlet 106. If the cell density and |linker concentration are too |ow,
aggr egatméh n@ﬁ‘ b%@mlfogmrmd pay vawy ipldiferent regmnénreﬂta ghanpelpnslet|ciffgrgnt

glelzlasg{ hat are IT@) (?Sf%ﬂ%éb%%%}l?@ﬁ?%@ an I nglfc@“mézg“% ﬁ?%ltR?Lhave

to fl ow fluit ibcmgms:d:anelitgmw&t r@igiorctl 2 octhgrughatie gapd Betwieteni micoepillargr owt h

i inth f about, 10 0 .
nave. beehoman A Sty §ih BRBY P sPRaahEospl 16 b eaandh SpRdiTL s s
flows t hmugi‘nezp erebAiddic 38 camdddd BEIPg@wth heiannI2 heiyreoms faser Rith! ar s

110, cell ag ates 118 continue to 8row and eventually forma .cell

st ruct urtEne:2 ° §'hinSoie pebadiment#and ppRkcajeng &S syl 8@$§'W@(§° 9nirele

| ocat i onge Msi%@ﬁ&t&fonrﬂrﬂ‘fﬁﬁﬂﬂ tzRé i dehiyrBtth RRrOI 18 &Qnttﬁé gaps
cell-growth region 112. can be appreciated, mcro-pillars 110 can

be used bedveemmpilars 11H@yc@1mﬂ|@rtha@gewéb@sra¢@ow Bntheaighuioaduit 100.

constructs of consistent dinensions. [0056] Cell structure 120 may be -

cul tur eqobsy) a desid esh @@ﬁh@&sﬂfodth%he?ﬂﬁﬂn@&@vﬂe f@stéﬁ‘d}ffﬁ‘ﬁ@ﬂfﬁw
dependi ng%on the particul ar gé ication. The contents of. input fluid
Qi

114 and (GeBrovwtredio bibdinvay npsears thershean pirees orethedialls.n gherefore,
di fferenhe 89@:9?%9@ 1%@&&@8 'ad o?@ﬂufé& @Lﬁdhﬁ&epé gesiizd b a/] The .

cell growth 1n con served aor nonitore or exanpl e,
i mges of the cel | _aggregates or. cell structure may be taken during
cul turi d8053or thik shed%ﬁ\'p@@mﬁﬂx |lasgstheireparationad paesiries: Meg®emay be

tr anSParo%ﬂﬁ'nzédr@ﬁﬁﬁt 06 i 4 tll?d?'He\S.l d@k’[lap‘égﬁlté:g?{é%eéjre %n@ﬂ%&ybé abl e

t echni que, such as confocal 1 nmaging, SsSi on h gl ng, SEM
or tBe IODR%neq ewpiamEa10; h’ﬂb¢mgl! entamt brrgemnt@ﬂmngomfrtbgﬁe@tc ehaanekl | s
may be [ _

™) et 88 oS el Mo L el R RIGHGR, f o e
perfor mé:ai[tular mmupomgenb’ahmgmmetﬂmaj Clorgoamg embbdinmgnts, the oeltiddrisity may

[ 0056 Tied B} B AR RS D P R B eI e el Faflpeph Bt Ty
be be about 6 to about 8 uM. In one embodiment, the cell density may-be al_)out 6
million cells/ml and the inter-cellular linker concentration may be about 6 pM. If the
_ce[l density and linker conéentration are too high, substantial clogging may occur at |
inlet 106. If the cell densify and linker cgncent_ration are too low, aggregation of
cells may be too slow to efficiently trap cells in cell growth region 112,

[0054] The géps between micro-pillars 110 have sizes that are selected o
allow fiuid 114 and individual cells 116 to ﬂow through, but to retain cell aggregates
118 within ceti~growth region 112. Gaps in the range of about 10 to about 50
micrometers have been found to be suitable for some-cells.
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optionally re-circul ated. A closed-loop circulation system (not
shown) may be provided and a nmulti-channel peristaltic punp nmay be
used to circulate the fluid carrying the cell culture medium

[ 0060] I mages and test results of representative cell aggregates and
cellular structures forned according to the process descri bed above

are showmgss) FI G5. aAd fufl 144 AGes {Hﬂéédr%or@%&q%%e tﬁ.%lug}mhé ggésll As can

be appreci ated, the openings or gapsS between m cro- 110 can be
conveni eheweatmlpmz@ﬂansd 10eceilgaregries s aaetlnw@domwrandmnwﬂy ous

regi ons t nd in
he. ot ulREbryBluBbudb M o5Feb A R TP ES AT ARPIANEY 308",

fl ui d[ coimdaiiansla)ﬁi éfmpese::fjmlmmwlaagngEQaﬁ ed?fuehing td:b&!ligmsmdeglonﬂhgl d
114. [0063]In, other e i ment cage for, retaini a egat e

el | 5. modS ban PRARGEeA B arBHLPJarsbiD Gy Do s MU or e
of pill aa%gre@ﬁ% to MrinesellulRF cbﬁ\ﬁrddtsl'(@f,cdh%tsﬁbrﬁﬁﬁﬁbﬁk?éﬂspn t hereof. The
cage may have one or nobre open sides. In any case, a volune is

artiall | osed b he cage. ThIS vol une wil | substan | deine
the shapé’ogglc the cfll éP?tHFﬁ ehtredtipt AgesEedpri e@r
cage shogd dp €eh lféwwéleké rdé?iéhé Pcmﬁnb@gﬁzchfar%bbmant)hurmet&n{ér@w

through, and to facilitate usion of matters th roug t he .vol une.
However , mavtﬂ%éﬂﬂnéC@tbéh!itufgmdl@rmw%amnétemqnvana during ditfegentf r om -

t he pagestﬁgéy%gh%?%@?aggg 42 Cru%%gpﬁgggggat ed cells. The distributed

openi ngs on-t nore sides of the cage. The cage
may be shaged so that the encl osed volume has a desired shape:

some enbl®8Pfiknts, Thecekhgewiain eerduith§0spanbe phieervad or manitoresk e‘fprl n
FIG 1. é)&%ﬂ?ﬁl@%ﬂg@@%ﬁﬁ@é&llsﬁgg éﬁat&@gﬁcwmgﬁlr@?néﬁé{ak%ﬁguh ly

cl osed on al re std fth e co Ietely
cl osed (®#ring.gFobthis puwpese, aiﬂeastbndaswexﬁ@ondwﬁaﬂ mEy. beﬁtsamarem

oy be Snre el tathdnal R BBl i by AOeR reu il b TEEL
of a parltnmirigytrahsmsdiomilimat hmagimgc&E‘gVI @mhe}hlem side of the cage. In
sone enbodi nents, the input fluid nmay be supplied to the vol une

L oush, BRSBPE. "l AL o GRS e B R b RREY '
ot her emdusdiasd fs-actin ptatmmgmmofurmlsmumragef Ea:gdbenri oomecb szt saifingxabl e

mat or | e U, KRR fa/ s b oret A BB ot o, ©

mat eri al

or nenbrafdke invhyditpsddiag ppﬁdxphamdaprr@fmbenmea ifre fisidr eos.by the fluid
fl ow and the aggregated cells ret ained in the cage. [0065] The cage

may havetoasélul 'y O'f'hé) cel} cfﬂ{ur me usrg (ljjset? B the cell cultunng process may be
optionally re-circulated. A closedfloop circulation system (not shown) may be

provided and a multi-channel peristaltic pump may be used to circulate the fluid
carrying the cell culture medium. '

[0060] - Images and test results of representative cell aggregates and cellular
structures formed according to the process described above are shown in FIGS. 4
to 16, as further described below.

[0061] As can be appreciated, the openings or gaps between micro-pillars |
110 can be conveniently utilized to-perfuse the culture medium through various

regions in cellular structure 120'to enhance mass transpbrt to and-in the structure.
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[ 0066] The cage nmay be formed or placed in a conduit. The conduit may
have t he shape of a channel or a chanmber, or the |like. The sides of
the cage with distributed openings nay be spaced away fromwalls of
the conduit to allow efficient fluid conmunication through the
openi ngs. The cage may be inmersed fully or partially in the fluid

carryingidogeycel | egbé %}m at ed,
t he arrangerr;ent i1 ustt&gmgﬂé’fﬁqﬂlﬂa&ﬂﬁt QQE‘e rmga?d [ﬁglrstl I I
achi eve @tﬂﬁln@faggmammibtﬁﬁdorm&ﬁ/wﬂ%éﬁ ment i oned herein.

[ 0068] For exanple, FIG 17 shovvs a fluid conduit 200, with bottom

202, sid s 20 utl e or
fluid co@ %1 100 @ecgh%%h% ear %é?ﬂe agfﬁ%i‘aﬁ%ﬂﬁ#ﬁé&t cr}gﬁlglg{'%a{f
condui t Q@ﬁ)rm@dldnfﬁer@ﬂi& tFFumxfamplB ted tagegmiag datfosma 8f mﬁm‘s.elya'alwméé y a
cel | strgrthg EE 220. I |.et 20@ com‘rum ca}ta:yon with three in
condui ts JER Y & o0 B%FI‘I” E?"&n he {898 MAY NayEATS Y BI% oSN %rl Y,
outl et 2P8anyscass, @Odimmw|§@Eﬁﬁﬂy%&lbséd1lsfmé3éﬂg%uq‘h%w&m}mé %ill @ central
conduit 226 . and two side condults 228 0069] 1 n one enbodi.nent,

condui t tapaglnagiinedhe ehgem obihesd strudlgraigmad i Hweorptaamﬁelb 6
M and hdeidddharid @&I?Iétdlﬁnﬁut@mog}gﬁ ﬁ% ﬁl'l&vlﬁhid'térﬂc%lt

r
el liptical cross-section as shown, w axi s ﬁ g’ about 0 5

nm and tfﬁéﬂl’@ﬁ)?’@ﬁ%@r‘somﬁﬁ@ﬁéﬁf@ugh (Uweomlnme Hmveg@gsatwmshmomnlmm
pillars wic B'Fq cl osed
end and the ope@ﬂgngmo?%e v ﬁspe.ﬁgpagéf: %b@%@?bﬁ%%ou{ .2 mm For
t hi s ar ragggegaded celtsh el heedibtribetesi dpeningstrhay bepdjvmlf.d‘ drutveb amyotesidenut
1.5to L] | | s/ md e size, Wth
Farger Qe cags, ot baB F8Y B Maprd SBTeh09 sB0ptaEHSiine s Epistt ca
pi : : ars s‘mapelﬁm ammahmmgﬂtmsmsmhetwgearwjl h@ﬁamﬁper(uj kigwf ilustrdied in
pillars ve ot her ¢ros ctiona a n diffe
appl i catﬁ%yél 7 OlEh SED H@I’u‘??’. _S’[tgﬁf'ﬁ?‘? ﬁ"%’?%e g@%ﬂﬁtr%méﬂ%ﬁh?ﬁj A ey be
connect efiddsn_Oe 6€Mmbrd §ig8s BPihe da@Btmay be completely closed (see e.g. bottom

102 of conduit 100 in FIG. 1). As can be appreciated, the cells, transient linker and

cell culturing medium may be supplied to the enclosed volume through distributed

. openings of a partially-closed side or through an open side of the cage. In some
embodiments, the input fluid may be supplied to the volume through an opening at
the bottom or at the top of the cage.

[0064] [n some embodiments, the cage may be formed of a rigid material.
In other embodiments, a portion of the cage may be formed of a flexible material. |
. For example, a side of the cage may be formed of a flexible material, such as a net
ora membrana‘ In some applications; the net or membrane may have a pre-
defined profile when pressured by the fluid flow and the aggregated cells retained

in the cage,
[0065] ~ The cage may have a fully or partially cIoéed top.
[0066] - The cage may be formed or placed in a conduit. The conduit may

have the shape of a channel or a chamber, or the like. The sides of the cage with

distributed openings may be spaced away from walls of the conduit to allow
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shown) for supplying cells 216 to conduit 200. Side conduits 224 may
be cOnnected to a source of the culture mediumfor supplying the
culture nediumto conduit 200. The transient |inker may be dissol ved
in the culture medium A 4-way valve (not shown) may be provi ded at
inlet 206 for controlling fluid flow and feeding different materials

to Cond%mcigﬂmqifﬁ?mﬁ?&ﬂ@ﬁ@m Bﬁrbﬁgﬁ’ﬁflevcﬁ)éhﬁi@;%?%%%abg RAPbE fhmefs@BdUI t

222 may be initially open and then cl osed after sufficient cells have

been suplly eparbalyondie fluidearryingdhe pwhewtusiaginedivi. bei ng supplied to
conduit 200, fluid 214 may be withdrawn from conduit 200-through side
condui t , such L i i

Ul turi oor col | Af PoMan oS pHeyies, i Barosn el R FIEs 19
of condul maybeanagiiedaad sfilbactddvensemé of theasrenedisi crtddyantafes hnentioned
enbodi iﬁhown in FIG 1, mcro- pillars 110 may be replaced by a
cage structure that defines a partially encl osed vol unme and ‘

di stri buted openings. For exanple, instead of pillars, a cage wall

wi t h spd@eéB]s| ot s For expepiladdGt hEsbows adpideonmuih20@edith hsttoml 202 r at ed

in FIG : 044] The id c it,300 s in FIG 18 is sinilar
to flui chr%eo‘ﬁél?ﬁ %761‘11&%%{6‘%0 ‘39%5‘0%3%&5 gﬁﬁéﬁ?%@% QILILIOP| o 304, ‘
i n: Ft 3Q?fgnﬂ¥bmﬂiat a3 2%&0»0@%0&(;@ bcljrlaﬂﬁ 209. mamiﬂegthngfdngnieﬂcglz
pillars r retaining . aggre e ells. S ut.ed openings

are pr O\ﬂgaé?c%?‘?? %\gé ang %g'ith' q 8%} ?tﬁéc(i‘éfﬁl 220 gnlﬁ%ébgiﬁ 'P&OFWW'?"%Pﬁugh.
[ 0075] | it tBtREhpeERRURE Y cerltRf cSREAL 242 aed WEsilBXohf\Glsuia, @
fence-1i ke screen or another type of filtering device for retaining

aggr egatd@iayy. putigh2Q8ds in permmpipigatian avithghige autpwsoadkHits. reamyR! t he

screen @bnfiiil 286 LAY WS ¥ideSonbQiy82ghe mcro-pillars may al so be
replaced.wth other projections extending fromthe bottomwall of the

conduit. For exanple, mcro-pillar'arrays and .the techni ques for

f abri ca®RPI' ni cr dorngiemkodiaent sanduis2ibmay hare adenwibaf eboutA9 men. yu
ot atl,  @kidid ShidiPbie . 't REUAIE andlith R ShEf mitmBiladPPmalmy

be nodified and adapte r use ormng a suitable Ice used in
an enbodigiean efipticalerpssseaiioniasaheming with the lopgrexémbeing 2boywh 0.5 mm

2006/ 0522434 : [ G Atd f— i i '

i ncor por at ed ﬁlwed;\%?gist&% 'Jrggégedruggbdg? HﬂrrP T éébg gét&egﬁ\éld?a%eﬁ{ &I!ars may
be about 0.02 mm wide. The distance between the closed end and the open end of
the U-shaped pattern may be about 0.2 mm. "For this arrangement, the cell density
in the seeding fluid may be about 1.5 to about 10 million cells/mi, depending on the

cell size. With larger cells, the optimal cel! density may be lower.

[0070] Elliptical pillaré may be advantageous in some applications.
However, the pillars may have other cross-sectional shapes in different applications

or embodiments.

[0071] In use, central conduit 222 may be connectegj to a cell reservoir (not
shown) for supplying.ceiis' 216 to conduit 200. Side conduits 224 may be
.co'nnected to a source of the culture medium.for supplying the culture medium to
conduit 200. The transient linker may be dissolved in the culture medium. A 4-way
valve (not shown) may be provided at inlet 206 for cbntrp!!ihg fluid flow and feeding

different materials to conduit 200. For example, the-valve connected to central

14



[0077] The conduit or channel in which the cage is placed nmay have

di fferent shapes and sizes in different enbodi nents. For exanple, it
is not necessary that side walls 104 are parallel. [0078]In sone
enbodi ments, the conduit nay have the shape of a chanber. The chanber
may have a generaIIy rectangular cylindrical or spherical shape The

condui t paYy L@evr e ﬁmﬁ‘%yt peﬁ'aﬁﬁ%%@cl@g@m e%r&@lﬁ]e e t and

el enments or ion to the refention cage
out | et o$unﬂﬂed¢mmﬂdmt2@y be provided at any desired locations in the
chanber. Fluid ports may also be provided in a wall, such as the

bott om or to e or
addi ti ongtﬁrﬁ}ﬂ et/, Wq eéteﬂ? gFe %]ﬁ? §8@g#1bnt}?ntc |'g%6&?wgi7%fwgkrb§mte

f or mat -i‘owitlmdrawaIfdonammmrrmrghgiddmﬂduasQEB,nSudhl amﬂrr;g dlseringgd | s
may have dified to hav reacti ndl su faces The
e ans, erbuio R EhpG S HSurE e 8 bet inidine £, Rfcliammathe cact i ng
with thewmaﬂﬁwh\nerrhamdi@ﬁwdhﬁs2gbeﬁd2nbe cel |'s together. The cell
surfaces may be nodi f| ed geneti cal l , VI a enzyrratl c treatnent, or

chem cal é]o gene he reactr gg Iar technr ues for -
modi f yi n&?%Z I sur EF?éa'Eﬁt'é’El 18P ’&?@ﬁﬁh% “H‘ G.deMdRi et al ., |
" Chem Cafbrlléfgg"ib'n‘k%ﬁ bé’ Fbﬁ?écéﬂ%%‘"@bég“é‘stﬁﬁﬁure%étf fGRes a [ﬁi’ﬁ’éﬂy cPRbselfev. ,

2003, vol Saxon et ; "Chem cal and bi ol oqi cal
strat egl \é%urﬂ@rane ﬁgﬁtmﬁi AEeRiags. ko e@ewleyl ipeteay ohpillars, & cagawallpath

Cel | . DeyhacBl@lots oﬂ%mq% m de ﬁ'roﬁraed Sa%ﬂiu%e@}n AlG. 18,

"Transient 1 nter-ce yrrer omaterials, 2007, vol.
28, pp. 3656-3667 (herei nafter referred to as "Ong"), the entire.
cont ent si0874kach ofheAwidigondit 30R shoysr ik iG. Hérlerswvlaytqerferceﬁ@*éﬂﬂo

[0080] A gprléalpl ﬁadi ABbANS 02 saﬁewaueggg, Hé?sbb%%rodﬂe géfc*ﬁéfg%

Ong. Other TiP ers or techniques ormng the i nke
al so be walk310 [SGID&lifath@ @mrm 310 retadhing eagnegatedr@éi&ssed herein

o 11 ey epE el S RORE AL Eh T AR el b o

descri bdtbvhiraigh. can be advant ageously used in nany applications.

[0075] In another embodiment, the cage structure may include a fence-like
screen or another type of filtering device for retaining aggregated cells while

allowing fluid to be withdrawn through the screen or filtering device.

[0076] .The micro-pillars may also be replaced with other proiections.
extending from the bottom wall of the conduit. For example, micro-pilfar'arraYS and
the techniques for fabricating ‘micro-fluidic devices disclosed in WO 2006/052223 fo
Yu ef al., entitled “Cell Culture Device” and published 18 May 2006, may be
modified and adapted for use in forming a suitable device used in an embediment
of the present invention. The contents of WO 2006/052223 related to fabrication of

a fluidic device are incorporated herein by reference.

[0077] The conduit or channel in which the cage is placed may have
different shapes and sizes in different embodiments. For example, it is not
necessary that side walls 104 are parallel. '
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[ 0083] For exanple, with the conbined use of a transient |inker and a
mcro- pillar array, a 3D cellular structure may be forned quickly,
such as within about 5 mnutes, and with a preci se shape and

di mension.. The formati on process can be relatively easy to perform

[ 0084] As no permanent extra-cellular matrix or bulk material is used

to suppqppzdjne celhsonidhbsdifRht2 Atk é‘éﬁdu‘?t'rﬁﬁy‘ haveiheRPahabr gn of

matter through different regions in the cell structure |s possible.
Cont i nuedhapder.ugheshambsugny have a@anegallwe@tangufamcwnuimcak@ sphariedlt er

for mat] Qhabs. RASSORNGH A4S 50 1d Ul AhHPIL LR BN P RS

bet ween 1 ars sence a per manen ernal- support such
as a hyoh1e1gemts waevikes hmdcblmm)stbde adtentidrheagee | The ialed ahbeutietdfitimied

fderowa.Iowtrans ort. of tters such.as o n a nutrients to
the. cel 1OMHH MY AR BSpt Ay FoneLGeRthd Rheii e LB Bk B e
cell's. [{M¥B5d pRRidednh @uesl, BB&S as (HRSGRIINM, SddoPRpusal bt theondetk tovery
of biological agents to a cellular construct- duri ng certain

appl i catreAde akerantisor addiiang! intsitoutiet far lwd GeERWfatinudi es. [ 0086] A
hi gh level of biom mcry may be achieved by allowing the cells to

secr et e [gorb] aCCU”‘-’l*cﬁ%:%n{d?@fdm%%n BEMIT SgdRegads s grtﬁé 'tﬁéﬁment linker,

m croenV| ronnent w t hout i ncorporati ng exogenous iomaterial s and
utilizi e 9%'1&&]@? BﬁV%mrﬁnmd@’ecdmtathavprﬁe@@twem andles onselipaiacest iThe. A

hi gher Bi-qgi-pl ﬁﬁ} %%ﬁ’e@b&ﬂdﬁ? ?ellrﬁﬁnati gﬁo@%%‘f' r%‘aHI with 1T €

predictive resu omin Vvivo ar r nses, su as I n drug
testing r@ﬁctltge@aogiesam @U@dhesells{ ogetitien FFhero@u sudaces3Day bk Imodified

oxhi b1 + EnESAT VAR By O B Mol ¢ Ogpdtay fPreh gt ' on oo
exanpl ehandnlesnﬁxempmta&:halaueerfdamhadnf;smg cell surfaces an@dxsctoeeqba:rt in

si ze, her di,sposabi I r vi de f.aste

o | oPralBeio B KA o RO mic e b NP tlSR el piresy nany
applj [ cator?@ns bSchB@&L !Ub@d!dlmhﬁpoﬁzf-BBTIEESﬂﬁn 1€ 1 @llaém@al 4y be

used wi a.bi.o C m cr.oc estln a i cati ons.
Var | ous DEIGRIG S TS Iop PR Geairense s abingy Bl oAb S Rl ¢ ypes
in a m @se-Bhanpedt, vBhewug@ mzsesimem CRET l“mieﬁfsr&xﬂrﬁéﬂ-@él[ulalrnker in
pl ace of . E{er nanent Qé@m@gqel s for _cellul ar sug ort allows the cells to

secr et e PANEeREdinken, age 200K YAr z%lﬂi)pgﬁ PaPh&heregHer TR on
ex0genoys ‘Ohgeh dniire contBhts of Bhth 6PRRIChUE idddRsdibRIchdIehly M m cs
in vivo cell behaviors.

reference.

[co80] A suitable technique for forming a TIP t_ink_er is disclosed in Ong.

Other TIP linkers or techniques for forming the TIP linker may also be used.

[0081] The embodiments and modification discu_ssed herein are for
illustration purposes and are not exhaustive. Other modifications are also possible.

‘[0082] The exemplary embodiments described herein can be -
- advantageously used in many applications.

[0083] For example, with the combined use of a transient linker and a micro-

. pillar array, a 3D cellular structure may be formed quickly, such as within abdut 5
minutes, and with a precise shape and dimension. The formation process can be .'
relatively eéasy fo perform.
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[0089] Mul tiple fluid channels may be provided to provide

hi gh-t hroughput, such as in drug testing. The m cro-channels can be
connected to gradient generators to enable sinultaneous testing of a
range of concentrations of drugs on the cellular structures in
different m cro-channels. The gradi ent generator can be designed to

be | i neafoosdj gnoi das nonenﬂéﬁ@rﬁl@?&r’a&ieﬂu[bhH@trB{ GBSk ﬁﬂtef%'l fAldeldi thy
dependi ng on the user's needs. Such nmultiplexibility my be useful

for nodi YRR ths calls. syfficientgrd etfigient iansnoriatiew of meﬁebthm@n djierent

Pl | cat FoRee PSRN Pl & PO R PR PRHERR oG B8 | 10
sequent i strucjurebotfeddirorgars afterfounationds pbesiblkeiueitn flul donemenitaitdv ps -
i asuo antrushng Behy bEviRan e R]erss Mo bR Rs o FHERBC U B! ¢ ur ed
in diffesupportcheniae mshyciooge et that Bhedpsuldies theccetiband ehes continaedi ngl e
chi p. Ther apeut ents. can -he circul ated thr the tjssu

anal ogu iﬁ h‘é‘i"?'%@fs?%f’gmé‘ﬁe'§ %Vﬁtaérﬁxé'g?’éﬁﬁ “Hﬁﬁnﬁéoab%ﬁ&an%uch
an arr angaigek of aiterLelidnidd Meloft Wabls ffow tvadidat i ng candi dat es of
t herapeutic agents based on a system c response, which is an order

hi gher t an a tissue response. This has potential usa

di f f er erf@98ekr o-f | Ih%mpra\éeﬁ Ee8s ROBRPr| 691 Be HSeitbios Eak?\@ﬁy otaﬁmqal
mat eri al ade?\ﬂipﬁ @éel%léi'c%ﬁ%tmto‘uﬁﬁb ceFtQﬁ ﬁéé%ioﬁgtﬁ.fch%%%n?&e%ﬁné or

culture forned in.the mcro-chanhel can be readily inmaged Wt
exi sti n@*@'ﬁﬁ@ﬂ'tﬁ@ucﬂi@%}al ities at high resolution. For exanpl e, the cel |
cul ture maybe imaged using phase contrast mcroscopy, confocal |aser

scanni ngodBey 0scopy hlg%fle&%fatb%%rb?@a%f bé%a{sé%owanoﬁhﬂé%tr@@é%%

real -tine inmaging o I's cultured in’a physiol ogi cal
m cr oen\AecEiEBRE aceurguiater Beiraye 5ENIp nseduce 3 pativalyitsesnvireament ar

Process tlrr%'t';?fhc o?rPd @o’gého@fbbﬁmaﬁ‘éﬂaﬁ’é éﬁ&‘hhl?z[hogsﬁérﬂ}s‘?dd“ﬁ]{ﬁ%{ aﬁk' s

endocyt Gsi's, SIS erati.on
parti culraumlcs m \atrq \cassunngatmmn%emhes btomammg cam petemijaky gsslisidhe n a 3D '

T ooa mAshRRTER o bt KRLONR, AN bR D%g Rkt it dss s

Enbodi ment sen nvention Can BIFoOW mag! ng
cel | s culrugitesting aniB[ogmdlethhmirol li.ng the mcro-environnmental fluid
flow around the cells. [0092] Enbodi ments of the present invention may

al so be&e@el ot 0 nqgﬁ'iic%@’c'a% Q]h}fartétlgjcﬂ}rgq&?ﬁeudgéﬁ%lrﬁgggﬁe?nbo%@gas

cancer pnent I Ver an rosrs, of vira SRR
i nt r oducif the phefsémnevantioaldantamm mamy atd\&m’emmes magrd-8calageit s, a

seri es . qf re di ffere a.di sease NoSi S
can be S(%'v ? SFaor %ﬂ h%?rgcrgr%a[e %t%ﬁFﬁLfa[%? SS%ELE%"H |'?15‘°lr5r"18°m§ qupyi ng
mechani s, nfaymaweasiﬁgh@\/cﬂé@cmmn‘ty aad pi®sdd f@tmrﬁarﬁle[ bhalyees Endc
agents for di seaﬂ%e tr eatt rreln |[ 0093] EXAVPLES:

can reduce € reagent volume required in many appl!cattons

[0088] Embodiments of the present application may be used with a

biomimicry. microchip for drug testing apbiication_s. Various tissues may be

produced by aggregating one or more cell types in a micro-channel. The use of a

transient inter-cellular linker in place of permanent hydro'gels for cellular snpport

allows the cells to secrete and accumulate native ECM for support rather than

.relying on exogenous biomaterials. This cell construct therefore better mimics in

vivo cell behaviors.
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[ 0094] Exanpl e | [0095] The cell surfaces of Hep& cells (human |iver
cell Iine) were nodified using Nal04 to generate al dehyde handl es on
the cell surfaces, by adding Nal 04 to a cell suspension in a tube
and incubating the resulting m xture for 15 m nutes. [0096] The

nodi fied cells were suspended in a culture nmedium The cell density

was abo o abo gded
DVEM gﬁl?ggg% F@W[t@léﬂdgé}F@?hrﬁénW;ﬁg p%rghﬁgtﬁﬂ bh!:("\)/giéa% %‘ TIP Q?]{aner

was al sosughgasdnsdg t%tlﬁmeTb@m@rae:haﬁdwaman’plee:dnnecﬂedrtﬁ@ram a

ol yneri
Bol zet hyé; edr%gétrsn%\qgee(ﬁ @%&@é%éc?#g%ghgq} ?@éé %§§ ricoe[%réﬁl on v@ggsa%out
6 to abahe c&lhpiaMtrtidﬂtﬁl@S]rﬁdiﬁeﬁemt misroahahhels c Thegradieridgeneratot ¢art e
cells and TIP |inker was, d throu cr o- channel & Iustrated
Col o opiaed th s inghn SR, on e s BT A NaEE e
di mensi afepedtiing cﬁi%é'@@gé Rdeds. (5 GchmUkissbty ¥ad-be neBRGITEY :ﬁb&}.}ymgghe

m crof l ui dic channel had two inlets and one outlet. An array of

mm x 0. OXstRpdntegfted Buidisickpuisio prayide wifidend nwwﬁ@up%f fluigts Ter Right ed

in the GRRILBHK Qtfdrh 8adting": §)| tidhe channel, defining.a cell residence
corrpartrrefrﬁlﬁ(grovw reglﬁc?% Iéahat was 0.2 rm i de. [0099] The sol ution

was passed through the channel at various flowrates The fluid flow
was dri VBRSYy wi t nMHbiRke flugd chipe rfaybedcennectes saauestialiig pefforma

][” cr o- Chaghel deb erbi V‘@ﬁﬁél@ﬁ?éw m‘ap Lf’s%glrtS%kb@H[ﬁéreﬁFééus
ormed in the ce -growt regi on. confoca

r epr eseryRaS, vepresdti r@g-‘g'f@‘gatttasus asabwaes nAFEerGatMely,TdefwnUa%lh typed ¢aAN
Presente ObuituRSy ! AHGEnPhah{lrS Eblinettdd BY ferodulidid SRANTRDbY § ik Wi th

chip. -Therapeut:c agents can be circulated through the tissue analogues and their
effects af a syétemic level can be assayed. Such an arrangement is potentially
beneficial for evaluating candidates of therapeutic agents based on a systemic |
response, which is an order higher than a tissue response. This has potential

‘usage in many different micro-fluidic devices.

[0091] With a transparent conduit material (such as a glass-bottom), the
micro-meter scale 3D cell culture formed in the micro-channel cén be readily
imaged with existing imaging modalities at high resolution. For example, the cell’

. culture may be imaged using pﬁase contrast mi-croscopy, confocal laser scanning
microséopy, or two-photon laser microscopy. This enables real-time imaging of

- cells cultured in a physibiogical' 3D microenvironment, e.g., for the study of various
dynamic cellular processes such as epithelial cells polarization, protein trafficking,
endocytosis, transcytosis, proliferation, apoptosis, or the like. In particular, it allows
high-content screening of single cells in a 3D microenvironment for various
appllcatrons, including drug testing: Embodiments of the present invention can
allow imaging of mammalian cells cultured in 3D while controlling the micro-
-environmental fluid flow around the cells. |

[0092] - Embodiments of the present invention méy also be used to model
various in vitro disease developments, such as cancer development, liver and lung

fibrosis; or viral infection. By introducing different cell types, or disease-causing
18



19 fluorescent dye was used. The linker is shown in FIG 4 as white
circular regions around the cells. As can be seen in FIG 4, many
cells were encapsul ated by the |inker nolecul es and sone of these
encapsul ated cells were in contact with one another, illustrating

t hree-di nensional inter-cellular support effected by the |.inker.

[ 00101] AiyeVial Sigs of’ﬁ'loEB% @§+éééhﬁﬁ aeard 8tRek of 8 'ﬂi@é‘&sé '&r&dr@as%an

with the transient |inker belng present but I'nvisible to the eye.

[ 00102] Ara develaped: Suohdnedelsaesusefulder sturdng $he quilmg/mgcnawma of n
the cell g5 HQWRal erﬂflam??t%éltl@g P«%ﬁtl%hf[ﬂ %ﬁﬂc B#)éllltgrﬁ%'dlé% [ansm ssi Or?

l'ight inage of ar resen CCUre Porne
m cr o- cmaaahmentat aflowrate of about 0.03 mi/h is shown in FIG 6.
[ 00103] After seedi ng -had been conpleted, a culture nedium w thout the

TIP lin nd cel owed t hrough the fluid channel. A
E@g@e” RAVBRES;

bar - sha stTuc WI th a generally rectangul ar cross-section
was fornmed. [00104] Exanple Il [00105] A conparative cell 'struecture was
formed d9094f Exanpgbaniplexcept that the aggregation conditions were -
different. In particular, the flowrate was rel atively | ow for the

gi ven ¢ Qil)%érjens' Cyrangd TR c{eﬁ%?ﬁeé@?%%[lé Llﬂ[.ﬁé}ﬁiv L8 lide) %S aified

transm | i ght I'mage o ure can’be” ' seen,

under t heswy Malfgito g lensratet aldehygrs hiratleeen thémaimdrﬂaaes, mmmmg Ngtﬁsdoby
tes d structur

cell agare ult, the for

ol | - o s Shepn s b b Gldbs resHiif iy 1 15 hintfes
[0096] The modified cells were.suspended in a culture med{um. The cell
density was about 5 to about 6 million cells/ml. The culture medium included
DMEM, glucose, FCS, and penicillin/streptomycin.

[0097] A TIP linker was also dissolved in the culture medium. The TIP
linker was a polymeric molecule formed of multiple hydrazides conjugated to a
polyethyleneimine (PEIl) backbone. The linker concentration was about 6 to about
8 uM. '

[0098] A solution of the culiure medium With the cells and TIP linker was.
passed through a micro-channel illustrated in FIG. 17 at room temperature. The
microfluidic channel had dimensions of 1 cm (length) x 0.6 mm (widfh) x 0.1 mm

: .(height). The microfluidic channel had two inlets and one outlet. An array 0f 0.03
mm x 0.05 mm eiliptical micro-piilars with 0.02 mm gaps was situated in the center
of the microfluidic channel, defining a cell residence compar‘tment (growth region)
that was 0.2 mm wide. ‘

[0099] " The solution was passed through the channel at various flow rates
The fluid flow was driven by withdrawal of the fluid at the outlet end of the micro-
.channel.

[00100] It was observed that éggrégation of cells formed in the ceil-_grbwth
_ region. A confocal image of a representative cell aggregate is shown in FIG. 4. To

visualize the presence of the linker on the cell surfaces, a linker conjugated with a
- 19 '



[ 00107] Cel lul ar structures were forned as in Exanple I, except that
the flowrate was varied to determne the optiml perfusion flowrate
for the particular device and cell sanples tested. [00108] Each
cellular construct was formed by flowing the cell culture nmediumat a
flowrate selected fromO0.01, 0.03, 0.06, or 0.22 m/hr for one day.

[ 00109] Tineressemt ay@magtdswt mﬁ@ﬁnv«@@sﬁ&ﬁ@ﬁﬁm W AP whitd | SFREHGEEBNS
viability stainin live cells were stained with Calcein AM The

dead cel 4‘@“%?'@ q@r r'Pé‘cPaM henseandpiFdGuth maay gells ywerereroppsugieddy the 10

and 11 s r med
2 the 1 har e apd RS0 Dek FBRERR R 18Ik T bDHELLIA b
[00111] Tamtmratblus’uratyngdhretda@meessbaaEantemcbﬁtdaesuppfortmﬁacmddw ths liskewn in
FIG 12. As can-be seen, for this particul ar arrangenent and these

cells, t jabi | i t. { 03
e, ASBIBAPC: oK SH g B the RERDHE actitchor®n A5 MGy Fufine

[ 00112] Wartsiart lible2muging pnetselniimt)emns}bteamtheceyear theory, it may be
expected that at too high a flow rate, a high shear or pressure

exerted e cel , t] in, viability: : | ow
a flowr P 16ﬁ| nsuf%‘ﬁ%r(;%{rh&ﬁgésﬁlrﬁﬁgﬁg%%@p a(rS;Fru WF%W@%%!%T%@QH%% e;hg
reduct i ayrowth neigidsi deftred by the micro-pillars. A transmission light image of a
representative cell structure formed in the micro-channel at a flow rate of about
0.03 mlfh is shown in FIG. 6.

[00103] After seéding had been completed, a culture medium without the TIP
linker and celils was flowed through the fluid channel. A bar—shaped cell structure
with a generally rectangular cross-section was formed.

[00104] Example Il

[00105] A comparative cell structure was formed as in Example | except that
the aggregation conditions were different. [n particﬁlar, the flow rate was relatively
low for the given cell density and TIP linker concentration. FIG. 7 shows a -
transmission light image of this cell structure. As can be seen, under these _
conditions, the gaps between the pillars were clogged by cell aggregates. As a
result, the formed ‘structure did not have well-defined shape and dimension.

[00106] Example 1l

[00107]  Cellular structures were formed as in Example I, except that the flow
rate was varied to determine the optimal perfusuon flow rate for the partlcuiar device
and cell samples tested.

[00108] ‘ Each cellular construct was formed by flowing the cell culture
medium at a flow rate selected from 0.01, 0.03, 0.086, or 0.22 ml/hr for one day.

20



[ 00113] Exanpl e 1V [00114] - Anchor age-dependent cells (Hep& and rat
bone marrow stemcells) were used to formcellular structures in a
simlar procedure as described in Exanple!, with a flowrate of 0.03
m/hr, and were cultured for three or 14 days. It was observed that
the 3D cell structures were adequately supported in the m cro-channel

for a pefootdopf upThe résmmintesthifeturbd Vkbldhddmsut alithlfiublesebnéd Giabittyl S
wer e assessed usi n(gbwefl uorescence viability stai nlqr}gé Mai nt enance of

the 3D nBiEsHA olfie Bre gals ware stainpdwith&alcaisAls elhe deasicatls yeare gtained

st ai ni ngwit[lg,%@hﬂ;h@diaﬁ_sul ts showed excellent viability and
mai nt enance of 3D norphol ogy after 3 or 14 days of culture,

respectively. [00117]FIG 13 is a confocal image of a representative,

cel I str[R¥APE f or FkES. &1, ABsed Westiow eanfegal dndgsmsofuppiaseniative celf g.
14 1S a“sté?é\’!ir{ggﬁtgﬁne‘afattt Ogg\fﬂrf&eccﬁ'd.oﬁbfd?to%ﬂbeaﬁd‘?.g??’rnﬁﬂr%gqéd&@& el.

[ 00118] FI a con I'mage of a represen ive ce
formed of primary rat BVMSC cells after 14 days of culture. Fig. 16 is

an SEM i [B8dd1bf t hEhe siabilieef the el atdiderent fiow rates ioshevamindlIG. 12.
[stO?a étgtfggfc%ﬁ g{a sbgﬁ,gfgﬁth?g pa%&';igr E&Sﬁd&rﬁ‘&t%ﬁ&ﬁ&é@é@l f?‘nec\ﬁétlility was
highest (about 80%) at the flow rate of 0.03 mi/hr. At the other flow rates, the -

viability was about 50%.

[00112] . Without being limited to any particular theory, it may be expected that
at too high a flow rate, a high shear or pressure exerted on the cells can cause
reduction in viability; and at too low a flow rate, insufficient mass transport (of

nﬁtrients) can cause reduction in viability.
[00113] Example IV

[00114] = Anchorage-dependent cells (HepG2 and rat bone marrow stem cells)
were used to form:cellular structures in a similar procedure as described in |

. Example'l, with a flow rate of 0.03 mi/hr, and were cultured for three or 14 days. It
Wasr.observed that the 3D cell structures were adequately supported in the micro-
channel for a period of up to two Weeks.

[00115] The viability of the cells were assessed using fluorescence viability
staining. Maintenance of the 3D morphology of the structures was assessed using

F-actin staining.

[00116] The results showed exceilent viability and maintenance of 3D

morphology after 3 or 14 days of culture, respéctively.

[00117]1.  FIG. 13'is a confocal image of a representative cell structure formed
-of HepG2 cells after 3 days of culture. Fig. 14 is an SEM image of the same cell
structure in the nﬁicro—channel.. '
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shown) al so showed that the cortical actin distribution in the sanple
structures was typical of a 3-D norphology. [00120] G her features,
benefits and advantages of the enbodi nents descri bed herei n not
expressly nentioned above can be understood fromthis description and
the drawi ngs by those skilled in the art. [00121] O course, the above

descri bgdoemgjodi MepIG: 131§ aigdhRitdPhdge dfe febldsshitaile el eflidtud@ringd no
way |imting. The described enbodi ments are susceptible to many

modi fi cAfiPsREnsratiBiVae cells afieribraysel gufkres Figel&is an aRY m%v@rofdlﬂe
operati T, i i ntended to enconpass all such
nodi fi c;ﬁt%llmoen&?\} ét't ini t”gﬂ?crg%z@%and [efined by the clains. WHAT IS
CLAIMED |I'S: 1. A nethod of form ng a cellular structure, conprising:
suppl yi 180EH s' anfepniacalimagee At agtinitainingefshe sample qedrsiiugiurss (not
encl Ose%hB%P?a&B% w%@'tqatlth€léﬁftlcfa%th'cﬁﬁhbtﬂ%n IH'tlllé gédn?fet&ﬁm[ﬁ@é wak
adj acent ce P ni ng

distri bdymclafcmﬁerﬁ Pgsotphatoggr e si zed to retain sal d cel | aggregate:
supplying a fluid ooinprising a cell cultureMediumto said vol une;

cul Cur 1007 o o QAR e b el ee A B R P RRAMRES o

endur e. dascrithesd hemh-hmi e@(brasbbyl medtjionskexbeive caaibe Wekrsoad Frosubizended
In said fluid.an mkeF] i, S d| sI I\Le;jtr!é%n said fluid before said

fluid i $ESHY !qneqpcf et@%‘ﬁ'ﬂgﬁ Yosexskitaddn e 8%d of claim 1 or claim
2, conprising maintaining a flow of said fluid through said Vol une,

al. The rfeoti] of 'Of wund thevhboes desmibdd(eaiticﬁ!:mmtsai‘ehﬁtémded! bdee a
ensity

but about | 1 cel I nd:.said transie
I nker  IRSLER oA S0 vayimbng.r The BRsoRedimstioteptars sLse e
to many modifications of form, arrangement of parts, details and order of operation.

The invention, rather, is intended to encompass all such modification within its

scope, as defined by the claims.
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5. The method of any one of clains Ito 4, wherein said openings are
distributed to facilitate perfusion of said cell culture nmedium
through said calf structure. 6. The nethod of any one of clains 1 to
5, wherein said cage is disposetin a conduit, and said fluid flows

t hrough said conduit. T. The nethod of clalm6, wherein said conduit

conprises a bottom and opposing side walls extending from said
bottom 8. The nmethod of claim7, wherein said cage conprises a
plurality of projections extending fromsaid bottom and between said

side walls. 8.WHNBISRUANGEDBf claim 8, wherein said projections

conprise m crq-pi I Itgrcgch 23 0. The nmethod of claim9, wherein said
m cro-pi | | ars tar &P FERNg 2 ceflua] $Rist@y fORINSNE: shaped pattern. 11

. The nethod of cl ai!rin 10, ,wgerei n a]g_g%p bet ween two adj acent ones of
sai d micro-pi | | SN SRl 2 Tangsst b 2 5eie eartak priiRsed Bya capRe

met hod of any om@iddfkeciagitafiog hitketiadmenthefrdipcensedlislid fomicersll egrprdises a
pol yet hyl enei mi ggmb AREHEhRY dh gl Brafih oQae sai d
backbone, 13. Th? net) Qdmf)ﬂg claim 1%, : V\heﬁg%rngg%{tg %}gn%e@%qas a

nol ecul ar wei gh 989 %H0i rt 2000 to about 2000b Dalton. 14, The met hod

of any O'le of edspyiFg ahubl Sompieinyt 8EIFLLRLS HethufBb ki GRIRS | s an
al dehyde group, _
withdlrawing said fluid from sald.velume through said openings; and

eultiing aggragated colls retained in sald volume fo form a cell siutture,

2. The.method of claim 1; wherein said calls are suspanded In said fluid and sald
linker is dissolved in said fluld before said fluid is supplied to sald volume,

3. The methed of claim 1 or okl 2, compiising mainiaining = flow of said fuid
through said veluma,

4. The method of claim 8, whereln said ceffs In sald fluid have a denstty of about 5
1o about § million cslis/ml and said fransient linker In said fluid has =
cencentration of about & to about 8 p.

5. The method of any one of claims 1 to 4, v_vher'_ein said openings are distributed to
faciitate perfusion of sald ceil cuittre medium through said call struciure.

6. 'The methad of any one of claims 1 to 5, wheteln sald cags Is disposed'in a
conduit, and sald fuld flows through said eonduit,

7. The method of clalm 8, whetein said conduit comprises a bottom and pppasing
slde walls extenting from seid botfom.

8. The method of &laim 7, whersin said cage comprises a plurality of projections
extending from said bottom and betwaen said side walls.

B, The methed of claim 8, whereln sald projections comprise micro-pillars.
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15. The nethod of claim 14, wherein said cells conprise cells that
have been nodified to form al dehyde groups on surfaces of said

nodi fied cells. 16. The nethod of any one of clains 1 to 15, wherein
said cells conprise Hep& cells or rat bone marrow stemcells. 17.
The nethod of claim3 or claim4, wherein said flow of said fluid is
actuated by applying a withdrawal force downstream of said
.diatributed openings. 18. A cell culturing device, conprising: a
conduit; a fluid flowng in said conduit, said fluid conprising
cells, atransient linker and a Gel/ culture nedium said |inker
facilitating | niigiThe mathetholviams, viferedjaiiodmo-pillalsisce arenfiedimaa cel |

aggregate; and a ga@fnhdly Saheh-a0aftht for retaining aggregated cells
formed in said fluid, said cage defining distributed openings that

are sized to rethie sahd cghine tmvadeine das bamdeaivoadasanit dndslcfisadd t o
fl ow t hrough. . 19nﬂlﬁ?lf?’a‘?¥fs‘éﬁmf?ﬁaf&'a@abﬁﬂsﬁ%cr&!\ﬁﬁé@ n said cage conprises

a plurality of projections, arranged in a substantially U shaped
pattern. 20. Theiziem aehed ofah@drid of Siaimelias e, wherintapriakeechbinpfss gonpri se

mcro-pillars. 24 devi |, al r i i.n
said conduit has %DE%?yigg%mgﬁéla%%B‘g%?n%g%sﬂg%%@%{gﬁsg%gtlﬁyet%8?'%}3&%%’% sai d
bottom said pro eelhans @sbRNME Aderkih@an fitisdhddad heBaular weight of about

2000 to about 20000 Dalton.

14, The methiod of any dne of claims 1 o 13, wheraip said cells compriss an
aidehyde group,

15.The method of claim 14, whereln said calls comprise cells that have been
madified {o form aldehyde groups o suifaces of sald modified cells,

18. The method of any cng of claims.1 to 15, wherein said cells compiise HepG2
cells or raf bane marrow stem cells.

17.The method of claim 3 or elalm 4, wherein said flow of sald fluid is actusted
by applying a withdrawal foree downsiream of said distributed opsnings.

18. A call culturing device, comprising:

& conduil

a fluid flowing In sald conduit, said fluid comprising cells, 3 transient linker and
a cell culfure medium, said iinker facllitating Initial attachment of adjacent cells

-t formt & cell aggregate; and

a cage ih said concluit for retaining aggregated cells formied in sald fluid, said
cage defining distibuted openings that are sized to retali said aggregated
cells and allow said fluid fo flow through..

18. The device of claim 18, whereln said cage comprises a plurality of
projections, arranged in a substantlally U-shaped patiern.

20, The device of claim 19, whereln said projections comprise micro-plifars.



22. The device of anyone of clains 18 to 21, wherein said cells in
said fluid have a density of about 5 to about 8mllion cells/M and
said transient linker in said fluid has a concentration of about S to
about 8 pM 23, The device of any One of clains 18 to 22, wherein
said eel's are suspended in said fluid. 24. The device of any one of
claims 18 to 23, wherein said linker is dissolved In said fluid. 2 5.
Th he device of any one of clains 18 to 24, v.vherefn said |inker
conprises a p(ﬂ'ly'ﬁlswwem@bhhn‘@dna]ektﬂmmaﬂdsmydmralmthm@oﬁupsnd)onded to

ol coul ar ver g L AARER AT e R BIFb BRI 12 2

pfbﬁ’goout 200
of . any one of M5 to.25, wherein said cells conpri se an
al dehyde group. _ 26. The device of claim27, wherein said cells

conpri se cel | £2(TRaeviadanasa oFiains 1@ 2 ovfesyinsaid ednipgeiddhidope fon
surfaces of sai demidifdbed 5aehiont 8 ABion THem aNd &/ RinsRAMINRRS ofd iokai N5

18 to 25, mere'h?%§%(ﬂer?u%l$ncggl9ﬁ%{o %DJEB cells orrat bone narrow
< o X

stemcalls ice o Clains 18 to 29, wherein

said fluid i S{BgE'PlgE%\fﬁcgﬁggqy%nigftc?a?m%o &,%h%?ee DR 2 S RAEAM ©f

said distribu
said fluid.
24, The davice of any ohe of claims 18 {o 23, wherein sald linker is dlssolved In said
fiurid.,

25.The device of any one of clalms 18 o 24, whereln said linker comprises a
polysthyleneimine backbone and hydrazide groups bonded o sald backbone.

26.The device of claim 28, whersin said inker has a molecular weight of about
2000 1o absut 20000 Dakon,

27.The devica of any one of claims 18 fo.26, wherein sald cells comprise an
aldefwvde group,

'28."The devica of claim 27, wherein said cells comprise cells that have been
modifled to form aldehyde yroups on surfaces of sald modified cells.

28. The device of ahy one of claims 18 to 28, wherein said cells coriprise HepG2
cells orrat bone marrow stem ceils.

30.Tha devica of any pne of claims 18 fo 29, whersin sald fluid is aciuated by &
withdrawal force applied downsiream of sald distributed openings.
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