WD 2004/ 010102 PCT/ US2003/ 022537 | MPEDANCE BASED

APPARATUSES AND METHODS FOR ANALYZI NG CELLS AND
WE2RIOCUES [ 0001] This application incorporat eBCbyS2003/022537

reference United States provisional application

nunber 60/397,749, filed on July 20, 2002; United

States provisional application nunber 60/435, 400,

O o ANt 2000, This
y refe

application al so incorporates rence PCT
Application No. , titled "I MPEDANCE BASED DEVI CES AND

(oL, el iofiEi iy AL RETR PR o o
applithifon NVENT 6O TFabnfiled bn Filyl26, PO Rhniteh Btatésprevisionsl application
mobgrOpas 00 Gisd opPecgmber a0 sttt Psiog bearlaion
60/4§%§’?2' ﬂ%ﬁg}gﬁﬁg@é gﬁ‘?’ﬁ A §%iicat%§£19&ir@5@%ma&%y%fé@@fé§ PCT

s and particles. Thé presént
Applkepiandlouses, _mi cr optidedSVRED ANCIOBASERDB¥ICER AN METHODS

nmoni t or . .or ti,c a hpent i gratio nd .
FOR IR S EE BehiDepstRar hEE TR, 1 Raflensfly tfowion.
met hods can al so be used in identifying nodul ators of
cell or particle attachnent, mgration and grow h.
Backgr ound Artéooos Growt h and netastasis, or
BAGKERIGNOLF d&E INYVENAIODNn, are the fundanent al
properties of malignant cells. Better understandi ng of
TeebhiedlHield nmechani sns underl yi ng the pathol ogi cal cell
mgration will inprove cancer treatnent and
[OMﬁvﬂﬁi inBntidn0eR4ds ghaerdily setht fickieofranalysisiod nslls and parictds. In
nodels both in vivo and in vitro have been u]s@ed. ﬁIin hods f
partigyley thigasenioaprovides impedaice datad @PHR e s Bugepals @aft methods for

lofi phticRSP el | judB ShicrBpihtedlaRd Mthods can be used
analg%{l‘?g%ﬁ%&@g?ﬁﬂcgéggﬁ%?gf{géﬂeagg uéltg?gén 1%ftﬂt he pr operot Fggn o use
in mohiterilg @iianpartield atachhent] migrationcandodedsion. crequesendpparatuses,

i AR B B e R BRE ot e

ttac‘ﬁﬁ*e!nﬁrﬁi?fa W8 n gl ayer or mul _ti -l ayers of
Aaurtrva eg ce(?igs or explanted tissues, growth of
cells through natural and artificial extracellular
Bavhprouré®drt or simlar cellular structures, and cell

notility in response to chenotactic agents. [0005]

[000B]r @rviwtl and heteastasiscort fatledogicaivelh mgtthay _sarfama !ﬂlrab_h@ntal
orompEies e . e s S o AL herying o
pathﬁ’f%{c%!ﬁ@é?ﬁﬁég%miu LROR] cahdor teheRmR bR Bebationl nduced

mgration (1.e. chenotaxis, which is the directional

[0084]pBmdissast theindobgiismb, ressiatch noodeds by irsyigo el in vitro have been

concentration gradients of chem cals c .
used. In vzevo models can omlcor an entire process §ft can?:er metastasis in experimental

animals, but are not suitable for large scale evaluation of the properties of malignant cells.
In in vitro models, cancer cell growth and migration activities can be more quantitatively
analyzed, including transmigration of cells through a monolayer or multi-layers of cultivated
cells or explanted tissues, growth of cells through natural and artificial extracellular matrixes
or similar cellular structures, and cell motility in response to chemotactic agents.

[0005] Currently, there are three common methods available for detecting cell growth

and/or cell migration in vitro, which include:



/invasion and trans-well mgration assay (Falk, W, "A
48 Wll Mcro Chenotaxis Assenbly for Rapid and
wocouoate2 Measur ement of Leukocyte M grati on. "PODUS08/022537
of | munol ogi cal Methods, Vol: 33, pages, 239-247,
1980; Richards K. L. and J. MCullough, "A Mdified
[00961¢ " OphankekoaMeAba idutedhesratiax(is. mmmmesnm "
I mTunoI ogi cal Conmuni cati ons, Vol: i]ﬁ)ages: 49- gzh ical
dlrectmsugespw pEbiplegioabeslls OT OFEREERS A aof%ﬁea‘if ot gadigats of chemicals)
er of .an [ d ssembl
v G P R e s SRR eI RS i Micro Chemotas Assembly
for R4 Xt )Wélﬁﬁte Mﬁsﬁﬁhﬁhﬁéﬂt@kml\/ﬁ%ﬁon AtounngineftImmunological

hanb '
MethfdsSVaf a3, wep, 23Dradd, LoD e I i, DA Gt " Migpiied
Mlcrogh%mb Etgyg/es ( &1@ EReRLKiRRE! e thnhhiblogickher

uropro e, Inc., See: Neuroprobe Inc.
Comim%atﬁ&ﬁsl,f\aﬂr thpagesTA 0] b9&4b /qgﬂs gﬁlaseh“tsrmYad@rand migrate across a

Rt T A
polyeggrleng t&%ﬁlk/gcﬂl%r Srnerﬁlwaﬁé)eiﬂt’o 16w chhf®6rs MAERliGEL Given

ane I nvasi on Chanber. Bect on
chemBhtokétaso rThTEemgratc;hctelllmdt ateiusugiyattachedpibimsiothss sidg o8 the

memlgrgg%%:e Zlgeg]/ llaé%ﬁcL }Qg{tﬁ C AT i:‘%ﬁﬁ N BHTopI be,l_k)lc See: Neuroprobe
MON@EIOEK%MJ bto@?l/ﬂt QGh\'kﬁﬁlll)Qﬁ fRysdsent dyesyfollowed by cell

I osci ences conif di scovery | abwar e/ Product s/ dr ug
counmmmeetm/mmmmpesgré;w@rﬁmtrqimoa)mﬁproﬁlﬁ%lﬂs otior; BD

BioscisripIUELEtS oot I Pl M @brafE Cll inaion Charber.

Bectdbickkén ThéichBINE@RCH42; t est apparatus and net hod.
I'n one approach, chenot actl C fa tors anc[n r.ol

wwwihdbiascicneesionrdiseoveri labmazaiteghn U DuHet .
t1 @g;gg ter containing pores
B1oC,J§f1t wog%ﬁlogpgi@nggg@%nd ti(r())ﬂ@gd %th cel | suspensions

www. S s8ieatesaiaay distdverh mmmm/Bﬂoduas/slmﬂt Histovenw 111$ﬁﬁi pvsigms/fluoro

chenotactic factors and

blok pnviastonsel B ANe MWW (e GOTVE Qnta Si :_-i:i Ft ge ) p:l ,%fS patent
5 ,28%2%%@&696?%1{1&19&6%3&6 cﬁe&?@&tﬂ@e&ra@%@raﬂ@ A8 etetidde In one approach,

Fane er under I nfluence of chenpntactic factors
chenfbidbtic Gattore lagd Eartrads mepilazdd of pregetestedraseascumthe thpagyaface of a

bottq(aji; t@ﬁlgﬁmwglﬁg gégeggt? a%%ﬁz%r clg?l‘@?rlgléﬁlj]?é:rg%o% Eﬁp]:r)épu ateoﬁze%%d topped with

cell &ﬂ}géﬁgi%b% ﬁ%ﬁ&&ﬂtabSQ@ﬁl@ Bofb@Dratssd hat thhAr&iRl dfshemhgtaeticefactors and
e

fromthe original spotted positions, the
contshilsacoataet theffilteheesphmanewdizsedy belpwshelosatignsd fae cell suspensions.

The d t f t
The pela i eriginte treiely By neEmbRine et pag i fE BEHeRtblib letors
and ﬁ%nﬁ%ls%r Eggn&%f tim8 PRtcotited ahd@etbatihed) tine ( Be_r ens,
The role of extracellular matrix

[0bQTtan (Asnmieyeldddfusiograad ingaratim agep ¢ 9lisaag Fr&ﬁteétomﬂﬁ %
|
e B B85 9330 S R i o

posifiBisa e @irietonéH the bt whagaslls dR5présbht ihedsesClbatiameter of the
Scientific Methods.
spotusvmeasuest after sncubatingy F;l}l)@cr@ggatlﬁpﬁq sletermmed based on the size of the cell

spot over incubation time (Berens, M.E., et al, “The role of extracellular matrix in human

astrocytoma migration and proliferation studied in a microliter scale assay”, Clinical and



[0008] (3) In vitro wound heal i ng assay: Scratching

cells off a cell nonolayer and neasuring the healing
wEe@eesHIDf scratch under a microscope (M yat aP®I/PSBD3/022537

al . "New wound- healing nodel using cultured corneal

endothelial cells. 1. Quantitative study of healing

: Y ; |l : , o 2
BB R8RE gl RIS JARER b5 051994, CRARES S0 BRoas
wwworeltrekseatdmiprassalytmipr e easy to per formand costs
b B850 P Bt Seatindtls s osoer
mea§ifinl tRE RAlhE A de®or chBcH BRI & ﬁqiﬁg%c?ggﬁlgﬁ}f/%g.,te@ & New wound-

FMD assay systens are not very re
healing amaslohasing Culinred corneal éndothelia elfs. 4sQuantitativelserdyaghealing

I d | - ' it t hod f
procE o A R ol St - gP G 1S9 Such an-assay
[0DGR ST, 5B} calPBFRRIIASnH AL i PRE R eaBhle aﬁ%&ée Eﬁ)to T8ffin and

an upper chanber, and a | ower chamnber.
costgAea theee essayscars dpvar Howdgven sinceameithet off themds aldx to di€fetdntiate cell

. trikx (ECM -cpoat.ed pored nbrane (or call ed
g o PR, R ts SRAPER Bt Beeq oishe vitop are ot
veryuElRdle. CIaRaisSwelCiRadiy AdPmanstidh BEA1 8 tIRChOR ToRMonly used and
artificial ECM coated m croporous nenbrane to | ower
wellepeaptias i vimnmethoddfer snelyring ellgneasiomrandanigatiop. iSuch an assay uses

] unt i |1s that have sse

o o EHOE ol IR D5 B4 5o Bl o BBV e, e
two cadiBesy are ¥épasatbdiwith ah Qrigficd ) x trSol MM ARREACM L akf pored

able to mimc in vivo cell invasion and mgration
membragedeiscallssh mangprage filier)-+ spsve enlls placgd insinagrts argwagrchambers

. i 4] ' i i [l ul a
cn Pl PHSSLEAEL08 LEFARENNOORAES AU L 3HEIL L e
chandetd. léﬂte: ingasimat zhﬁldmgmtldne!chﬂqf Bafeesmbied Ib@'rcﬁhlytir(ljg the gells t(ljlat have

vail a the jn vitro.system are either dye-base
pass Brosgncfic L e orded BSEPEHE &fo e It chamhes Thist airieseay
. . r‘

systénPRfiarsT8BE ablcG0 WikidS: iso cerl]qP{é;{sﬁ?zhafnq m%%%g Process, and to be

_acquisition. Counting the c at 1
suitahiedpalarget-dealeiagbays ier imeesbigating responkise [genesrand hatrdeellulassignal

di fficult d ti m ng, ich limts th
o 3B S, s e ST Rl b e
availiblt FoSBB % $ikPbl shyMem! 8O LR ﬁk@g hdelYor reﬂﬁ&acﬁ’_v%’o’co@'elbt\éﬁ%ggethods,

often encounteifed when such data acquisition ne
and igitke moslicbases, moneal spintiigdnrequived fardetacquigitions Commiing the cells

ighly demanded n da i,ven that th )
that (B A SRERC ifon AR B L B b RE iatigr o s iffiquit and
time COBNEHHE lich limat Meassay Rv@iavy Aet BRddghpiAsii BEAPI Problems
. n1g[at|on I'S I ncreasi ng rapl Iy. To I Mprove t he assay
with gensifpvalyyrearruchilingnduimpliciky ave aftey encormteredwehdnewoh data

o B EAGES B 0PN T By Ay SR R R
nowaiaid) teivenahdt ale idehtificapibabemoleeyled shdintrhpel (fldraygal trifsduction

et al, "A novel assay _faor cell .invasion usi n_g@_
pathygys duyqlying peld anviasiop pad rrgralier Isgperaasirg rapdy. e he impreve the assay

sccuRRE AL ubbl ol My stoms s e gy A Bhgpac
and BeyBorBiksen(BD BBM&i 204/ The A@rPaiy dySea0med 2 263l lation

. i fic+Poster nmeasure the cel]l invasiaon, and .
micr B VB RID] (RS rtt 2] L AoVl S DBEF iatigrusing Cytostra-

T scintillating microplates”. Scientific

poster,http://www].amershambiosciences.com/aptrix/upp00919.nsf/Content/DrugScr+Scient

3



cells. In the test wells, a lower |ayer of ECMgel is
added to forma barrier preventing the |abeled cells

w0 e@atEerhi ng the scintillant containi ng baseptEHUS2003/022537
The | abel ed cells are then added in an upper |ayer of
ECM gel , and the mcroplate is incubated over ni ght .

e Gk B B b BB R R Bl B 3R S) et
cellss T el tedt Rvdllsea WYayefF SEECYBER R Alde® Y6 fohla Wikt & FREVeRfing the
and real tine nmonitoring of cells that have
labelgd qehly fiora deachingtnsajetillantieoniviaimg hapeplateqilhe tabeled celdy are then
{:
saael 8 SPPERP B A0k bld 40 BB ooy cn

1nvad11ng e loivghlayeio fURCMEBied kndPgaining posdméty tdée schtillant generate a
ifically designed to block the transm ssion

signql iy iy S 35§9Y0 rhOSFSIER 270w Aph W@i%@aétrmtmmm@mrmgnﬁcells that
h AQtat{Etne
o ek o 3% reauiement for radigactive ispiope [sbeling
limits flebrusg oflilecystemy /Thessgstbmslps'elepm in BID BioseiBnoés uses a light-tight
e first stained

/ Th 1 h d
Pl P BB Aot et e SoehuAAS
froml 4991t 70 aht (BHURbOBIK FRIEIBIBRIM 8ol OSE flvasioh @g%gﬁd

cells on the reverse sides of the inserts can
http: fteymivt. bittdosciapces.ddm/diseseey tlabdere®Pratucisfdrug aliscoverg/insert_systems/f

tworefha Bieigh; hRKTBile LB SR reviiated i BlaRdesgh g and

than §Ia@ec§ hﬁ@thfellrgaflhgm Flﬁ@bBYc&CPETﬂiéﬁib?a{ne ifdence n{\faae&\!ars%n the
cel é&g can honogenousl y | abel ed by t

reverse Eﬂdﬁ% ntnsgvécm hestsirechby b flyotescesd d@e@asmseaiéem without

|nva3|o and m
deStrfogﬁg Ssa n gfm ghte Ssasssatyesﬁtﬁlals af IQ’SSIBISQW% ﬁqﬁuf’?%l&'n%dy
throdghp‘mttad mg{lﬂﬁiﬁﬂy iﬁhpi@ifeﬂc tHOMVes siree AoPERYY ESBiyPE can be
lLinary research fi el d that invol ves the

d
homég%gé%llafﬁc Iél%d@tv the Brarewsentdys apddabeling bes wrfomediesdsdeen found to
alter I%l Blfadla8 al?(?ﬁ{l]%‘gté&{ ;ﬁ)@r Hﬁo%roq‘?ﬁe %ﬁ err?ffz%l a\’fééa legmﬁcantly

tront e ne mani |on an
limitechal ysis. [0011] Cell-substrate |npedance measur enent
n electronic nethod for ceII noni torin nd.
IO@@ W‘Sec RIS P PTOSEISPIE e GG e Araecld thof ielves the
t i)
ncaBEERFERALHR: S0 U8 LOER s RaRl hying st in
applighgclectoutac Bl@tlfods forabll evnimdativintand ekl amtlysnel ectronic

101 cofubstRE Rikame-riesumentis 2Pl resthed B ofll monitoring
and seRind(CRERerbnt dBlls are MR oh gk gdrf%@ Bf ﬁ%ro?@&ﬁ)}ﬁb %&E,étﬁres located

tissue culture with an applied electric
on a $did| substodel. TiBcpresqueiSA)] atiseder, oficells oBthe shyptroddy &irf:87 6apct

t th | d d i des
sensifl {4 e AR CHoRRE P ossaB bbb LT D 480 fie fwrode
strucﬁ@és' Sed) F@ R BIMpR) GiRQerl. 86d KSR T. RY ‘ﬁdoﬁ@drﬁ‘fétﬁb?@blast behavior in

187,096 discloses a cell substrate el ectrical

tissug %@E@W@b ag apBlind eleattic feldti Brpe Nath dcaddici a(usa@sw@am 81, pp

h nee sens
376153788,/ PAE. Blufodllid sl ot CRRRDARE REMS & mpPhreninpmation
aboutsialdgical &atius ofithe(calldmasdnt b gaeeélaﬁﬂoﬂ@s:ia)l SaRsteN¥o.| BIEFR096
el ectrode (a reference 4 WO 2004/ 010102
disclgses 2 celd gipsirats eiestrical impedance sensor with multiple electrode arrays. Each
electrode pair within the impedance sensor for measuring the cell-substrate impedance

comprises one small electrode (a measuring electrode) and one large electrode (a reference

4
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[0016] In one aspect, the invention provides a device for monitoring the migration of a
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through, the biocompatible porous membrane.

[0024] The method may also include introducing a known or suspected modulator of cell

migration to the lower chamber of the device.



WD 2004/ 010102 PCT/ US2003/ 022537 [0025] In anot her

enbodi nent, the nethod includes introducing a known or
wae@peotierl nodul ator of cell migration to the BEPE§2003/022537

chanber of the device. [0026] The cells nmay be

manmal i an cells. I n one enbodi nent, the manmal i an

[OO%gjoﬁan%ﬁ?er e lohﬁne?ﬁ' %Hvﬁﬁlte%d%clﬁ)@és @ﬂtrd@kin%ﬂﬁﬁfown' dt suspected

e manmmalian cells are neurona
modulabﬂ of ce[l@ﬁh%?e]tloﬁhe tlﬂa_eiplper chaynbiencf thtdtdeﬁne or nD r e

m croor nls Br| f cription.o
[0026b b cetfsgne Fian e o Belimieth A figp polls are
ST SRR OB\ embbdigderf itOmaieialien sgtietie
Ceus%%%?é&%gﬂ%ﬁgg%réggﬁvelI 120, erlglottomchanber 130 with
neurdnapedlance- based counting el ectrodes 150. | npedance
zer,. can be onnected to.the eI rodes 150 for
[Oq%gﬂll%%f"?l}fgm@% I\CI SPaLT BIRFT AL am gn oper ati on,

cel I's having n1grat|on/|nva5|on capabllltles m grate

fromtop chanber 110 through the pore in the
Bmf@n@lmbnoﬁﬂl@fawmﬁnd reach t he bottom chanber.

[OO%EM ? 53 %c@%m% e 1e k (Sg)résgﬁttatl L WI errnfgﬁﬁmgtr{f&s@l%ﬁlegt dev1ce
includiigf B ehahbéde obehisaientiandoesl] 120 botomwhimbert 136 with 1mpedance-

el éctrodes 150 are | ocat ed, and become in ¢ tﬁc ({1
basecherimiti elestrodestfl. drpedangeiaralypspcan l?f‘e%lp?fftﬁg ¢ glecirodes 150

for mgh D nr%(gga ncgg%gta ga ellg Lf20R Scelis Ha ‘ﬁgé‘%ﬁ tl&l%lﬁlgﬁon

o monitor t er of
capalﬁﬁhégSmi'gr@ie dopdl tdprchmnbhtel ItOcthromigh ttizepare [rOG2 @]anﬂwgurmer@brane and

reachbA %p@&?lﬁg«aa%ia% Sohiruaiiobe Erlsie Bieriie Bhrorihe kg ainbkr to the
bottoglg Chi er i 120 %ﬁo@%ﬁﬁ‘ﬁ@@ bBthd 281t8% chhb&el 05 o) Mhitdh the

the pores 1 n the nenbranes 230. The |npedance
electddan gﬂ) a1 lomated, amdablecbmetlh eontactpetiamsiadharel to tag elgom)des 150,

0030] F [ lustr r c nd c
resulligh it wFABEF OF MBPTIo: S LDy SV Couf REs LUTedahdean be
sed%gﬁ \éﬂnhﬁlbef o%ehbﬁﬂgra{wfro’ﬁ? theagp bBambhe i npedance
cate th direction of Figures 3-7, 10, 11

[0029] Fégirs flama ectamtm dengeamp aé pelbmigsationdyyedirestly mponiteeing the

I rection f Figures.16.th
o oSSR e TR R R Rk RRRRR 218 e ol o
throdghahé ores inl fhe HEMbriA¥I3BD. Fhe ?ed‘ﬁnté ¢Haage AtrRenitored by the
quantitative neasurenent of cells using the 3B

impegdpurestanalyger 2400032] Flgure 5 illustrates real time

O80T OB i g o o

electkédey sktdchbe mhrami&meNmmarcen@ nrlaamqumwanmﬁcmcbmm Y

cell types using_ the 3C el ectrode. 0034 Ty o o
dlreqtnonlﬁﬂm@é 7.elfb d 4 i ropistanes ansthe ﬁﬁ@a’% ’é’ﬁBﬁK direction

of F17gures 16 through 29 is capacitive reactance. The unit for both resistance and capacitive

reactance is Ohm.

[0031] Figure 4 illustrates quantitative measurement of cells using the 3B electrode.

[0032] Figure 5 illustrates real time monitoring of NIH 3T3 and PAE cell proliferation
using the 3C and 3B electrodes.

[0033] Figure 6 illustrates impedance comparison among four different cell types using
the 3C electrode.

[0034] Figure 7 illustrates reproducibility of impedance measurement.



WD 2004/ 010102 PCT/ US2003/ 022537 [0035] Figure 8
illustrates an electronic cell chip design. The figure

WG bawe1(fidre representative designs of the el eck€DOEW03/022537
cell chips. The gold electrodes with different
geonetries and sizes are centered on the gl ass

: 49 X
(0038 Rightt €t 15e8 rf Botofh NI B SISt S €10 %
represb@tAit designsdfehd eleerotiiacelLaripee Cilieqmoldblectraded avifbeadiferent

T T TE T W
cm x ?legf' ’{“]?eﬂ%ol&l gfe@ﬁ’&fb c%ﬁlﬂe%om[l&%m) e%cﬂ*ﬂ:r &tdcbioh inteFideati£s

nonitoring of PAE cell proliferation on the
connde€ish ielegtrodigyds dscateGain the wdcseoﬁhe gblds abswatehe coat ed

o0SsE 0 il s RN R ot

[00'3'7?? RRCA) 1ROHatEERET BRE dnRteting BEMAE céR heolifBradsn bﬁ‘ dleattestmg
ferent tine intervals as indicated to nonitor

devices| Celprwére Segdetl ionte. the coated elgetrades ot dlﬁ‘érméé@mt@ﬁé%mo cells and

oo B % 2L AR aiR T8 2aF BT b ep e BCARRAS o
measfitélitak Mitek @ tihldTRtetfal P iRdicatel teReditdiahe eéllspfbﬂl@'atlon_ “tO”
indicating cell proliferation, The cells with a hig

indicstew thenmeadenenient/inpnesdiatelyragice seodingrpitheecdls. il“haﬁn@@arlge (1 €.

i ok P S i PR Bl g

cell préliferitibh. TRe télls Wit h hiph sdedihg eensity grolifyratdl mastsiayter than cells
Serially diluted NIH 373 ceIIs (10, 000 cells, 5,000
with g dower segdimpdensdyy Sd: seediBgdersili s and 625 cells) were

[O@%E %‘fjoglfl?é @Pﬁfus{rgteg glganttﬁaﬁfv'e rﬁ%lagﬁ‘\éfn% ﬁéegﬁjt}i@' tbdling devices and

In or a ate o assay uSing
by MddVise8s, Sdnﬁnydamed N]]I—I 33 aseé]s i(5Q, Q(B(tenl]fspi,owwdls;:z 500 edlls, 1,250
measured at. 16 oura1 after seedin For

cells gad 639 celk) wg%#dsd siibar i theyipstnedpTices oaipd Wih Hhrsmeain or 2 96-
well g{a{%fﬁms e &a@&s 1ﬁgﬁdﬂ{be<’{‘f‘e EdispihRIfat 1Bid 18368y was

own ure, the device can
measytegindtilo albunsexlﬁpr mdfngr @ocM’JTT aﬂsab@pllsgwmne&mgh MTT dye at 16

MR S A T -
ﬁgurls ecﬁé dbhédcan Qgﬂnﬁﬁhbély m¥aEGh cbl$ nahb&r chaf@Rl abk ecsts from both

assay ure 12 illustrates a 16-unit
methetleanerahnost ldmlltlbalc Mcpregre@dhc ovrrent ghiptdesignas ably to dgteny iesp than

3 il lustrat | d f
600 Gagy el i A P EE sRBMT Rl Uit “cont ai ns an
(06395 @1%@1‘9 12 iG@trates Ri16-Ehedeion{cd &Yl&hlﬁbad’m‘@f migration assay.

i nSer a m Ccroporous rrenbrane_ Cells are e ded
[0040] Figire 13 mlémteaﬁa expraplanyfayiaieymigrpEon 35535 (10 sBeys & test

aded
i 0 LS B B 504 o
menYardeh€ellyare deded iro de/insdit andRBhersinowisatal. CTlesiavasicet deliminvaded
and Lo AFTDE Bo TP aRET AT Bihe 6 RHHOAR OF R SBICh can be
detec?@cg{)é ﬁl%rl{ng%&)é}l%yg?ﬁg%}] ?ans‘ho% aac REMR! oF the device containing 8

epresen I on grati on I nvasi on nmeasur enent
unitsi@\row, (Chetaveli mbg-uhidpdeierdndcoftkction snth- amemped@nb pralgzer.
20 with i edanclel based counting

0% ct Fiier BB G U g e Peiop Fggrement
devidd, iR 1S @haﬁ’ﬁbe"r H6, trans-well membrane 20 with impedance-based counting

electrodes or electrode arrays 25, and bottom chamber 30. Electrode arrays 25 are on the

8



8 WO 2004/ 010102 PCT/ US2003/ 022537 bottom surface of
the trans-well nenbrane 20, facing the bottom chanber
wa@o4bnperance anal yzer or inpedance neasur enieit/US2003/022537
circuits 60 are operatively connected to the
el ectrodes 25 through certain electric connection
bottéif Qhﬁgc/e\edf&ﬁétrﬁ{s-@élhﬁkmg%% 0YStab Rz (HOBdHoRh bRGNR!3D, mpedance
numbérs on the el ectrodes. The i mpedance change of the
analgdes ot ingebdgncesmeasuesndnt cifuiadfass operatofelycednngcteditot thi gleetrodes

m gr.ated. from.the top ch r. reflects the nunber. of
25 e iR CIPHS Ca SR OG5, " P hods fBphitdting ol
numbéd bh Eheléledtfodds. S The M ddandePhRsestithé Elodtrafes @b £6dsiR@E adhesion
eonetries that can be used in Figure 14 for )
of C%‘bﬁhétt dayewgigrated frang thattomeltantheatafleats thegymber of the cells migrated
fro itglt & dci}%' 2l ed, parallel line electrode array, where
e ectrode width can be larger, equal to, or
[064| FigliretlBd8a kélemdtic egireeaitigaps cledtbddd)geoa@irtds tigdt @6h be used in
of fset el ectrode structures; 15£§%aelectrode

Figuse }4for mramitoring igell snigratien/avesione diaterdigitptsd parallel line

dey Li , . I '
oI TEE TR RSB 8, R pishinse
electt&degdaps;0 DH@) tcastellaed offsettbbectrbdeisitustieres; THEC) electrode structures with
R T I N T T .
15(12%%5@1&1%%@&* 5 &ﬁ&&%-s@@néé}ﬁl% eléﬁ}d&é%tﬁh&féé:ﬂ%e

rea can be o I Tferent pes such as regu
charstteqtis dimkesiorecf thaglebmodes lvapbs ag Fngl asllb{sAhan 1GB)rons, or as large

a5 o heleri L0 ety B okl Rt dctidearas apbg of iisrert shapes
sucH égtr@«%rulareshﬁﬁésrﬁ@%&&ggu%ﬁ! sRARR (kikhBs@Ah e (B?, glg g@g;& HER-like

el ectrodes and the gaps between the el ec
shapes (@#g.sl € BPRDDher aherpestler dyaregparshefeac Prefrablye thegptal

chanber . El ectrode. sfructures ar connected to
clecl R R B TR R e 6 e s gm0 I apg BetiRe the clectodes
cove§lAa¥Eahe cothplefeUuMSHL dubfice HAES tdppéhatiblet! SETeak &1k stifictures are
Figure 15(A) and 15(B)) that are either directly . _
connjectel delimprdehescmesstieemeat et {e.gRGnmsdameAnalygry yiagonnection

‘ Ei g . .
pace 0 B AT DS ESPIRSL R RBlhARIGR clooce
elen{ehtsqBicarel BA(B), FigtreHiSQ0y and Gk )15 (B)) of tbiceted & dpctrode@lements
nd (E), connection pads are also the

thropgteediicnal Flgctelersoerqctign doawedsBhanddiiaaretngp)) dpFiesee 15(A),

© PR AT it g B ELREL O UL s o

conrippelectods eldnadntCwithiniadebectruld stpiceuret op chanbers (1610)
BRSSP} Bl bt o B R

top (%?ﬂfbe{é?(‘f@l(@%ﬁﬁ $oRbmIARLBAS :g?égg%.s I RS b, (n‘é‘lﬁg}.gl’e t01p6clhc:)ng5bers

fued

gration or 1nvasion. Eac amber

(1619 sredbonded ®tho nitimbgaredi 62ntle Arbeporéeofitppprdmbiatadizes Far cell
each top cha

) er, there are e de structures, on
mig G BB SR THED SR e hof O B2 T GORdIRS Py amber
(e.gS NESTATT Forl dAck REY &Hahi®By, tH8 aRlcRietb@8 Srhiirde b iR HoBBmi fface of

enbrane are connected to the | npedance neasuring

the ersbraperefacing the Wittofreshambenentrpdrtiorahe cleriaeds structures on the
menael%rgrgete e ggm%g{eﬁgg f el{snﬁg %%ﬁ%ﬁﬁ%}negqnsv&u?ne%? O%ud%fler\ér?t methods. For
example, electrode structures are connected via conductive traces or paths on the membrane

to connection pads at the edges of the membranes. Connection pads can be connected to

9



to connection pads at the edges of the nenbranes.
Connecti on pads can be connected to 9 WO 2004/010102
WEMDANBAMD3/ 022537 | npedance neasuring i nstr uPENUS2003/022537
t hrough different nmethods. In one approach, electrical
wires that are in operative connection with inpedance
B R T B R
eres)tadisare Thepezativescoahsuionwath mnp;‘dmcb maﬁmmglnfsfmmbﬂt@r tispuits can
one enbodi ment

bes r«? %ﬁ‘%ﬂnés@mafoggﬁwa li aon%*s% %@38%%%@853319 i gre hlso
varid@ Eﬁﬁﬁoﬁlﬁﬁaﬁt@ﬂg? tHRa5¢ @lﬁjantﬂ:%ﬂ hg on8 BibodBENE, 3R tip kG thanbers may

anot her enb |mant nmultiple top chambers are
be inilividratipsepsrated anhbecomeeomstddsatly plier theygere Ibende(‘d‘ tgrthe same

mem iR L2 et s BREBRT Ao tp R AR B JiGregmgeted and
are rﬁéﬂﬁ?&%ﬂ&&i)to‘g@ﬁh@pg‘bﬁe)da&p‘l@ efultas18 ercHambetd e ﬁﬁﬁ’@ésaiiid

044] Figure 17 is a schematlc representation of an
mama”pgmedthysnﬁhmn volgng)s dde e picpe ef these tep chypbergfy then bonded to
h ration and invasi on neasurenents. A bottom plate

enﬁ B conprises multiple bottom chanbers. A top

[06443t eFighrell) isGaaRhatRSrepidbdntplon ofan apparumb timt (:dxﬁﬂl‘iées multlple
The bottom surface of each insert well

sites farzethmigraitontad iByasion RIS IS TERst @r@toahpllta%”% coppFises
multﬁ)"fé IB&F %El cﬁﬁﬁﬁ%%) A%slp g@aC@ / (?3%?%%5%5 ﬂ1E1t1 %%gfrh Qf@lls {1h€s). The

bottdnd Elﬁ@a)ce of bacheihsst welll & sinembtane €5720M thah hasmiecttmdﬁ :stmdtmtee on the
of h t | t tQ the j .

botiam aﬁr%‘é&en'@gﬁéém i SRR HY SRR DGO PIafegt 1) 1€ placed into

the bgﬁ&?;ﬁlelﬁ mg rTb .C Tho gl%c%&de%%%?e% oAthd BERR st PR Db @CiBsert well

rane can be connected to connection points
are coie@eed tb mlmaammdwmcetrhwsmmlmgems‘reuigeﬁs via wahious methodsef ¢rgxample

el VS GUR 67 B SHRESe ok s FemBiohS St CRBRRELL Gfmection

hERYiek ISR BF tHeq &P%ﬁﬁh?&l Q162G doBfucti
pomﬁqu%(?lé%ge)%oanotcat eg oné he oltltom pl ateg\‘;\lhen th e9 ORTReIYe

paths (1980} Jooateld| adoreg the puisigietod thei insast welés. Hdtetconngsitigngoind 790)

GRS B P P TR BSOS e

inserMEREIY drB thseitbd Hitd fhe Uo'ftoﬁlﬂﬂitb EThe EX¥Bliéh pRIs€C1I tated on the
structures on the bottomsurface of the nmenbrane can

bottdse plattmey: be dperativaly aprnseied to tadmipedasice Bivasing Gicuite din another
exaqllﬂ? oel?c]t]rglcnl% SchFﬁes fh bol?:t% ﬁﬁ%ﬁ efj\@lg %?]en%’r%lé &li%re cgﬁlnected to
conreXidrAgdds ‘(ﬁ’d’t%ﬁ@ﬁvﬁ)ﬂo&ﬂe@ 6f dieenérh‘ﬁﬁﬁéi When didlﬁﬂersha}bseﬂe inserted
connection points (1750) |ocated in the bot%
into gredeitersplatepsielcopegtipr Pads cag by centaetzconpegtediofiecdleshipped or
17,

othef %l}aﬁ% Lo eg{l(ﬁ{ ﬁcﬁﬁt{s r('p{")"%)z %@gteﬁglg%?}eo@ﬁlt%l%nbeﬁ gure

[OBJIﬁCt !Figih@e $8 isucdrugsesecliomhved aficell Imagramenfmmmmnmppaalmbes of

insert well prior to cell ration thro ores.on
Figugrn b7, ilwsiating ﬂzetlawedfﬁlgﬁ éfr-easqrﬁﬂgle%mé%e glect Hﬁ%ru%ﬁs fQgeted on the

menfbr e dIUES ingfallt Weﬁ_pﬁi/drqg cElb@%rFﬁB&&fgh%réS% tHE FREMRSe (top

tom pane dance |
panel, impedance is Zo) and after cell invasion/migrayion through pores on the membrane

(bottom panel, impedance is Zeen).
[0046] Figure 19 is a schematic representation of an apparatus that comprises multiple

top chambers (1910), trans-well membrane 1920, and bottom chambers (1930). In this case,

10



[0046] Figure 19 is a schematic representation of an
apparatus that conprises nultiple top chanbers
W@ 1®10)0102 r ans- wel | nenbrane 1920, and bott om PCEHIE®NF022537
(1930). In this case, 10 WO 2004/010102
PCT/ US2003/ 022537 nultiple top chanbers (1910) are
b TR AN A el 2 8300 porpof
apprépfatcdizasifor cdllemipratickt Gayasivas Each uq;rcrlmm[ben(zbl gn,gl A6} lomna

chanber. (e.g., 1930a)._For ch bottom c t her
corregpEAIERACT R (e EDo iRk Be M B Pcletrice plgotrode

struchg 8'%8&%‘[‘3 furth@CsfBe bdifont ORNAMREHg thdto ng%ﬁ@rﬁﬁérl oA,

e e ectro e structures In the bottom chanber are

operaimnpﬁnetewubde Sthﬂ:tmrmamdhm bettomebanbérage cinnected o the impedance
nstrunent via differ I nmeasurin

net hads
measypG EHGH P PSR LTE] TPHESW BEFBREE offfteehed and/or
adhefgar’cb HRY Q6 t0BE HRRCRiofiRdted BhpRahed & BRI Be Rimbee bf Sells
grated fromthe top chanber to the bottom chanber.
mlgrﬁtﬂd)cﬁ?)}n 11¥l|egozp chaptber to the bottemwhamberepr esent ati on of an

PR et A 5GBSRt Bl e it
sites @&%’éﬁ)mlcg@amhlaﬁ@ $nvalish ndak@eieits O KhRAbektk (283® Conrpeiges

structures are fabricated or |ncorporated into the

multmin bajipns glhdakses. o‘lﬁle@m s&@@@tﬂma&@hﬂ@te erigcergoratas iptothe
vouGFPEEE a5 b0 g BETREBERRT M BB PP

comlb@seélmu'['lﬁﬂb (6 welld (ZHe). aThéJlbbttohh euﬁf&a o kadheinge20d €l isias
mg aced into the bottom pl ate . The electrode
membf

angc iupReyatinn, theatop plata@08 V) is al%e%fnt%ﬁk?rb%mr&ﬁtp (2030). The
cteo TSR SREBGE e e ORGP PR EM o o o
impedineInssatih@mtrumestsviaf vatiebs methgdat i on/ i nvaS| on
Figure 20, illustratin npedance

WEéjar at uses of n}
[00dile. Fiamera! i5r crvrs-ssptwal bigw of CPlh ot gBan ATy SR ADREFRS Of
Figu%gi({, Ele o file Sl Edéﬁ%e fn‘éaﬁﬁ&heﬂf‘o@ R d1QoldB rst%kgﬁ}e@ Rc@fed in the

ane (top pane i npedance is Zo) and
bottah tkeamises priomte @sll axigratign ﬁtrou:gh pdnesocugﬁn pumayamn(tephpanel,

imp rrenbrlg%ze)za( bouom@b{%ﬁ{gﬁ%ly %e :l Zcel l%ﬁa Q}%Arf%]ﬁ (bottom

paneii%lgé!dahb@%i’ ‘?)vveen noni nvaS| ve NIH 3T3 cells and
i’nvasi ve HI11 080 cells on cell m gration devices where

[004%3 Bigmed zzad@wstqomptamcemnmva@qnmdmemm@c@ml@s hefween

of .,the | t
RTS8 B RO SR R e
electrdlicl SHUBRUR WD ﬂld@i!l}ﬂﬁ'zﬁéd Oiito A6d botidny sl€ice@€ the lower chamber, as

noni nvasi ve NIH 3T3 cells and invasive HT1080 cells on
illusrated imFigneet8.on devi ces (Figure 23(B)) where the
t od
[0 (ﬁg go & ?i(téﬁ gﬁ%i@g‘ﬁ?&?g&%ﬂll}é %%EBP%.E& n{f@%ﬁ?& Q&tﬁ}f@l between

nomﬁha@;m NIH 5T uélRs abd)invase 31080 @Hﬂﬁoﬁéelﬁhtgl@hdrﬁﬂides (Kifure

al time nonitoring of the inhibitory effect of
23(B)) Where the electrode structures were built onto the microporous membrane of the

insert (similar to the structures shown in Figure 16).

[0051] Figure 24 shows results of real time monitoring of the inhibitory effect of
doxycycline on cancer cell invasion and migration using cell migration devices where the the
electrode structures were built onto the microporous membrane of the insert (similar to the

structures shown in Figure 16). (A) A time and dose-dependent inhibition of HT1080 cell
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doxycycline on cancer cell invasion and mgration
using cell mgration devices where the the electrode
W@ Reogotunes were built onto the m croporous nePOI/EI®0D622537
the insert (simlar to the structures shown in Figure
16). (A) Atinme and dose-dependent inhibition of
: O
invag o e B RS E o PRl SFE Byl inhdbitory
effecnuhﬂdmyaigle@m Iﬁ’h]sowymli mn\casmnhmﬂ intigragion asmg atfuldy automated

e e R A o

1nd1c§@ﬂt1ﬁ ? 24{@) Ah8aAsthabt B&Besfs%as'cﬁﬁﬁﬁﬁi%ﬁl MBAHOHERERAFLS min.
icated’in Figure the migration process

[0@565; Ergmre zs(wcmbws fopndal fnee@bney épqdﬁaS)f measwEQOBEB}anFe §ucarcle-on-

ine Rt SREerires Fah pteron G P il BRERHE T copen

symﬁ‘o@ hbARL B PRitEIADMBURE! delll Bad HAORhcKeA0/E RNHE ‘éle@ﬁ*§de and
(d), open synbol, shortly after (wthin 10 m nu

substeask isurfives) thotiseretcalibrednediitm contandnmHEL 0¥ erdls avag added to a well

con SREAAEH A R S PGS WA B S e s o

electfodBtant @umater@rﬁb@F hfte@dRe Giiltue niedaim Cdntainimlei HIT B)80tells were
2h 40 mnutes (cells were attached to the electrode

added trithsurailscapiaining theclesirods sterctyrpeor thetrlebatiom giiace. During the

2h 46&9{11%5% ﬁgd Fﬁ ﬁ %? ‘Jté‘{ 6r g élts%gggﬁgfﬁq?idﬁﬁt \P%]Ildt Svas set at 37°C

and B4 I3@Llevel DOhe eipcirbde stﬁi&tué@m of BBedesiparwinae thel”lmewaldth 1&/@9

placed into a tissue culture incubator th wa et at
microry, the gamRptsogniiges iR microp and fhe COREROUS ﬂr@ei o the iheg flave 90
mlcrgrﬁ P&5ng ﬁ r VREMG éx% id B tmafjﬁlga bﬁve%&l th@lefdcR@Bdestdnd tlgeaéh s

fheen 19 nes 1's 80Pnt cron an conti nuous circles
between theeldcirnédss dvaneepddd to mictorlemf |3rnmiu in ldmnmter ITihetehdctrode structure

ex le, the tota rea cover es, a t he
on 458 SHECRIIER & YR UE Of B QB8 B S PR G PS B iop Ayt of the
well% AB0ut 6. SanﬁrIﬁtd?a&neteT%e?éﬁ Ghd lﬂﬂﬁm’? Biaketdd iLabodhs ki€, For the

ass substrate forms a bottom of a conical shaped
expewmielnt ubtel KO0t mierelger dileme bfthe dissuemultugenediig cebtamingalgput 7000

(8 R 051 BB BB s G hgom o

wellof the tissue culture medi um containi ng about 7000 HT
1080 cells was added to the wells conpnsnggg t he
[0@536 dtigwrd @5E8) shews adregnendyspprituns af weasuped re mce fprths same

RS of FBHGRPL TSGR ] JPETHL B i

magBiaitR cfandichétans s plottdd ig Usgscale((B) theNahe walyak tﬁd‘tmrves in Figures
absol ute = magni tude of the reactance was plotted in

16). | Kgeniclar hlg@ﬁffsqpﬂ@l@aﬁé Mgl 2ad 2beie 5&() W@stheﬁeaﬂragle? gs negative
Cond g 5Pl I S EHREG n k  t 1
minute) chetiszay cilafre hivdiveh eattaiothe BT 1080tcellewasrediedte the well

short|ly after (within m nutes) the ue cul t
contBERELHY EISFO<AEGLLFFP] 6 (ieaFFLanR e ot 2 F g afer cell

suspERI v a‘lﬁiehgﬁ ‘ﬁb EGLI OGRaif, ﬁé lee&%ode':s‘&hcﬁﬁ% hR3EdcBNES was
measur ed at m nut es a ter cel suspensi on was
negadistd drtougitont theet‘raqabncycramgeancasn@dtmewmnel@o drcdand 1 MHz.

[03§1] tgllljrreGZ%(C) owsetﬁleC I"rgc?u(ia%cgflvgpectrum of the ratio of resistance measured

with cell-attached onto the electrode surfaces to the resistance measured without cells-

attached for the results illustrated in Figure 25(A).
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negati ve throughout the frequency range neasured
between 100 Hz and 1 MHz. [0054] Figure 25(C) shows
wo b@4frmaopiency spectrum of the ratio of resi stBeES2003/022537
nmeasured with cell-attached onto the el ectrode
surfaces to the resistance neasured w thout cell s-

e

with 28(-E)achbdustottheelbctagiesntyces p@ﬂtenasmt@tﬂcenn@smﬂ mtb@ilt cells-
react ance ured wi h ce d 0

stach B PSRt e bhaSt GFIES, 148, LIS g gescmce

ratlo,CtE«L(; k?lanﬁi)&fecﬁ@ﬁeq be (1.BE chppRithrcs ahdl indRthivd Recthbel @b taken into
2 . te that

or this calculation of reactance
accourlt i 0, the polarity of the reactance (i.e

[O@anp{%&gg% 3%&851\/ gr?cgfthsg)n o zi ?/f\sr%%ag}lre? Ir8s1§t5.1ﬁc% for circle-
on—l1§@@l€$tf6’ﬂe%&u@f%?e§ Yhtebatcl nSdl AR GEbstRtes ©hd &l tho déﬁdﬂtlbﬁ@ (a), open
el ectrode structures fabricated on gl ass substrates

symhehdiborthyvadter Gwidhinil@meinuies)cells pednoteitagist yettedhe plpctiadecnd

o B LA S Sl TP S Yy 41 v
contd1Bidb Wi sledttcleRiriculd] {H)361id eﬁh&lmﬁs%dﬂm&eg (@clds wexdelattached to the

containing the el ectrode structure; sol i d"%]éiégo Jé
electpifesnd gubnatesuriaess) aftgidhe cliwramedin %Pfttfﬁélngéi §@es were
addeg 6%¥h§%)eslfs '3h _ﬁ ni%%%x% Fﬁ%?to@é Etﬁfcnfr&e tv}éﬁl %iﬁ’face During the

ning S were t ot
2h 4@1ﬁﬁ1ﬁ1€ds mierigd,tthewell ek ptaded atto uusmmee:almm mchﬂ!)a’we that s sgrat 37° C

surface. During the 2h 40m eri
and Shevels s oltr Btk BRES T SR RS DTS e s aid ¥ 30
m1cr§% tg % taflﬁ/gnq%s 1@8’(?{111@&? %n@ih%“c%ﬁﬁ’ﬁﬁ)ﬁ Efré‘l‘é§ 8 the! lﬁleﬁ’ﬁave 90
re the line wd m cron, the
micrbg in/\&emeter nhsthissexaple, drectntahatda cmr@btﬂm iclratrodescind (ﬂpeeyps
onthellnshave9 mcr |nd|a ter
betwagn AR IECPASS CHESION e A CEE R danTHE AT, dheieeiad simeture

D8 bBl&H F 9¢68icARARIRMDwheredhEtop @igindér of the
on t a%imss |arretn{ér The el ectrgde structure eon tE

wellgd ammt 6.9bsmrindeniaervehezeds dhe botions diamsten icahiout b apedFor the

| the t di t f th
oo Ll B TR o bbb 9B 20
HT fU@O B¢ wh 8dde@X® Bid Wl Rtconipisitl tHD8lettdte@truttare otnthedttom of the

the tissue culture nmedium containing about 3200 HT
we111080 cells was added to the wells conprl sing the

B

elect6&RCHAbRReshBIdet (M @monditmﬁﬁ s0aFigire 26€Aix. ote to thetahsolute
sanme conditions as in Figure 26(A). Note that the

maggibits e TonelgMeHRRPIeitedkIROR 65A1% (i e SIS WAVGE Lak ks in Figures
16). 1]%%68@1‘ ﬁﬁl f?egilgﬁmgsa(ﬁq WY, A8 abbi S%Wk‘.f-ﬁstﬁerfefdtﬁlgé G negative

I gh frequenci es of MHz and
(caph8finkdieaciaher) faathe alecteodeestrungastmeasured tshqnﬂmaﬂan@eﬂnn 10

t f th | ectrod t
mingerthq Gesab ewltore Wi careine it LD e ver Shd S e etk
contTBiH AL SRBESIHRBrEs. HBhRhdiinctaseadttd@dt 21040 BEnES dfter cell

suspension was added into the well containing the electrode structures, the reactance was

negative throughout the frequency range measured between 100 Hz and 1 MHz.

13



contai ning the electrode structures. For the reactance
nmeasured at 2h 40 m nutes after cell suspension was
w@oaediiint o the wel |l containing the el ectrode PCT/US2003/022537
structures, the reactance was negative throughout the
frequency range neasured between 100 Hz and 1 WMHz. 13
R s S e e
with celd-attaced @ntmhs eleeidodei sunfaces! tb {lag tesistaner waasuradheithout cells-

atacfipf o e LR e affOS [ st rated 1 Fi gur e
[0855] A gur EQ@?&% shbwad Uhe RGNy spetenT BEhE ERUSTEM tance measured

spectrum o he rati o of reactance neasured wth
with cellHattaqhed ohtecthe aleotredresusfaeesito dlakeresisianescmsasueed; wighout cells-

attacflggtﬂr;t aenli%gllﬂﬁglﬁps L ggl in 1@%53?@5'2%]?)}% tﬁgt'\fg{ Qn%j ?%%Ourl?tloln of reactance

ratio} fhe pofadite b the reidta@be (1R8Chpdtience AldiiAductiherdalantd)twas@dken into
t he react ance (i.e., capacitance and inductive

accopiact ance) vvas taken into account. [0060] Figure

[0367 A) F %ﬂ CI i C yéfcﬁﬂﬁlgc{h%}{g%%g%% rglea%?c?ﬁlé%g@ncsé for circle-

on—hflél breb@@deaﬂru@mr@ fabiscasadost gladsesabstratsrundentwaostaiditionns(a), open

(a), ope synbol , shortly afte within 10 m nutes
symli sherheahes OV LR R Spedels Gog He BPekic > Bagectode and
subst?%% ?g{%eg)gﬁgﬁl%%%%ﬁm{e:}ge%ﬁré%ggﬁg‘gﬁ% %TZOE\?E%IE Rras added to a well
contmﬁmgahmeleqrddleestmbmm; (okelid symbd)lu 2l 40 ghnutso(cells wygrexiached to the

2h 40 t tt dto th d
clecial 0 BUpH e % 08 g pilbire AN PR Bindal L0 cols were
addeQ 9t ﬁélﬁ%oﬁ[ﬁﬁﬁl@?t&@l&%ﬁ@ Eteuct@déled tHerélhﬁotﬁb% él.?rface During the

containing the efectrode structures on the well bottom
2h 4&mrrmaﬁzsqaen®du'thﬂgfeﬂ ivess pRaved Ontd A tisss quiiniedtgubatng thas waswetat 37° C

t |t bat t hat 1.
and U6 enel B8 elesRaSufittinnls o B0 ! Ble RSt 580
mlcr§1$ tHE §APBetWBA! Bndshes hii€roMafld thel confhioik €fr8lRs of R 18RB have 90
betweén lines is 80 micron and the continuous circles

microm itt iemietenen thipaxagple, thedtpiahaten celveafrﬁbiﬂae relectrndqsmné the gaps

v R i PRt SRS L, S50 B

on the 1Ak istibsitaBiaE a bdthem &If @@:bm@ﬂ%h&ﬁ&du@éllmﬁere@hb ﬁob&hameter of the
gl ass substrate fornms a bottomof a conical shaped

well yeahouipdmamiin diamsergyhereas dhe attopp diamgkar is shpuhd gy, Borghe
expe%e'nﬂ g?t'a @rﬁ%&%@?ﬁ \ﬁoe"ih?]rpg Bftht%%hiié“ ?t\rh?egiﬁ%ﬁ Ier %@@H%E‘t?out 500

HT 1080tchBs Was sdied ¢oltHeuwellsroedipriving e electiodg sarhete @De bbfiom of the
1080 cells was added to the wells conprising the
wellg| ectrode structure on the bottomof the well. [ 0061]
iSure 2 E&g& BG¥ims BERbANR Ok IBRS
[0& nce(7@o)r§htaﬁ,\g%s,ar"?lis1 gct rode st rsll[}%:%t ur%s ungéftﬂte\?\%me
elecmumomdsstundmsmmssam dén@ntmas a&7H/Aigurdld? (A)t Ii‘étte tl'tae the absolute

PR A 5o & SRV 98 Pl b s Figures
16). J,t@ace}l)(t%ﬁigh e ledbidib i1 AL enE hBSut 3RO kHM%eaéaita@leQ Was negative

the reactance was negative
(capacitance reactance) for the electrode structures measured under both conditions.

[0062] Figure 27(C) shows the frequency spectrum of the ratio of resistance measured
with cell-attached onto the electrode surfaces to the resistance measured without cells-

attached for the results illustrated in Figure 27(A).
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(capaci tance reactance) for the electrode structures

nmeasured under both conditions. [0062] Figure 27(C)
wG@haweltibe frequency spectrum of the rati o of PCT/US2003/022537

resi stance neasured wth cell-attached onto the

el ectrode surfaces to the resistance neasured w t hout

o) e33R P s R B g g

with Edlattaehay i) tsheleatrofeauffacey tethe yesyawe mgasafed v thopbeslls-

YT T T R
ratlo,gﬁ% g(?lan%g(%fgﬁe‘ﬁeQa e (ﬁ cé’.p%%iﬂéﬂc% ahd {désbtivag &Qcthﬂbeﬂv@y ffken into

hi's cal cul ation of reactance
accoundt i 0, the pol arlty of the reactance (i.e.,

[Oﬂggﬁ %CI : a%:@é éﬁ?wl %ﬂf&@h%@k;g@wa%e%ﬁéﬁ}%ﬁt féﬁ gc?{ c@ﬂ%r%nt numbers
of ceﬁsps&iea antQfthd RelSLANGRIN b Qarh®@ftypdd 6f @fcbn-MneRRLGodddtructures

I's added into the wells conprising the sane types
(elec’mtbde:geome@Y&B)l iFigyre 2&@&)@@ suymaricefithe feqyasrcy spgctigshown in

O L N

such %Eﬁ@ncy S trarirhaktinee ¢alos blyafirst deteinlinifig) ﬂieaﬁaxlmﬁim(valmeSof the
based on such frequeucy spectra of resi st ance raf i 0S
resistpyod jafie andl e sHbtHCHES {‘pree e EEORP. FRARPUEL YALUQ.Ehe “coll mumber

1ndlcr e’Sl R%@&F hls%éﬁ‘f?? qulhp %alssénfgﬁef;fé‘eﬁﬂ rgﬁﬁ'ébggéqgfcg Oggﬁqd;%d 500 are

5.1 7,t1h$§aﬁ/éﬂ)/. 17,qespackiiiedy Bwlbmlyg thedbfgbethe mimbentfredlsahe larger the
7000, A 3200 and 500 are 5.17, 1.82 and 0.17,

cell nugahisedxdeyel y. Evidently, the larger the nunber of

| ’
[0@3 5?%11‘% g?@ %fslﬁ\g\gl\gfepﬁe u%?!gl sggﬁf(;g;ﬁgg%c?%lr%g 'r%fjcpﬁ)@ Al fferent numbers
of celle addedrinte-thatviets Eamprikidg the same typebef sirclobndmecleectiddesd

to th | | th
(cleclpag Eeomsi o FEBE2PEHIGLa SPHOMEE b DEgusey specsigphown in

(B).sunmary of the frequency spectra
F1gu1%hﬁ:£%? ﬁgngure 5(D), 26(D) and 27(D). Modes of Carr
ri ng Q,It the Invention [0066] For clarity of
di scl osure, and not by way of limtation, the detailed
Md scr.iption of t e ]'ltnvention is divided into the
MG [0067] The cell -based assay

[OOOV{\%éh ogggpg?é]ic SRS enS| g dﬁgtlr})}g\ﬁ%)g& lglg Cl osﬁi,eéﬁzgeﬁl?d?gscnpﬁon of
the 115\;%%10{1 ﬁedlﬁlﬁle(ll ﬁlt&ﬁ{e éﬂﬁse@ﬁ&ﬁsttﬁﬁteigllb\ﬁ real -tinmne,

continuously, and the cells can be used for other
[066] | TheasBdbased awlyewﬂh tmpdlaseaseasisaysing flieatiscloded apparatuses and

edance- based sensi The arat us
systeg{%{ € @ D05 b]il‘@ﬂva énegisﬁg ent sod[h?tgtl eﬁ\d (%ﬁ) §g TJONITO feﬁ ﬁ real time,
contlﬁﬁl)lhslﬂ BB e ccPl8lchn B MleadbicathersdeBittased érﬁﬁbl’é&llﬁlﬂb atsbe hésays after
attachnment status, status, viability, etc.)

the 1mpddmm@hasedmenmsmeed1@q1@seé rapnase@ses&nd SEsterp éqm Pr@&@@ dnetic

2k B GBS PR S0 s,

status, viability, etc.). In addition, the measurement process can be label-reagent free, thus

saving the cost for labeling reagents and also saving the labor effort involved in handling and
adding those labeling reagents. Furthermore, the entire measurement process can be
computer-controlled and fully automated. The researchers need only to seed cells and to add

appropriate compounds or media for the required assay process. Finally, the measurement
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addi ng those | abeling reagents. Furthernore, the
entire neasurenent process can be conputer-controlled
w@ea4Hdullby aut omat ed. The researchers need onl RCT/USBe®R2537

cells and to add appropriate conpounds or nedia for

the required assay process. Finally, the neasurenent
systenris Wt A8 Withifl Q’f)e-ﬁlgﬁ{ly%g&) 3nPrpesdbilify At &M d1So be very sensitive,

accurate with high re-producibility and repeatability.
exprdsseccimrthanwnbde i gells pasunit area (e.@xgrous § eellymm he

BT P o P8 0 R B BB BB cmbodiments
are nEBFEd 16 efrtent®ltisn &f the hapélianed Gnage pathedh Rl trodésin the
nonitored for their contribution to the inpedance

appatsiizaes of the prasent aphlicasionc (Thisds schipvedthy a lapgsaplae ks eleptrode

.t he.present appli,cati,on, Thi s 4 S.achi I
wiat) BB G5ER RPL SRR A b0 prosen
inverlonQsddi¥ing iefecaBestitivetith®aitire breh DE 2 adidh dicdisiew. dhedche
present invention, sensing el ectrodes covers, the
embediments respktingdn mproeelis hengHanigrad for theipetriondr therppedance

| s . . e
chanfE R0 TR G U BN RGPl Al riion
betwedrediffersteseNawethinhesiagle phitagich avfvesnewtelts ingli fforprtrplaresnt Bhis also
. variation between different wells within a si (gje )
imprpyestthe BeawETRE FCHE Ry FeRNIHYIST When prmplegumbey & ogllsgye used in
thea&ggroves t he neasurenent accuracy and sensitivity when

a simall nunber of cells are used in the assay. [0069]
[0069¢ RHeebdctrodewndthit dap vgidth aniddhé elactebdeledenadnd distroidion are chosen
el ement distrihution. are ¢chos so that th ..
so thg} 56 EIRriEi Aol r o G A eSS oP gy Fop ggample, itis

desighed Thh‘ﬂmgfv‘ég Fhy 506 aGXEcHp leI%ctr&cIel él&neﬁ@é&cﬁ%@@vﬂfiﬁ% oflia%@parate

any t adj atent el ectrode el enents each of which is
electomieastraefpre;, Hiosumedfsbe elodicalinesistanees betwesn sagh @fthe fyeo elements to
h.electrigal resiﬁﬁanc S betmeeq eac%ﬂﬁf t he t.wo ai ¢
their Sogsnopding goniqelipD PAdS PRI NG L BHIAR: 1S fahigo adjacen

clectf RIFRIEMARAT THrsC AR $ipBdant & EordAuttinVEdin kit tvasl h§EEIML elements is
el ectrode el enments. Thus, the inpedance contribution

about thersamney Sowe razifea tdete the ephsrare landed, g gontifeution i thegmpedance
no_nat.t er [ he cells are | anded, their
Chané%ﬁ??qlﬁﬁoib\gﬂﬁ? %m%lene i npedance change remains to be

[007T08 GaveniehtQetbd Eankeslearddersehimdoih allowhor ehegisy sebde up of
connection allows for the easy scale up of multiple

multipdersemsers OR apinglagide. sl i de. [0071] For certain

[O&Hﬁ %Q)ir g@r@:{'l bt 6F ttl{eoquﬁlfoldl%?ﬁ‘se}i B Eﬂ%qmgﬁﬁﬁfé@ P%ﬁing, thereis a

serlsi ng, REFE TS A “hoh- uni form et ectric I e

non-ghi$é Eludtiical fielhdistrivagohe®his henbeeatdemioastraedamthshowniin many
di,el ectrophoresis literature where_under .certain

man _
dieleetre%hqrﬁ%lpt%wea@ere wielep e Al CegRd; aglﬁaﬁ% SuspggfipCafcytfons,
cellsqn%i@:eggbe i : Re $8-ca1Md cﬁ@e&%@h@féﬁs@?fé@i £31 5 hOV&LSHRP SRS or away

er towards or "away romthe edge of the
fromethe el geoafehe blectemtesslerfrents. ebcargshmplef fllovingbtetdtures eleante s

clearly deppnstrated these effects for.varioys .
dem RGeS SRR o Pl P Grodit T ooTIG e Fisl P Poreli pqnfinement
Bharhl ' : th Bet! 1. Shys. BY XBI9Phys. Vol.
o o3 083 bRt b Tl . MpBtys. Vo
26: pages 1278-1285, 1993; “Positive and negative dielectrophoretic collection of colloidal

particles using interdigitated castellated microelectrodes”, by Pethig R. et al, J. Phys. D:
Appl. Phys. Vol. 25: pages 881-888, 1992. Furthermore, the following theoretical paper

provides additional information as for the non-uniform field distribution in interdigitated
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26: pages 1278-1285, 1993; "Positive and negative
di el ectrophoretic collection of colloidal particles
waigionglaiint er di gi t at ed castel |l ated m croel ect r OPEBUS2008/022537
Pethig R et al, J. Phys. D. Appl. Phys. Vol. 25:
pages 881-888, 1992. Furthernore, the foll ow ng
rég j |

elect 30! N 1HelotiARGEmoP) P AfSal R daBIR! ot BLREHBHHIARiATectrode
arrayisnismigdirgensad thdorbfi’ V\b}rw}omﬂﬂﬂ POys. UB2008). PAgS3Vol. 29: pages

el ectr s: "A theoretical nethod of electrical field
1649&@%§$§§f or dielectrophoretic electrode arrays using

[O@ﬁ eB1eS1 §Hb%§'a[e58m oo BRG et thsEk MIT asbay B §ell pedance
hys 25 pages  1649- 1660, 1996. [0072]
sensfﬁgbm@sureshnu\sl?ca tlris epEarinsam, dglessstide hasgug 16 Mﬁmmlayts (each of

clecg5afinaf & 00 BPREEYSrT dEDp AN TearEb: AU ihaving 16
weué %ﬁﬁfa HottomediBabicPIes Hith Was RRtnRd 3BtodBe BRES dlides B9 u&ﬁg ki liquid
bel ow) was used. A plastic strip having 16 wel

adheva hHT cotts wiithrifferentgfuntberav ovg seedsd mﬁ@ dlifderent Wﬂb in the 16x

a5 AP Dt R W BEl i W vechnge

in the/iséri t@MNtande mheasired FdiadB¥lectetRiéivg@. TR Eﬁiobvsmhlé‘f&ﬁlnumber
i ndi ces were derived by cal culating the max

indiqes piiinng poimh ahge h after theecelspeding. r By welh ﬁéf@acﬁ% ﬁ@ﬂﬂé@g sy
elect?c?c% sggilggegwe{q'g ﬁ'aeggdattedts;ﬁ? hgroé ?:tﬁl% ecf?déjélre]@ﬂs 39 tlon ofa
conc'Eﬂ@atiﬁﬂ df seurgmat &ﬁlcfd giahipbrmgl)tih ¢he Wbldﬂ:ﬁor ddeus UTliea@@snments

re pre-coated with fibronectin by oakl
werq stems b 2:5rh aftar ahlq igipedincg meagHewatt hesslpm e syyp device were
(
v T SCRINRHs Sl 0 AR TPl Lo IET e
solutimawag sddedto eddhewek(Ths réastidineas awebaed ford hmarseat 3(]§£é tbllowed by

o SR U5 SRR b G oy
1ncuE£’c€d foﬁﬁ@ﬁoﬁfh Aagot REHRMIBL the {nséluhwﬁlfﬂ@tfoﬁ?agaﬁ ehysaeBrmed

100ul /wel | stop solution.” After adding stop
dunn;g)thmM'B"ﬂ ,reatctlen r #he tolondenary oothe ndnm@wlaythen meagbared gn pdviolecular

Devic e oy oh & et oD 2 HESRRR HBaR R B e

wav@l@ﬁgﬂﬁ o%mhﬁﬁ/) Wik dsB@ toR¥AGR YRS écimea@iagw ed on a
'ecul ar Device, 96x plate reader at a wavel ength of

550 nn.. A reference absorbance (at a wavel ength of
650 nn.) was used to neasurkblwhspeci fic readings.
Table 1 Well ID Cell Cell nunber MIT readout nunber

i ndex Bl [[. 54E+04 4. 74E+00 1} 43E+00 CI| 1. 19E+04

4. 71E+00 LWASETNO0 (D1 @ell3E+DIT 8l Maibd0| M8 Es4dout Fl

7. 03E+03 5. 80E+00 1. OGBS index
B1 1.54E+04 4 7AE+00 1.43E+00
C1 1.19E+04 471E+00 1.43E+00
D1 9.13E+03 3.73E+00 1.18E+00
E1 7.03E+03 5.80E+00 1.01E+00
F1 5.41E+03 4.41E+00 9.40E-01
G1 4 17E+03 2.79E+00 7.62E-01
H1 3.21E+03 1.59E+00 6.86E-01
H2 2.47E+03 7.99E-01 5.99E-01
G2 1.90E+03 6.94E-01 5.39E-01
F2 1.47E+03 7.67E-01 4.29E-01
E2 1.13E+03 5.89E-01 3.83E-01
D2 8.69E+02 3.61E-01 3.30E-01
C2 6.69E+02 2.62E-01 3.14E-01
B2 5.15E+02 1.39E-01 2.48E-01
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F1 5.41 E+03 4.41 E+00 9.40E-01 Gl 4. 17E+03 2. 79E+00
7.62E-01 H1 3. 21E+03 1.59E+00 6.86E-01 H2 2. 47E+03

wOo 289810002 5. 99E- 01 & 1. 90E+03 6. 94E- 01 5. 39&RAT/UFD03/022537
1.47E+03 7.67E-01 4.29E-01 E2 1.13E+03 5.89E-01
3.83E-01 D2 8.69E+02 3.61 E-01 3.30E-01 C2 6.69E+02

2. 62E- 01 34501 TBISEEIPE02 sty O 2 ASESL 17
WO 2004/ OT0T0x] PCTIUS$ERR002125% saeieb 3|97 EFshe-g¢ SIE- 01

2. 54E-01 A 0. 00E¥00 9. 38E-02 2. 38E-01I A Definitions

[0073] For clarity of disclosure, and not by way of
m(ﬁe&tl Qn, the detailed description of the invention

BitioNs nt o the subsections that follow. [ 0074]

[06#3 §o5 cl@ﬁg} Ms&&sﬂ% Wwhé Bot 1B} Way 6CHRitERIn, ekl dbickiption of

tefms used herein have the  same neaning as is
the invsntiomisydivided inde wdubsectons that foHevnary skill in the

001 A SR RR RO e e

sameHBdrinBdd 9 B8mmnioeil Elindeebtddd Byesiei of oadifaryskill ahadue tb Wwitich this
reference in their entirety. If a definition set forth
inventipn telngss Adknagants, gpplisationss published apnlicatiopssmd other publications

referre'afcg n?llefﬁ gﬂgtlm?%]g&?f% gfréfgfe%xkg ﬂzhtﬁgfr chi f}h 1eR dgﬁﬁtlola set forth in

e ['I"'cat 1 ons an
this sét:tlfﬁ@.{ is muhira:rtyads bpothetwisd mammdumt evith 4 diﬂfmmtpmr set Gttty the patents,
ref erence, efinition_set forth ip this section
appligptiapsi pub lélm npileat&@ﬁ . PiGRPYHietions that gt Besplngptporated by

referEﬁ:reefh@ d@ﬁnftﬁh%tlef&ﬁﬁ in ﬁ@@ge'éhof‘ﬁrek@l%doﬁ? fifed dbﬁmtﬁ)n tRAt is

nmeans one one or nore." [0076] As
1nconp9&dedimre1m’myrébteﬂceast t wo eI ectrodes fabri cat ed to a

| a of the substrate!  .neans,that, if
loﬁ?ﬂﬁﬁﬁﬁﬁeﬁ g‘e@gbs?r o #0p Jieaps, | 4t 1‘?5’15%01} aPhr e ‘Erﬂléorgt | east
067 & ‘%‘BH HedEs “ﬁtr 1@ast R%) Ele6@SRE fAtRichiRE 1§ 3RBNL BYAE oPthe substrate”
the substrate. 077] used herein, "nenbrane" is a
mearssitbatf ifdhe mulahmgisubsmte bgemultml@lawers theretdspstitwo elestrades are

rial 7 As used herein,
fabm‘gle‘gﬁotﬁ‘ﬁg e’fr%%% qbgld??eans a menbrane that does

[ooeh]  hay leéiﬂh&élﬁf “RsHbahé Bie bshed of elateial i Alsed hegid, he
viability, attachnent, spreading, notility, growh,
“membrage] is afthgetaif gaterial.

[0078] As used herein, “biocompatible membrane” means a membrane that does not
have deleterious effects on cells, including the viability, attachment, spreading, motility,
growth, or cell division.

[0079] When a suspension of viable, unimpaired, epithelial or endothelial cells is added to
a vessel, a surface of the vessel “is suitable for cell attachment™ when a significant
percentage of the cells are adhering to the surface of the vessel within twelve hours.
Preferably, at least 50% of the cells are adhering to the surface of the vessel within twelve
hours. More preferably, a surface that is suitable for cell attachment has surface properties
so that at least 70% of the cells are adhering to the surface within twelve hours of plating
(i.e., adding cells to the vessel). Even more preferably, the surface properties of a surface
that is suitable for cell attachment results in at least 90% of the cells adhering to the surface
within twelve hours of plating. Most preferably, the surface properties of a surface that is
suitable for cell attachment results in at least 90% of the cells adhering to the surface within

eight, six, four, two hours of plating. To have desired surface properties for cell attachment,
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[0079] When a suspension of viable, uninpaired,
epithelial or endothelial cells is added to a vessel,
w@2@unidee of the vessel "is suitable for cel|PCT/US2003/022537
attachnment” when a significant percentage of the
cells are adhering to the surface of the vessel within
twel ve ho Pr. 0,0Qf, . :
e YLD e RRLSLRAL % ot SR hice i oo,
and/or paysieallyitedakesl (el treatmiert witkhblayma)p asd/of bioehdnhiaslly seated (e.g.
suitable for cell attachnment has surface pr percﬁlisles
coated ifHaRe QEtmare ARAIecIEs B DIATRRIRHF (At Rmien 6FH R hEeRH e In the
. S ] £ olati 0 C
prosoft iy @ifiath bIUOnpARYN S Suck gl st orefBrapl P Al for
the atsachfreaeofuetlp ef theagpeothatears tir beawsed in lmasshy thatiiisea hebipegmpatible

cel]l attachment results_ in at_ |least 90% of the cell.s,
surfagihse- HEPEIE h and POFLRETCraY AR B D RBeR g 16851 90% of the
cells Eﬂa@%brﬁgctt be Sl Mce BhgnSthEhaa§. properties of a
surface that 1s "suitable for cell attachnment results
[0080] at Aé&hRimdeafcotting”del Featingtonra suyfaco thaheonsprises 8 aolecule
Wthin_ eight, si.x, foyr, 1wo hour.s of. plating. ,To
that ip g el ooBring iiglopill pe Ry o b il drifed from or
based.éh ¥ FO8G/HEAKID Hetii3A00863dRSér bibiieenSibilb. TR eRBiple, a
need to chemcally-treated (e.g. treatment with an )
biomalscdlanerbtiog cwi comprissaneyracelivpr gratyin pempendny (a.-cBrogectin,

cotaisBioy GRVIF kb gPLAE s BGRB8 3bl e o
polydthi?HRb oekikE srd fhym@imbleesles Biskd ah tigctumpally ocdubriidibiochemicals

“present invention, a bioconpatible surface (such as. a
lysingrand praithinep Pofyaneris moleenles paseh e nptyrallyiogeurging Kigchemicals such
of l.] s of t. | L .
N I T L A A U
[0681§ nDAh “priedfcelialat Matrixl domponeiit? isd matchulerihatotcwat i dhast
90% of the cells that contact the bjoconpatjble .
extragelplafcpatiisof 4g 2pimeal 45 s P § GERneat © pelfa matix from any

spec%g ?lté% ﬁﬁlg dn?r tids d, %nﬂﬂ’ﬂeﬁl$ iﬁfaglg%@s SR traCORRE :n*%ﬁﬁ)l( 8omponents

hat 1§ a natura urring bionol ecul e or

includé tehiainispadllagens fibronestiheg witea lglydepiotedns, pemidesrglydrasmihoglycans,
on, one or gore tural ]y occurrl n%bqi om)hﬁcul eshgfr "
protegelyCAnPCal ¥ ragelt A AN WIRPRCHE Gb S e BAY A e %N
[O(ﬁ%@? i A8 “BRcEIA IS £ Ltk @t hRhE i hi SPERANEMit thaﬂis% a conductivity

onectin, collagens), or a derivative thereof, or
muclchigheotihpr sweovmdbigosdtendlcal such as pol yl ysi ne or

yornithine, which,are | virerj ¢ .npl ecul e ased an...
[0&% _ nataPsfd Rergicty relleﬁgrog%)% FCRIEs 9 @glinﬁ% egenc B8, Hirticularly
one Wik chinBRx stk Fof®l 85K, @SphasaetiRde BRudtnR), df a collection of
occurring biochem cals such as am no acids can use

at ledss bre elsctenrdesiementothet are stectrisally gennestiefl jogsthetr Adghe electrode
bi ocheni cal.s. .[ 008 : ,
clem@hR SRR G fgotoisrbeiy afapangl Cotheci

[0684] " ac Ak lséEliersi} Telectrofle alemeni rafers tbta siiffle beuctural feature of an
conponent of an extracellular matrix from any peci gs
electsodlg struefitrea fych #5s Suexayple. 2 Npgariiks projrgtien gha bterdieitated clectrode
Stmcglﬁlgr acel lular matri x conponents include |am nins,
ol'l agens fibronectins, other glycoproteins, peptides,
[0083] C 0s ARiusaihareiana “elqptotie siphopramsit” asttero dEmoraekecirodeastructures
matri x conponents, can al so, i ncl ude ow h factors.
that pOGDITURIPOE PERT SIBtERonS I SPRrRE FUAIRAURY G ER Fonnected to 2

signgl%ggl"ég,t dpetdd as & B 1o SonetCAIMGEiEM e in the region of spaces around

the electrode structures. Preferred electrode structure units of the present invention can
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much hi gher than surrounding material. [0083] As used
herein, an "electrode structure" refers to a single
we@bk®@entwar, particularly one with a conpl ex SPETIUS2008022537
(as, for exanple, a spiral electrode structure), or a
collection of at |east two el ectrode el enents that
measﬁfﬁg@'eﬁﬁc@!cﬁ%{%e\é ds@ EUl[%@lta@Qcﬁlﬂ&ﬁttQ% elerddd fuffa€d. 2l 1RfiRting
elements withih an "electrode structure” are
examplesoif electbde/stomture ohigthre [irgOQigditatesl aentrdde etredtire units and
nt". refers to a single structural

"el.ectrod | e
Conc?%%?ﬁlltﬁgﬂ%cfe%{’fcgg?wsrode structure, such as, for

[06R6RTP! €, “B1dctrBaSTrhdeCare cRichidailP BoRfuchle pithetidt gttt £6in
el ectrode structure. [0085] As used herein, an

electrodeeen ¢leateods etameaniy @ elasinode ptsnotyyes warthpre enderthogadary of a
uct ur es

o SRR b R S R R 8

strucfiir&ala sSEHAl SdircQPFhe bR @shboamddtytolt@egies eiadtodrdspond to the
electrical field in the region of spaces around the
connegtivameadelen drerdeyiagros 8Ppapitas.erred el ectrode structure

it f . PDE [ i )
o0 B P BR S0l BB S0 AR A O iy
sameGsifacairestieni thitthasurfice atchootarsisléaodes (ddsvirbd erutraysyare not
| es of el ectrode structure u%{'ts

exa ) re
subsﬁaméa?l,%dhgfpﬁea% Semeeeh g et Ie impedansh dhengsdue to cell attachment

or gTS%PlC&P{h% gﬁ‘g@lj QTR geléétfc%ﬂg tg#?f)cxgm Jo?lm‘t{ugg 88the overall detectable

ectrode“traces” are e y conductive paths
changdhat ingpetiand t6 neame ot sntilapdexgewnas the anpadades elangedicstoae]l

el ectrode structures toward one end or boundary of .a
attachgRs &9 & Pder ot B o Bler KOG HEvel B i args both
largef leﬁ&trﬁ‘;cﬁg ?el@ét%@%ygrmﬁlsﬁﬁiléﬁ&trﬁé géf:lgétﬂfd%santa%)%ontribute to

signal source. The” end or boundary a devi ce may o
overabehaagp dmighiedandeaipon oelh etttchmeniperdmowth arhéeghesléatrodes. Ordinarily,

tus. [0087 d.h [ “th t | t
the rgREGH bt R Peiert s P o Bhdy 1 liRef P 3Rf e Bl
elect?dd%f(élé@tr&feea?fhPIWQBﬁ thdhat0. tHefefdbly, derafib ASuPAce@ndh between the
el ectrodes (electrode arrays) are not substantially

largesi dléasrodacleetendecael) sdibe smallashelectrods (Plepedarrayd dpggehan 5,

0.5, 8/E% PaSEAL AL RSHIERLl. 55 I Dol bRl Gop v e

nearlQM&@ndich] slai@ticabduefaceirange i n i npedance to a sane or
Sim|ar degree as the inpedance change due to cell .
[0088] SEnendigitatad” gresns havine PieteclpRs Qaming pae direriioq that interlace with

.(electr . r.
e T
(with tikeatgaotiat Antdrdipsthted eltctrodeilements prefernabllyl doatoh ngeiadtione another).

| npedance upon cell attachnment or gr on_t hese ”
[0@8% s wad ereiy, (theappargtus hasa puyfacg Swﬁ)igﬁfge%a %Czlawn’f or growt
ALaRs ! 4 6 @el g 5@&95 %ﬂﬂt hysical
mea%ﬁiéxﬁﬁg ]Iteg[‘s??de e ec:nP 12 gge%%é?%%? rode af’%%“ Fls I é t hea% ysieah
chentifal oPbéflegiedi lpyopettiyeso tleit idesimblesaetlf aaeviablyattaet owethe stitface and
| ar gest el ectrode (el ectrode arr and the_smal | est
can Ksob SRS, CONIE AT BUHG G Piagy e Ot diosphafisg HOwEvey SCis not
nece;ﬁalér fot ti6e Mparatds, oMBE QuitARIREBH Yonthil®a® sUb8@fdesindBessary for cell
el ectrodes (el e¢trode arrays) have .
viability or growth. These necessary substances, e.g., nutrients or growth factors, can be
supplied in a medium. . Preferably, when a suspension of viable, unimpaired, epithelial or
endothelial cells is added to the “surface suitable for cell attachment” when at least 50% of

the cells are adhering to the surface within twelve hours. More preferably, a surface that is
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nearly identical or identical surface area. [0088]
"Interdigitated” neans having projections comng one
walgeoeotdlon that interlace with projections corenygsionsm2537
a different direction in the manner of the fingers of
fol ded hands (with the caveat that interdigitated
sulta‘tﬁé fd}tc%ﬂ qga?%%’é?ﬁﬁs%u?fa@é 191"0 Blts Q@tﬂﬂpﬁt 1620V @G lof @ecells are

ot her) used herein, "the apparatus has a
adhermgibaheswfacb abihin frelvededurs of plaitten@at adding celia thrthe hambsr or

e 3 SR 08 R FLERHIEH R Ahpbs ot

surfa&% tﬁ!alqg 'sﬁ@elblé’fo@ REll hiYachfehhRbulthas iat RBtO0CEH the célls adhaddhyto the
attach on the surface and can keep attaching, while

surfacgar‘amungweb’n hons of platinge Mytst preéeralpaliha stdacemsopayidss ofjapsurface

a rt S
i il o R e ORI e s
withiM ek, sixt, Yo tvé ldMr$lof pllse necessary substances, e.g.,
nutrients or grom h factors, can_be supplled in

IOQQQH A@rwsed h@m@f ‘ékéﬁﬁ%b creege B igpedacsd sﬁve&ﬂ Ov AERENg the

TG S B4 0O sl i

signifi€m$ tha@duiad cai bedaeltbdbpueimsidenderapatyaet drampeddnac e
within twelve hours. Mre prefer surface

bly, t
meashisuaRgl G ONBITCIRR SBocbr LD 00 SHgats 95 el The fmpedance
chamézeeIl e%rgfyot@‘é Iamé}% ci%‘?ﬁ }gé daRGEV QR i ERr B0 SHBE afaratus has cells

e ce are adhering to the surface
attackiddt dri glowmeh vad vhen 8 saffagel cfttheapperaties. doesidoti haye celld attacied or

erowRgBn AN Bh BreshbeSn PRLIEET Fdgepap 0rf itbEfetiite.
Prefe?érf]ﬂlg,?ﬁfdé@&&blb %haﬁl;é’etlﬁﬁhﬁedfaﬁée i8 %geﬁhmmn@m 59:28%. t ®ore

east 90% the cell s adh erlng he surface
prefewibﬂhitm detedtatde bloamgs ipfmpsidanderig largay 0 %p rl@mdarmbetwm or among

S ace ti of ,a.surface..that or
cteotgift BaR R RRB ARt e Pl PEus Bbis gk Bl o
measREEnk NEDEECHBIB cRAtzhaE Anpetiahdy Betwedhdr, andn, thé electrodewddoes not

hours of plating. [0090] As used herein, "detectable

requichthegepedancepkange ebalbiequsasico beingdigctoble. “Priscipblssbange in

hat the ed i)
impefehiee GtionE PR 0aS i ol A RARANIE chanee in
impeBnddeal 8e¥ Sitglereqlericyioe daultisle dRghsnctss. O add’m@d ampedance has two
nmeasurenent circuit when cells att ach of. grow on

companehigciesisignce He ramwat(%ctam?ecan e didrdeintotrprgdegories,
capam%v? !feséc cf'é %1}1 19&&&1‘3{% a hé}s R ?aﬂfégcthtéﬁ%ﬁ% mft @aghrcg\%meen or

amoifitha I&ﬂacmh@és” aecﬁmeﬁ anly tlmeft efther mppﬁr@;istzmcd ond raactandrales a
cells attached or _grown on. i pari | t he change in

i
deteqtale ghange af any single ﬁ CHIPRAY OF 1Y )L’&PS?JEB@W& &ct abl e.

f
[0‘?51? (jég“{ & élﬁere th% %E ﬁa%%}o%‘g %oléék}/g?%qlag? Sﬁ%@gﬁw ﬁltffezent surface

areadfahemt ik mecsiuaﬁagfamas dfrppg deetreddssiré notgenilardoach other so that the

impQIHE T BRE e F6cH PREBHE) SF oL Lo b ga rpes Rl hof
contfibik % fh@loveIRARHERBRTnped4RE @C4 %ﬁ@o%ﬂ&edééﬁ’ee as the impedance

I npedance between or anong the el ectrodes" does not
change dué tos:eﬂlrvétaclnp@d angevdh angl@e smallgr pleetredpse Reafergblyeinig

impe %gecctharkl)éee due to ce {tac%m mC or agrgwth Sh the larger electrode is significantly

smaller than the impedance change due to cell attachment or growth on the smaller

electrode. Ordinarily, the ratio of surface area between the largest electrode and the smallest
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i npedance between or anong the el ectrodes” only

requi res a detectable change in inpedance at any
wa@emgle12 equency or rnultiple frequencies. | n BOOU$10081022537

i npedance has two conponents, resistance and

react ance (reactance can be divided into two |

electfoRb 86 Ean | APREAHIY GhE LABIAIGHa@ed BEtWEL 18 largest electrode
react ance). tectabl'e change i n i npedance between or

and theronglasheeatodetis mdesthan 3G,A0 8¢, Yol 0bhat ei t her one of

i stance .and.reagt ance. has, a . det ect abl han »
[Oﬂg)ﬁi si @Psgd B rohz%hlﬁfiyrﬂf é:o‘atra(gta}ge%%%c _o%[: %% t” means
that, 4% 48868681y positidhed alithis seisoP aeh O€L dewes on@pparatus of the
substantially different surface areas” nmeans that_ the

presentini enfonatheasolabilitnp! a celd o paeislecentaetingemen electfsie element,

ch.ot her so that ' -du I
ctesSELORHRE w55 ek O | FRERRISE o DrLAB LS ePpfRbir e
prese@PivEntH, thelsizek BEtHR\eBscllote eleineatsplnldehe size dathegapoObaween

same or simlar degree as the i n’peg%{lce change due 6t Q
electiodp Fleznenife raserterdhatRRant A0 GnmOkRPISIREINIE Bregics &hﬂ.ﬂ&g@%t. 0%, yet

P ' o
mor SRRkl s RO 5 SR s b 0%
greatéi an baan0Vy or siealel thantabaut 95ke | npedance change due

to cell attachngnt or grov\ﬁl? on the snaller . 1
[0Q93% ¢t rBBenses HRRatsia SFUCRERALGOPTISFS Qf raparegeptpssions, or wells

Y ) .
i
multiple inBerest audtiply {luidhventaaterooraf meliiwdiqdatey swh et fesemeton grore
. largest electrode, and the.snmallest electrode. is. nor
inser TS Sery 1Y S SOTBFTS TGS (09N CAT LT W g el
plate&féfés%?e@{sﬁﬁ?&%f t%l& }SIégérlltl(iﬂ%ﬁ%,i ANdngt tBdyeiniRfies &l 184¥ebie’ device of

, 1f ace is randomy positioned wthin
the prdsentsevention forexing thedotten afat pastagnsansgrtusnchithatfiee chamber formed

pr.esent. i nvention,. the. probability .of e r .
by TRy 5 et i Aoi SR PR s d 8 nffiiredoB'a nonconducting
subs®Ak gt 8bapridck afchfiona ¢Ricagge. di ameter of a cell used on

or in a device or apparatus of the present invention,

[0894¢ Ass used herein, Fidosstresponsriairey” apes she dapgndapmb relatiquship of

t he ga ! i S
esnd PO AR Bl AL LT fynd T §Rb B bl cont
meadiBSdeb P diffelent garamietis. taex anplel a Wloomapuling vesuspentel to have

preferably greater than about 80% reater than %bout
cytotggipity gnd grusacell deathn Tagbihe rggonse @91%] cabemepsuged by percentage

r ayy . ' r
of ncg lle (5 A 4, 4R hOBATREEE Dy BRI oMBOE. .
[00953tA Ciised hirein, fsamyse’T tefidrsl tocamytlangwhichrmay ¢ontdie ainms ety tto be
. . tray conprises multiple inserts, mulfiple fluid
1501%%9@5&?%@*’55‘%’&}1{’1‘13 Hiedpfietpcied SARHDPRLESiER PRI
micr?ﬁ'éﬁs? of ARBloHS jPhe g%eﬁt%ﬁéaﬁbﬁﬁﬁhﬁ: 9511%[)1_6 hafaRy SbivldeftaNsample,
e Tlurd container or I'l's of a nultiwell plate. In
suchas abiclegiedltftnid dr & hivlqgiead tstuei Hxemples of bitogiced duidstinciyde urine,
onpri ses at |.east one device of th resent
blooflyRJesh GrroRb P RO T BECE SHCHP Srerelsemap il ras pucus,
amnﬁ>|%i€ i &t the Re. CBRIBSEal 1iQ§ueE dre dp¥rdehRs bN&&s! ustBY of 4 parficular

placed in a fluid container has as its bottom surface
kinddogetiree ovithubeir ijercellijan substancerihat foompne efetbe srugtarsb matsrials of a

humgrll, %%}nrlﬁfl El'ant, bacterial, fungal or viral structure, including connective, epithelium,

muscle and nerve tissues. Examples of biological tissues also include organs, tumors, lymph

nodes, arteries and individual cell(s). The biological samples may further include cell
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[0094] As used herein, "dose-response curve" neans the
dependent relationship of response of cells on the
waelome/otanrent rati on of a test conpound. The reREDOSWOD622537

cells can be neasured by many different paraneters.

For exanple, a test conpound is suspected to have
suspeﬁ%{&‘l)sI ?ﬁh&éﬂsycogﬁﬂliﬁgliﬁﬁogQ@ah Indi&ald (e. e BtckiCeiABRONAR eic

of céll's can be neasured by percentadge of non-viable
acids,(carbonhpdrhiey, chemlicl afolesnles bmdieg todielpgicalmaleediedy t he

100D A i - Ry L R S el o 7 SRS ek ity exists
as a ligifl GHUREY, SN FYloat@dfuiIeas WiQHd sauslet hlkd eders deh sahpld that

r anal yzed usi ng apparatuses, mcroplates or mnethods
naturally ¢xis mmnhqtag slatusae.zo polidrpresas. b isprigpared as & liquid, fluid,

.bi ol ogi cal sanpl.e Suc ' i cal { fdui ..
i St S8 rt i 0030 oy PR g e
sampletah Y€ M € liquial A0id, sdlhid®y, suSgikioh containieg a biolmical tissue.

stool, sputum cerebral spinal fluid, tears, nucus,
ammiotic fluid or the like. Biological tissues are

aggr.eqgat es_ of .. Of; j r kind
B. oo RERBH Al at oot Ffhodieimgediigaiod "0
@08 7P fin he asgett) eelradentrimtventical is divécted tommepparatusi fominonitoring
| ant, bacterial, fungal or viral structure,. incl &ldi ng..
celbmigraléqn Qranvasyns WBIGHAPPATaiS SOPBTIERF 2 WPt phasghis for piébing
. E b igal ti i e .
mlg)éﬁft;? éﬁﬁré;sg%ﬁéeﬂh gg léélf% surﬁte%f%ﬂ%? b@ilng Qﬁl%f:a%g de 1era%2fl&l%8 ;)lf)wer

arteries an I vidual -
chahiteer bbaprighg at lesa b elctredesf cira tiecomprtibledmembiane 20mpyIsing

R oS BR ORI a1

thrﬁ%% gaﬁﬁ énse%‘gil}!u‘fé SonnBAL IRy safPipPRN Mo Ree Shantitediniideparating said

nding to biological nolecules). [0096] As |
uppes etlathbereind lower dhagpbedifr¢rh cachiythen mileesin paad apgrafipg gr mvasive

Celgsélg.g‘l’ee@}%ag |Sg@itl'[%‘iﬁ%|qlf ?é%}:a)élllesﬁiﬁ’ralilﬁa %{j‘? Cé)lngag{"w%r?ié & ag{aélg tkaid ‘
elef:@f)@él'si%f £8d Fowa ERh@bbNBgendiatell chlahge ¢fihpledarics batween or among

non-liquid status, e.g., soljid or gas, but is prgﬁpared
theadecirodegiiaticanttieyised to meniarimigrasion of spasien 6 sad fells ni ng

the salid or ga I '

qui oo BBl R pEsaR L ehon welon iR opl and ower
chhb&UERLReH B9 agRsrae Rty holed thgiughlwlicismigratim or invasive cells

Appar atuses and nethods for npnitorin c%ll q%grﬁtiqn
caff 099%;in hidnide depe champerLopiEsentt 1‘?3&_98?}? Fgrqdss, the at least two
ele%#ré&e%to&‘%et BvRP IR ﬁféf%r\lﬁllf)lgrarg&? {h%glﬁ)g&%urﬁgé bf the bottom of the

on or I nvasi o h™ appar S conprises: a)
lowér dhpRBEr. bhssmhesmbatimphiaoff tigse aspgetatthemembranev@sipyiges one or
cells or cells suspected of being m grating.or.. ..
marp yapigtics onpts lawersREiace @ﬁ%\m‘é"rﬂtwﬂ%agl?fﬂaﬂtat pilipyiting gxample
G : il fRRSkioRs 6f B SI9ER! IS bikg
ofﬁ%ﬁ%@é@@?ﬁgﬁgée g?rpdéﬁ)s urt g{t)]]'ogé SI g%ﬁ%ﬁ al glgvm ng sai 1(rj _
entodiradrits) theomeihnsas is/ecate dithet cheggealbgoacit tregmnant) or physically

menbr ane connected to said. r .and lo ch rS..:
(c P A G IEa P B RO BT LV BRATSGPnes of
bi%rgﬂ%lﬁ%g Ro @i e IoWREERFRe SATHE nidribiraihd freveits tdlvatichi@ent and has

ve through said holes of said nenbrane and
minimizad telhatthchment effects. t by thesedspastse attachment of cela that have moved

thrltggg ! %Q%tp %ﬁ%f?gthg %Q&gn%to% e l%{x]/%p&eamq;er }émﬁsdﬁl%elmpedance change

over electrodes on the surface of the lower chamber bottom.
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the el ectrodes that can be used to nonitor migration

or invasion of said cells. In these aspects of the
w@e@sentiol nventi on that conprise an upper and POIES2003/022537

chanber separated by a nenbrane having hol es through

whi ch mgrating or invasive cells can nove, in which

the | ?igﬁrre §9 %H@ﬁglg? 3B rshé@%w@%xérﬁ%ﬁﬁy dn¥BbdehERt bt Sipparatuses

the at Teast two ectrodes of the’l ower chanber
confprisfngmalitiyleaites fon celhmigrphien aglinvasien. o Higerekd, thaapppratuses

t h | hanber . nbadi . .
conpsigemulible 9 ShamGris oS Wi FrEatab e ool Wiinyigle bottom
chaﬁgeﬂst(@j()?y\@[ulﬁﬂéftﬁfﬁxaﬂb%}s @D eI Boreli ko eetaahiint (1920) that

n-I'imting exanple of such noieties may_ be certain
havé pores bfsppoopriasé siped fpe cell magretieq gidyasiqn, Bichdep chamber (e.g.,
di h nb [ ' '
19158 55 s TR Spop RS oS e Y- Tk Bth BRI Gmber

thetbatt AbdtRIeSHERUAR RItBSHEton2Sirgice ofijhediottbinndhagibesifiomg the top
e.g. certain coatings of Dbionolecules) so that th .
chatnbere rThsygonfgeratipn pfi e oHBIAHBTEPTE FERPESIag| colypde e is the
and has _..m nim : f :
sanfigseoamilgh Buk AEne A s S DR RE SR 18 b, K hOS R Bine

andi SIS LE-dubstrdte ihpédance. O hushihe ldesveiptiohsofrpparatuses, multi-
results in an i npedance chan

glg over.th%e%g o%%s on the

welé platescibie sicthasls to sonsirueiiapibay cIhBlates ithiac KECUP I PRI IHE
PCT/ U ' '

subégaécﬁsp é&gg én%glgoglg rzr%%c%:ﬂélg&re‘fech%dé‘Elﬂlc%ﬂlrgyfo%xggnﬁhﬁlfffe&éﬁ@e

of the apparatuses conprisin
me#Butihi; pireuiti deeqitfedrin sedtion M, gbaste, also apply tothedpwer. chambers here

Figure 19, the apparat.use conpri se Lti.pl e top .
for grpampERg cgll PRIOHIMVAHAY - JePPerRisT ?fﬁﬁi%‘%é% slfygigyes in the
bot([:q’%lxlma %%3211% yer ?fl% 108?&0‘[9&@%8@ {fpddhfidOheasiih$ tipéBistdd Pastrument via

are bonded to the nenbrane (1920) that
diffesne nptiods fefmegspringcdlattbat biayemigrated diont theitep ehanger aud have

i nvasi on. Each t h er g, 1910,
by SRR S0 happere P oThe RodBis T fage g beused
hd Bh1Rdel 1hikREibh dttRx thatiktindiesivernpfitre
to %g%g?nﬂggl? ace eonGO{Fhe botet omg?ﬁlarrber,;f acing the to

refizhia)rthe munibleo testif imjgrated; form die top ehasabar sorthabokigry damber.
I.Si | d . '
OGRS A HOUS b ELHEER ol 5Byl The o
plate QM‘OZ cothPfisedRMiltiplelifiirt vdId/(2015)eThe bottgn caificesfloatl msat well
i mpe

ance. Thus, the descriptions of_ apparatuses, 1 d
is a noaphbirane. (B boglioss lete (2030) sempgses mytiplghoftppghambers. Electrode

lti-well plates w = I, SH b
st koA Efathb el BLSCAALESEIASA fom hamber,
facingttl{éli%éff ®6llt ThesbElguadtionryielstebutiom chmaters cognprisimgalecgrode

escribed in section B, above, also a pél %o the | wer.
structiesris dressameras, orsypilarda the pPRAGAtESs |de%ﬁf§f3 i SR aPas for
1N, openat ] ! h8 dbRAptiGRtdom
mon tBRE A s ie ol S5 AL AN, RS O dheod®
appafinises|intisitionell pistes themethoda to atinftinest emltimealhlaies wath the electrode-
measuring cells_that

ave mgrated fromthe to .
compna b SgHes FBe Mhods ﬁ%&‘m&ﬁ?}ﬁﬁﬁﬁgﬁ% Sy o fyormal impedance
meas%hﬁg tcfr?ﬂ?s c}ﬁtséri’d‘ehqﬁ Sotion ME aPBNY, 1196 Sbll fPedaswer chambbs and the

use 0 derive cell nunber index (or called cell
botto glast heve formuesiforing a¢ll imsgraticl/waesion &t opeption, the top plate (2010),
which has been loaded with cells for migration/invasion assay in appropriate buffer or
medium is placed into the bottom plate (2030), which has been loaded with buffers or media

comprising appropriate reagents. The electrode structures on the bottom surface of each
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reflects) the nunber of cells mgrated fromthe top
chanber to the bottom chanber. [0098] In Figure 20,

W0 b@sapper at us conprises a top plate and a botPONUS2003/022537
plate. The top plate (2010) conprises multiple insert
wel l's (2015). The bottom surface of each insert well

bottonl WE]F%%EF g@%ﬁ@ EonnlBEd ?gﬁfﬂe%@daﬁ%@n{eaﬁ@ﬂg CBOHEY drSfStruments via

ottom chanmbers. El ectrode structures are
variouk atmthoslat ed or |ncorporated into the bottom surface of

h b h h
o1 LSS o A WIS PO L e o
momt ﬂééilqgfgratﬁinr&%\‘fﬂs% {Whichh@p&afie casiprisds: &) aﬁildp@l‘er tlember for

€ apparat uses described in Section B, above for .
placmgmmlgtad:mg oy invasivo celireasets sugpected ofdneing me&f%_tlr}grﬁi dBvasig, said

t he d
wpves St SRR ) n PR B S Bl oo
biocoMbaiblé ﬁﬁnﬁ)'tﬁiétdoﬁ@mlrthiﬂWabﬁdnB@oW Juittiels smedllmeg migrating
net hods to connect el ectrode stru

or invasipeerdls @ 20 Hhrauglh sty nesmbrang %On&@%tcfﬁ }%Bsggfi itlI?Peg é‘&‘ﬂ"&‘f?r ghambers
and s%%fa}ﬁg%sﬁfi%gg&pﬂa%bkpaﬁdngwlep&ﬁﬁab%ln ﬁ'BTIlleé'a%h 3:, Wifrein migrating or

heré Tor nonitoring c

invasift Gélﬁtrh@fb/ throtgitinond or meehates off said neentbygnepivhick results in a
(2010), = which has been | oade W th

s for
changhog HRFHICE ROHEED eGP APD i PR A iR b that can be
om plate (2030), which
used %ggdr%%hﬁ glgggmlvgﬁ&%w@e?gi%r medi a c(:on'prl) si ng
[002g0]r O yataaomag@nctsof tﬁmgesaneuwmm $herapparatus oL die inmention
bot f om surf%?e of .each

il eSO G557 BEREF S HHs e iRt aprpgtie
polynid? e Eﬁ@&fngp ﬁlt 393 1|§dréscdi‘ d fitableisiztallbwhipithe ¥EIR to pass

vari ous neth n yet another aspect, the
whollgroe pextinlly thﬁeevthrocugh,l \shmtﬁméhﬂ wgmbang SCRASHET @pergnd lower

chamg%m fo?xgétgegangﬁ-l T?llf}gjé & ie@ﬂ M & eclla‘%(?esocf1 g‘é‘%ﬁnogﬁm gr&ﬁtﬁ%ﬂlthm

the loWer bﬁh‘ﬁ%& V®ick @k theQlcti¢€ bilrfacs ldﬁfh%(‘e‘le%&o@é fdeed g the chamber.
mgrating or invasive, said upper charmber conprising
00161 Sherbootoma)ible emliene pEthe ereser&r?ﬁpﬁt@wﬁ@*s GRR comprise any

suif g% tatglﬁa:l ﬂ\gcfn ﬁg*t&'g%?cﬁ %oP hglng% 141 fch dr:]egélpsr é§ ngmﬁrtz glass,

lea@plakN MBIy Si€E kRasd) osilieont Kiticorpdipxitlaiod sﬁﬂ:ﬂh;sahr@n—on—msulator
connected to sald upper and | gwer ch

(S ol sanghis R e eRRSES Nower I lRBed cRltiEs o pofimide
t h . .
(o £ it BE im0 o bl G DBAL polyRURSIE Solf b Snal Blyvinyl

chlof8¢) |pb15y§bt6r @oly@hﬁ@ﬂ'@e tﬂ%phthagetlddhE@) lpetyg;@yldl‘hﬁnd urea resin.
el ectrodes in the upper an amber s
Polysees &U@hﬁﬁﬁpkye%rbﬁ?%?:é’@h@ﬁt%?mf ﬁ&@ﬁ{s\ﬁn%ﬁ?ﬁ@ @i‘? {@’r) are
es ggﬁg %Hreféﬁ]e ef‘heaiﬂe&fhg[{au@%&hbﬂﬁe 119 bR RAR6HY thickness from as thin

I nvention he apparatus of the invéention wll

as biudlk D dicns Ltp jpe llarg;dqaﬂ'diwnt 5@ miceensi Diefigally) 4 biocopaible
I ower cha

b
g il AL e Bonery SR PO s AP0 icrons
thi V\%Gﬁn& 'ﬁ{dré Ite% Wg%emf\éeﬁlabautcgalﬂeubbumd Midrbvrtiickr ough

erein rane separates the upper and | owe
¢0(HﬁD]EABy mﬁam@;ﬁéleampmctmwbgyrataﬁhqt sasbe exposed fo cells during

theelllsgc%;%g%%e g{' abp? para %js c?tnchct: Bfeeser:n% Errpvregﬁgn Yglptrgfe&bly biocompatible.

Preferably, at least one surface of the nonconducting substrate is suitable for cell

o
=

attachment or growth. Substrate materials that are not biocompatible or do not allow cell
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the | ower chanber, such that the active surface of the

el ectrode faces into the chanber. [00101] The
whe@eonpet i bl e menbrane of the present appar at PGEESIA5022537

conprise any suitable material. Non-limting exanples

of the material include glass (e.g., quartz gl ass,

r Q.er&wihl ating with

attacfihe L B Rl BE BRE LR 181 At e ey
ano‘dialpmhtenal spiteatd medymanat mmmqlmlgr cogting ‘Bhess Biersurface of a

| |
bm@%%qanéa sgerais sy Sigrne SamS ahlhdd, b o
plas tﬁX*Q Elhl ab?«mfo 'E:éﬂj thadﬂﬁ{eﬂﬁﬁfdegrowﬂp by, eltbitlafety or in addition, can

ere , aégr opyl ene and urea, resin.
coniﬁﬂlsgsnaeascmtmg ¢}I1at aﬁows; b«;lbu)r eratie thegotipesseldhe higgnembrane.

BRBE, S Satomorblaat pire SatwaRly GBBHY ding hat can

proﬁlbfecth@ @t@a%hﬁfcﬁ%%etdﬂrﬁbre aelisaltheltoakingican 683 polynaassuch as a
'arge as about 500 m crons. Preferably, a

plasﬂm ddonpaendiTanonvditmalsenet orng OF Mose é?ﬂ‘taﬂ@eﬁo?fé%r% more
o LEHL S BB ST IR B s Ry Ceposine,

pepBded brrSBs! oY ekkracel A Hbix Aopenentsaoedatvatiies or analogues
nonconducti ng substrate that can be, exposed to cells
therdod); mgludtngebuts@t bmlkedde\ﬂeka@noﬁ TP, NGy Cctlﬁ’gen a
esent ve e I
gly&sg@g}og %}{’éﬂ? 98! c%{’] gtch% a&égﬁﬁé Eg?%%%ig%fnbuﬁ c Ptlon?auy
covéﬂllh%tehﬁie%ukﬁcéblf 4 ablseatt diat isedxiposeattd ac baret camtactrddwt ¢ells during
Substrate materjals that a(?r e pot bi oconpati ble or do

the e ofa deyires E1oluding {he eash - PCT/ US2003/ 022537
@M@{] h rreﬂtcogﬁ E&Vﬁ%&gﬁ—sgﬁd BR a?ﬂél' éaﬁ%ﬁoxfla‘lfy doRprise
hment rowmt y coatl anot her

addigesrat b(ﬁhporfentsfsua]s as) bpohqx rhmtedrto,kgrowth factorsarA goatingregn be a

sm%?eéir&e%%ﬁ%%{tﬁ%repf ggﬁn%lgﬂlgqsl aggrcglq %ﬁfl,g?t? 8? ?epl %[Fi 9 na{u?aqu
occﬂ}rﬁ% th&racélﬁﬁﬁr Ih§tr1§l{ECM3? &of Bxanssik, |Maitrig§ﬁwlﬁi§§matﬁdx/lembrane

alternatively or in addi tion, can
Mam)n(BID BeSaermesitis ngoluhilizehbassmenigaembrage aerparaEion gxirasged from

e Sy RS bPRLOE. B SR R mati
pro®lidTOkEmbiae c&hfaéféﬂﬂmbmﬁﬁn THkoWEd Bpsetlagen 1, heismn sulfate

coati ng canb pol ymer, such as a lastjc film
prommglmnsman‘@ctm @mfbmé@g‘tre dt gso eprdaias Tﬁﬁpléet%j dibreblast \g@é"’tgffac'for
ne.or .nore
tlss.éle ﬁaﬂsmgeg&gﬁ ag cl>;tl(l)1§r n%cf;(l)?s vggi'dfl oeglfr rJahﬁ‘bﬂyeiﬂ thOEHS
RGPt i des or protei ns or ext racel | ul ar mat r| X

conponents (or derlvatlves or_anal o t her eof )
ma, PSKIi nd) canting Hist siateser eplicass) e D BrgRRE Pfﬂh attachment.

FP% k}’oaé Fl%%hlltgfg g{}epﬁ"gt&l MERIATR gﬁb)’ﬁ’x%@me%spects of the ¥resent

ycan, uch coatings can preferably b
imﬁéﬁﬁb@ Pabille a bavier forfvell e gnatlen/mylaélan T heef abahtg @!ﬁ g@lisatt) @enetrate an

E&hgglthgléazng Fzglscgg\?,,t thé ?151; ]ﬁ%ﬂqjﬁ@ ]g/f) Tﬁgﬁg ?,{383 qlﬁ\zaggo% assays
us%OOlc{%% cFAr 8@@&&&990?&5@ Pégel‘f’c iSeMogol id or gel, and can

I'tional conponents such as,
[061@i6] NOThd bmcbmﬂatﬂﬂ:e mgmbyank of detpesent gppersduses gan:ggmm@e &ne or

more holes (preferably multiple holes) of any suitable sizes that allow cells whose migratory

or invasive behavior is to be investigated to go through. The biocompatible membrane can

comprise multiple holes of a same size. Alternatively, the biocompatible membrane can
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sinmpl e or conplex m xture of bionol ecul es and can
sinmulate or replicate a naturally occurring

wezionaoahi ul ar matrix (ECM ) For exanpl e, MatrP@EUIND3/022537
Basenent Menbrane Matrix (BD Bi oSciences) is a

sol ubi |l i zed basenment nenbrane preparation extracted

comp%&?rghr%i})ib% BFEthr ok NP rSRRIUT,(tREKS) oMb $:01cscdholdimits the

rich in extracellular natrix proteins., Its
numberegfaelle thap caxesimultsndoasty pass, thifoueh awete toyewen thahree apd more

heparan syl fate rot eogl ycans, entactj [
et 3 S8 S s RERARRs s 4P g P50 e
size t% SRUSr L ARRLRA0SHAC I MR or @fidilelihlrellg) itk denfabotiol micron

ich occur naturally in the EHS tunor. [00Q105]
and alowa 8D nyjctonain diameteatmaere preferaplyi keavean abquiCergps and about 10

. Bronﬁ?te cell attachment. A coating that sinulates or
micropg i} IRMEE an ECM can al so, in sonme aspects of the

[00ROAS €M otheP YRt mipdauérteofthb drdsertrinfamtiongstht one or more pores

m gration/invasion. The ability of cells.t enetrate
of 2 biasonpaRh inesTiTaRe histe HGuRHerRbal ee TR hE BeFotes of cols used

. Vatrigel TM ) . in.i ' i
e SNt
througihePos OFRrakiibt, tRrine anmood pdrhecpr lesless thamgipait dmuistess, or
can conprise one or nore hol es (@referagl A rm{R;]' | e
preferpblydless then aeyit  aicE) dn S9R ESPRRtOT 4 FB T afipiet, € gre or more
., ar i - ; : : Ny atin
electrtog%gfgﬁ]?%a)rf%dug ‘fheﬁgﬁ%}ﬁ% OENRVIsE td Riedsirdifie chMRSih dBp&KInce

I'oconpati bl e nenbrane can
whenGOapériof eeliigrovnl an thenembodneas diamptesi yeinvagiveesehlas iy ethgr aspects

e B GeRTPeL e et a5 Y0, 004L010M iy oo
then%h—{bfrzﬁ{e%%béﬁcﬁﬁtoréaf eferably, the size of the hole or
ol e s t he

s limt nunber of cells that can
[00408)| tEmhelstpdppais istdtectinghy somsictedito an émpedanpagnalyree d he
) and nor referably to,one cell., Ear , . th
oS o b e e AT Ry B P e B o
rangé ?f]}{ Shouf P HATRAEBbLAV0MAHE 61, beepédn@ Haknd sbout 5 MHz.
endo

eli1al cells, between about 1 micron _and about d
[0009hi Mostspreferailmbleest onaslestrpieingagh phicthrde faEs & to bin

2 . - b t 1 . . . . 0
cells PPy 2gn aPpa oL RB Al B O pploAE Rl Rloradcl 4 Electrodes of
the p'fééﬁlgrhbbﬁﬁtuséJ@r aRiterng ey emfedtish canfhave yosuitaplatsitihes areas.

me

rane have a diameter that does not permit the d "
For epampbg@e@ﬂec@r@ﬂe%bqy\gg@ O aﬁquagégluplp 1PE P lsjpeasure to monitor

cell %ﬁﬁ%&%%@p@ eosr{ csa%&}{eg&? sub%{anﬁﬁl?%ﬁié%cawff&fenﬁsurface area. In still

e | rface the pore. For
anotlf aRBhEle, édeh 00U déctiiescapdiaes a sarfadserdaswidficientfomastaighment of
5 mcrons, or preferably Iess than about 1 mcron. In
leastd@resllaspect s of these enbodi nents, the one or nore

tr A et FRRRIGH) 8w 8 mbdee sls@EbdeOare
[O&nggiur%dﬁﬁg&%ﬁgn}g%iﬁhl edance when a layer of cells
fabrig4ted\on ofie tille ofre bucampatitde thestbugutee Prefprabhyvaideagbtvwaeef the two or

morefldEiee hEve SOELIAIRHRS ST BG! BbPedro FRERT i pagioe
subsf@libify B2 sahB 8rABIOPRASHIR Bark 6 THRRaf@eRAirode structure unit.

[00111] The electrodes or electrode elements within an electrode structure in the
present apparatuses can have any suitable shape, e.g., 2 rectangular, circular, a circle on a
rectangular line (“circle-on-line”), a square on a rectangular line or a sinusoidal line. They

can also take the form of curved lines such as, but not limited to spirals or arcs. Some
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[00108] Each electrode pair is electrically connected
to an i npedance anal yzer. The i npedance can be
wa@p@kyprao or neasured in any suitabl e frequencRCT/HS2903/022537
e.g., a frequency range between about 1 Hz and about
100 MHz, or between 10 Hz and about 5 MHz. [00109]
A r}.ﬁfﬁﬁ fr@&Brel vhits Bsilthe device of the
exam%fgié{@% e Bgitg}%{crga%s apt egs %@%%ﬁgegcel I selﬂv\llzi ch have
preseitdseationhrd shpwarin Pgutdsdl dnd 1tShr ough t he porous

nb . Th I f h
(0OTHA] rrdmparas Pregeresh Adgment O e GFa BV ey el e Siuctures
can b& Hﬁér@rfg?\%éﬁﬁﬁet%ﬁmﬁé’ Eu&ﬁﬁ@{[@ﬁsﬁm @hesHhOelestdiRtswR e

nong I C e I npedance is measured to nonitor cell
(CCES)gsathi asrthaze dapliceediin Figienas h3dand 4B+ dier examplesamgleciiode

structgli‘ggqgrgg%ﬁgg é{’cgglie mg{ﬁageiéc&rlgﬁesz%oiplglg%reg @g %)ﬁ% rgr %?ge;@]%s or one or
more S¥HICI BdrdibRhtedleledgbdRdifuchires (IDBSE) chil be driter njddieddr

I'n preferred aspects of the present invention, two or,
changedse tltt St pavaltsd line electredsrqlerensehais lanige peripstep pubgeometries,

bi t.i bl P . :
mean{igfigh & Yigr et SPELLPSbeurRuTeSe Bilacincef Pbdd dhak MEubicn
may i&eBde pitallcERfds, bWReE 1687, fardeamdiay tungcornelsstal afedirnches,

the sane area are preferably part of .the sane . .
outcredpings; bulges and tha like, Lgpf\ﬂr;g_ thf nag f}ectm(éa rath a?q.rggégma}eter than if
its edgf%?gc(%)tn%c?rgneed%{» IR i B @B p et tRIde %&Fﬂ%@. I{:’xﬁmples of

Sent apparatuses can have any suitabl e shape,

such Bugb perindt@Gihangudsare a diantukam:-lige déatioide somctares, circle-on-line
rectangul ar. line ("circle-on-ljne’), a are on .
electrode stagurashawhis lgg“%?s J5kn <artallaicd %lﬁ‘et.md??%ﬁvcml‘:eé s Shaygp in
i r ! | fibge8inetric¥iaksbt
Feud S MEY 1 P S S, S PR it
1imiteG5/thiS2ARBIcAA RSN, aad aapbe scgufar of #utgubddwth il the pewerticity of the

sy e AR RS o, 5 e

themdetvesl 00112] I'n some preferred enbodi nents of the
present invention, electrode structures can be )
[00118Fr dElgetrates or electradecdiements aretuefensblyl distgbyted pver the entire

concentrj | ectr.ode structures . :
surtefi, SO0 ehiie AEtoF A AEL R A A by TR Sttty HE o is o will be
expo?x%decstcbﬂtqgt bySdellNC it voR@TRE bilr€act YeRi thais@r will be exposed to
el ectrodes "‘configured as one or nore | DESs or one or

contavbby c@liBiSsovered withelsctredas doictlecitads glemants) gpd, gas between

I.DESS) . can.be furt L . t
ctecHES R AR Fch e PR o RSSOt s
area B8 dJ¥BH LAt 18AHR TSN MOV, BE%, SOWEROY D%, 586 vt ewead 0DYe0wli the

above, superinposed on the |inear electrode el enents,

entir¢ swrfash regiey of thsdlevicn avisaPia PP SUiRRESEIN i GXRPSCH fhgy, Will be
expofs%{ t? rc%géy{]&fer tﬁeg{??adpé g?rég{)lgeli ﬁéﬁi}; I}rw@’?f&r@ﬂ ABGRESof the present

pings, n giving the |inear
inveldl o2 birleske SPRt0YR 30%L 5%, Per) 3096£90%.HEYs bf event1HO0kdefshe surface

~confornmed to the directi onaﬂli téf of th[ﬁ Eat h. of thg th
regica) thetip exposed el be expesss tadhggells tnder the assay 5 &oV gt &t

electidded ﬁ&r%ﬁeec%roﬁé gleﬁleﬁ{sflmga'é)g Betwdef cRLBEdd QOIS FIdE ln®its).
circle-on-1rne electrode structures shown in Figures,
Prefdily, thadistfihaiondf eleerodes de elstirodst elerentagvesitesmensor area 1s
uniform or approximately uniform.
[00114] In embodiments in which a device comprises at least two electrode structures,

the two or more electrode elements are preferably arranged in the electrode structures.
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Fi gure 15B and 15D. El ectrode structures with |arge
perineter subgeonetries are not |imted to those
walepitotEm herei n, and can be regul ar or irreguP@r/PS»os/2537
in the periodicity of the subgeonetries and in the
shapes of t he subgeonetries (curves, angles, circles,

Wh Qr"%% e@ge‘-‘élé&ﬁﬁ§ wadth or electrode
efeeﬁ“ea fe Hgni@?é?% pr%#i %ﬂ stributed over the
eleme@R¥idihe reﬁw tB aAkavegped Ndindensibue ofj‘émledmtrp&@ylemﬁ@t that extends in the

plane f3he ppbaiEdin e SBARBOBPS LRI sk o A< PAe Yeieny

from vZﬁérré ﬂ%ﬁrd'e?@&)r%rklé g %ﬁ’p £ widrb bt B@)@d&é‘ﬂfémtﬁ)@e gHPOH ASbpposite

S 1s covere th electrodes (or electrode
side. @Vl@aremm slectandb mpsnbreifmrmguéﬂf G@Qmé'@bs ‘elegirodq gapt ﬂ%@@ to the

averageeh\%grg?r;s?ﬂp of{tﬂ%pr e{]ilg{)éx e C e e Ssuf %t??[@ gl'isltth%g}rectlon

norma% %/ {?he i‘)lpa dr a?(‘?so/Bf tHO9 ap g%Q)%l w%@%ht l%_r%l@ lon€ EEBtrddH)é’l’eménttth evhere it
ace re of the device, wherein such,

bordels uﬂné ether erlexgro«ia elezmeak poiedppasite Fidai FPr $he Presqidawtion, the

th
oo S s U RS s, g
clectrote¥reX@ficatélon 886coRPaiblObianbrarey then ﬂﬁﬁ%mbrahb & the substrate.

surface region that 1s exposed or will be expose
[00135 cel |Eprumanitoring ghechebayior of hivametsrapi e %qpﬂte{wg%@ectrode

t t
1208 5514 BB GRS} S LSS0 PURELEipad
attach@n 18t SMsOLE 6T Qllsaiet beldeice hmmtmommeed tsieg hemewice. This

area is uniformor approximat el un
reducesrtho gpssintity that cmaehbe%? 2 ¢l 9&’6‘1)%31“1 © 8?0“# é{} 43)%6 cell
conta n%c,:?é ?] ogtea Ecgrﬁg glﬁ?trc}cf%%r YRt Qb HBMEnte IFRGhEQER width of the

arranged 1 n the el ectrode
gap bétiwedt Eletesde ezanwﬂs 20 G WR PRETEYSI906/0bsta@ Rl ly\ess tean the

L S e APV
whos% ﬁ I{aOFOr gd?&hlt ﬁ&?ﬁ‘s‘i\’ﬁme Qbvit&18o eédRiet fHRGRsEbRINESL a cell

S|n pl-ane of the substrate (in, the
contalifgei®iol Imnghhonng kletmodendemaiteis medsyredfand rereyegivingdise to a

some%&%%mpqg&%@p&l%%rgg 1@6@%{%6%3%18 &gﬁ %Sﬁp?el?stonqg 4 cgﬂ Qoﬁtgctmg only

one eﬁe'cg'gde é@@ﬁ%ﬁt afhi§ hseﬁaﬁ'ﬁ&ﬂﬁ'lygﬁ{boktﬁnﬂ K the f:leét%‘deaﬂ@tﬂ ﬂrmuch larger
, "electrode gap™ refers to the  averaged

(e.g. ténrmms) thian die su:teeofgﬁﬁs whase eheipgis tp Re mewitpredmsmgrthe deyice. On

ubstr at
the offer hand, 1 g]b LFci,tlbo:%e és 11% cc?ncpragﬁ): %t%éﬁej&@#@é@ (e.8*Wibith of an
averagle 8B Rhet  spRadLanid attabltesde de substrad)hhe veilithadfitheigap between
[ement on 1ts opposite side. For the

electiodw eletricots, can e somawBatsaaier bapihe sizs qfﬁ@lsrm%lf“ gihepgep
dlomf:%gngatl hetee? %s% ’SI; 8%? Pifre %@bd'egﬁ;%eéie o8k eﬁ:ﬁﬁ'ﬁﬁl cﬁ" thé dlectrode

are dbrl on a |oconpat|
struchBENHRRS frdni Ebukt 062 tirResndrBetithes mbmléuhbrﬂan atzemg% @ﬂtumd nan

For nonitoring the behaw(% gf ce ﬁlg 1e %
assayysingibe dewine. cPegrttiyebe Bidiehe &2 %‘@Ve plectiodes ohE GS‘FNF
& REIBASuch
elemgtﬁ 6F %Ei% gf tﬁg gerg in \)S’ﬁngglgg offﬁﬂé'ﬂgﬁlt %(gﬁbgghaw i ch as
mambrlibk® cdls;, mbhl aB om&m uallsnendotielidieri episheliph icells, is between about 3

microns and 80 microns, more preferably between about 5 microns and 50 microns, and

most preferably between about 8 microns and 30 microns.
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reduces the possibility that contact between a cel
and a substrate occurs without the cell contacting at
wo e@g1Eoporti on of an el ectrode or el ectrode BCEIS23/022537
Further, the width of the gap between el ectrode
elenents (or the gap size) preferably is not

[003¥&)St aDhd Widtl of @5 6lebthatit didigent & prefeedbly adl t6o (arrew sii\rcel tlte
of ‘an average cell when it spreads and attaches tq

res1stm5qfrdm adgetrogg eb@mﬂh iperepse as shepwidiipaf the clsgtrods ﬁ@ment
e, ¥ e S bR RSPBEB obele bl s e
potengﬁﬁdﬁéteﬂc@lbﬁiwbhﬂlhﬂelyerm pumtsgalds::j@be bka:c‘aode%iemmhtatesultmg in
|sproport|onate ar npedance
differguepympedaise sgnalsdan gellg Jdsd PR AR 8 1 Bﬁ’&r@tée&l%@ the
T
s SO EysiS B A TP A0l o on
substtafesigfaces give sialilas 1mp@hﬁcdmgtmls JFhuissforr an bectrodd d:lemad that is part
evi ce. the other hand,, if the e| ect

h
of an thqdpgl%ageaeg Hﬁaﬁr%llr@ QRICPREES elgcinodg Fiructines W greéhe c?evwe 18
to be Wbééit@ Hfon@@rmé‘é’ aﬁ%ﬁ%@hé SER him SR SRS safh Ak taRBESLS,

e substrat e wdth of the gap between
endothbmltor epithedibbordls} the elntrode wnltteistpagie greatet tham abdvé 3 microns,

i ze f cells 0 | SI o may
and ng gretiyn P iy s ot 0 ictp s oGP 1R 1Rt e
consﬂéraﬁ&?thﬁi 2GheRERodSEIEMEAUS Qéryrvﬁﬂélfasceﬂlrtﬁéﬂ 1@?@33&0&d2wer a central
times and 3 tinmes the wwdth of an average cell used in

part ofisuctas very widé nlgcwrcwbe widhregrdt inpy sefaélrlame9an0p 5Esnal whw gsfmpgred

wits B30 R € bSO PSP O R BYP 48] g e
can b8 'd}gﬁlﬂ/dahﬂf hiz@by. SPrefeuddily,as elemanaﬂememc@w&sh 1§iw\beeih€about 0.5

cancer ce endot helial or epithelial cells, is
timesjpad\obewt ]é)d@mes the sige £¢-Bnthearidibadf anjayeisae cel}ﬁyh@n it spreads and

e T TR YO RO o FEIBPUR B 35065020

electidti6 ERARnt A 'E‘@aﬁ%éﬁ 0DB3 02 CPER, Wh2faB¢ 02AESiE to pO stidhbr
The width of an electrode element is preferably né) .
monitosingreakaryie patisesuchas pagimaglion celly Fughes @persicelitgndothelial or

ep1th§llkaq ggﬁk{; an é‘iekﬂrod&ﬁf e?@c?%d@élefﬂeﬁt 1‘9"1%& haafabbiSs ) rﬁﬁhfn@ qx?ide and is
el'emen eCreases I'ncreased resistance along t
prefefibéglesoitian ebaR50 saivdohs wuxm.lﬁeaand premredleﬁﬁbdlmaits of the present

A CTER T N T TN ERES L M-

[Od&‘f?f dafGRe Sic8iifla gpﬁc%ﬁo& %Jc i %ref@ﬁ‘&?ﬂapﬂﬂe _netradd Qéi;bett@een

erent Tegion €l ectrode el ements.
electmdefebmeatt shbalid heeleslgnechwuh despmtamﬂle@ﬂecareﬂemdtb éNil}lle other

o b R P S BB o gt et

elemérit Vi@ to g8p “adkhu%@cw%gaﬁ@% ¢d Lot adefesdblyiahdlélectRde clement
concentric electrode structure, where the device is

widtlt is otweendds st 1 Trimies theigap vedikaMpo prefesalily.dhe slgetrodelement
, | i | h el
i TRRAR S8 oo B DB e A ity 950

micré{sSR HeS widb@hoaR @@tach diRctio8EIhe gaWidiveuld tef @bﬁbl(ymlcrons at
greater than about 10 microns. The width is

the widlest peiait ofthe Bap befwaen aliacent Pactradas. For thgrpraseat @HR%J&@IOH the
elec 0é1§ ) g{h 'aﬁ aXrg yffo\% ijéi tifdn $Ghicrdnl gtgem!o e 'lb 'nﬁﬁe?iré?e[rﬁﬁly?the

suc a very rode W
electFode Willthiis uﬁthe Ml de blem&&daﬂmcﬁingmd 11 mtme Mormpefeeably, the electrode

width is in the range between 20 micron and 500 micron.
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with that of a cell that is positioned over the edge

of an el ectrode, where the field strength can be
wa@e@aifdleant |y hi gher. Preferably, an el ectrodeCT/US2003/022537

element's width is between about 0.5 tinmes and about

10 tinmes the size (e.g., the wwdth of an average cel
[OOY‘ﬂf] NonSI ﬁf‘ﬁ gexanfles 8F fxﬁﬁaﬁ%ﬁ fBPelEé’rR)d%éJQP‘&IE&I'&% eMdments are

l's use In"an assay that uses devi ce.
mdlurﬁmfmmyo) fobronginm, gblds coppen nedkeh\ptatmumasﬂves, shealtandf

i 55l Y e PSR- e et

for mﬁ&ﬁgq clRetr6RR E8pends bh SevePdl dRtO@! WhEthe the BRdtdriaelsl oahductlve enough,
s, an el ectrode or electrode elenent is less th

how chffmul‘t 158 forriatiemieg suich anatesid opg subt’f@ma Wéill@thfr t@ésatﬁln?dﬁan be
PR SRt U R B S et
[0 bﬂdwe Hlechdau br RkroélEEtRItes ofthe phceht @th ea@ 86 ofMinteelectrically
117] In the present appllcatlon it is preferred
conduchm nabesiab| Bertexaupleg apldd Auhadainug) Gk Gapde uspd nhes substrates
s s G REO M ESSRESh e SRR s o
Ti canbélided! On gater toaedins thie blet:tzxedesmatm‘emf #il alecttddes, reddcirodesfwith

el ectrode elenent width to ga idth |s bet en about
condufiye Hiel TH0s e PPETNF (e ® CEIEn SHERRFORS B PERUATInGEYTPLe
g LSS o M . S
electraﬂwllaﬁeﬂs IvﬂHSbetobaczg}ymom-tﬂatﬂsparémr Adieamepively, Df)tlctaﬂig—transparent
electrode wdth_ is m crons at_.th 0| nt.. of
electradgstrap|b s&e%& davigs 105 TSR ST g ooy
transﬂ'ﬁ'ré:rft gﬂf%tr@(tles 1ﬁaﬁdé"anﬁ‘§ﬁ tlﬁQix‘IHe @F0}. hwitiappRPkwRARickness of ITO

acent electrodes. For th present appllcatlon t he
layer, ethetramsmﬁ&amedxfﬁlgh’atﬂﬂm@tgm ITOdﬁm eleeiradngan be as bighras 98%. In

otheriegpeE Rtp A O ABERERS TGl Sl TR ChEg Cih Belufed a

ticRlyekflspRENs e1dMDd8d. EChJIQISS apptdpiiatd Mateialk e haldGE electrodes
P lcﬁe’ﬁt{[/veesg 50 mcron and 500 r%p%:r on. 30 WD 2004/ 010102

deperEbhs82aalRe225 Fhethpohe m]temé is- bipreomipableras ref cylo-toxic, the
mateli?a a5 ﬁqﬂ%lﬂl?“\];eg%&oﬁlgﬁ%t Lo %s cuﬁt 11(;) nﬁga[tég%gﬂ%%? Ltgcggg%tgnﬁro% a membrane

substite kel , platinum sil ver steel, and al um num
Electrodes can conprise nore than one nateria

[003R20h pdnopeiasnest @ﬁh@ pregeny InvegHonshe glgctendes of gogé)gesent cievmes or
appar@ﬁxﬁ%%? ifa SHlicafed on blgﬁo‘fﬁvﬁﬁ le o uPﬁﬁé f&%r{]ﬁ)‘iﬁ% ceh nh atlon or

Ve ERo g titis at ter
invas$oC v dridue mhiado fabficaticiinsthods ean hdmp‘leyedtﬂoemakmgrsualh elc@tmdes on

» biogape/ioig MEFUTIPP 0 DERCX DS ocHHe ADB DTG LEIHEY T By In one
exemg}agg?ﬁrgg l{%%%to‘?%héé? IR ESESs, b Ea 6%16@(5}11%11‘95 m@ﬂJ}Srane is

con naterla For exanple, gold
first dopogitedok il b rttumla(ylet metazh ﬁlrh éfon sminplWeegolé dibstofabewt 0.2 watpver 2
Iastl nbranes are used adhesi.on
secdipg Fa 1ot Ot A1 Bk Tethads Sohps vrporaopoh ehlo TSR
Phot&reggtr(lfé xﬁﬁg gh(;t&%sfé‘t $Ld30i fForh SA éﬁé}? ReirebodtéPon to the gold film

ctrodes with con ive thin filnms are
to cedmslthlahﬂms (@g Hapma) et then nxnds¢<tm1Té¥sllgh7\§1I@lghoﬁfmﬁ$lmoﬂ1FWg an

d b
imagg T Ry aFd SIS 0y To80uP R Er o Jlo Bt it 4 b bnding
developer for the photoresist (e.g., MF351 developer from Shipley), and the gold and

chrome layers are etched subsequently with KI/I; and K3Fe(CN)s/NaOH, respectively.
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el ectrode layers wll be optically non-transparent.
Alternatively, optically-transparent el ectrodes can
wheooysedol n a device of the present invention. PERHRPLEE22537
of optically transparent el ectrodes include
indiumtin-oxide (ITO. Wth appropriate thickness of

: i ' -Blan! iveiifthg ¢ gbs @nultri@igh
MaSk% Ilf@ﬂqré@%c%? rcgér’g%é%%ﬂgggﬂééhﬁ%ﬁl gééan%m% %n ot her cases, s
resohsitffplatbe rbhy tot the fifledbidl oetuveofthinmsembrage, spesialiqpramayneed to be
gold film can_be used as. opticall S
ka3t b R e S SRS RE GRS ap

if) B BlRt1AY. CTiPparfi@dirpéfe shdidd betakeh® ensure
memmté?{lagﬁﬁﬁogﬁo%gﬁn%ati bl e gﬁ% is not cyto-toxic, the

that tixamembedneiis stoxsetd dtat eed madeipreood santaptwitle thermask duging ghe
patternin

such .erial, on_a, ne :
oo obgoq e Snd aBlEH o Re MR B s oo
size 6} 841 S TorPividieh, RhE HRNE hele ok BElss Qe preRepEPiidrus ekctdods
fabricated on a bioconpatible nenbrane for nonitorin

fabricagioh, eargshauidbe teken netyagifes thoga hplss during thefalicegan PBRess. Tn
net hods _can be e 0 ' ch.: . on
T
micrdsshaling HRefodp Bicht8dset tiking) Thoseevhexreskilled yn theprtaxch
of photolitho%raph nmet hods, . ane, sid

109! of a ...
photajitioegsentatfrbriestion anil afher ngcrofqbng%uoa@agé@lfr@alwgdn?thpﬁlﬁ can
readiJérfrjl %%senae&dqlsefabéféhﬁét%gn%m&ﬁ prg?éa%ég £y faﬂﬁ@itin%%@fﬁelectrodes

mover a ayer 10 nm usi ng net hods
and fobi€datiag pw@por deposition and/or sputtering.
Phot oresi st (for exggpl e, photoresist. 51 3% ar am 1
Shi pl e4yother weihad ehOEEAIRE G PAFRINGINGTGCHdyS]S o use laser
ab]lﬁﬁ&:ll.aFé} 1544- GKRESS o sl of aMleniidhd i FRsteXPEERE with dMin layer
I'ght” through a rmask containing an inmage of required
meedl i (Getexamphey 2 gdlidilexplbmbeut 0.& sinsover g sdedieg Op yen i gm)

usi%gga%ﬁrlqeﬂéggp %ﬁg\gappg %lﬂ%lﬁ‘%lgg {za,géf)?)g séﬁtgnﬁg gi’g%fﬁiﬁ %Eﬁ?ﬁ Bl is then

j rlakineondi
S S s e oo
thrBCEH LERS0B02R5EAN iMagk of reruirgst eleitndd ageymAt &egpglyns where the
B ol e i BE M P LU WA e il e

mdthli M8 AbRARR I 8RGhemeaRiMeMBYnResmbabhme (&.8kepolinher
order to reproduci bly and accurately make

mamlmodirersts Gflerostiy withhe bseriam dhe FERbAERd! i§Popble to choose

hot.ol i.t hogr aplk . tJ I
ooBSRtadiret SR S ERERy iloRBty pAIK Pl By TS can ablat
thd indtal ARA an@USs 10efGR0 6r MbMinaCsffast b tHehaemmake.dAt thegegities where

phot o- naski ng, process. In addition, as the nbr
thevapgsleds “blogkingo the lngsrethe metad dimp Femaip on ghememprang oMesks are

| QLAL LR ANAR L iR) R cAtiqha) FSulfh Bigh resoluti
o S 0 LB Ry i
plires. t ke thetflexiblal fistate dfthinendémbrese, dpedial gatetreay need to be taken

in QRS "eepEREIRE ks iy e FUHOAIBTg SimaBrS B pgergprane
us%ﬁ&%ﬁl@ﬁ&{l ﬁl@tﬂi‘iﬁ&.hﬁﬁlﬁrﬁé’lﬁﬁ}, &ite kigsi@d bétakbh tdehsurtiRgehe

are skilled in the art of photolithography
polyrher membrane ratretrhbeé flatndwing thamesicbased taseinablation process. Those

wﬁg grre%ERl%H ‘in 18 a%?atti%%%%d G fitm patterning with laser ablation can readily
choose appropriate procedure and laser wave length, intensity, masks for producing

electrodes on the polymer membranes.
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readi |y choose and use appropriate materials and
procedures for fabricating mcroel ectrodes and
WO amiocad: ng pores. Anot her method of fabri catPeyus2003/022537
patterning mcro electrodes is to use |aser ablation.
For | aser ablation, one side of a nmenbrane is first
[00195]05' t e@ftwe %brﬁaﬁcljﬂ ﬁ}ol:@s\é b1 fabRsAing thd W816§ Aid ecavRbSor

ld fil about m over a seedi ng Cr | ayer of

electrbde stm)ctun@s pn @mnmmt@wnembranmm@ep@ glay ibg Rosskle é¢ ensure

e FBE S SR BT o bah APy BBEE b
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I'mage of requiréed electrode array. At the regions

not awbmuEsIehtor hmktatien of the prssent dtention it 5@ nreferpd empediment of a

Gt RS TSR, TR, AR e
1nveﬂ’t§>ﬂbl'h@ eocofpdtibid nkahbtard attaokedioahedottora of 8 tai dh‘aﬁlbemolr yin upper
th the laser fromthe nmetal film si bl e

chambhﬁ dee eleaweoq@mcaw qusthie suERsR dreinS b?méh?féﬁ%‘t(ﬂr ower
LnienRsit I

B s

subsddien mppmmses Gompiiging Epparmmd Mosvee Chnimbersﬁélbelww) In operatlon

the oy ThABAPIVARIELE B0 57 BURORURS dBMIEF BPPRPDF e Tionitored
d

e e —

changhasa resuld bﬁmﬂ migretitnetb thabatomaghanded rand dilechrakiio therplectrode

s o SRS B 5 Rt By pesggprmasion

locat@@ bﬁ‘&ﬂe%él : Rt bed ménTerﬁ"er Whieh kéfrespend & BBRlcHolearkais that when

to ensur hat the polynmer nenbrane is stretched fl at
cells dmgramgtmmhme uhe;e@memm coabicawitbring ptiedste therplgetgode surface

as th&%’figtﬁ]gipﬁgéslﬂgl galsi ng[lb(l at | o an 5% meneléétﬂﬁ% g%rfaces to

migrB tﬂﬂfdgﬁtp%r&r@cﬁ%ﬁaﬁng Peirek @ﬁﬁa& IMMSnd @ﬂ'tgédmodes ensures that all
Intensity, masks for producing electrodes on the

the cpldd bha@lavnmara&ﬁribtbmlmh PAEs 20 the/mpamimgne FogontItRiogpeasyted
0012%; If the fabrication process for fabricating the
Impedance ChAREESe| ect r odes or el ectrode structures on the
[06122§ ONPR¢ blekteod¥rRdidn &ils; Shedeledtiodss, thd elemyodeetrpcmmS fahé tieo
ensure the gores for cell mgration/invasj

electrasigatraetuzs UG Hipressht SUFEATRICH g0t kpVERBY &Y gurations,
f
surfac:éI rarécsg 81? Srucl)‘%gé gﬁe }%c%?gns Eptoﬁ Pegtlc%/é{gle&eedﬁﬁe LiRdfstie

strudh@edidaneR e bt Rastawb ielectrade e:lemelitst hestmae&ﬁm ekamyglns the mlectrode or
it is a preferred enbodhﬁsgl of. a ﬁgf ce. for some ;

electzadsstngtusy swizge prea sahpe Jetliveifh 2 5‘HB Promotiongraiety.

Any@ﬁlﬁqg)% céf-adiio @?&ﬁmo hB¥EEY 5@k asthR1RisQETH M d B lecular

rane attac to t e botfom of a top chamber (or
(SAND layppeg., dkaretiaohteh an goldenidrabitdsiloxpnestam $62 onSiGre), a protein

facefaln a..bot t om.chanber
(e vhirontin P, DURRs BICT PO e mrgiip o SBOTR § or-specfi
cell Qt%%ﬁﬁlbﬁﬁg thlelbBfodedr bRMBE arfiyRaeBEsd é}ea) é\p fdet(ugeqaoly-L-
Conprising Upper and Lower Chanbers”
lysimeperpmiynoer, layer and a charged group, can be used in the present apparatuses
[00123] Preferably, the electrodes, electrode structures, and electrode elements are
configured such that the electrode traces lead from the electrodes at the substrate surface to

an edge or end of the substrate (for example, a biocompatible membrane), where they can be
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the cells in their appropriate nedia are introduced

into the top chanber and are nonitored for their
wore@satilen behavi ors through the bi oconpati bl eperemRI08ME22537

by nmeasuring inpedance change as a result of cel

mgration to the bottom chanber rand attachnment to the

conn@#t@cﬁ{v'itﬁ%%nesﬁ&ﬂ Gh WhpSda8Be MbBasubBRd: 8f6uit diesidthl 3Birage Here the

aving the pores for cell mgration/invasion
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electﬁdde clanuaés @ﬁm‘oatee slecigodersingetard. ng onR e Jppeemey, electrode

e A S D BB R AP ppa
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I npedance changes., [ 001221 The el ectrode el enents, the
cachfsesmoedstins eaierisley s en be FUCRFISS betrenile Siectrode trices.
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Fabr g B R dBl R e i Ty SRR ARGl
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sion pronotion hoi ety
conmctidxqﬁdewheﬂel theyddvmaectrio prlmmﬁtorman mpedanaesinakyacth ﬁasoralectlon pad
sel f -assenb| y- nonqno| ec

is praiPTebICA T h o ge et POTGST G & AEicd e Proaimtsfifla gug rigfs mot a

requ§ér%nt)of tite %n? ifventih. 9The dohBERHR Betwben @RIcBbESY and a connection
agen, mnln proteins that pronotes specific or

pad mropﬁpasdl}f becvia eebhnexting phfivdhat caw be lnsalitedde ep ¢ad of the substrate.

el ectrode rra ace area p

In eyl ary S CPHENent A (G st T AgpiEn iR P Emargh on s
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Preferably, the el ectrodes, el ectrode structures, and

can e@intain saojele eplotions. Snahese embndmgems«aajcomeﬁmmﬂ cgp e situated on a

rode aces | ad fr s at the
ﬂuldgcl%gat“?e&f)]épf? ?Oé{’&péj onaen0 &t rg?lgfd Ceo‘r%]lrt n%?gt he substrate
[OOfZQ] epapEideng én ﬂieQ@@dTﬂiﬁpréﬂeﬁt appatahases pr devikes eai bein any

can be 3 2004/ 010102 PCT/ US2Q03/022537. conne
Sultah/letshzea Injone exaraplethe PrRse deviseheamd\dy e Asire 1@ b eQmmpatile %{ﬂh

auto iragetsﬁ)alﬁmﬁﬁg t'_tf{)] I.F hec%g@s ?{ultﬁcﬂggmgﬁ%r%eﬁtlﬁﬁns are

1ncoﬁ5@[re[t@d$ﬁ1‘txnd sin@ld flgte C Doneciripy) ipBigaraan 6t-De, @u]h) sppaaates cdmprises
preferred aspects of the present |nvenglon trace
16 rigpsuremaRARIS PN PR G5 EhIBIAERE AEY AN BRBSTIMEREr ode

[02#%6‘(‘!t . g‘gme cﬁg’f'& dnRpbLAdfese %&]i%k E}gﬁé%t%is}g ggn fgfxﬁé‘;ﬁ&y su1table surface

enments of an ure. In
areaf nEoﬂ expmpte theer lowagehmenbier canl lewt nddgomt susfaesaraa sufficicat fotl

o RSB 5% b S SUBEE] G 5Dl J0Y 0883 00,

3,008 008 6,080 rl@rm)@r@ 1Ho0-MERccBs & M%rtef(ﬁﬁﬁ% A8 Rfbctr&de(s) covers

cross’ each other, an insulating material |ayer can be
at lem Bt Lthe Hotiemnwserace drea of the laverd shambere dn stilkamnthersxponle, the

bott9ﬁ1 éﬁ%%%}f??{%{ tgs Sv&(fee?‘ cﬁamﬁleg‘\{é fess 18 1b nygt \6(1? lersryl[han 3I rﬁl)ﬁe For less

than 1 mm?, or less than 300 pum?, or less than 100 ym®.
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processes. [00124] The present apparatuses can further
conprise one or nore inpedance anal yzer connected to
wW@n®401010Dr e connection pads. El ectrode can di P€DUE20086022537
indirectly connect to a connection pad, where they
connect to a line froman inpedance anal yzer. A
@?m gth'e%ﬂec% e(tsjn(,sanﬁ{e% gh R Rlidab R fol An@ d8tebOToched indiyesuitable
a‘device o e present invention, but this is not
places of e presome appandtuses e For esemle, ithaelaetiada(s) Thie lower chamber can

be éﬁﬁl@%&b&?@?ﬁ%\l\gﬁtﬂe ?([)iv&?e%tc %ﬁﬁ%{: n}?{&?&:ﬁ%ﬁ %ﬂ}eq%tgin%glgsn Bgegsensor area
canl &%g;ko)i £96ast 9%?80@ 8905096 S0BURSL 569, 60% 17086, SO%6 9008198 %,
enbodi nent of 't he

present invention, the bioconpatible
99%or WH0Bvfeheeitire begom serficsnfithelonsr ohanbese Ipapethesexample, the

B S 8 L Py S e BRUARRas ofi

lovi BRALBEBNYS sifll SRANGEknaplepae ckrtrobes @i beakedlein the chambers.
flurd container or plate conprising one or nor

e fluid
In yeabetherpampl@ thodpetpdpieheanipraiseie clesiade stRTP E@@Hs at Jeast
appar at uses or devi C [ ' | '
ovq G edI G, B S Aphfe, edbbuodbls) ' tEvE h dape ofa
recRRgOABREIeDA Sirdle bA a réstinpikir liae pt at@ubmda(lineg stations.
I n"such cases, nultiple measurenent. units are

[00d 28] roae etbodinaens, tae lagyes chambes of thyyPresenhpparatysgs can comprise

FLQUESS, e 18N fideati j s . nts that
R N
ma§aimd@t@er fnbibirell thidetid6linvésmnl oMbernatinaty er ingiddition, the upper

present apparatuses can have any su@a%bl e. surface.
chambss of thegiressrbrgnaEatuses 2 eRIETISERIARETHe at,of gell migration or
ﬂ“g%550n1surface area sufficient for attachnent of

about 1-10, 10 -100, 100-300, 300-700, 100 - 1000, )

fi029] BQRefeiredotrbadiatais of3hoPesedt 006ntid), 06sian, thGowprises a

1000- 10000 cells.. I n, another .e I t he el ect,rod
devigy ef e PEFSCTIGREItoRAsP AR RE AT oRIes el lﬁ‘ﬁéaa“"e
mea el‘{MEBﬁfan? E?’ﬁtzﬁe%sl(é. 220181 SwNpiBd)eo doRgol Adtshaieh the

surtace area of the |ower chamber is |ess than 10 m?,
impedahessicasvaement wirgyitsop elestrade stingtire upiipof daviqes gkthepagsent

. 300 | t 0 ng, .34 4l :

iSSP o B0 FIos i el AR AU & coppuier having

sofMireSHh drafis Shdi Shbibet @alntidae nleagat@ention neviytosing bahihyeedance
ac

p s of the present apparatuses. For exanple, the, )
bebreen theodlegtsndes ar elaeradswistctures ob e apapratuses offhe present nvention.
bottom surface of .the |o - :
TH PR RA ATRe e b (Buh AR AR ettt BUARPLARA g dorive
apg(%?ri&tg%ma%@&’ers 3080 cellQfmbBO et Wocell BfigratofindependaBisplayed on a
9% or "100% of the entire bottom surface of the |ower
mehiiber. | n anot her exanple, the electrode(s) or

SH6F0] S0 R o Bty St ity o

er. In still another
(1 pdlacmincallyhevitehingtfonemacamg impedrmed essurimgtdireuit (or analyzer) to
chanmbers. |

o SPRIERe 4RVIERA RORESGE PO h eI ing BT,
m&%s %r[eﬁga &&1@@13 Eﬁeﬁyzek oY Rlea@RGh &R lof 8%FeHRhEs bdtReen or among
elec {$) can ha

rode ve a shape of a ) .
electrodes or electrode structures at one or multiple frequencies; (3) processing the

acquired impedance data to derive appropriate biologically relevant parameters (e.g., cell

number index, or cell migration index); (4) displaying the results on a monitor or storing
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rectangle, a circle, a circle on a rectangular |line or
a sinusoidal line. [00128] In one enbodi nent, the
wo emeo1abanber of the present apparatuses can PONpP$1088022537
a nodul ator of cell mgration or invasion, e.g., a
chenvattractant, or other reagents that may stinulate
res@lfs; ( rhhmﬁatﬁﬁht pifeahs Mdviefuagionn ] tihbtgh fat tegalay oirregular
i n"addition e upper chanber of the present
Um@p@aﬂ@buses can conprise a nodul ator of cell mgration
or invasion. [00129] In preferred enbodi nents of the
present invention, a systemthat conprises a device
AppiratiRes QbRpRAshg wpm;ﬁm»adrmmm des interface
el ectronics, including inpedance, surenment circyit
A { Brars F5Be%, the PRSCHORTEUENIS CHEER (0 iSRRG |oT
c Uyt
mof G i Mo TRROR SRRl P08 16 one upper
chaimbee i p:baimngDmeérem@d)mnvmwﬂe or cfllstshspepied ©€ bemg l’nlgl‘atlng or
|nvent|on al so i ncl a co ut er ﬁgVIn sof t wa

vy s Lo Ane daer 5151 & FhaploppmRst R copPrising
muﬂﬁﬁé 9kt B8 Qljltabmaﬂﬁ) 1n%&9&‘ﬁﬁél‘aﬁﬁ§oﬁh@@§h‘e%ﬂ§ t®go through,

rode structures e "appar atuses of the present
saidl megttrareconnddied tamsul@dr amlewan dmndmsaanﬂampmtmg said upper

chaglé%g @”gé caI lcé%rpgal oé)? ga%eo%@grr OC ﬁ‘&) r{%ﬁﬁ%‘&mp&smg at least

twf Qlle!:trcfﬂeg it tRE SIS oPEHd ﬁieﬁiﬂrﬁ%&ﬂaﬁ'ﬁbe@ saidQ6Wwérdhamber,
30] Preferably, the software program has one or

Whnmresani migratifg bt iowasice ¢ells rave rﬁhrougl( 331d bpleg of wid Bgmbyane and

corti ey o S0 SERbol dRRBATIC Al oo fe £t b

imPERASI BetRBRAG PSR The £33 tr6dRR Itlia@ bbﬂ Pudedpe ddniter migration or
nmeasurenent circuit (or analyzer) for neasurenent of

inviasipp @8 saie celét ween or anong el ectrodes or el ectrode

E(f,dgg@g{cﬁlbarﬁ% A0f gq%ll cgg éﬁﬂe? Io?t e rﬁ:%g ﬁlrggfaggfl gp%ag%tluseg of the present

inv3BRR6IOSHouRE IavRiaduerat carba yufﬁelleﬁm;n bitqrhnmaEoEgew{eofmyltiple cells.
cell nunber index, or cel] mgration i ndeé‘?1 2
In enaspaaypleéhe Haidcesiainess ofihepissimt RRATEPSSE hﬁ{f ifagpyrea
INY
suf’fi%? 4 %% %&Q%)IHE g})—e 3 gga%?/}] (8 %%g;g&%ferélﬁz (‘z:l{t fle§sr§ 356 %laltls rlcl)luaélﬁthdefr example,
eachi paiegfith@eleottodes begashair dfiehaetrddd siruchires w@hlpalrmem‘ewparatus
Cbnpr|5|qﬂ Upper and Lower Chapbers 0131 ne.
thah sprecaincotedhio Prigperance ARNET GA LV FEECR A 8‘1 ient for
att% n@Bf@t léa%[ 10 fefirivig aﬂ%ﬁét SU‘cgl'IQt ion or invasion,
I'Ch appar at us conpri Ses: | east one upper
00438k rInfone epibadlmegtt of (l;leabovﬂgapparaltusvﬁ@lhl@omatlblednembrane

cel I s suspecte beln rat asi ve a
fufl i PR R LIS AR YT o I Beifar B bR Byt The
gels Q)‘?QBétﬁigrl%éﬁ‘ bidvile® ﬁh?lh&sco QEI1 ghistdtib@vasish.ZBh@bloownpatible
said mgrating or invasive cells to go through, said

manghrbneca covmmse ceatings oy alth{sr@p beth sided, Jushes, forewpmile; a coating

of %Héj OF TDFE 6X acec‘huiaarlngatylg omponents on the upper side, and polylysine on the

lower side.

[00134] In another embodiment of the above apparatus, the bottom chamber further
comprises reagents that can promote or inhibit cell migration or invasion. Alternatively or
in addition, the upper chamber can comprise reagents that can promote or inhibit cell

migration or invasion.
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chanber and | ower chanber from each other, said
menbrane further conprising at |east two el ectrodes
wo cwavedonn the side of said nenbrane that facecT/B810d3/022537
| ower chanber, wherein said mgrating or invasive
cells nmove through said holes of said nenbrane and

[mrm &?c%(/é}rch%f)w thOp28dndl a fa%ﬁlﬁe@ @deshfe @distape for

ane generate a change © i npedance between or
exa@plengylirder sape;irectaeglartshapaand deernsbanpst & lobisr elpmber can be
m gration or . invasj

O si.on of said, cells. ;[00
madgy QfjvigEpy Jpategials inaydipgpg 5 REFUIGY Of %%SSC é’% fer chamber can be
of VARDE FHSE Sn@fizEh eA RRFRRAmbErBIERS prefens Bispirstudea\can Aave any
surface area sufficient for attachnent or growth of

suitable sinfice aceds! $n ond exappde, dhabgston) surfrse pregiod hedAYVAT shaniber may
of the present .a atyses

ve LIS 0 e BB 550 Uy DG B oRE 19168 oo

of thE Bk allfb@lis 1e8Pian 30 na8?, los less thaABahingror desa tipine], mm?, or less

each pair of the electrodes or each pair of electrode
thais 80Qizmbrardesaitheani 10U esent apparatus that is

d ' f
(GBLIT i eseE PP AT G B Gsot i 103 Anf bl (B Kample,
cylRuS! 9650 |r¥ctﬁifgule@ 8Bdped otdr shape© OAR3ppérrchamber can be made of
enbodi nent of the above apparatu

; 4Ll | IQ' t he biocgg}F‘Btibl% ¢
variogsrratanials inghudimgpobanprRiedicy oF glass. 4 HBPSTCHAPPH Fan be o

| ayers on t i ' ; I's
Y55l g, 25 DSRS0 ERE YOO ST r e
biobdrah bl Ofbinby:as it corpsisdsi ab tmastateitioleeof apprepriatessizsador cell

_conprjse coatjings an eit he{) ﬁr bot h si des suchlﬂ asg} area of
migrafiondinzagien, The MeRiTAY MAY bgRernd to MpPY CAZIMPEIR RSy | H1°

| i feh ¥F Miniemsran

by P NTE L et By donay Bt e o
hakbeyeuiaasiat fis condeting btoethnt patibeiinvasion hesey. Eenprangde, the

reagents that can propote or inhihjt. cel 1.0r at |
e oS58 s e R B 40 g S, e o
sur%ﬁ!ggﬁ{e L{é)glgll‘ GRMYel R8edsQREETT Sint’héit le§aBarb3 ANHY 6r REs than 1 mm’,
I 'nhi bi

m gration or, i nvasi on. 36 WD 2004/010102
or REThkIS200 8O 3&E thqno®0IBL". A | ower chanber of the

t t h f
T3 e - ARl ey HyRea A Suleplss PRl chapber and
a 10WARhanDa B hirafed byRedeviBRAL t10f prédent Biventioal chibélmsade by any

I ncluding polyners, plastics, or glass. A_lower
suitibipethodanFdrexamployatipohsmper HiFsiuam gorpHERg atdeqsh fag tube or

h er of the present
o ATSSh b EpBGFEL APREAMESAFIARNE A o e
str?étﬁlfﬁﬁﬁh@ & 6f atléret drwvesll)cdan bb artachey (subk asseversitily atiached) to

m®?, or larger than 50 nm®, |na another exanple, the
theiop stwstetgrlesng the atiached mepbrangwer chamber is | ess than

L L L

welBPRviE@p&tesm irficeeapbe ssmitto &ipmattadeycecdthdprosens myention
onstlrl]ea oettofrr(l) gur%i(c% rlllﬂrsJilng,’ for example, laser patterning of electrodes and laser drilling

—

of pores. In this case, the bottom surface is in the form of a biocompatiable membrane. A
bottom chamber structure can then be attached to the top chamber structure.

[00139]  An apparatus of the present invention can be part of a system, which
includes an impedance analyzer or impedance measuring circuit connected to at least two

electrodes of the apparatus. Preferably, the electrodes of an apparatus of the present
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cyl i nder shape, rectangul ar shape and ot her shapes. An
upper chanber can be nade of various materials

wo piadilny pol yrmers, plastics, or glass. An uppe&r/us2003/022537
chanber can be of wvarious volunme and sizes. The
bottom surface of the upper chanber is nade of

1n\he'nﬁ€19 Ep@lctotnTRIFRAARE ahd)fder QPIH@[Ide&ﬁé‘e 1Bbasufing tir€iitat at least one
hol e of appropriate sizes for ce

comegpnan pach/ X hvta@de@ gan mecttmm@r@@ﬂv&ﬁgmtﬁét toci iRst e ppRFction

pafSgire ed Tputect 1 el Blpodh RELARL LKA p ol
anfBFR! BNG) e&ﬂfﬁblar? a®oaityens W doahétios ipaé cirobe sinmtbdatn aigp @hamber

cell mgration/invasion assay._ For exanple, the area
strpetyrede t%p@t@éppmagsmg pRpOr 1¥pre fid gpntaimsts, Brsforaly neg or at the

e A AT oo B BRI RPnSBERZEE. LS o, or

l[@@1st0] harin prefeled etﬁbodu&t@ﬁts ol p’iéﬁérmlﬁvermonl, esysterthért comprises
100 nmk2. [00137] An apparatus of_ the res nt |nven on
a War@wpm@&mgﬁwpa@frchewgﬁwd 3a]H&’e ﬁ%@
bigRRa gﬁﬁg%éy;ﬂb@ag@a%frﬁmfes i e gg@&té%g%ﬁaetdlﬁg 11ﬁ€éhaﬁ@e
melarhent dtauitend seitchese. |gse1ac;trcanc twaﬂts)otoecoulubéam switch the
tom ess wel |, can. be tach VI ce.of .the
lmapé@@ﬁmeawaﬂataﬁcgwo ettt 1S £ 1S Fppefatuses of
thd @%S&R ‘iﬂVeﬁﬁoﬁ"t Pref2s1y O stk J)f)th@ ?fésaﬁ 11§\Iehﬁ§ﬁ' 8o (15dhides a
reversibly attached to op structure having
cotipateahbvog eauft\m‘q»r@grms [ta@qaaqnabh regl-tiahe measurément oy monitoring
vVess a ructure h one. or
of Hgpatngh Bete e B Tatesg et FhbbTety e dpRifudts of e
préRBY inGaitRna THE vh&Buredl ithP&laRECERNEar B Afbh&fcall9Anilpged and
bottom surface using, for exanple, |aser patterning of
predeseadrio delsveammmyé@ patambter&(g g. ofll pyambas indox, preedl miggaion
S in the formof a bioconpatiable
%@ﬁﬁ?g SP&Fy ?ﬁ%ﬁy§hanber structure can then be
Jooraped Rrefetdbdy, tipsoiivaidpiogtdni Hed difecor njdd® bBEHe fAﬂowmg
apparatus of the present |nvention can be part of

fu@cgtmn{l)wlﬁc@ﬁmcaﬂﬁc SWENGHIPT CoRcqHE BIRadaNSEABPASYFING Girouit (or

53O TSRO ST BRED S ol i

médsechiontescudf (ofmatyreay fat tisaguierhéie opimpeiahce3retién or among
2004/ 010102 PCT/ US2003/ 022537 |nvent|on C Snect t.0 %h
elociodenPicdechingds §FRUISH af QRsH AHEP R AsavFIcHS: @ rRIOFISSIR8
|
ocfhirg EHealRE aCANIEAYS Abriiifhte FroffidaRY 10 (AR s tog, cell
nuniber éndek gy cell mngtanon (ll’ldelx)'] €4) disgayingrjedesudis on@asqmtqn gr storing

S s SR CARE e Gl iy B BB i e e
RO BIRSLs. Structure (a top plate) conprising one or

nore fluid containers, preferably near or at the edge
or perinmeter of the bottontsurface of the appar at us.
h : .

ri sing an upper chanber and a Iomer chanber
s[ggﬂ}zfi{[@‘gpr@ﬁ,prgferred embodiments of the present invention, a device for

measuring the electrical impedance, resistance, or capacitance of a cell/substrate interface,
comprises four or more electrodes fabricated on the same side of a biocompatible
membrane that comprises at least one pore, in which at least one surface of said

biocompatible membrane allows the attachment of one or more cells. The four or more
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bi oconpati bl e nenbrane al so includes interface

el ectronics, including i npedance neasurenent circuit
w@pa4dwildrhes (e.g. electronic switches), to cPeI/D81003/022537

and switch the inpedance neasurenent circuits to

different el ectrode structure units of the apparatuses
ele%%oedsege% LA aﬂrzﬁ%@&‘ b el Sf2RY (0 anfel eetRiie Biradtuticheray)

I nvent’ on so 1 ncludes a "“conputer_ having
thas@frhpyizee twe ogmeresIEfstor €EF Ssn edsheor véugh qanpgises at least two
measurenent or nonitoring of inpedance between the
eleghfdet.r odes or el ectrode structures of the appar at uses
014 4)ThRIGRE BB (R oF Afbre THES@ASCESEbanRgrabeblyiad purt of
an be automatically analyzed and processed to derive
an agfarawy inavikicl thealenice isreyersiply ewirrevensipbesttachgrbie, ongror more

[1 m t ' . [ it .
BB RSO L TR e o
ond® HoRITDHER o JAESH Q@h thathed bieesnpdiible abmbtane sépnedteythe fluid

swi tching for connecting i npedance neasuring circuit
corftainers mtalupperchambersiad deWerAbEMBE®S: units of the present

at uses: ) ' i c )
RRABHE g 16)SEF S Pl ol AP EARRAR, (pRrnh IR Ao op
chREEHEEB 10 ariiBVIBm Ellagibierd630)01In chie ciseomaltiple toptchamsbers (1610)
at one or nultiple frequencies; (%) processin the1 D
arechouded ke msetbasneclLGADADRag Bpies BT SSBPRSHAT Siges Tor el migration
hi ol.ogi r .
o PRRGE AL tp FRLFNETL sD36R0LS! 2l Bpaifgbbmemider o5
163@JUFbSesn tép crmibenrthar asd dedtroge stractutes on teshottom surface of the

trormcal Ty per s sbove LuncrGns gl
me%{lf)?hﬁ(;étba{ﬁ‘? g%eﬂeh ho F%él Ol%dj)%iﬁlcgln%ﬁﬁrﬁ%qﬁstﬁﬁl‘lﬁt Q6 diffdfnt methods.

ni ts I'n some preferred enbodi nents
Fopéxdntyde, prlesiede strunbens arsrconpectishvia gofdyetivereacsa of Aghs prathe

oy RIS LSO B PR BES e
cofindRfdd"t0 ipe laﬁ@é’ e adugic g s tiufRns MitGughi differeht Bethods. In one

I oconpati ble nenbrane that conprises at |east one |
appoaeh, elastrival wiremithat aradn operativa gohaewiopfwipimpedance measuring

. bi ocoppat.i bl e rane all.o | . r
PR A AL BR sk O PR EBhgh e
coRettibiSRRR3/ AirebA¢ alsehvatibiPaodinents fafths wpl hambersn fedne
in an electrode array (or an el ectrode structyre
emrodygnt, mnpledomphirseass may beindipiealrsEpstafs Apgagome connected
ac, r which [.S I :
ot e GRS T 8RL 2, Fpiepapgingn
meiapledsp PRAhRT btk it opdsctedaind aanmapmpfactatedgogathant(farlexample,
the device is reversibly or irreversihly, att he? #ﬁ .
mytipledep farabersare pastipead Iﬁattuf%ﬁtwﬁ &% ﬂae‘;yﬂoﬁilrfa? 12).of 16 ONE p1ece
i.sol ate ' tal ich can conpri se
of e T sl R PHARLR FeiomBhant 7
HOOLBIMainabh factoEnp thertdocoematibteanehbrand, lindididuelsensdr argas can

i nt o, upper chanbers and | ower. chanhers .
cover a largperl2 area than wiel{be encompasses by a well or chamber structure. This can

ensure that, even in the absence of precise alignment, when an upper chamber structure
and a lower chamber structure are attached to the membrane, the wells encompass a
portion of the membrane that is essentially entirely sensor area.

[00146] In comprising a multi-well configuration apparatus, however, it is not required

that all wells comprise electrodes or electrode structures. For example, in some preferred
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[00144] Figure 16 shows an exanple of an apparatus
that conprises nultiple top chanbers (1610) and
whodogomiechanbers (1630). In this case, nulti plBCT/UR003/022537
chanbers (1610) are bonded to the nmenbrane (1620)
t hat has pores of appropriate sizes for cell mgration
S a BdSompatible
e B b R IS Paf SR o Ralt o BRSormpell
meinbane mmruees, ndt limrledeoglectmides ot eleldroge smmtumeesommoﬁ there wells that
bott om surf f th rane fac

1ack RIS OF RECRARA SRS HE OE B PdBraE BT P AU n the
assTF R ¥R B8R0 pie AIRESH 8 el Cortuid fdi‘meﬁﬂzam%@; kudh as gene

I'nstrunment via different nethods. For exanp
expebssic; cotepandidetegtien, caviabdih ﬁs;s@n'satlnawsa qp@n@llﬂ@chv@n (for

cxolS SRt RSPt R ARl Ay SRSRE ofBuPRac o
othECNRESG o8 ndals.] MPedance nmeasuring instrunent through

Ifferent nethods. In one approach, electrical wre
[ﬂQMﬂar eIl sprespaspeets oEthepressrtinpmtinns the elepaedssage fabricated on

neasur. i nst rLumen r ¢

theBARRt Poing BRERERD o fscAshEtth i pd, Oind BlocBtpanst
melidghe hERER almaeraifs@sm abost Bniadhsyprefarablyriedsttart abput 1

chanbers. In one enbodinent, nultiple top chanb
m1¢raly, e thevapper aidg of theguembrane Breieably @@%‘R@S‘iscﬁwlﬁ@%rtog gpithelial or

cfonl-é%ﬁfcel T(t> E&%ﬂﬁh%%ﬂg&& BPeﬁdaﬁleﬁQﬁ% 1TEVER! @@ielial or

anot her e I ment op ‘chanbers

endvtigelial barsccam be a&cﬁdl tankk @pehamberf act the emt}tambmfmrdo‘(ltbal cells

l e, ple t hanb |
canyiAa e s g s EpREs ot g PTGy FHTUHE priBgise oy
bm?%ag%%ﬁr%ﬁat rSmotes & atRemgest, t’[@letat’cgc}ﬁﬁ‘éi@ BPBﬁthehal or

nufracturing the bioconpatib nbrane,
endatigslial cklls| whizhsoay ter easayceet be(fol\lcecorélweair@‘eﬂle amé@petqf the

wi_ll be or ,chanber struct
moTianc 0 SROTpaes iR atd Akihp et e he PO an,
1m?é E‘é'@ﬁﬁl WReHr& bHRBE the REIFRBdesS [TeUS thit an Miltta or invade into
wer ¢ aﬁ%er structure are attached to the nenbrane,

thet dmdoﬂcellhlsarepﬁb&ipbbs/elaor thagrare sspesited todawe therabiity o mlgra@ or

iSRRG A BB S fper. Disapiono

thé@l%ﬁﬁ[lal drtepitﬁelﬁi‘l)l yélelglylthéﬁi’cell’&; Rad galetatsve bhﬁlg@@ﬁftlﬁpédence
el ectrodes or electrode structures. For exanple, .in

chapedhasicai be menitord using2oEEBIthoppeent Bssobay (9piapplly, one or
moa%?%q%gﬁ&@ﬁ ?%at £ afflct r]@}d@el bsengﬁgr S‘ioétgﬂg !ca?b rolvﬁi%ﬁtm the

ocorrpa rane

upp & Or UskReradhafibeRAE sheddppalaa st Mﬁllmttmg@(mnpbs oﬂ‘he apphcatlon of the
nore wells that | ack electrodes or_elegtrq
apparetue olthepresgnt iprentioadneudesdbg #sms° %Ffégliaﬁelﬂé‘&aﬁlen properties

of léétgcgr ' éoilst § tht%fs?n A aﬁctﬁg R amr?ér%gﬁﬁgé 6Rleli¥oR3er ved, or

I'OC assays, S gene “expression,
(eoasy nd Féeteahpleyieulascytd rmigrdtionyacass sysll bloatl vessels towards target

optical detection (for exanpl e, absqrb e
tispe FEIoBE BricUP ARGl (SIS0 PRI 4 00a RHCh SU EBHiop sgharacterized
as CBAH6HSPind i9tM185te 8 81 B &iHaREATR MtSpresence of external chemical stimuli

called chemoattractants. Vigorous research efforts have been focused on understanding

molecular mechanisms underlying intrinsic characteristics of migration-active leukocytes
and discovering novel anti-inflammatory therapeutics with capacity to inhibit pathologic

leukocyte migration. Cytokines such as IL-1, IL-6, IL-8, IL-12, IL-15, IL-18, GM-CSF,
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[001471 I n some aspects of the present invention, the

el ectrodes are fabricated on the upper side of the
woreosboame2 | n these aspects, the pores of the PCT/US2003/022537

bi oconpati bl e mnenbrane have a dianeter of |ess than

about 5 mcrons, preferably less than about 1 mcron,

T@gﬂﬂfﬁgéweq% d% famﬁ E?ﬁgﬁ 1@%11%6]? rﬁ?ibbécules such as LFA-

epi ot hel i al
1 \TIQAQISEI?B& cBdin EMAEZKMHMMaI \C(EAMnﬁ,csbhehmsaﬂL ©eE), ahéyhermokmes

L LT e e o o
CX&S{%}(}%}%@Q& Vé%f)fo?;l Iﬁ?eueéo‘ﬁﬁ{ﬂuﬁgﬁ o fe%dy@@ltn?gilat%h the

nprise a bi'onolecul ar coating
[0'0@49] pr oxmtie szz;tdussay mbdeﬁ cchnm:hlbukom taarlsatdmﬂmhal migratlon in

DLl o oL el Ll ol Ly LG TG By
che?ﬁﬂf@t&a%ﬁﬁts h&s ﬁé%g vgélfe&%ﬂg& for [iRREdt B e e larthechaBidiE ane for

€ nonitore | npedance change neasur ed
testigy inbibitothehoatieals nmimsuh foeithesmighatione dn apiegample of @ conventional

sschRal T SPLPGE Rt gTREGL S Bar ety Lo s 8 psed to
1sola('t;9’&g1€tﬂeﬁ51%eillé‘ ?E@Pﬂ)?hﬁhein' tRé lﬁﬁpmbyt% 'ihﬁkta@bﬂa@éﬁgr E@rcell line

he top chanber. Di'sruption of th
MATbis hstbbhdhedﬁ—ém 1 hatellsiml caybe anpfiet gatod.- 2 ge;l,at@aqpated cell

coBGIEE SR EIRIEE Lol RIS GRIBAE LAl v

forfak: R ick RBSh)OEultui® fr G VIR A4PSEI thsfluenas ard §timdlatel evith
I nVasi ve behavi or of cells can be provided in the

recopbéranorat IiNvyr(1 @M Bib b die tcbmqh@ya&@rtml eglls 28 Aot ﬁre;ﬁtftq igh IFN-
| f | f ot f

1 Er e Lo abtisaP B lniee s 128, SBRRAL e lih Bt

b1c{8<9{§y%{ﬂ?&{ %Mﬂ%h&iba&rd% arekil %ﬁltur@fin&lﬁﬁlt%ﬁ rAi@&@&h&f&ls € have

ration properties of |eukocytes.
mipRe4RD thotovesx aqu)]s of tHequikto exet arvristpdanil enunted BsiBg 8 FfIoscope.

]{O(lm(«)]rgg}r;ﬁt’sl‘ 5 Idg‘éltﬁ%) $ Hrte? |1%Vﬁﬂ,ﬁl ngﬁlemé%% ogﬁzer bR %smg needs for
mcﬁrg %i; i R hhd @&t— efSctfReRBi AT klefs Fithnk By zingi 1Eulalc Iﬁhlgfhtlon The

ced 1n the presencé 0of external chem cal stinuli
demabsl edhepresodtitveatiomalieys for ebelbng free andieahtime fié‘ie?‘éon of

BRSSP BB R s v

ke ﬂfe%Bﬁﬁ%r@fﬁéeﬁ%sb@%ﬁﬁMo@%e fan-cl b e veamiswell ndgetion apparatus
anti - anmat ory therapeutics wth capacity

that mhnﬂams npaltopgtqug mmhrmwﬁ@nﬁﬂ@yegtqhgmbm@]w@bﬁ #parray of

N

aulﬁ%f&&eukéhﬁ’straw \Eédﬁﬂde&ﬁéﬁtuemenc dihle aﬁdtmlssensnrmﬂé deteeizells
such as LFA- | pha chai n, MAC: 1,
that@,gﬂgytl;[ co@@;téhq q—:lﬁgtrc{m_c sqnsorE)suchae]@Cp @Hm %@g as ‘é/ﬁ as cells that

B SR e M A
trameétidothe Al igritivn, diskieciet evithialyp andnstor tHe(Ot48ly A deH monolayer in
e, assar st call el uceente Lsnsenduhel )
re&%‘iﬁm}i‘lﬁ;}h EE0E Giday TPROIRYRS, dpParhiBed) bEE §REENIS the present

invention can be used to perform similar assays with other cell types (for example, assays

of cancer cell invasiveness through ECM or cell layers).
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chenoattractants, has been well|l accepted for
di ssecting nol ecul ar nmechani sns and for testing
WO pdviortior y chemicals or stinuli for the m grap¢DOS20031022537
an exanple of a conventional assay of T cell
mgration, carotid arteries can be harvested from

[b@fg ' aﬁotﬁﬁrde)ﬁlﬂﬁggeﬁto‘? I%é a%ﬁl ligtneIraRd ﬁl@één@inv‘éﬁﬁ&nﬁmélﬁ@s the

use in gration assai/
assdy foe dethlining & sisatihg thduegrdy®r celdanapelaysy mﬁed(f@mdrbg-
plied onto 0.2%_g

| | |
trarxsma,t@w |d8%epqr€w&ﬁtf%$t§egg %%} ﬁ%%:s%a% GRee: g-f# Is ge%sbee%ﬁ Sidely
used a? }Jﬁﬁgg rﬁ%ﬁ:él?{o evgl%ll fggﬁé traﬁs?Bﬁ'é‘f druBeah@idalel e&loBstae Intestinal

ys ti confluence and
epithbiianbasiee (fosiek impleg ¢Himhisn afisurfagtanisrn.ophqure @lwqﬂneabl Jityeof

t echnol o ] »
epjidestibpaieiCacos? Gl Sy antnyipn BF £ bty Efpra s syifm™ by
Ne&{%}zrarkngpa fal UBtm IRRY.EX oWi1B (1) Pagey $280884, 19963 C‘Eiviai@nce for a

ant1 bodi es ‘and i ncubated in a cell culture i ncybat or.

polafizedrefBussystene & Cacorheellsisanable of wodylating FxclospaEng pifagsport”,
Ils.of th d &
by Ao gt o phrehiriob Ry REL AL NI e fagtals6e38s, 1993,

“ChdP¥&&2a0Bn 62 ﬂlellﬁﬁ{antobﬁ)n&}aﬁﬁndﬂ’ﬂa:ééhlsner@an&ébi as & arodelnaystem for
efficient and cost-effective assay systens for

1nt@naa1yezpnthghal @gnwpthéymbgrfhﬂals% 1, e, Ga%mee@golegy, V. 96, pages
roRo8 B SEPALRY. P9 LR bh AR PR o

exa{ﬂqﬂéﬁtl 0 Qlﬁy@ nd dafd) aﬁt}ﬂihe call@rpwn rmsaeﬂuld!bkacwdb pysteraleladhesystem

h 'y f
e, comonl 80 St o Chr
porg)ﬁghgle ! Sal{g V&](hr t?lQ Bo&n 1) &H%§Rﬁlé Wk E)Ia'ie afigk 9% (or filter plate) can

e an m croel ectroni c sensors
be Plakéd ko theirhiiltipletvoelt jmlaterwmir imdoriduss weblsron drednestrt plhte placed into

oy el Aot (20, SR 5405 s RGN it
we‘i1E‘ ?fthte'fﬁg# hYate?ﬂﬁ] tétdin b el cﬁfdaf/@w £hf98 5 Ui Sershidledicelld

nono er as we as cells that m ar ate acr 0SS
mdnbﬁlyﬁi)iﬂhat qwmmm'ﬁtee theef intestinab ininge Ihe meonodayter integaity is tested by

vaiiis TEBPGe T e P DS PRCSY iy are (e fepithlial

ele{HHb% ﬂﬁfanbé) Wh&i HE thdnBRSEt infegfier fhtvps yértagn taegdt pagmeters
eukocytes, ‘which increasés the accuyacy

and
(far epatmpﬂlecTEEm is hetween B0 a8é é@OO Oha ey i Eb@g the cell monolayer can

d
R BB Pl JIE7 iy N BRIGRs soing
thltoﬁg@@&fgplg &xanpl e, assays of cancer cel |
I nvasi veness thr ough ECM or_ cel | <§r S)

200520 The apariyes/s ﬁ@yrcﬁzmagvent{ow% fumqlofioh gwuating the
int e%ﬁ’pﬁ@ ?ﬁflﬂeftn&g ggeg l(?&c‘%ti rzh?mpé'u%ﬁ%ﬂ 1104604, 'tﬁé‘electrodes

i ng or Teas ring th
aré DibEigAted ¥n e @p@:ﬁ‘&lﬂe obthe hr&)aﬂﬂanfs drl these asprenty, the pores of the

Nl TG TR
d
abggfrj% rsnzcr%)ﬁ 5, 0} %{/éﬁaﬂe& tfl{l?l g%fl'tgﬁéj CFJr eRhm! feuﬁle%fejdlgﬁh%féﬁ can be

est1 na elial barrier (for
abouENplieons, Bh6.5uaierafs. She Ectradessontinngime rangds then used to

bility of tides.th 2 b ,
I AR AN A R ITRE T T

conventional Caco-assay system as described above. Similar to conventional Caco-2

assays, Caco-2 cells are then cultured on the membrane in the wells contained in the insert
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Nerurkar MM et al, Pharm Res., Vol. 13(4): pages

528-534, 1996; "Evidence for a polarized efflux
waymkemi)n Caco-2 cells capabl e of nodul ati ng PCT/US2003/022537

cycl osporine a transport™, by Augustijins PF et al,

Bi ochi m Biophys. Res. Comm Vol. 197, pages 360- 365,
platje9 1 morgi%fe? ?ﬁt@%@ A Qé‘m%ltéﬂé& b hERBuEsH 188 ifpEdanfbRween

|ne as a nodel syStemfor intestijnal

the e]mclrbdaebﬂ falbriqatadnastbe men;branda yIhiej gheg éhe glectideal fmpedance, the more

con TR kg Y BRI R OB o

1m;§e‘d|la1tldér&fter(dc Qh besRABRRE to dkhratadize tB infleyt Ry ofMhikRell Anolayer
's grown on a nultiple-well system Each system

andodetdraiimswhemtbietcelis areight enoggl far mrfaframmomrppw@permeab@ty
becau%}ﬁ each well in the insert plate has porous
e on the botton) and a multiple-well plate. The

J00$53] tAl{dfﬁerfeixhﬁlFIes Bf fe@pplicition lo€ thel faesedt inmlmotﬂ‘lﬂcludes a
mul tipl e-wel | te with individual wells

cytotwsmtw et in s eslicriiam, e gPREtigh e oReh 1 fSifla fghion to
thafTLI \}ff %ﬁ%b {:da‘i ‘§¥st§fﬁ %F‘Z?Ifegdﬁ egéegw %&Jﬁtﬂtérelrﬁgg fb-well plate
inté Wlﬁtfhfth@ fnsedphatd @r &iltsi plar) & 1d$drfed thevd elatteuties ﬁblncated on the

nonol ayer that approximates the intestinal Jinin
botmm of tipdn wmlelgwse 5 stu@gleléapwam@ it tacrodss ﬁf&o@bmate% on the

mnirto J)t%gé Hl%rr{bgzﬁ'{ tﬁ{t fgﬁ%@ tﬁ%ﬁﬁé oF &Rt 19 and e-'l_@ﬁ%des are

ans- epl ectri C resi st ance When t
alsoBihRicated rontcﬂhe boitdmy of v mumsleewclﬂ plate. tHor @etfomang ralm @ftefoxicity

(for exa ER.i s b 250

assphdsrionEegBAIC HOFBLPE o 08 2 PR FEH fqghe

CaQ@Prﬁgsaa:gI'deEJdbeQ b&&@%?%fgﬁmﬁl@ &dﬂ%m%mﬂwaseamhdaﬂr@s1mu1atmg
es going through such | ayer. [00152] The

theapﬁabdtmeeesnbfdﬂmg compeends in maehumambc@ama@ be geregd prag cultured

evluatln i.nte y 0f the cell
onoche brstagier of typdrser gl s oy B per RRRS 5P Ehied on the wpper
md%b?@ﬁcflﬁqglﬁbraﬁéses«f R dusREREr&Is ks Hened tsinggit@fthé plgysiological
nbrane. I n these aspects, the pores of the

stamsmcfdnm@ﬂls loh heveetsbeanes. Haw éheotherdrad.cuch ﬁlep%%dﬁs o he membrane

maé(vngﬁ g%ep %ﬁ%{éﬁbﬂwﬁ]‘y&%{}rgﬁc@eg El%p be%ﬁ%p{iyeﬁ tg‘hﬁmgﬁhe QE11 status such

as gélﬁﬁ%h@l’ay&ﬂﬁte@ﬂty albet tht cellcooths, m@nbr@néhmcreaahsd cértagn
el ectrodes- cont ai ni ng nmenprane is th

confétpﬁna@ er i BinR OB SPIBRRITAEROICEHES wredacn fe > et fnig dpinsert well.
N

Ceeaviasiabsiitholeatles fteralssdiyg cofipoondd acepiosesaedby Hereells on the
cul tured on the nmenbrane | n the

I I's.c a din e ..
mgrplanes aprelgsedmg heGe eped %9‘1' 8 Iwel HoSwicn
I t 1
thefrstrt PRA c@ﬁ%ég?mf@%%“ht“ﬁé@g 2%??3‘2%‘;% RS U ol

sutiss Inspatocsies nefitva dellgheng ¢dls, @rdomybedes, onpamaryce]ls) thevhich
nmore _confl uent

ELENCT I e e e
1nt‘é5t§1{a? bt @th&ar%llg %r@c%tltﬁ{%ld' oS the G PR d}ﬂhtez(ﬂletﬁébﬁom well plate).

egrity of the cell nonol ayer " and term ne when
Tlteheellpdlysislogical staghis remtcgm sronegsareddyrmenjtasmgplesmepedance or

re 1s6t£1nnce 6lbkéal’cvlveen the electrodes fabricated in the multiple-well plate. Thus, if the drug

compound molecules having toxic effects or their metabolite molecules from the cells on

the membrane are toxic to the cells in the bottom chamber, such compound molecules or
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measurenent. [001531 Anot her exanples of the

application of the present invention includes a
W@ienoMIZi ty assay. In this application, the BODHEHSADYE22537

is constructed in simlar fashion to that used in the

above Caco-2 systemw th one difference where the

thel?’lﬁ{l{té‘tfe)lh?ﬁ ¥6ldouis #fa$ be 'tﬂﬁhﬁ)o%ﬁ oPrdifiRed HSEiHe HABhchamber. The

ate) 1s Ihserted have el ectrodes fabricated
cellefin tﬂeebottbnt ¢hmmber canthe tsedifosindasate euahoritor thase malerulssi s

BESH00r Biie varenn 2Eebape o Bh ST R tas PastotEgtls can be
spebﬁﬁgﬂ% ﬁﬂ%@é&ecﬁ@& Rfp®), SEAIRABS altdred) fat ﬁl@reﬁﬁhg iflgednt flsitivity to

ott om of tf?e mul ti ple-well plate. For
drugeahdidate ng)ledméescy thest m&ﬁab¢1wmokaglgla§/fm@eth@ drug C@édudétealfl@ecules

In éllg ta;éraged f}%ncteﬂ% m @g@e %m we?lss a?ef usteﬁ ?o%ﬁgﬁﬁ% alrl)ci ﬁltoﬁjtonng the

assay descri ove

me@b8IPpRIusGhbdlscilfpihéathe deugieadidbrrcontbound mmlecules are

simulatin t he netabolic process of di;) tgo ound P
“proprssedrthe oells anthe prembsange d hgsglltin the pe I§ gy pe orany

f th
onf BB g SBL b WSSl PRp o e
clebtigdes st HRLteRL welttesn Maye gemedes sudtabie fiortmeastuting the electrode

mirmssesog el co pe R BERc SIS IGHTOFei i b e Wells can
alsctq%XW trrpe?n%?s%ﬁgbcl mgs{ﬁ‘?ﬁ%@ﬂﬁ&r &ﬁ&ﬁ&%rs”ﬁ% eQ%nﬁT%Pﬁe@ﬂmnmg

e ce st at us uch ~ as cel nonol ayer
extlrz{UeH@lﬁt teyorditfper dxhﬁa‘tﬂebélls (or etcamplwemmm ecllsabeart @H@h dd sucha

caq%{hg ?gg&ggeclgglg lre?cggﬁgg)g tgtaqﬂzgq}tcﬁﬁ:ﬁ% ceflﬂse;n %ﬁctéq%%y\gp llgis served as a
ser%-gﬁg‘:iﬁ (lqzlaﬂﬁmc& é’cﬂ&fjtorfﬁl)lﬁfdf|tﬁ‘t§m\%ab$h@1%ole@ﬁl@§ aofelle wels in the

S on nbranes. Certaln nmetabolic
insentlpdatell Else elfange nt ﬂhe exiﬂra;gllukanp@gr@é stgnelsas eaaysaddn gither time

the cells on the nenbranes .e nt
domgin A1 (EHQY engy FPEFtER 8}3&5&56 a@%ﬁef?ﬁ% mgﬁ"i *’r}ted"’r
coinfBiod (Eiespbaﬁg itet4boBt ﬁﬁ)l@h@esraheme drioéangldate hokbwles yre
e

assay, I's (for exanple, cultured cells such as .
mdt@pdivet y3@se exmnlmfomng@xcnt@hi@c@blfpgme%ﬁ&rlag ARy sRpingdoxic or

nopy (59(’88 mr@r e%?\ﬁeeé%gt S \&wﬁl‘j‘ﬁor’c%bqg 9@? ?apsgd H&)ééﬂ"s bt Xys‘?ém t18oxin
deRERGES BE Bafdtazib, Tt &5t d12ReordndeXctaabls B é?hﬁnmal Mol.ex3, pp. 179-

onto fhe mJItlpIe wel | pl ate (the bottom well fi%
185106998 Gerpstipaliotnainicersd cgilrhaa@i higsensefs {5 SREC1EF aE@*é& gfjcation,
{
e A e L

S ricate
Actidiérs c&férbla;edrlrmmsnmﬂm@apﬁ;mm, éapahakning G- 10 X1999).

i e ST AT o
B s e L e

haté aldipestérasdt gosaterehavabedt 1 nncronMdbmefcmbiydhwtbm abop 80 microns,

b e LSt S B2 B S PR BT

pr 8¥ § cAPRINES o?irihe oher SRk b? tHemédBrabo tihe Ripe dide Sfthe

specitically engineered (for exanple, genetically
mahbﬁne ddn émprisect astiong extadetlulsemeiri ¢amponent, and preferably

comprises more than one extracellular matrix component that can form a matrix, such as,
for example, Matrigel™. For example, Matrigel™ Basement Membrane Matrix (BD

BioSciences) is a solubilized basement membrane preparation extracted from the
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drug candi date nol ecul es or the netabolic nol ecul es

fromthe drug candi date nol ecules. In such a case,
wo b@4oellths in the bottomwells are used for sePGi/ns20a%0R2537

noni toring the netabolic product nol ecul es when the

drug candi date conpound nol ecul es are "processed" by

| e matrix

R s S S e R vy
prateinks Its egortcooplohent is lanfemncﬂullllowe(l b paﬂagppﬂ’&fs hepagancsulfate

The . el ectr he om we
Bt e aap ridolgn el St s i Bre Foblast erowth factor,
tlsbt[giﬂgﬁﬁﬁggeioachb%r GR4 bttt gfoah Eaford wﬁmmdcﬁf RfurallPéh the EHS
el ectrodes in the bottomwells can al so have
tugennetri es suitable for nmeasuri ng ot her paraneters,

[0121%26 %ﬂgmggyﬁg ? ol f gh_g‘fe upp%{e sﬁ?eg Jr)]% tlﬂ% ﬁemb%%gercdaltn%gm%{’ise a
layeiCsH dpsthelidl Br Sttfothedial @eiil% e Thiif) @R ¥iipaceh/invagion tiaeagtdimepithelial or

of these excitable cells in the bottomwells is served
~ endogheligl celldaxqrisgn hﬁmﬁp@mt@mgﬁh@ ARITaLEs iR prspent igvention.
ne I
Optlol?aéﬁrégrker% 1% %Itctrl;]cis{t gt] céagt%?fg’%ﬁt 41? I asrl&lri]@'g : ggﬁ b&havior of cells

can t5d [o@dded ﬁStham(&iJM’:‘dhdmbéts oif tHeepptulatts. Cvivhklly, ohe or more
frequency spectrum may be, used for an@il ndi cator for
compayds 3 Capretiest theapyaston(pigration hshadpped gell & CHbeBoVded in the
drug candi date nol ecul es are
uppe%%%ﬁﬂ%r?gf%gaggnéﬂgxanpl es of using excitable cells
f{60157pas UFliengesentinsertinigeludos appanatusefor heasuring electrical

. hol ecul es are described ip "Portaple.cel sed
IMpPEAICRIETISIAYS ewa)aﬁ‘—ltanss'zp 2 Cﬂ@flf?ég?ts iptertage vk o
t {
blgcsgmlpatlbﬁ m@hbrflé%@&ﬁ}%‘igg) o ot T ?%ae?%;rogﬁsg:@ ﬁg{}eefﬁé%ly oYreversibly
athaelidd tb adast pbateﬂmh somprifestwe peviof¢ welg)that provide lower chambers of
| assificatio e.B. D t al.
oefhrBemian LS B iRV airiesiaib BefacheEeoad e
préfides #6E b‘lﬁi&lﬁr‘és %ﬂﬁl%f/ﬁl@(i@per chNSRUEBEP miStioSaneAisuch as a

Japan, June 7- (1999). [00155] In other aspects of
botthadess mrb@dwdépla@) Stuh]@ﬂ@I eashrost enigeation aifcpmariees agvingle IDES

t ower sjde o nbr
onla 155 B e B G kD R BRAE G g e
coﬁfanﬁflggla&f I Biher &pedts, the ﬂi]eﬁib@ﬁme cafi e pidleasilh ajtadhed so the upper,
t han about 30 mcrons and t he upper side of the

tupepertanmmlate i s onprmes shanahers. da seses e Whigh daemembrane has
t hat
oo sRETHRE S e SREARE, A e S8R0 h n
option18A Sthed f&gem:t bﬁasshﬂ' componeatstd ¥hedowpoelantber sheaild be provided
preferably ami)es nore than, one extra ellﬂg)r "
(forppmples Bied 8W§'h‘fh SFS @AY GPRANENETRI I sidg willg for the gjdition of
%@gp Matrigel TM For exanple, Matrigel TM Basenent
rane Matrix (BD BioSciences) is a solubilized
HeeEs8nt Swehinppmetusessparbeatisehtomssayahe edgtiomot mrasivend® of one
2004/ 010102 PCT/ US OO 1.022537 E%% I br.et h- Hol m Siﬁrm devi
ormrgzRgFnBhekthey edn gy, pper §PL @R APRATRP- T sing a device
f'fﬁf% te¥ent Btv%hﬁblp% de{ffcé Wriﬁlbegaﬁ QFRAASA th Sor vAliA h Blate or a fluid
owed by col’l agen paran sul fate
coptM@d)@itymamtammbﬁﬂ:andnnahd suclithglin thetpredenes efomt apprapriate

meg:um f(ca)r célls he aj g(':h?nsetnt gr e\:”glcrllln{e% op orie or more cells on the side of the

membrane on which said at least two electrodes are fabricated can be detected by a change

in impedance, capacitance, or resistance using the device.
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ti ssue plasm nogen activator, and other growh factors

whi ch occur naturally in the EHS tunor. [00156]
w@\doeonad: vel y or in addition, the upper side PET/UR®03/022537

menbrane can conprise a |ayer of epithelial or

endot helial cells. Thus, cell mgration/invasion

E)d"(ﬁ 89190 &R BRIsLGhvcRtioR hlso Sidheiel 8Ydtahs firlnheak@yrer eledtrical

e nonitored using the apparatus of the present .
impedance, reststanceyuiri capaditagce @?eece&i{suhﬁraée niArfee RaBPHsag thean

ff he.. i Lon/ m [ ' .
N

strid¥tide® fatduhde®B nﬁﬂﬁ%s leid Carmeunaisd ihaipedaiceahbiyetr thitean be
I nvasi on/ m grati on behavi or of cells can be provided

comnecteido thegpeltiplsteientiodes. Jireferrbla gpdmpedice pradyasy (orpawedance
resent, .nveption i |
P P s B L RS RRELA W BRI RlodR SR nfifdance can
be el 7RI Thdaained imiuey fuitablei frequbrioyramge, Riggadiuatndy renge between
menbr ane conprising two or npre elgcgro%i&ﬁ,s on of
abouildis s} 3bayk 10¢ Mz pEPefpen A9 HzRd abew) Sz dthesoapegtion o
- | t t i .ower
o OB R WOt B Mkl SRl At
exinhpleyaeciddey cai éxaatdad atconaection padi apd ednacctiveith apmopdddecs
tube structures that provjde upper gegg ers Pf c&ll1 i
anglygir at theiconnsefien pa gaother granfplenelecirodes ar slectpde clements can
i lehilyE Rt R ohbdtioR AR, | ses a
e G B e e
§e0160E i Mn prefersedémpbatiments efithepresent invention, seystem that comprises

o GO B BBl AR B S TR podance
méa%‘l!ﬁ%fn‘éﬂtr@iﬂ:iuﬁi/%ﬁig gﬁhttaﬂrlf (&ng?nébleétﬁfnﬁﬁsﬁ%eﬂpﬁedonﬁrbmﬂﬁvﬁtch the

I'n cases in 2nbrane has been irreversibly
impedamchaasuwerhéns cirovits topstifferent destiodprstppiureainits pethe apparatuses of
addi ti on of. [ d, opti ] L her ..
tnERERpt BB PR PR el TR ARt o
coBfpRier H8dng 66Bwar@pasERhias tHabeanl GWBle redlaimiemsagtid¢mdra\oe monitoring
openings on their side walls for the addition of

of impledance powessihesiretodgsmuekactioda steitrpeof fhe apRagathscs of the

t he .m grati [
0 0 sSR!, i S
prédeRsdasd derivd zipghf@ﬂr[we parsi@vicrss(e.gotell memiper érsden or cell migration
_invention, a device will be part of, attached to, or
inggx) Bndhdigplgyed @n ®MORLPY.yi d  contai ner that can contain

an ' :
i A GO R e e i
fuieioas:h (Brlecabnionkty owitchimgfor ebhrscting iigedsebenedsutihg circuit (or

T S P
mg%g\}?f%gglgcgm F@Cfl' ?ﬂtjﬁ ke [ BPERaHSEREN o En EvetFeen/¥? among

3/ 022537 [00159] The present,
eléomoded drariecatode stirmaings etsormym nartEple dreqnensiass (3 gprocessing the

acEe EUBOENSTBA LB SOP O etos L gocri BAfctir fo. col

number index, or cell migration index); (4) displaying the results on a monitor or storing

results; (5) automatically performing above functions 1 through 4 at regular or irregular

time intervals.
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appar atuses descri bed herein that conprise a nenbrane

having nmultiple electrode structures surrounded by
woredotiopdie2 f | ui d contai ners and an i npedance anetE82003/022537

that can be connected to the nultiple electrodes.

Preferably, an inpedance analyzer (or inpedance

MullEATed TRECNan®eF Shkkdns Wih BbpaRate dRRIbRERse! y, connected

to the el ectrodes. The inpedance can be anal yzed or

[A94.62F ed The pmsyntsmvetnabn elsp eiusdes épparainsps, fopmgasurigg electrical

b EGREREbS8 EJED S SRR e

codPrisdIRRE3n ﬁﬁ)r@ﬁfaﬂy 28¢h bOowkick ebmpdes aaherabraapfint edmisrises at least
can be direct or indirect. For exanpl e, el ectrodges

twe gleclaades gad poe of WOFARAES, wﬁe{ﬁéae EISERCESIRERAratRs pvehinto upper
|
and (R R G A i Bbr PR RIS o Bfiable Br TR ASmen
andguﬁwnonnectlon pad via a electrlcally conductive
connection path. [00160] referr d enbqdi nents .o
{063} esetite |aap@rﬁ %%Pané’eélﬁff fOrASEay. EB%‘BPP% 81'511“’531"611655 of one
- or gl%¥é gﬁls%he}ll?ﬁ Fd%d b e\.ﬁ{]ﬁ PhhA 0P of BEAMAGRus. In using an
Interface ele |cs I nc glng I npedanc
appeeaias bLthe @tesentnnmrmoanﬂhe stiadhorens o detgghmentef orgrirgnore cells on
SW tc to contr rrped
he e o B ¥ Bich SR st de ol RdRans OrFed et
mlgfé't&g of nvtagi@e BEORRIR I 3ER R pottish dTTtRS s ihtRydREd Aifo the upper
y, a systemof the present invention also
chamhd:rwda be detectedpytaehangainiypsdintasapacipat: antesisiiate. can

17848 nc dhpepheEn® o TGP ERD: 5GauB  ob e alyg@lured by any
ap?&@ﬂ&l.‘e Wi&8s. OF ort AR MAISRS heling PEres Bh€ 88 Mhich one or more
ention. The neasured i npedance data can be

elestrodesdtaive hedn/fabriedtgd eam waclpﬂdd@ betenilespwgl siryetures to form top

ch@g]g?rs ﬁalé ?zggﬂe § %éqallﬁréﬁ (t;]igx tgacgg% toa %tl'uc Qggrhgﬁﬂlgg )\%’ellg {hat can form

boltSR1hdmbEls £ Aateaddtively] m@n@e@ fctal\i\/adé @rsp a’@@hammasmmn&e oomprising
nor e of thefollovvlngiq functlons (1 el ectronically
wedlaithas fsam frindrotioghehretticry andhbgedicat )ﬁ%hiéﬁ]? Pigge E9RSIRE tube-like
r t
sl LB B LS Dy o DB
Jloweér $lbketis {2k edibdy yizahpd foothe Peasareeind the indnthraakactoers the entire
between or anmong el ectrodes or electrodgkgtruct

upRer BHacHer the bmt?m@hﬁmb%fu &RT weans (B rgeles 891y Tt thg side walls of
the't g\f%'r lﬁlrﬁes ﬁ%egﬁ%\ﬂdé@fog ﬁ{tfo\ﬂﬁmﬁg iR Aerfﬂtcﬁ)tlonarlrl%)y other

evant paraneters (e.g., C
reag&dtsxntocthe oeter chamgbeas.i s ¢andedone (f4t}16 meglpmayawgreaduebeen added
results on a

intg fhe hetfome ghh bcgg{\%lo tﬁrl%%'a\? tsg%\ll}%%rflﬁ Cﬁq%ﬂgéliétf#%ﬁ%fogn pores on

1ti- Wb BlatsBENV &, for e48m lti-well plat
R s B IET A BT o)y LBk vl

haSingtthimpolycatboBeisanankraneatthe he’@orp)) e0é 21bsTarenty @ﬁ@qhta bottom
ion also.incl

i nvent es for measurin
SUYPIYEG n]i‘a}V&% we sr%‘%‘ifﬁﬂgg p@t@? Sor capacit ancg of a
9601453 125 b6k @nd B8RS @an BéDfﬂBﬁbz&écDSn @ nitndrénd $iadny suitable

means, depending on the material of the membrane and electrodes. The methods used for

fabricating pores and the electrodes may also depend on the procedures used to form top
and bottom chambers. For example, pores can be made by ion bombardment followed by

etching, or by laser drilling. Fabrication of electrodes on substrates has been described
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conprises two or nore wells, each of which conprises a
menbrane that conprises at |east two el ectrodes and
W@p@4/01010Dr € pores, where the nmenbrane separ at BGT/HSWe3/022537
into upper and |ower chanbers, and the nenbrane
conprises a surface suitable for cell attachnment and

ab&reo Wdfor FRERRIn S BfR LRRBA! AtfELST £L@8ll bén lsRde kactagelaliques as
hé m gratl on or 1 nvasiveness of one or nore cells

lasammtem (carlasep aldamh)l i lestrodgsran beehrisetedsm agpembrane before
appar at n._usi.n t
poRR 38 b e OB RO B, B % A Mptrano and
then@dldcfro@8s cahlte ﬁbﬁ@téﬂf or A€ sHrERL abeatﬁm oﬂih@éieamdés afd pores on
| east two el ectrodes are fabricated due to qrat({
theoneinbiang imay hese agpaespondiag relaionship, e the perepfrerpeated on the
cel | |ntr n chanber can be
regjons tﬁ%t S§TE yp%lﬁﬁ%ﬁ tﬂe élé)ctxtolag sﬁd@%anc e, capacitance, or
[6EIGEL anddie p&&@ﬂﬁﬂi/en'f‘bﬁ a&ppmladassyﬂémb e measmelmg electrical

i nvention can be manuf act gg oprlate
impedanee, r%ﬂﬂ@ﬁa@ﬁpqa@w%ﬁ%?éﬁ ﬁw}é 1%%? copgTising the
P oy i PP b e

witteeopeprises batocompathbib aaqnopmohyni@mbaaneahatsxsmmsas at least two
structure conprising wells.th can

cIcsHafRpeRd OnARE BIFRPP B A a3 BPEBRCL T GET Thef G Bk qogseled to the

mﬁlﬁgl% eﬁc&U&ésu g‘i"eﬁ%l)f o eda%‘é aralyZeAtor GdPedME i@ @fiRnt
nbers, subsequent y the top piece conpr|3|ng

circui)ds h]sb,eopeszttrvabt, uonmd(ebm therelastrodese | The)impadanse can be analyzed

attached to for t ers. In.cases_ in
or s Moty 8P CRRuED BiyEent £ abeResY e Hefira Bout 1 2
aagoath@omeﬁ‘er&nﬁw@&moq{z 51 ok § BTH PDIRE conubdtivmeofan
t he bottom chanber, sone neans (for exa%e holes in
S

imiphdansé eaalyver te el@f,trodeh gf amwr@m&egyre undiresé For example,

d f t d
O B8 L SO E 0E t or
cohi&:tIBR PhdiN IRagomks ©aepld) %&@tr@d’éi&ﬂ electibde élbmetischwoonnect to a

chanber) An alternative strategy is to pattern
coghestipn @@@glaeanc¢1¢c@m¢ﬁllpf@pé@u0@ﬁe COIHECHRR P sur f aces of

5P L, e M R ey A S o

a a1t Rell PRitd Qphratd st thepessmy @vehtyoredls@inbluaedinitdrfave electromcs
structure_having wells that can féywn bo&#on1chanbe£
inglpding FPpadrEcEBICESTEREN STt Akgtdiah(ce SBPRICSHEGESH ©
R RE Mbestru tur
R O B Ay P P80 O
units ed tecippathtises efthe pysadimentond Prleferailpc mmof.f'thy present

alsodpen n the r edures.used to formto d .
ingeRIOB HSCHBTHIGSE CORBIIE PaVIgE SORYRE QEoORAMS Kt REbEnaRlF Telefime
mg&éﬂ} S0Bs 'ﬁ']o%l%ﬂ m ¥dan%§ s&tneen tHell¥rol@S@ electrode structures of
|ng Fabrication of el ectrodes on substrates has
thb epperatess of lechrd@nbvenig. dla@mmed/immw dtzsaybe

above, ..and for, f brl categgn on fom sur.face

st ettt R AP s o B G e heffpmber

inf&Y, ot BSEMiBRGH inaB) ankl @pidyedes awadhifee fabricated on a
menbr ane before

[00168]  Preferably, the softiware program has one or more of the following

functions: (1) electronically switching for connecting impedance measuring circuit (or
analyzer) to one of multiple units of the present apparatuses; (2) controlling impedance

measurement circuit (or analyzer) for measurement of impedance between or among
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pores are made in the nmenbrane, or alternatively,

pores can be made in a nenbrane and then el ectrodes
w@av4be1dabri cated on the surface. Location of P€T1©S2003/022537

el ectrodes and pores on the nenbrane may have a

corresponding relationship, i.e. the pores are |ocated
ele%ﬂo&é%%r eIe%ﬁ‘b@é‘ §tr1§clﬂﬁ%s £k % RRAMED1E GrefhencREEBY 6Eessing the

surfaces. [00166] The present invention also includes
acquisddmpedance detastq deie axipeepriaeciiplogicallis arlpvaat parameters (e.g., cell

5L TSR ey AR HARE P P AR DR ppr o

resufigt (sy Qtﬁﬁmhﬁ@cﬂly%epﬁoﬁhﬁlgtdbat'e ma@asnsaemmnglhw flregui@l dr $r,regular

each of which conprises a bioconpatible mcroporous
tinpeeiptered® t hat conprises at least two el ectrodes and

one or nore pores, and an inpedance anal yzer that can

be connected to the nmultiple electrodes. Preferably,
MapleRpRdanteay Spabygzer (or inpedance measur enment

circuit) is also, operatively, connected t? t he

WGP} o dhe prerent inyeiRbsOCRPBISCARRATAILSS [0 moGrswdng deptrical
1m:p9da%9¥, %i\é%@c%l a#a@ﬁ&%‘f‘@@%f 4 @égﬁﬁ%ast?atg interfadel @(ﬂﬂlr?r%iﬂg an inert tray

thab ebmﬁ@eslﬁleldz naorel irskio uharﬁbd‘vk;lzacﬁl’h@whloh nempnm fbfid ampermeable
npedance anal yzer Eo el ectrodes of an a ar at

walls 284 AGOTOUS DigCoanAtihle merhTaRs CoPBISIng WO TPa GLecgfies forming
th@ﬁ(‘itf‘dgxg of & 18ast SH@ estth® 911@%@1‘3%&%@&156&" tpeffibly the apparatus
ance anal yZer at the connection pads. In another
alsemaclpﬂ@ a lhiedhatedeprises cme@a: el webs, esneinthet awmsabdiraeef the
connegt i onl{;[ad Vi a %l ectrically conducti

presoRaEON it PR BoRtReraRs, B St ot ar Mot psert

ch'éﬁl@e@ A& ﬁ'&Brrbib‘bﬁHh‘g Plte BorfiyiSdes MuliFle wellB i I8Sinsét tray is
mul ti - pl'ate apparatus of the present invention

desiigaal $u¢hlthaiélse insereeliaatheredligprvignanssit inforfbe wigllpgf a plate. Each

L dance [reasur cir
RSB EUSATERIE o Phe KL PR B BSudy fhpe e o
lowBPaAANeR HHEaARSIBERISS i il iy fofin dppérashambelogatcelpde
structure wunits of the apparatuses of the present
mvmn@ﬂhn@whmﬁm@#erably, a system of the present
al s V.
dﬁ%@'ﬁi% Ihe é%rg%egﬂ ﬁlé’%lgf h 1%0188{5%&)%&&%59 %)2 %}%men lgctrlcal

inpefdrice) resigtafde, oNppdainaree beh velFsubististe elhteﬁhcreodeﬂnd’[ an insert tray
el ectrode structures, of ¢the apparatuses. of t

e .
coppnEismgbIpgartiplsmenransiaEning dhe brjtoms R RSk %ae’é“ﬁrsﬂé
re@éﬁlggpﬁﬂt&ﬁjo 2 Ll@é%ﬁﬂ ?&ﬂnpés%s P ﬁﬂ) @eﬁ?fﬁai’ﬁrowde lower

appropriate par ters . 0. I ndex,
chagibkrs mf geldtiigratibmdeit), sachdthatieagh egl}emgnatum umhprb‘fnrably comprises
[.00168] é’gferably, the software program has one or
anr@rFeq'fo B Uk | owi ng functions: (1) electronically
fﬂi' NOg{ 59&1&1@&1 daﬁ%e'u‘%ﬁ%% tH@ﬁﬁg&rah&Q ofinf&dtidness of one
(or nalyzer to one of nmultiple units of the present
orapqraceliuwben theg )areqrdmctedoh i npper nbadmrdmsemmbe@)mﬁm apparatus

N R R e S e

dePAcBfTeh Ot n@drs BEIQHENS Eide fér ﬂfeQﬁerﬁEraﬁé‘ 6n Whidiatd fll€ast two
frequencies; (3) proce33|n%
electrodes are fabricated can be detected by a change in impedance, capacitance, or

resistance using the device.
[00172]  The present invention also includes systems for measuring electrical

impedance, resistance, or capacitance of a cell/substrate interface comprising the insert
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acqui red i npedance data to derive appropriate
biologically rel evant paraneters (e.g., cell nunber

w0 nabe010102 cell mgration index); (4) displayi PQr/ukmo3/022537
results on a nonitor or storing results; (5)
automatical ly perform ng above functions 1 through 4

traf&ncf Iﬁgﬂ{rﬁ% %g/é 5}3)%9&%%58 bnd FurfRr EHhANMAS $n indHdbhdd @¥lyzer that can

nsert 0169] The present invention also
be mlmpcted estheppatipleedesrofiesrof rtheamam*bragleemﬁdt Pirefgrably, an impedance
ance, .resistance, or c tance

el GRT 8 GOEA S MR BP RS TR DR b1 TR Ta Pheppepiedgo the

elelifitles CONP thS&Bn ¥ GunYe #MBKLed HSREdsuFIIaNRAY §u1ta(b%3ﬁ16quency range,
|ch conprises fluid |nEerneabIe wal | s and a por.ous

e.gh latﬁaqupmyl 1bhge etwhbersabout bHigrand |ah@}~1tt1\£)@ MHz mgrbstween 10 Hz and

I t fat
o SN PR o SRRl O ] SRS aPlpphfifs con
be BrS@:H ddahedtRD PdPIRERd bh#e @esPIrhyses one or nore

wel I's, such that an insert tray of the present

[00LEH: i omgumdﬁsh@wpaa@@mapp s9REpseBialion phan pxeaanlaryepbpdiment

or G TRbEGR ARG HPhFs B3k S 0TS 1018 B umut e potom
platd\@g80). t"J!'lﬁYoo‘tt‘ém ﬂ@l&l(g‘mﬂ) csmphsdshﬂﬁltlpleé)ottnmeahambrsnﬂ“ée $op
allgnvvlthand into the wells of a plate

plated @i @) eomanrises mtulttpée peat @Pgb(vlﬁht%h%qu@m supfacg Og?aébénsel’t
uch t I r e
R 8258 56 8o BBk 08l B8ESm AR Tting
bot@cﬁm @heabdr. Ih opaaiion/ihs opalite(l740) is.pl§oed int6 kheltwtom plate (1730).
resent invention_ includes fa{)éﬁl at.uses f og measur

Th pl@e&reqlecsamcmm@ﬁ@eﬂomégf ch gsert w5l g e o he

1m§e,etiahéeS sﬁﬁ@% ?nétﬁir%ﬁ{s@q§vérfbu‘§%&ﬁb@n FoP&&mipl¢, reﬁ’éétrode structures
1'sin (o]o]o) atlbernerrbranesformngthe bott ons

on die bttoat surﬁaabétts msnbnawwsbekﬂoyméqtcd tocconneciioni paints (1790)

o 12 STL P55 kRl BRh She D2bpiife Bn 70
1002;%%1&% the Hh@fd%wﬁ{b 8t wllE fBicalhie B ARbLInted 79@)’1n11}DE§ther be

unit. [00171] Such apparatuses can be used
com‘a:yl to hmmnc‘gompadsrﬂES) ilopatasl oncthe betterh platewhen th?élii@l’ts wells

ced n.an
SOt BB, D5 bR P SREREY f LRagtm i
m be%e?a@i&%@m’ohﬁé&ed@dhélﬁﬁﬂddﬁn&&hbésunﬁ@&rcﬂﬁﬁsaQIhBiﬁﬂlﬁer@:kample
etachnent "of one or nore cells on the side of the

elentrade gristues eihtheposamepurfacy efdhe mepbrans|cap be saecied do
f abr.i cat t
cob b BifitaSPlloNs) SELERLAROYcBRET kit HREHTAIE e nsencd

intd e BYtRRE Platd, BlY(fhrtIolnﬁébtl@h@ads cudl bedbeatasysdrmested m needle-shaped or
measuri ng el ectrical _inpedance, resistance,

othea glaapied spwRecHen BoiE (17 3Q)eeateskia theypetfory r i sing
i(?@ 7'nﬂ IS te rIil &%?ﬂé&%rﬁg&ﬂﬂlgﬂtg bPthe Pgs/egﬁflu 1 {1 o122 sydfem fHaP¥omprises

€ appar at us ef conprising
anaﬂihektlm%ﬂﬁﬁulanwwplafe appattus afithe present invention also includes

interface electronics, including impedance measurement circuit and switches (e.g.
electronic switches), to control and switch the impedance measurement circuits to
different electrode structure units of the apparatuses of the present invention.

[00175]  The present invention also includes methods for monitoring cell migration

or invasion, comprising providing an apparatus as described above for cell migration or
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be connected to the nultiple electrodes of the
menbrane insert. Preferably, an inpedance analyzer
W@ e0o4fonperiance nmeasurenent circuit) is also, PCT/US2003/022537
operatively, connected to the electrodes. The
i npedance can be anal yzed or neasured in any suitable
invadi i .chafbbf SR Eparafizg endelowk6ing a change of
invhdiGi] $eRie AR GPthe Bpek cha Mz, o %igtwee%_ 10 bz and o
impedance Hetwidn or Bnengdhmdedtiages tsrmanitorpigtrieasr ayapipa f the cells.

_el ect f t t o
10023515 05 5 oireserh Su PRI Rt g RSt ABigring coll
migrarfiioﬁ B¢ favhéion NPUR h dnstidiesBRiprized: appRaiii@in shovefdesdribed apparatus

exenpl ary enbodi ment of the apparatus that conprises
for memitormgegell migsationtaspnyesigneb)Piaans migrabng:ef Hyasiys gells or cells

bot.t . plate (1730)., . t e
suspeg st oo g oL oty S in iRl Qi K Pdngarstye and
allowAnle’th® beltOBRAbREBorithd ippkechiansher intweid Iowed dtmjber Taghe pores of
bottom surface of each insert well is a nbr ane
the pglymenmenpaanchand @) aeniiopas ashArRe ArBpeRce REMiseR pbfmons the
syrf.a . Halo e . . r. I'n operation, the
eleCtrPg Stﬁl%g?nél{o?%g%}&ﬁ?r %ﬁgg%élgﬁtﬁtgg the bott oPn pl ate
[000%730)The mbioébetHerindatish carchamsed tomontier dnytsugable parameters
surface of each jnsert well _are connectedt

th
that arslech e BTN R HSPIOB AT SFapRlon i 5100 ¢ Rppied to
monifor 't eeMMt %{ Hﬁ]nﬁ&t ngLfQ:gﬁs i 1‘)&?%&{6 &% invafe 1§ tHRAbw e Bhamber based
surface o e nenbrane can be connected to connection
on thp alonitsredlidPedanceocat ed on the outer edges of the inert

o LA A ST U by b o
mod ABNELT &%a&cﬁr@%&eﬁéglj%@%raﬁ’&i’oﬁ YA, obP® scesnTeciueH atngodulator.

conhection pads (1795 ocated on the bottompl ate, i
For ewlaplet the presset methedd ¢an beaoaduatesbwhergini the eelt mésrpidnn is monitored

) | ate. The connecti 0 ads 79 | ocate .
in thRiErGie APAAB N e GPEPRPPUATG e SRR Yoo Hfiprmine whether
the tds MERIHE] MiprStionCtiihvasionrbfanoédier ex@idrexample, the
el ectrode structures on the bottom surface of {he
presembnistiede cambe trnduoted aderein the cel oHgwEen ehinyasien (signulated by a
. _shown). | ocat ed th j
migr§yg iR i AR IE BRI, pitE8 sLisfh IR oo for an
antaddRs o£ R sBfutddei act - connected to needl e-shaped or
ot her shaped connection pQints (1750) |ocated in the
(001501 onT nmethers carf dlgpibrgserl fo profter MEIRRS dPYRsiAnLf gprmal cells.
the pr ' ' t - - '
B SRSB4 o B G ROE!nFBEREL 06y of bl
cellsfé. 25 Rtastasid @ hirbor alcancer nellsuda s spedifieembodiment, the present

O g R MR O R
epith%ﬁ?l Faygl hﬁ}'bb?;{éfs HHA0GRUARRIHA SR tesCétECUI S tO

erent electrode structure units of the appar at uses
[00f80] heThe ésilomting fivstnateom ejaple sl thap@smtagpmms and its operation.
i nvent i % al so .i ncl rdes met,hods for nonitori negﬁﬁgrlrﬂ)eroran

The fRRgFaiyy B% maghioring Sef BHEalQiiiny poTh P RRGT &Y HEP

i i yaiicR inhediibrodie, e
inser R B A g L Sl BY & PR e o2
micropéross PRT (palyethplene terephthatate)fmerabrane pplg palymer magbrane

comgr?snels tn%fl%i;l;]lg p%re% tc]t?aq eI oq'f appropriate sizes permitting the invasive cells to go

through. The bottom chamber or the lower well supports a microelectrode array having at

least two sets of electrode elements (i.e., two electrode arrays). The electrode array is of
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i npedance between or anong the el ectrodes to nonitor
mgration or invasion of the cells. [00176] In use,
wa b@4prEsent invention is directed to a net hodPEDUS2003/022537
nonitoring cell mgration or invasion, which nethod
conprises: a) providing an above-descri bed appar at us
approﬁ‘lﬂﬁte g@&h&&& k8 ehaf Ghbn B1G 2L i3 d8Eed AAd agthehed t& iheoRil@tiotgplane,
grating or i1nvasive cells or cells suspected of

impedzacaibetwiegn thtei eheptrode amao@s\yiﬁéae@ﬂ;tequle Exgpiples o shedectiode arrays
ol BRRREAE0. BAURHT A 18 SRS 4 anas

circulaPSleBY Q4 B2y TEHE hAHRatu RS nEoniteeinE cell ifigratiowhaagen afay further
I npedance bétween or anong the electrodes to nonitor

comprisgjaminpadance analpast thet is tanable efedetesmining theampedancabeiisgn two

¢ f .the inv(%rS]ti on can be used to nonitor any suitable
sets Of HHCTOEIEEFQI®St hat are related to cell mgration or

i(ﬂ‘l@ﬂilﬁ%%)eﬁﬁbn,&‘)éﬁm 1% adaiigedreictintodi@nd itto asemctamber.
nmoni tor the amount or nunber of cells that migrate or. . 1
Appropsidie resgestsi(e. selmisraimipEss rdedulaigrs hafstiaptipte oF Bibit ce

i npedance. t : SRk e
gy B A AopR R dcths SRGeEER Y colThaRMEniaReRR hishiub) may b
addedGheaBetoprchambecdBig oriageethe oell additio tsthe top drariber. The

screen for such_ a_ nodul ator, or ex?l(n;gl:l e, th gﬂgﬁle%t i
botiaan gbasberdnlogded with gerreprigth SPEFHOT A trlferﬁ“&fﬁ r grcjoger or

| inté fhet r i Bl e.g.,
eI I i1l Mol tBoRt BREIGEnAPLoRPRSEEAIe Raddi e,
chérigatir &sdntcongbermnel nigeatiah esodul aors thap mayrstimmleds pomhibit cell

the cells. In another. exa e,.the ,.present t.hod
RO BF EBRERE BEIRL e rL it opy B SR o QR When the
celldWa :tﬁ’entok %h%hﬁﬁﬂeﬁ&t?ﬂe MY¥odsh b GbRS bPhe @fans-BNASb& Membrane

sti nmul at or and e nethod is used to screen the test

and ceapio thedbottom @ramben lagorg wt amifat‘[ah]@'ng ta ﬂpme;ﬁcgpde. stopiureq located
on o gty e P passa e e Ta Pyl gd i Mlafod and

anzﬂ?ié?l‘? G5 CABLP Rl 68k fefiohP (ild. S¢nsbt &) coverakic inajoaisy ofthe surface
of abnormal “'cells, e.g., metastasis of tunor or
areaa ther battein surfaca ofthehetipmi chawhpb dBratermbly.ithesusfags ayea of the

sl S8R 855 TR T B8 v v

dyharBicQhh@s itSs poRsid RHase niv@iipleniiffarest dhddatmytoaschaatber as a series
[00180]° The ¥

so b saah aresppaga pasTEhtnER of GILERN & TAbdipa Pt 19 — 1000,

10pB 30 ber “or an i nsert and & bottom chanber o a

[00182¢"r TR follosepailmbiedesynothep ekymple offéreipreseet appatptuseand its
I T E R T RN S
o b A PRI e =i

polyfiéppeiibsare comprises wultiplederas thatyarh af/anpgopriate sigcsqrermitiing the
sets of el ectrode_el enents el ectr

i . t d
invegre sgjByo Bp oo aihy tingbio i NSRS Bymgpmembrane
havepcs:-i;/e gﬁ%@tﬁﬁ/ Qageldd for corresponding to different cell numbers and different cell

sizes. One electrode is on the top chamber and another electrode is on the bottom chamber.

When the cells invade and go through the pores in the membranes separating two chambers,

the electrical impedance between the two electrodes will be altered. Electrodes that can
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appropriate geonetry so that when cells are introduced
and attached to the el ectrode plane, inpedance
wheimeeno: he el ectrode arrays will be altered. PEREAPLEE22537
of the electrode arrays include an inter-digitized,
parallel electrode array, a two-parallel-spiral
monifdr§hd fré}ﬁem?ﬁqﬁ%e e Bncsire Gbdio fRbHaE fHRARfoAAGEYN fof REgration
apparatus for nonitoring cell mgration/invasion nay
procdssir t her conpri se an i npedance anal yzer that is
capabl e of determ ning the inpedance between two sets
of m croel ectrodes. [00181] In operation, cells to be

il a'I%daﬁéeeF@héwtﬂum foraCPAssyaber . _
App Tate reagents (e.g. cell mgration/invasion

nodul ators that stinulate or inhibit cell

T3 8 BT RGP Al Gt for il

onilBiR fdraoBE strebiires ﬂlbﬁbat@d be lashaibsrtes metlbe twoboriditiddse(a), open
top chanber. The,K bottom chanber is |o

ded with
symbph Sl et [ mispies prlhadig atapaed yohto fifeelectrode and
t
subsgl}%%eegurﬁgesa ﬁfdl%#gg Jﬁlfei%gégxtehﬂﬁrpcc}n%mgg %fe’lﬁlnr@g? t%?liéﬁ«}g{q %‘g&g rto a well
coffalifiig e lelectrbde sthicaure;(bylsdlial symbol Rat40mainuiss i(calls atege attached to
inhibit cell magration or ents uspect ed. of ,]Pgdslagc 1
the-elpgtrade grd splsialesisiasesh aftgd ?alt E}Fgm confningd ells

we‘ér%1 g&}e'ﬂqg it el filin ng AR R e s QAME oh B WA BSttdRh surface.

rans-c rane and reach the bottom
Shottanifer ,(Withmdll mlmtes)amill-amtanmg mgediwn whae addesithe wigd, the cells did

sfructures .l ocated. on the .chanmber t.ered
nof hsab: Y perene A SR atbe T ViE Set BN e ThEeasurod
imgg&irbéé Bdsistzh&S zﬁfd@@id(anc@j 5 8 t1088 sPidtureiwith the @BN-@bntaining
reas) cover the majority of the surface area of the

ménhrmnmassﬂm $aan® 0D almdséthb sameyrasdheswbimineddprthe calbifipe magéum added

rea of..the
i ¥ P HBR el et S sisul e RN s RS over the
elé@'tr@ﬁes dyRash ﬁleroﬁﬂ&ﬁntahﬁn%ﬁle@ﬂﬁ‘ﬁxbv@d ﬁtlb@ud%d\beelﬂﬂlb Telela‘[redes but the
ferent sized-bottom chanber as a series so th

ceﬁadid rmt baver enogeh Hmede sttachrta tageeledirods IStl’um%éVBwaléV @he hlgh

100, .1 [
R
deEH'rﬁl&ﬁaﬂtby&ﬁ@ aledirode gﬂaﬂﬂlegﬁé&nd efeetrizhl plrbperﬂihﬁ thpprdamulectrical

nprises an upper chanber and a botton1chanber

cogélgatmiv and l@;ﬁl%?tmpEﬁWWItYBeQﬁdheaﬁéu@fgt atis tEqdyEest o\rE the
al hy, 1€ « Y
)(}%rgt éfnlgllr?b A}ﬁé\g%ro %Qltﬂélgka hﬁémffg gg% r%glzedt Eg\?;trgcrlcé polfanzatlon
ef&@t? &dingab ehéfrécg&n@)edepehﬁ.&m gesidteelce and/ eq:av@rme | (et or gample,

t h h. Th dth f in t . 4 ay s
PP s ies A DT S apoIe BPIaRGR I Al gD grials”, in
Aﬁr?rl%'lgﬁlg&’ ggﬂgloﬂg EfZ%Q%% £hl TRHIIS! ScIRngh, E@Pfafn@r@e%lowﬂz

Si ze ctrode’is on the top chamber and
“ fanmatiearatiedlanoded de thspadarizatien hopedanre hboandiac pacpmaker dlectrodes”,

S8 B ERES S, 595845 U, 8060 15 R e

cokﬂﬁ}i g theiifn 4R irftoRatdd0deRe Well vhik® wid RaRd intel satdktiOcRture
that can 52 WO 2004/010102 PCT/ US2003/022537
incubator for over 2h 40minutes, the cells were given enough time to attach and spread (as

confirmed by microscope examination of the cells in the region not covered by the
electrodes). Because of the non-conducting nature of the cell membrane, the frequency

spectrum of the resistance of the electrode structures was altered. Typically, there was an
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nonitor the trans-nenbrane i npedance are used to
provide the information for mgration process.
wo pppediamer Frequency Spectrum for Cell Assays PODUSRP3/022537
Figure 25(A) shows typical frequency spectra of
nmeasured resistance for circle- on-line el ectrode
: t f.284;! : .EThdtB 4Rk st change in
N R b i L e P
eithled lowdrwr dfghec fbduenbpbgnmts. at t ached yet to the

FAOGE 40 Gisies 2B SHrr BT ALPY SopArutn e pigs st for the
sax%ﬁél@@c%&e%&u&tﬁﬁas%@&ttﬁv%%m%tcbﬂﬁﬁldﬁﬁés ihWigse hsgs.)s yaﬂxgien symbol,
40 he el ectrode

mnutes (cells were attached to
shaatiyl afert(sithirt £ simitess eel)s hatlnot attashed pgtite the glesdiodgand substrate

ontaj ni.ng HI1080 cells were I
swAp ahafinge FHBTE mfim SRR B0 dsfls WS i St
cortiifrdGRe elesthiictstvichitd; €b) {olidlshinBoll Oh A0 Mihas (cells were attached to
- cell-contai ni ng nedi umwas added the well, the cells
thectlettrodo andhsubstrata suidhces) afer thye anltusemedigm gputaipipg H1J48Q cells

Thi i red. i
et e SR Gl R b8 TRRRAFESh s RARAEE e
Sh¥ftlyfieh . € eWithiaantainate’dPce Pegditaifingasedivin vwea mddedothe well, the

al nost the sane, as that_ obtained for the celqlm,freg
celtsedidl et kavgsnoughdima o aifach fo theclecedeso fdis Wahcanfismet By that the

cellsfr | A Uk ' ' . _
G D e R I AR ey e
contBinirpdeditmovarthe keme loe ainiest & sanie, 4sthat abédihesl ©i thervoll-free

have enough tine to attach to the el ectrode
megity addadds the ‘yﬁlﬂ-céﬁ ﬁ%cnﬁﬁgalrﬂvgh or fﬂfequaéwgp when ghe cell-free

: . : di

el N B e o P A fhing medium
wag étrerlucyd aved thed dedtrodesibuiphopdlistdid nét HtaWe enastghdime to attach to the

el ectrical  conguctiyvi and diel ectri 1 ttivit
el roge B BORAhARe Fehieahgsydea- srepa e erd abists
res?gtﬁﬂégti#ﬁlginlffetéﬂ’ﬂﬁéd by BRUERELES gedrh@fyLarRPd]&dugcal conductivity of
so-called "electrode polarization" effect, |eading to

thd sodutianethatem infrodepssinaiien theralesirod e sizecternd Ad e freguercies, there
ee, for ..

((s X e, , Schwan,..H P, .."Li
exb e SR TR M et B My openn
rediRhRE a8l SapacitihceAbed, fdBleRimple, S¢van, MP.; “IdBearfpd nonlinear
269-288, 1992; Jaron, D., Schwan, HP and Geselqwitz.,
eléctxodmpdlerizatiooand hisdegicl graterieds pit Anp AHemss Engoe¥ielng® pp 269-

f rdi ac .pagemaker. el L pl . Bi
2535 25 5, SRS B0 N, o i glocFobu
polir2ei @8 inffddeficel dTRafdddc paceiliar iclbctrodest,di Medrddiol. Eng., Vol. 6, pp

i ntroduced to the well which was ﬁiac?d intQ a tissue
578¢f19¢r Bor the eenshier off By 4 Gmiitesiplien ferfgllcontapyng pgdiug was

int%@cﬁ?:le(? irtyo:é tgag Bxieﬂo%%ht\ir%gﬂéc%d Ah ﬁgﬁe%ﬁﬁg? Qitiﬁfﬁgtog 26 2h 40minutes,

fn croscope exam natl on e ceIIs_ln
thé balsrvegt givenehowbvaneth dtjach bed sprbatas ocotefimed Byanigsscarfe

exEaion of (gl DA THOR ﬁ@%gér?;ip%ﬁ%&l%ﬁr@%@“iﬁ@%?&aa@
A TS O S R A T
specttun ofit@iredoganice efjthersbiotred¢ drickmres was dtered-APiffeTénd fiom the

was snpl |l chan in . . . . .
change in the res&tance% the major relative change occurred in the higher frequencies

where the overall magnitude of the reactance was also increased significantly because of

the cells attached onto the electrodes.
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either | ower or higher frequency regions. [001841
Fi gure 25(B) shows a frequency spectrum of neasured

wo e@evaner for the sanme el ectrode structures POHER2008022537
same conditions as in Figure 25(A): (a), open synbol,
shortly after (within 10 m nutes, cells had not

ﬁ{g‘l@f}h edred ta]k? Hd 6 g?&‘sfs&ﬂ@e ﬁ@%ﬁé&@@ftﬁ @&lﬁatte?dhé& A es)

I Ssue Ccu ure nedl um cont al ni ng s was
resﬁthﬂledniemsmdmithoutco@m aitavhed) andyel oethéxctiatio G@mly,uclawechange in

R TER oEr
shag)ﬁéi EMR/F (FRdkunsy( ?t At 10 HddAB0, tﬁ@ﬂe'1§smﬂ?6ﬁn@&%§e irDthe

contal ni ng the el éctrode structures on the
1mpmlahcd(m tlmwae,rﬁla serial reSfstance)y thefrate 1S(appg)><1maﬁelymn¢ MWith

m nut cel |l -cont.ai.nin s _add
incEBInSEEHPEIeY: (TGO HT G EnGUYN PR fBoak valh 1Bl ipgreasing the
frefhéicy HRARS, thd Rt IRfabRb bbhstR dndit Rifh freflinciedEaShOE be
I'mpedance (reS|stance and reactance) for the el ectrode

pomtadLmIlt thamm alho pheﬂrd@tq plotwrelativaichengede therreagianceres capacitance

e same.  as t hat t f
v AR pRpe eRies X bl Y R AT e gl ffment o he
ele@ﬁ’é’d/eesurifa@és (%&EFE;QFQH(ID))W PhitRrhoe, efréssioned impedanoe &1 terms of
medi um was 1 ntroduced over the el ectrodes or. when

t he
parallt] registancs andrrgaciense g akigbe nsadiondeserbipg dhe ¢heage in lmpedance

cug |G Rl o RSN B 02 Ty mical 1y, The

36 r eque ek (I:ﬂu@of tha E@mﬁw& rszZ(1 antheabtw ef the resistance with
resistance is mainly determ ned th

celyasiien o laehoges doh reseRavYRoT 1 S Steed Bfigelestiodes)

anﬁ& et fréq?i d{}; a{t%ﬁ!&?ﬁile N vélﬂ@o&lu?sc&eg@ﬁfoﬁt g%“d’?er ththgs, how
uenci es, here exi sts a so-cal

manglcelis dtedRedon titel clatiodn Surédct dwtw tlglﬁasdc}ngtatcbmeh@s the size of the

ceﬂ:lqgsv atale p%ecpenden%s thﬁ_lcé sShaVE ?(H‘éﬁ?ll‘ ﬁarﬁam ; EBE a(n%l intracellular

lHagh et dnwts%mﬁltﬁt 18 cell
coﬁﬁ)gﬁém@@ %q{lﬁﬂﬂe%%fﬂﬁ'%eﬁg%),ebb& 1%69 2688 Rl e] anrlon cells

attBrhed S l‘lwﬁeﬂ]ectﬂd@e amtﬂao@ewlltomlngher peak vatwetfentheiretia angghe higher

freghanabisH WS GeacieBRs, Bnge T ig g ARGy similer

phgél{) o%i?ﬁl &Qﬁﬂidn's e8 gQB efPorftatial g@@&mtgg er the

contai ning mediumwas intr to the wel |

PO 18] wadn pbmpeldsqnm@ thegeults s Figures 3568 478(B) ad35(G), Figure

wer e given | h
264801 BP0 285w et Fonba By Pt B R b e B A
redifi8ne@hti forR siffar d@ﬁle%h—[iﬁé ele@vRicaritbmotdeells apphed to the wells
el ectrodes). Under such a condition, because o

comprising tekicitdlergnrimeslesirade stristizes on thedpitamevell ﬁég“res S7(A)s
ABRET LU B BRI ol thasstote

tibet 8813 Si FigREL28A Beowsthe lfreqﬁnay speetra lofi registance-waticefbr dIfferent

the her frequenC|es wher e overal | |tud
nahers ofkelinidsdats thy Sils FRIRBIERELNS SRF PIRSa AL TP bR

elgog@ggeso %ﬁ%b@&% %%g@g%})g%@g s RLEIR! 4 RBP4t Y94 change in the

serial resistance occurring at ~ 2kHz, whilst seeding 3200 and 7000 cells resulted 182%

and 517% change in serial resistance occurring at ~ 5 and 30 kHz, respectively. Again,
the change in the serial reactance can also be used for demonstrating such relationship

between the cell number and the magnitude of the change in reactance (see Figure 28B,
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[00185] If we take the ratio of resistance neasured

with cell-attached to the resistance neasured w t hout
weeis®iEv: ached and plot this ratio (namely, reCHUS2003/022537

change in resistance or serial resistance) as a

function of the frequency, typically, we observe a

fopeakpls hiepedctanesalidiag RS k2D 1@y be ubéd fodWiastrate elptionship
there is small or no change in_ the inpedance (in this

bepwgea the ¢rll waphegjand dis wagmivdy of Ehﬁ@h%aeller@@tance) Furthermore, if
po ) Ll O Mo S R01SMp ARGtur econce
aldorpoissibi degiohibteate theatppenient felationship beﬂm:en ﬂ’[el cm:lldﬁ:mbea&&sthe

to.a on at hi ies,, It s
mwmgfe# Bec %"r%&? 1 arf‘]ie ésga"ﬁ%%ﬁy BY Rt ;5?3&%31]86
relative change in the reactance or capamtance val ue

Dé%ti&‘ﬂ%f"cmnﬁﬂﬁf&@nd& the reactance to nonitor and
flect the cell attachnment to the electrode surfaces

([0@1@9F| g BRed b Be)depbntichh@laidnship BXiMEs &leQﬁea%ﬁred impedance, cell
npedance in terns of parallel resistance and

nufnévg& trapre aceuptely, His Heble §@hnm@berd@rsaéﬁaplaﬂdrrgllm@t@rbaamg@ell
s R SRR o b U8 RO by BB lincer

fronatheanédsured impbéanca fiequedity Ellimtrﬁe $asibagmmethords for calculating such a
eI | -attached to the_el ectrodes to,_the resistance when

cel gupbpy index canshised Inibe doltvripgdesillusizaig seveealmmehedsidey

t
cafthlaill Sk A diier Yo Be DM o SRRED T Qs RIPAGoBARe when
ceﬁaualrhadecheﬂ ootiei egljdfdtrodel sﬂnu(ﬂmlrb adtinesgect the b@llssnoz attadhed teethe

cel l.s, what el ect ertie thec | s have for
elet“Ff@?‘? Stmcggﬁa?h@ ecea %Fl taice and reagiagee oéél%ﬁp%ﬁfémde structures

wiltPio SelTIRRLd Wt withesabR! dell URES rﬁ\ﬁhﬁﬁ\é@eﬂ tfﬁé Eﬁgtro&@structures is

found that nore cells attached to the ectrode
somgiifge mfwrmetbasahnhuglpedanpe akhe/bdselnd iorpedhmcernay loe ahtgined by

t he_hi gh at which th
onk 3 k20 e kUL STHERGY e (TLE e U Brblre OB et
striéMEds WitH El-fréPaHhukd RRGiuliLinGodihded $XBINEREN BbntEin®WM the electrode

phase). [00187] In conparison with the results in

strpptyes exhasiphe culsremednen B3hcyamaisghataised B(rAI}e inyeds)ce

e O TN R En G taPyBlny i @R impedance

medkiirell eh@rtly (¢. 561 (BhBhkdsP BRerthd EelNEdRaifRL Irﬁedwﬁ B Gppleed to the
the wells conprisi ntgmt he circle-on-11ne el ectrode

wedls coeptipies ﬂ&ﬂwelﬁcﬁ@dﬁé gwiopen the welhbetéom fduring the shriyeriod after

o g BAPYSbRSFBH, 69518 BT HIBR Bl S oot

sutfieesf The lsapthyofshie Cshdsla-pelﬁod m'ay dependenrcallitgpd @id/or surface treatment
dlff rent nun‘?ers of cells added into the wells

qatipm gn theeeleciiade syilacss)y {3)dhe ipedapee megsured for the electrode
strﬁétﬁfe% WA S tf@éelﬁ)fﬁfﬁ% A %% q{'ﬂﬁ‘&l lﬁb&ﬁ&mstggahﬁsx}ltl (8.g. high-

results a maxi num o ange | seria

tempshtatainetmead) almd/onga@nts (e 2K Hiztergah) I foir thaeﬁrd:tlmg t3 28 0sed, the
d [ t 82Y% 517% ch

tregtgqqngpn %lgrlgggezllté oj Y Iaff c?iel%gmglpagéqyt%fn he rrl.:ledium which is
ovESBReRbkY®sYy- Again, the change in the serial

react ance can al so be used for denonstrating such

rel ati onship between the cell nunber and the

magni t ude of the change in reactance (see Figure 28B,
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WD 2004/ 010102 PCT/ US2003/ 022537 for exanple, the
react ance val ues at 250 kHz may be used to illustrate
w0 edoavianshi p between the cell nunber and t hePCT/US2003/022537
magni tude of the change in reactance). Furthernore, if
par al | el resistance and parallel reactance are used to

S @ﬁéﬁﬁ dek chifbe BAleRaRRADS bl €
ﬁﬁ)rqmﬁlzt rate t g%endent re atn} gnghl pe bet vvgen he
o@) bt eachinesasaad fiteheencypepbiui atig thf restsemcﬁhmtngé)s/ dividing the

paral | el resi tan e _and/.or I cta

P A Eh ST (i 08 B Gep Ao RERER by foe Raseline

depgggﬁﬁkerelatlonshlp bet ween the neasured i npedance,

cel | nunber (nore accurately, the viable cell nunber,

o(r2) ﬁnﬂmgtce deteahining i araximma) vebielin the Iteaétaneqﬂaﬂ@ pxerihe
EOSS|bIe to derive a so-called "cell nunber

indgfq‘ﬁﬁysgﬁtmuﬁndex) from the measured i npedance

f (36 AHE BDBIraSREE bhdfroMahé Rldginieh halds if e r@sﬁét@ttﬂe ahtid)g
such a cell nunber index can be used. In

[Qﬂlﬂb}mrtgls OARS, RIZETPATMgRTEZase Ve punpher m”ﬂr@ﬂcates that no cells or
I t
Vetcy?fnf ilsrf1 | n 82 cc%lp é &Q%B%r AL tcf’@g %ﬁec&@dé %hgcahe drl? gugher

Pance en are a
valuB®f ete@pﬁm@@be isdex U eididateswhithfol eape tipetod thenells ehd Sellminder
attached to the electrode _structure. The i npedan

smmaésphxslghe@abmdrt@aétraﬂe@f lp fre@iachri e H1egdeetions SwHises s
mdc} fno ?tﬁell &Iﬁﬂlg?e L el uthbe AR Bid b&é‘il&ﬂét@d by
over ro

e structures I's sonetine
r @f etreach msaduaskfrequencyypeidalating thehresifiasel ratieby dpmﬂagtthe

may be obtai ned by . one_or no the follo

(1) measuterrsisiance (Waeserlsarg %tacttﬁgt ee%l??%caiévg t0 the bascline
stry &%ﬁ with a cell-free culture nmedi umintroduced
into e Well containing the el ectrode structures,

W2 rfimiding dmletanﬂnirﬂn@thmnhximuﬁsvatuaa'nshﬂmsia@nomio ogetthe
for the i edance measurenents for the condition
WherﬁE?qt1 FREYSBPYITMR t achment is nonitored; (2) the

ARASHHIRN N Wakédod O 8¢ e=’Q07 1) B¢ ﬂﬁ%ﬂaﬁifnhﬁfvalue in the

tﬁz ceII-contal ni ng nedi um was applied to the wells
conpedistamy rathiee el ect rode structures on the wel |l bottom

h hor t d_af t. t.a
o] B i 8 A ot LGRS RGN ShbiE Rl s or
vehhﬁnaﬁ ﬁﬁhﬁé}Qﬁ' ceﬁélz{rfs PEREnt ol alt@d@ o e eldbirBde surfaces. A higher
short - peri od w%ﬁfe pend on cell type and/or surface

valueast oelhnumbgt indses LhdieatesoHalo or shEk Bnea terells gnd geltsynder
s ol ARG B R RSt e 0 G4 Aloge oy

yp01Day t ailA oht eRriEIS] thé eelgnulhb@‘hnddxeﬂn e ahleukted by:

treatnent) and/or reagents &¥ det er gent ) (fa{g}
D HYPackh H@eweda&eqwey, celculafing the repianse TRy mng the

sho Lec t

med l‘tﬁ%}sﬁ%ﬁ %Icftﬁl% gver %gl@ g atett{z::t%}?eo ﬁé ?&Jl%%ﬁo&%s) th%he baseline
200454141002 PCT/ US2003/ 022537 [00190] In one exanple
the cell nunber .index can be C?Icul ted

ik of AP Bisa) X AL YAlUR etelar%t%ﬁ‘é?sﬁ(‘lg% gftrdne
r at i ¥nd) éf)'e&hﬁﬁ the

(3) and subtracting one from the maximum value in the resistance ratio.
[00195] In this case, a zero or near-zero “cell number index” indicates that no cells or

very small number of cells are present on or attached to the electrode surfaces. A higher
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nmeasured resi stance (when cells are attached to the
el ectrodes) by the baseline resistance, (2) finding
woeroodetmoan ni ng the maxi mum val ue in the resi SPENUB2003/022537
ratio over the frequency spectrum (3) and subtracting
one fromthe maxi mumvalue in the resistance ratio.
Vall% 09 90%111 ngl Exh nae)?aialﬁ cafgs fifaf, & loé'arr{bec%e &Bhe celfdrd &Hﬂﬁlﬂer
i'cates t no cé s or “very snall nunb

sim@lhr ph‘;lsicﬂo@cﬁ cphdisiend, note oellsatr¢ aitdvbed toothe h@c@b@:&mfa@l@
surfaces, A higher valu

A8 at e yah &POthPlbfixag‘é’ﬂFe ﬁ}e}}fi@e"g‘?an‘lcq’?é’ agglfaltt%d @Yﬁ SX cells
g{bd Qlt ea Clﬁb%s%% gpﬁ%@bﬁ‘}f ghle@htisoNdirbdi Qe rifY By RAdiSg the

Fe’atta éctrode surfaces. [00192] In
anabired resisaeéwhemeelsekd attaghtsbio thevelesirases) toehe baseline
cal.cul ated by: (1) At each neasured frequency,
deV¥I%% i ng the resistance ratio by dividing the
Tep ﬁ%glcﬁl%ﬁh%hé%ﬁuw\ﬂ% 26 & fefisnee Al dadle hrdsired fbguency by

ect rodes the baseline resistance, (2) finding
or siﬁltmtmgwm@froméhWISWQmmﬁpue in the resistance

i,0 over re e 3 d taki
|®gﬂ\?8|l%gf€ fing al ¢ il TG IE KN 8 Shiu mz( 7)18? "of the
{mwmmtrﬁ@ Che, iduIItdi@nbek ©SeST asrtteewecabmd ohQaulESle-fraguency

his case, a zero or near-zero "cell nunber.index"
pointsdinsteaé of single peak-Gennancy like goavp cXaBIPlesn Al 2 BPTOQE FE-ZET0
re ese t,0n.0 f
“ce ndey afrhiécag?s%ﬁ%cgﬁ}:%n s dtg é)?&?ntgdl‘ﬁﬁg gff%ge%ég éA@ ﬁcr value of

“céilq{un%@”ﬁldexp enddfatdshiBatg R kamenge of tHescelln ded celksnmdbmnular
physi ol ogi cal conditions, nore cells are attached to

physicdogiralcondidiens urqrg cells arp giacheq 1q e GlstradSsmpl e, t he
ﬁ@gégp u nJ?fflg wolGAiE RS {ﬁﬁ gtk Elgt Iliééessg.\y toderi®8&fth a “cell
ed requency, g at | I Ng e reactance ratio
nubs dieg fohatilizirgtherimpedaae hrfmmmtl(omfemnommrm%eél condltlons over

attached to the el ect t b
therf‘é%t?éltoéﬁ% eé\ct(lzl)lysfo;ﬁ glfaargc ?Se&@figf?ﬁr ﬁh‘SﬁS%Sﬁ YPIHER -8 at a

singf filed! %@Q@%gg&iﬁgmﬁnﬁﬂ{ Tt Rhat Rfrefue RGN 8P Sdmultiple

pe rum tracting one fromthe nmaxi mum
frey@dnicies) as arimdicetor of eelbeonddtonse. [ 00195] In this case a
zero or near-zero,. "cel u ndex cate . »
113l o S eGEh@rectiafpr e MseniRvebion 1 iR B30 hifber index

d 15 Sdnkt6r E1BEInHRRIAs STREr8 GRS sevé ha@raﬁt ﬁ&fdé\ﬁ “cell
angg %%86&2 PCT/ US2003/ 02253% varl ue oeiy acell r?ﬁ?foer 5

numbdlemdex’htmmem@s attéchment md/@raﬂéslhsypr@néﬁmnhe cell's and
|
81D 57 355t P 00 Bl ST BB B

by utilizing such cell number index.

[00201] Secondly, for a given electrode geometry, it is possible to construct
“calibration curve” for depicting the relationship between the cell number and the cell
number index by performing impedance measurements for different number of cells added
to the electrodes (in such an experiment, it is important to make sure that the seeded cells
have well-attached to the electrode surfaces). With such a calibration curve, when a new
impedance measurement is performed, it is then possible to estimate cell number from the
newly-measured cell number index.

[00202]  Thirdly, cell number index can also be used to compare different surface

conditions. For the same electrode geometry and same number of cells, a surface
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[00196] In yet another exanple, the index can be
calculated by (1) At each neasured frequency,
w@2008100E02 Nng the resistance ratio by dividi ng BEEUS2003/022537
nmeasured resi stance (when cells are attached to the
el ectrodes) to the baseline resistance, (2) then
tredtfle ‘t%l%dd ?9& Q8eli %h%ﬁ)kf’lﬁd%bﬁlﬁ&ﬁteb B YeB& attaefihéntifor tBEE8lls to the
neasur e reguency tracting one fromthe
electeslestiefnceandadr beftel ﬁ)fabm&m celhatigphatanhg al | t he
relative-change val ue. [00197] In this case,
"cel | -nunber index" is derived based on
c.hul ti rﬁ;,@anflu%ﬁguency points, instead of single
peak freq ncy i ke above exanples. Again, a zero or
near-zero "cell nunber index" indicates that on cells

8D, P8 S R 54 B8R LSRG R, s g mvenion

the cells and cells under simlar physiological

conditions, nore cells arg attached to the el ectrodes.

[00198] It is worthwhile 1%@!5%1,‘23{ out that it is not

HEEEARA 0N EhatBivk Yoachied fR 8 diffblent (YHENSTcldoi@as atfablied with or

utifizing the 1npedance I nformation for nonitoring

cel | conditions over thevithostealddes. Actually, one

may choose to directly use inpedance values (e.g., at
[00204Fi EEeref3 iXastrdtessignpedaer and caiacﬁivnmedctanm for 8 different types of

rel ati ve-change frequen

t
clectpRERHBI LS ]h o VaoRUIEE S ol ToareBiEntihipieetrode for 244,
2AB[PREND SId 4A id T ninf, i Fﬁ%fe?gfﬁme%lécﬁgd@fo??i%@t 3B and 3C is 3

inventionh to derive™ mber i ndex and use such
mm. |’.lf1dﬁ)&att@s wib Bachorl ectrekde typnam aietdifersnt aidewepraviled éw &pkle 2. The

surtiey A RRe P GP Lo B Pey LA P BHEA POBSORY. FiPi:

expedhents ABrdnEiPHEs ﬁs’éﬁ REtet 06 ECNIIQBTQ |cf31ﬁ§¢?v8ﬂétthﬁi QBUDSHRO the
geonetries by util I zing suc nunber i ndex.

surfa{:@&ﬁ'@hﬁ} elseowtes Yhe fasrstaacgmbwa@tm@@t(pm@t@e m?éta.nye) were

R I

(A, B)hReﬁﬁhﬁce EAL re‘@parcltmdea@té@me pes fatciibnof freqedan e eight d1fferent
measurenents for different nunber of cells added to

typeSt dfeclestrodes oliszeass in TSpiEtANGA PIEHSETERTASACAPICIIVETCAGEISE PRkt Seen in
hat e
o oAU A ed 0P SREIPS RS cnlPBaE e @l PO
with ﬂwiﬁ/@rrew;t‘cﬂﬂl@ Iﬁ&y'oelwmeet&ntwhrashasm wareniot attached ((bham dfter
is then possible to estimate cel |l nupber .fromt

Seedlﬁé\ﬁ‘lll%ﬁqlﬂéh%&}ﬂé]&a‘féél (BInlhadsr sraphespmnpasgopip rqqﬁf’rt%l%fwng capacitive
I
reatif PR L S SRS o ot tp ek uE OREIS pctag, valuos
the abexue tvalnea Mhasgeye f nesidoamce ahd calabiive acastant@weresMl¥@en in the
2004/ 010102 . PCT/ uszogé 022537 treatnment given a
electrogesattached with WEe? T3 #lEx i ndi cates a better attachnent
for the cells to the
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el ectrode surface and/or better surface for cell

attachnment. C. Exanples [00203] The foll owi ng exanpl es
wa@e@4fontiended to illustrate but not to limt tPEr/US2003/022537

invention. Exanple 1 Resistance and capacitive

reactance for 8 different types of electrodes attached

Tabwgﬁ_ph alﬂ'lmaw s 3Me (ﬁ%ﬂ% Sl fat R Wcen fsiddl ustrates

ance -and capacitive reactance for 8 different
—ftvnes n-F alact rnden ¢ il H 3T3
Eleggfde T%@»sa?z@ne%ﬁsf t he| BIBEAYBhe fﬂo" ”'%Tof e,
Strgoime 2 ADMatgiig] 3 TUcture M et r2CHYC fiFa
Nambect rode for ZBEHWSB_and Cis 3 h __The featlures of
2CRach el pGiasode |tnpedighated di #8/8Bent and Bi® pr ovi ded in
2BEabl e 2| GlRe slulmtsdigRated ek&d8rodes |viemen coatgd with
2ARNEM cal GaRE DI [oh@akigatedD| 86/80€s. 1N 1 fiins
2ABZDE! T G’iass” Wﬁ{@&%{t&q&\ﬂmeﬁgd- ATTlef pmPati ng, NI H

Al

FB—cet wetre—then a Tk the—surfaces af the
_%égierfrndgﬂssTha tEQ?IT%EEG g%aglcabtalyﬁﬁibapabitive
2APoact ank g}’asﬁmn hﬁ%&ﬂﬁ-@ﬁ—as hour—(i-Hedi-ateHy after

seedinglthe cel]s) and at fwo hours after the seeding.
3C(A,_B) R6disst aniceireladndinsacbPi16@/18@act hAwe as
3Bf uncti ohGidssf r egUacleyonflore eBOIRO/Ni f f eremm t ypes of
3Ael ectrofesass InCCﬁ‘al%fbni-l[her €30/80M0ce andndecr easie in

capaci t :8ac ﬁ,ﬁ;ﬁ segnroin all five el gctrode
types al Eg‘?l&% Wt I'H 3T3 (2 hours jafter seeding the

all )

€ei+S5)—C€otH g—wi-t-hr—tHei bUIIEprHUng

[OO‘?Q%]( o%lgét%ord%g EM ﬁﬁ‘\ﬁj I%g%e g&i ;ngaq%r#&ﬁé%{?gt a%h% at eéectrodes
and H38& vﬁﬁ@soéb/g(?i GRS, 86801 31710, @8} 18t AAUR/ S r Elep@sdetwideh and gap

react ance anges at a given frequency as indicated.
mdth—leasspecttwela,y capacitive reactance value is the absolute

e. i,st ance .and clkiye
[oq@pﬁ %cgéﬁAl ﬁB 3 AT 81lr?18 s S(El% c#ciée orl ?ﬁﬁ‘%&ae&ccﬁodes
hav1r%T /Wb(*) %0/@90@@&9%(9@1@2&@@?6@@2@ﬁﬁé)&ﬂﬂﬁﬁa?hd stizkl(iee. line)
" summary of sone of the el ectrodes that have been
gap, tlesttasld cireleediemetgn reppeitvielit-e El ectr ode Di mensi on
Di aneter of Structure Material Structure (mcron)
active area Nanme Type 2CF dass Interdigitated 48/ 28
6 nm 2BE d ass |nterdigi Eqample£8/ 18 3 nm 2AA d ass
Interdigit ed 0/501m’r12 s _Ln i ted
80/ 15 1 MRS S 3 dedidad

[OO%O%IQ’S 1'?1%tureer49 {1 ulsttrgttese guagg{a%ige %neggﬂrement of cells using the 3B electrode.

Serial diluted NIH 3T3 cells (10,000 cells, 5,000 cells, 2,500 cells, 1,250 cells and 625 cells)

~

were added onto the surface of the 3B electrode coated with fibronectin. Resistance and
capacitive reactance were measured at 0 hour (immediately after seeding), and at 16 hours
after seeding. The curves represent resistance and capacitive reactance data from a given
frequency as indicated. TO curve indicates the baseline resistance and capacitive reactance
for the electrodes onto which cells had not been attached. T0-T16 curve indicates the
resistance and capacitive reactance changes after cell attached to the electrodes. The current
3B electrode is able to sense less than 600 cells. The dynamic quantification range of the

current 3B electrode is between 10,000 and 500 for NIH 3T3 cells.
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3C dass Circle-on-1ine 60/160/180 3 nm 3B d ass

Crcle-on-line 30/80/90 3 mm 3A dass Crcle-on-line
w@00801@02 1 mm Plastics Interdigitated 50/ 50 ¥&EHUSINI/022537

[ 00205] El ectrodes 2AA, 2AB, 2AC, 2AD, 2BE and 2CF are

interdigitated el ectrodes and have val ues 80/ 50,

80/ 15, 80/30, 50/10, 48/ 1&&(;@ 48/ 28 for el ectrode

Wi dth and gap w dth, respec Ve 00206] El ectrodes
i ey f 4] ol feration|usingrthe,3C and 3B

[ ne) el ect r odes haV| ng 3 /80({ 90 30/ 80/ 90 and
60/ 160/ 180 for the stick i ne) width and stick

0& gap, electrode circle ﬂ}‘gﬁﬁﬁ
[0 ngecﬁlwa%muﬁx@amp@ oM RATEHNE ¢ A hpianegpric
endot?ﬁlé @’A@t&ﬁ p&gﬁfe?h%oﬁ hS g&ﬁ@ﬁ? ER®3R %lec{:rbgé!;r efvéo thousand five

es quantl tati v nmeasur enent of | s usi ng
hundidNIBRES edisrande, 500AE adllsdivdra seaflobhiodis cwﬁéd:d glectrodes. For
000 cells, .5, 000 c 500.. ¢
NIH §H g oG 4eBPd 187 e Shuin SHreri o P PR Toing fikdtige was
coateQ v %&&ﬁl GO& @shoWah & 4 abfi9B 8&dctaice WeR rAbRALA QMY to monitor the
capac tive reactance were neasured at 0 hour
cell proliferadiont By 0 atch@tesshemea@)rqmartdmmedr_@@elﬁ afiersseeding ef the cells.

e S5 78 L B SRl RS s T resincs
and daﬁé&ﬁ@et R6btark iRHEXE wiftdihe b S afidietilaa s@lykyia boast et @pe:se

capacitive reactance for the el ectrodes ont

indicafngtellqedlifsration. Abe W%@@la@ﬁwﬂl plateruereat day 6ewhﬂe PAE cell
ol AL A 5. AR H AN Rl S SR

current 3B el ectrode |s abI e to sense | ess than 600

cells. The dynamc quantiéi catj on range of the
current 3B electrode is b 0, 000 and 500 for NI H

3T3RES e BRAPNR AR HENOE fBfeht $&HPS @2ROBE 3C electrode
Exanpl e 3 Real tine nonitoring of NIH 3T3 and PAE Cel |

[0[%083J Fgﬁfﬁ' fﬁlu‘éﬁét@@reh@ﬁn?&&ﬁ%xé&l afbes e @ﬁ?ereﬁtQ:@ﬁ @ﬁibs using

ustrates rea nmoni t ort ng of
the 3@ngleqiexe Resistande for ﬁnrmdoelhtaytpleaw(em@asumldl usingdhé B@reéﬁctrgﬁe The

four il iapet ke RaH S 6 18 R S S e B O p S S g
hepaﬂﬂgf% Iﬂ‘g: EQRLENk @)llge&{dbﬁfélﬁ celfs‘) fand HeHTBVEC@hngn eh&’tﬂheha cells).

was coated with fibronectin; for PAE cell
For th&idTH] 3a"<st anddbe WEP-G2,dhe el@cﬁmdewvzgsaoa&ed fwithr@ypeciing @réhfdPAE

and ﬁﬁg&%‘c Bcl:t&aq%%;gagg{%?ts Wl%a%?? ﬁ'llr ét}{oal[ g \évgpenﬁsteg For each cell
type q?ﬁﬁi‘i’d’a?é@[? Hor NTFES Pdndl NERIG22 10,506 dd:l[sgwété stdiled oatd each electrode;

for HUVEC and PAE, 20000 cells were seeded onto each electrode. The resistance and

capacitive reactance were measured (only resistance data were shown here ) at time 0 and 3
or 4 hours after seeding. For HEP-G2, resistance was measured at 119 hours after seeding.
Significant increases in resistance were seen in NIH 3T3 cells, HUVEC and PAE cells at 3
or 4 hours. In contrast, subtle increase in resistance was seen in HEP-G2 at 4 hours after
seeding, indicating the slow attachment of hepatocytes to the electrodes. The resistance for
HEP-G2 increased steadily after overnight incubation (data not shown) and reached to

plateau at 119 hour after seeding.
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Here, the capacitive reactance val ue shown in the
figure is the absolute value. The resistance and

W@ 2apapoitidrye reactance increase with the cul ti vetT/082003/022537
time (days) in both cell types, indicating cel
proliferation. The NI H 3T3 cell growth plateaued at
day 4, while PAE cell at eaued at day 5,
suggesting the NIH 3T3 ce %‘Me_ﬁ%%l [ fer ate faster than
PAE. Exanpl e 4RBpwidstibititeof@rpancsn PO
different cell types using the 3C electrode [ 002091

[OOE { (qu r digurk 7l 1H§§tfa@és&§prb&§d1bllmemmwmnrmh gTheour
ferent cell types usin the 3C

reprofusshiEhamesices o SUeRGRITO 578 pesdled ?E@gﬁ%ﬁh?gd?“ﬁ@des
were g%a[t(? w%cf&tggf%‘t:“m Tan«E oebdfa&) Wit CI%' dOOtgﬁggC’@eﬂ? p&lhﬁedwoﬁes-fﬁe resistance

use asts & cel hunman

for cddBRRCRO6YE ®aY mehdige iﬂ@rﬁedleﬂel}saf(ep scgadmg:(dﬁ)hmd %O hfslrs gx)d %\(huunutes
t he, HUVEC (human endothelja cells N H. ST
after sgedingh Si P INCrERse B) LeEIS1AReR™ ik e ag?r% ll]ncu afion 1nd10at1ng

the céﬂ ;Qfagfgrﬁgﬁt' cﬂ'n o bREddie T%éveﬁggré'ﬂﬁ'ﬁge @ ised 2L it Gendad

at in. Two el éctrodes were used for each
deVIaCIBh bf 3.9y fre mmmmj ittepdverhge Fesistadicplig2&t. Siwith isfpdagd deviation of

10,000 cells_were see t o tr.o for
17.2. ﬁ@?E@fgﬁ@nP%@’a%%g’ g‘gﬁ %ﬂm@a@%@bg‘? gﬁeach
el ectrode. The resistance and capacitive reactance

were measured (only resi si ance g?ta wer e shown here)
at time 0 and 3 or 4 hou seedi ng. For HEP- &,
reS|st ance was measured at 119 hours after se

M@%e@n g A% g%lelll ﬁn Qfatlgn aﬁHareﬂ oMb %lecﬂde

tre 1t ncredse 111 reststanc VaS Seen 1 n
striffeScaipofatb@ Uhitd thA béttom swéde bf thei lnwemham’m_ rthe sl ow
attachment of hepatocytes to the el ectrodes. The
resi stance for HEP-Q@& increased steadi lé after

{0021 ] Filgtrei 22cdiow's icompsanan HBESIOR G nighHon agkviides epveen
%{%&8@% Pé"% fg@g it %%s?‘f I-SL’E Orbr%ga g%l %l%&%@é&ljﬁggaﬂon

app@HuSdsaELe (RAMCHBTE @ttudhﬁl@iﬁ/@ﬂz 1EC(g'p0ﬁteﬂ dnkd t]nsﬂobﬁtbmssurface of
reproduci bility of resistance_neasureng
the lepienelasitsiy aStlﬁuﬁﬂfééedtléﬂ%He & I EXREAETD 2h %?ge@lgf ajop
seeded
ap%agﬁtgtsesrg@ Et}m?:édé( de 10I1thﬁeﬁlf?%%@%étmﬂéﬁ%%aﬁ%%@?at%ﬁﬂe an
el®lre6d scpdsr chin@. e eegles‘s aulostratef @r whigh leleetredst stmstelrvmere fabricated)
measure i mediately ter_se ?‘gﬁgrgﬁ 20..hou
WA B isbotign wr e phieh ot strmbi e enL BlaRe poross
thelf 1%1 d‘lirgﬁé%ql ica Bra%@ oﬁt)hﬁrana(attmptro th&'6leRASdeQBructures, the cell-

ne ce attachment onto el ectrode. The
substeEigepeesdess deteeiedl and q@ntifed By 4n hpddanceanadyzar. Two cell lines,

v Y3 e omd B ko 20030 o8 B2 BMEL BYPrt 8k BRGs. N1
BT%CE%LI ,QH %'1?5‘ hoﬂﬁvééﬂe‘ &HQﬁief Wherbh H"ﬁl@()?t%ll 1@ thaé Béen well

Exanpl e
characterized as an 1nvaswe cell line showmg a high invasion and migration activities both

in in vitro migration assays and in vivo migration assays. Both NIH 3T3 cells (purchased
from ATCC) and HT1080 cells (purchased from ATCC) were cultivated in DMEM
containing 10%FBS. In the migration experiment, cells of both types were trypsinized and
counted. The cell suspension was made. Since the electrode sensor chips (i.e., glass

substrates on which electrode structures were fabricated ) were integrated or incorporated
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Conparison in invasion and mgration activities

bet ween noni nvasive NIH 3T3 cells and i nvasive HT1080
weels®1Es2 determined in a cell nmigration apparBCTUES203/622537

el ectrode structures incorporated onto the bottom

surface of the |l ower chanber [002111 Figure 22 shows
1n1%‘%mlﬁ5vb§ @and-Well BYiBSHiORA apptiatis, FhedthRlir@fhhssvtll @figration assay was

between noninvasive NIH 3T3 cells and i nvasi ve HT1080

perfetthed amownalectionist aetimigration appargiveasi Bricflxghe elgetmadessensor in the

where the el ectrode structure i.ncor at.e to
oy R PO U GREowrna ety B inF Sk TRELBLER AR
extrhédlfldr Aok protdth AurtBis bxpdrint Rih seattodetsBRsdt€hd microporous
m gration apparatuses Keep the conventional

m¢mbiage wete coatedrveith @(hug/md dibzonestif ¢ mmtn teppetagurg for one hour. After

WA R e o o el e el Sutnuf e (o PBS TVEND ere added into

théRIH Y 8HarbEr® whBe thepicopatsislbaeRle Qfandb?&\heﬂe@ﬂ&[nté‘d‘l aﬂbﬁi ran insert
Wien cells migrate across the mgcroporous nenbra

wasrmdgsed i & low dhambescly cach insert.a) &9 reste 0§@h¢h§féNJHe’sT 3 erﬂ}TIOSO
o Wi LR S BF $9055eL AP AR b il v

vid tdithedtich pdde oh'THeQﬁ@ctfddB SensoBElgps) Tbd ifsioasihdtnkigratieh lctivities
m gration devices. NIH 3T3 ceI I line is a noninvasive

wege meapyredin igakiiae withyuighgubing the ereerieent Jadhe figpre, the Y axis
re lﬁ%lgsc%eﬁlrﬂlégﬁloﬁsin&% '(s)v%}’cgﬁ%'zli’s\%afcﬁ altedbﬁdgﬁd 81991 : ﬁﬂsc?re@fs&ﬂce of
clevtigdeinaiures Sﬁl&ﬁ’emﬁdtlmas off eicpelnmgmtainﬂ(ant}&éﬁgymmgibad'ehne

reg!ﬁglpggg g%ell slfq?g%]guqc%eﬁ? Sggqhgfegﬁqramﬁpg: %di? qe@@ugngees! I"Ishe: cell
mlg?ﬁ Oﬁl ﬁa&g&VéSO Céf(ﬁﬁlted o) at Jﬁllg} ngl %Intg& Dy %1' 11’1@ e&élﬁnumber

es were trypsinize counte e cel
indax® ﬁxas\ai cﬂﬂthmxrrmlia ratd oftthe nveswwédosistdee stengucn tink ;bo; the

| ass . substrates o mhlc el ec e.structur
bagling Thefircea R PN iR BYER ORI S FRLOT HoErBOE s
mﬁ@%ﬂlmn? Cldnies QRBCQeAR3S well Hith &llgﬂvééﬁin and migration
trans-well mgration apparatus, the standard
actividies T/IEIX axis gepaeseots thstay lw@yalsmpamme@um@ums indicated, the

S5 e T TD A QIR Nhbr  ee

cofB A @B 8oMhvidsie NI 8TS c¥iRy ive khdin GRakReb infagion act1v1t%r during
extracel lular matrix protein. In this experinent,

the peitre re@p@m@ﬁ sBis rasnld swonsisisat with praviavs reneatsigesusing the
CO?lg?aI{tlg)%g answe '&%aratus II\HO %n§§ft fr}%e C lli] 11{1 %r%{{bﬁ %Eﬁa?&tgéelﬁ ofthe present

our.
inféttion@nd @8dd hegetpioid® rﬁﬂdin@e édlﬁ%uﬁﬁﬁmﬁ\l&l&@lmgwr& raedettment of
into the | ower chambers where the precoat ed el ectrode
cagedisH $NVREIOR apd HEiation F¢iitiesan i nsert was placed in a
| ow chanber. In each insert, 2 x 105 cells of either
NlH 3T3 or HT1080 <cells were added. The el ectrode
structures were then connd@a®led the i npedance
anal yzer via connection pads on the el ectrode sensor
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[00212] Figure 23(A) shows the comparison in invasion and migration activity between

noninvasive NIH 3T3 cells and invasive HT1080 cells on cell migration devices (Figure
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el ectrode structures at different tinmes of experinment
and at the beginning (baseline resistance, no cells
waoweogoativached, of the experinent) at differeneCT/US2003/022537
frequencies. The cell mgration index was calculated
inasimlar way to that used for cal culating "cel
40(B)) R8fere th RS {roRAFRLENLES WS HIBKbATY Md Bdrépodbustiémbrane of the
measured resistance at a given tinme to the  baseline
inseg ¢ $igtilantrethe Fhacturss rsh¢w1g mnelffigwe 1 7vdbxthisoretlenigratipnggparatus, an

ith the nunmber o rrived in,.the
clethid et BT g buliCts an Pofnt§ioesl i Re ROFAM: 230m).
Thete#sr8! WRéh coll§ imvadt tesughl fifexfraddlifar RifiR I8k, Snighste birdss the
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stridtves initiie Meaduvéd shddjiiantified. (T @it lines, the(DHHISrTerltne a'ﬁli itise

result is consistent, with previous reports |[n ﬂ%
HEIR80 lipgriyerstupeshor tesHag sy qellapigiation aspargiyseso 1yeel]fine is a
noﬁl?lk/am% ﬂeo th@l%géa U§@ lplfmet R WRESREN tchafa@t\élg%d £"%n invasive

e rea contl nuous an
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ceﬁﬂph? cHab frddd Vet o Pw LB a6l ih @Mﬁmn% ?q@%mssaxn the
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migeatien leupdrimants woth hellswere d)lp’psmlzsd mhmlmﬂmi Ghe célb suspsnsmn was

00212 ure 23 shows C i nvasi
ST P B ONe P Ur PR G AR R0P stfguet 3k Bbnded to
1n&ﬁ|vlf§1s%ﬁﬁaﬁlé“féisd Menrhbr 8 94-GRl1l 81 10?1%??@111@“@.% ls@Adard trans-well
devices (Figure 63 WO 2004/010102 P US2003/ 022537
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wdb GFabfB8d ¥RBandiktitcel@lhr n@IHee bfcdele. Mty @kp’d’rﬁném,l BothvA®mbrane
built onto an bottom side of the insert ur e
el@B0&) yensdtsend furroporsiie megdiranes iwepaieratad i 8 pgfml fibronectin in
extracel | ul rix

o T BRBF O O EME Pt A B e T OS@Q?H%@%ES?E@{%G cell culture

m&ﬁé ?1 o EBEDONIER Bk 616 bl Sk the ¢ wikr@hamBé&rd W}&%Iﬁhe precoated
el ectrode interaction are sensed and the

elercnpé@l sansersiyerouonnted e Tldne an inseid wag p}aacd iy elowehegber. In cach

inaneeﬁ'ﬁzur@d c d ﬂ%ﬁg@g@? %‘f‘ 3 oirwrlggb cel \?&g ’a&i&&f N icﬁ)a—lﬁm Figure
23¢R), |ele@’trﬂ‘faﬁﬁfir6§1w@ﬂﬂﬁihdédlﬁﬁﬁe c@ihidcﬁ&ﬁpade lol thé membSarﬁ with

noni nvasi ve cell line, whereas HI 1080 ce]l |ine has
coa@&ﬁlv\ﬁ/@dhesewééh@fwr@d asconpeqieh idhe anpedange anahger. The area
witd® i’ﬂerc% %E)ahsnl%/ le8'to a@&nﬂl%lgés'v%@e BGVerdd With %1&8ﬁlBat1ble

in In Ion assays and in vivo mgration
silma-)bised&dhblslw HI3ehav asddd md(rmgmthm&&etivﬁuesmeﬁﬁﬁé‘asuaﬂdn real time

HT1080 cells (purchased f m ATCC) were cul tivat
withgepdissrbiag ths gxreamens Topvali lat %thqﬁe@%oameaﬁurswg%ﬁ, F‘?FE?\F“‘P of the

ex?gﬁﬁeﬁte ﬂe%eﬂ@ﬁm‘?grﬁfeﬁgﬁisg bifeGHeRRAnE A Y tBLehed R0 B! dlectrode sensors

uspensi o
on the microporous membrane were fixed with 100% methanol for 5 min followed by

staining with Giemsa stain (Sigma Diagnostics) for 30 min. (A) measurement of invasion
and migration activities of NIH 3T3 cells and HT1080 cells. The Y axis represents cell

migration index, which was calculated based on measured resistance of electrode
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made. Since m croporous nmenbranes with fabricated
el ectrode structures were bonded to insert wells
wa@iogablie2 for a comercial 24-well migration appEUS1003022537
the standard trans-well mgration assay was perforned
on our cell mgration apparatuses. Briefly, the
trﬁ(}t&fe? RO feRnlBMBE 8P& g@ﬂﬁeﬁ%dth'ﬂ tHel belghnRtaglide resistance, no
e ectro e sensor arr he insert were first
celixmd:re dttawhetl aﬁﬂempmentm atifferant frsqusneiesi Fhe qebl migrajion index
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PCT/ US2003/ 022537 structures at different times of
appapis¢sieseribeddiigure2Be begi nni ng (basel i ne resi st ance,
no cells were attached, of the experinent) at
different frequencies. The cell mgration index is
calculated in a simlar way to that used for
cal culating "cell nunber index ased on the maximm
ratio of the neasured rem@%leeeé)at a given tine to
the basel iner '
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nvast on -and gration activities. The X axis
miceoess mhamrhse 0f the insatter val s of each nmeasurenent. As
indicated, the mgration activities of HI1080 cells
were increased with tinme. The migration activity of
t[h@l&ﬁgi(%ﬂ‘@ﬂ Mﬁ)v&NJ rebuld BF r&@ il nhenittpials OFF theiaRibitbBteffkt of
G nmsa staining of the mgrated cells
dcmycydhhe oh Icenc@r ecit invesors arﬂsmtgr@trqna;smmlltm@rﬁmd@mces where the
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o e Sle ShEBbRRRURL R PRGordS sublias b gt Lomiar o
th& Bt%ﬁbt&x@@&hc%n fnlgud1B). 30 A @hdeSind\Wakelepipdert Qﬂﬁbmbﬁ of HT1080

the result obtained fromthe measurenent of t hg
cell 1nva51on and migration by doxycycline. (B) Real-time monitoring of the dynamic

inhibitory effect of doxycycline on HT1080 cell invasion and migration using a fully

automated instrment with software controlled data acquisition for impedance
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i npedance between el ectrode structures on the
m croporous nenbrane. Unli ke the apparatuses
waele®enidier in the Figure 22, where the el ectr oRPEI/US2003/022537
structures detected the cells mgrated and dropped
onto the bottom surface of the | ower chanber, the

meaiPahattUas hfdi@ated?ﬁ%gtﬁ% 24{B)athe niRafiehrodess W tontinuously
m gration once cel mgrate across the ni cr%porous
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17). (A
waswé@@éD)l\é%@; the solyentdhr dnercliliearasatied s uRyely cPaFel. In cach
P25 BT R AR50 BT bl el ioteyetine o

thd Wi were dddledAa impbdahce amusazmmd airtoBTatioE Y and dletbtromcally
software controll ed data acquisition for inpedanc
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doRychhd wereappeitorédia diffesar tluhe thtérmalkivgthoat ﬂajubnng the experiment.
el ectrode struct ur es fabricated on giu&cr o r ous

Theupigraiing dndsx (Plh?? §migaationjpdex) Reps cpls the; samie; e g phose
b|tory ef fect on cancer cell invasion

Shgw%!iﬁﬁgrl%trl on. dose and ti me-dependent inhibitory
ef fect of doxycycline (Sigma) on HT1080 cell invasion
and mgration was neasured.onthe cell mgration
apparatus. Briefly, the nrcroporous nmenmbrane (10 um
in diameter) andevidiefoe hpaitoinemsdratiat mrres tine e coat ed
with 50 g/ fibronectin at roomtenperature for one
hour foll owed by wash with phosphate buffed saline.
HT1080 cells were trypsinized and a 106 cells/m
susdensi &hmsctmdecelfehiph*eﬂgnower chanber, 1 m of

OB RS By ST 08l LAT 00 GERRECTH Ot Al

repré3OiEWCddsipRs v theleitroal el %Bipls clTae g@]ﬁtdledtrodémﬁh different
insert, 200 |Is of HT1080 cel |l suspension

geomeémee)ndcs@m arawentpred emibe elpsk jepbriendhs @lzetoﬁ &llexé%ﬁSéP@trate is 1
e 5, 4450 DB REAERS ool 5010 L ATEbL Bl o
conn@clﬁtlcdi élécgfcﬁlefpadmbeaitéd we kHesidedfof ére glamsrsaldtiatey t he

el ectrode

2. The mechanisms of detecting cells on electronic cell chips
[00215] An electrode can be represented as a series RC circuit (Warburg, E.. Ann.
Phys. 1901, 6, 125-135.) and both resistance and the capacitance of a conductor electrolyte

vary as f-k, where 0 < k <1 and f'is the frequency. For a bare electrode in the absence of the

66



structures to cell invasion and migration activities

in the presence or the absence of doxycycline were
worevsporer at different time intervals w t houtPCT/US2003/022537

di sturbing the experiment. The migration index (or

cell mgration index) was calculated in the sanme way

cells @“? eg}.{rg gi ?%er ﬁtlﬂng%ai Darfi gERS &%h@é&s@ﬁﬁogli‘é%m%ﬂée %1@n$%'eequal to

oring mgration in real time _
the asghpedticoniwe at digh féjuendesithenjcagradijesFiages € 8 Z0). The resistance

e e BRSSP

(Luor%e b1 zrohi RE HabhA-reohd, Eheshrades. Xidohadi Af Ea@BA. 2001. Monitoring
gonetries and sizes are centered on the gl ass

motil&ysptaading, andmeortrlitpofddhereat igbens selis using antimpedance sgpfox. Anal.
1 T | d el ectrod b . i
Chomy 2§ a0 P4t dp Pl A iRt o R AR BReh By Bihees

signifiQhaY afeONcdNBtSh&as 10 elédide laad Spread{ZI-aZesll)2 Thd herease in
mechani snms of detecting cells on electronic cell c¢h

. 2 ps
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ety Beroroess S il Ve S MR rpes mch imbers can be
repre§in@s&d Byod dticSpondadgyctagigds in ipeddnes ealess is < 1 and f is
the frequency. For a bare electrode in the absence of
the 66 WD 2004/ 010102 PCT/ US2003/ 022537 cells (Figure
9), Lthe d I ) fhfdd ON
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contagns 4n qlectroniq eelchpydigre &) @g elgefranie Arigifecs Quilhong pintpdygirouit-
L PliRezRGEfore thdRBPIQHAg dévice contains
b°a“£<rl’§§,g%‘élrﬁ‘greﬁ"é?remﬁgﬁ g PSS TAe NG Mot ity o
only 8¢ ®alinig and nortal ity of adherent insect cells using

an edang J .. Anal . Chem .73, 1844-1848).
lo%ﬁi ?BFEW,O Cﬁ’l% e?‘%%g{&’ghgg@qgﬁggoﬁlp%ﬁ L RIS Begﬁeﬁ. The dedlen 1
contd(ielﬁy:d:neé} de D §Ph ik 8kl eYer ahd &le clﬁsfgﬁu cotdidCAesedt@ddé B€3 mm in

ectrode and spreads (Z = Zcell). The increase in )
diametepefiandstectmgues: is difbwent betresd twh desigise NIET PT2ralst(pbigimed
adhesi on and,the, covered area of the. elect e :
fom B Rt LA 0 RO 85 Jah o oty ki Pl e fpr medi and
the ofRRRASEe £411sC H1ctdUBPE! Ge EfinB BevitERersRBted dvillyfibronectin (50
correspondi ng changes in inpedance val ues,

3. ]
p/mlDésr d dt atgaomfteropdrai@ire nA BSreeptRe @'gh@yl 04, gQNiIHg%B cell suspension
i nmpegdanc 00216] ,.As i S . for.co i i:
0TRSO TohJE P 8 BRSSO B rstn
at difgtiRal fr&flhcieSWbreGhiéaauicFibg Ur2609npedmoe feniyzen{Solartron Inc. UK)
interface, built on a Erl nt ed- cir gui board, and

immediptelyraftonseadineirand abAheTientecrrding e @?{S&aﬁ%eaand
capa?]%%% _rletf?tsa%é\%%g%%gﬂlg% AL S ge\g{%stViﬁ[‘@eH% SR wHihbht cells. Att2,a

esi gns wt ferent geonetries ‘
signifiesd ihdresse 1 esisethce Thiaeske sliffiererit frequencies was seen in the device with
cells, whereas no changes were seen in the device without cells, indicating cell attaching and

spreading on the electrodes. Both design showed a similar result (data not shown).

4. Detecting different cell types on the testing devices
[00218] The device was further tested using four cell types including two primary
human cell types, HUVEC (obtained from ATCC) and primary human hepatocytes (obtained
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contains an electrode of 1 nmin dianeter and the
design 2 contains an electrode of 3 Mmmin dianeter.
wab@4detierti ng area is different between two JdBGI/YSRN3/022537
NlH 3T3 cells (obtained from ATCC) were used for the
test. For each test, two devices were used, one for
' i ithRfia)t lcb 1inéd, G&INDTSE3 Gfe ktthe PAE
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proliferation [00219] The cell proliferation was
tesiged ogllhﬁﬁitﬁﬁéﬂ W@ GRS dﬁhéh&uiﬂihg.c@ﬂfoﬁ tHld stidgdevice
this study, PAE cells were seeded at different
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devices were used and resistance was measured immediately after seeding cells (10) and at 4

hours after the seeding (t4). The CVs for t0 and t4 were calculated (Figure 7). The CV_t0
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were tested in conparison with MIT assay, which is
comonly used for cell quantitation48. Serially
walRdouvedoNI H 3T3 cells were added to the testiPgr/uS2003/022537
devices or a 96-well mcrotiter plate (Figure 11).
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repress n%w;?v" ort éf%ﬁ@g%w%g UIT {h%yxgutggaﬁ%ﬁﬁggy% P4TRiHon OF devices
plus cfdllomhb@bﬂn am&ﬂieamn@ r&s smmm md“npae gpthe resistiricaaagasurement on the

quanti tation can achi ev
testnghalag e sy TeoR DI wma@w%?m%og B 10483 TREES can be further
' au&w&g BYISd bekappar abl e to the MIT
1edmgh%§1§%%gg§ot gn 660 ceLJiS . 7. Reproducibility of the
testing device [00221] Reprodu0|b|I|ty of the
resi stance neasurenment on the testing device was
testhd O4¢tH9d%nree different cell types. Here, a
[Odﬁﬁge Lahigt&idneRyl plaBil wefld fifa kit RRUfEbRRCKere pre-filled
capabilities of the-"d QV|ce was achi eved using frlnar
with bwffmohmas oontiping dhemontiractantst A Banscaanbiane WeHeopgatng

n asure edi
oy TP RS U i
meas@é?nén@ E Nch fied cURY B tedded batodHe {rmOmembranhe whlle, dldttrode
04/ 010102 PCT/ US2003/ 022537 __r epresents the
1mpequeamreonomtor@d1m the ftiequancy vige deprren hkHzandpMile nta ensure no
the v ti [ S .
or mgaapg]agfeﬁg f%gecgh f\?\ﬁg ﬁpq%atlglll 16 tpg %% L égsggslg?@l\r/;%%phed to the
electFOIdSs UWRARALprofdcdle dedeeibéd bl@oﬁ}eVI ce is very
reproduci ble with | ow CVs_both at tO and t4. The CV
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‘assa ic wells on a nulti-well substrate were
[00223] f i Cbl@ ddheMothhndsiHélﬂesr ars abedt fooosatingn Far fibregectin, 50 ul of 50

h tt t At nb | | t [
ug/m Bleneeta s ded eéxﬂa G 7o R R L B0 fOUSHRd Ry wesh
with PR gﬁieé {]lk?t e} Bl 5 @uﬁ?' 1o, @61atil Yvas ﬁ&ﬁeﬁ% A& Winit at 37°C for

cartri s are | oadéd onto the
30 ndi,aind SOEmrbf asseo gxlutalraide}grkle otas @dded ﬁonibédnn elervony temperature to fix

e g S8 ISP pERR L SHRGR: 41 R i

for 30! n%}nddt AR ¢ ekét{ﬂrette biddR t6ehrbSaldéhyde® WARiEMvits PBS was

ied tot el ectrodes. Detailed protocol is
perfctfﬂ&draghmd’obé lzlmms Pregoasedileviens mayealieinptizelyde papnafgdi s
he el ectronic device 1. Electrode coating:
2. Fg‘@%f%?m@el | adhesi on nol ecul es are used for coating.

[06’914]f | B QNELECIE sohttionl wafadd6d toug ibert aﬂalrmaﬂmtddrfov\asermght at
ded to each unit at roomtenperature for 1

hour
roonf tselrrllm%uteb?epgglmg axi the agggrepmremqn’r@@@%@gtenpﬂ@ pseful in the assay

58 i) R 1 L E5n S R G

Bioseiédesd) f2ad 12hink (BIBissefenvéspnDRe Aisert ¢ washbd withtHBS. Precoated
coat ed gelatin, which was washed wi th PBS before
inserigfnay iplspRedrowdedsl of 0.1 M gl yci ne

3. Seeding cells:
[00225] 100 ul of cell suspension (10° cells) was added to a precoated insert, while 100

ul of conditioned media containing a chemoattractant was added to the electronic cell chip

chamber. After placement of the insert into the chamber, impedance was measured as t0.
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for 30 mn at roomtenperature to block the free
al dehydes. Washing with PBS was performed again for 3
W 20091012 ecoat ed devices may alternatively bePCT/US2003/022537
provi ded. 2. ECM coating: [00224] 50 ul of ECM
solution was added to an insert and incubated for
The d%¥%5 Wag Ii‘ﬁcu?!ited Egﬂ‘b 8IPEHALHEG0 @erﬁﬁﬂglltﬂ Shaiber Neri @atsdtywas
iremen mat err af’s use in the assay
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insert, while 100 wul of conditioned nedia containing
a chenoattractant was added to the el ectronic cell
ch|R ch@mﬁ& r& ter placenent of the insert into the
chanb |n'pe3ance was neasured as to. 69 WO
[11001710 1 0Tbe fPoWiSRIesnGs 253dited And infencraiedherein by this
i ncubated at 37C, 5% C02, in a 100% hum dity chanber.

refiFBi%t i on was nonitored in real time by measuring
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Mitogen activated protein kinase pathway is involved in RhoC GTPase induced motility,

growth and angiogenesis in inflammatory breast cancer. Clin. Exp. Metastasis. 19, 301-311.

[00234] 7. Papetti M., and LM. Herman. 2002. Mechanisms of normal and tumor-
derived angiogenesis. Am. J. Physiol. Cell Physiol. 282, C947-970.

[00235] 8. Paley, P.J.. 2002. Angiogenesis in ovarian cancer: molecular pathology and
therapeutic strategies. Curr. Oncol. Rep. 4, 165-174.

[00236] 9. Chesney, J., C. Metz, M. Bacher, T. Peng, A. Meinhardt, and R. Bucala:
1999. An essential role for macrophage migration inhibitory factor (MIF) in angiogenesis
and the growth of a murine lymphoma. Mol Med. 5,181-191

70



prot ease-activated receptor-1 inhibits mgration and

grow h of breast cancer cells. Cancer Res. 6,
wG2B3/0884D. [ 00233] 6. Van Golen, K L., L.W Be@T/US003/022537
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1. A device for nonitoring the mgration or invasion

of a biological particle such as a cell, which device
weeponiEes: a) an upper chanber adapted to recRPCWESBEN022537

retain a cell sanple; b) a |ower chanber conprising

at |l east two el ectrodes; and, c) a bioconpatible

porous nenbrane having a porosity sufficient to allow

cells to mgrate therethrough, wherein said nmenbrane
WHagisHifRRaesd in the device so as to separate the upper

and | ower chanbers fromone another; wherein

m gration of cells through the porous nenbrane permts

ontact . - ' Ny : :

a otrFinedSLUB IR T ABRHLA B hsidn SERRIGICH pHRER such asa

sai gell; WHicicdevideong®ed det ect abl e change in i npedance

bet ween or anong the el ectrodes. 2. The devic )

accor dng % UDPST Fhamber adapted-1o Keqehys aé‘igﬁ Gtaglnaeceglrsam,lee

capture reagents immbilized on the surfaces of the

at | east twolomler chandebe somptising phleastéwe glsetipdes; adagent s

are capable of binding target cells and/or particles.

3. The)devigkioaaapitiblagorbas Membrank having mejorositiysufficient to allow

el ectrodes are disposed on the surface of the

menbrane i nudiReo hidWale thAAMNRRIgh, herbhitaliByib@Braas ¢Odishded in the

to Cdaim3, whereih the | ower chanber has a bottom

surface area.suffici i

of col s ccraiqtdl s 5o bt e SphATITI e e dsah Bl
1-10, 10 -100,, 100-300, 300-700, 100 - 1000,

700- 1, 000, EEIP,O@E?@; 3, 000, 3, 000-6, 000, 6,000-10,000 and
1000- 10000 cells. 5. The device according to Claim 3,

wher ei whetein miggionedssllsbyvaighdhe pergas mempgrnepgenits contact
surface area of the nenbrane in the | ower chanber. 75

WO 20046t 2812 nRerhting 28034226 37 mose elétteodbe wi sa3d lower chamber,
according to Caim3, wherein the surface area of the

| ower GheWRGEin firthdr@aRl ot grovies 4 detEbrabld@Yib® in impedance
according to Claim1, further conprising an inpedance

anal yzgel eé&‘ %r.ein%ﬁ{egr%ggfec&gdgguni cation with the

el ectro évice according to Claiml,

wherei n said bioco i. bl e rous nenbrane conprises

B2 el Ar et RE Lol 1A 1 ST heR £y TRG R IR AIURGP reagents
G aim8, wherein said nonconductive material_ is, rgdjass,

s appimabilizei jondamsuricey efdhe afleast Huo slsclipdescwhereigihg,eapture

or nore polynmers. 10. The device according to Caim S8,
wherreigentshiee bipablerod dirididgstapgst cells amdfob pantislesas \

3. The device according to Claim 1, wherein the electrodes are disposed on the
surface of the membrane in the lower chamber.

4. The device according to Claim 3, wherein the lower chamber has a bottom surface
area sufficient for attachment of a grouping of cells selected from the groupings
consisting of 1-10, 10 —100, 100-300, 300-700, 100 — 1000, 700-1,000, 1,000~
3,000, 3,000-6,000, 6,000-10,000 and 1000-10000 cells.

5. The device according to Claim 3, wherein the electrodes cover at least 5% of the

surface area of the membrane in the lower chamber.
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a thickness between 2 mcrons and 500 mcrons. 11. The

devi ce according to Caim1l, wherein the bioconpatible
weorenwinenbr ane further conprises a coating POT/US2003/022537

pronoting the attachnment of one or nore cells

thereto. 12. The device according to Caim1l, further

&M He e Re %mﬁhl gtté C'ﬁfllnl 3 wARREY Hel MFadd #6£8f BE 1R Aimber is

fromy and 1'n el ectrica conmuni cation wth, at |east

onelof thq electrode pairs; and, b) connection neans

f or 9S8 P3BIiMRi-ng el ectrical comunication between the

el ectrically conductive traces and an inpedence .

dnalthe device arcoplipgorfolaion & UHBRT GBS HeHRegrIEei 2BAlY 6 11

i nvasion of a cell, the nethod conprising: a)

pr ovlediriogl @uuewicaioacit tiestpctrod®s aim 1 or Clai m 2; b)

introducing the cells into the upper chanber of the

eV iTee dedbdaccordifietioallalmil nghsvbil sagl biacarhgatiipée porous membrane

i npedance between or anong the el ectrodes occurs,

whi E%gﬁ&g%%onl:&nd%@\%ﬂn%ﬁgp’ is indicative of the

i nvasi or mgration of cells into or through,

L ISOEP Rl ISR, PROB ol OIS e

13, sdpphirbdilicon)pititsd MgxEle@n stliconf orionk oo ghoet pelymeksnown

or suspected nodul ator of cell mgration to the | ower
chanmber of the device. 15. The method according to

A0 iTixe 8yicé agcohding troflain $i whersinethe biocemppiible perpss mentprane has

known, .oy suspect ed nodul at f.cell mgration to the
uppéd Eﬁ?ﬁ?ﬁégtwgﬁn?I’?gcrc’&%@]ilcggeq(ﬂ%&gnﬁ]e met hod accor di ng
to Caim13, wherein the cells are manmalian cells.

17, TE]Q Qeviel RQD:BRE Y Claid 1t Whbdedi 1B bocoMdpafisle Pofdk€ membrane
mammal i an cells are cells suspected of being

mal ifigntizen compBses Briwating frogremetingdthe gttachnenhpihenesyr more cells
wher_ ei r} the manmalian cells are neuronal cells. 19.

The Wf8#Rod accor di ng to Claim113, wherein the cells

i ncl ude one or nore mcroorganisns. 77

12. The device according to Claim 1, further comprising
a) electrically conductive traces extending from, and in electrical
communication with, at least one of the electrode pairs; and,
b) connection means for establishing electrical communication between

the electrically conductive traces and an impedence analyzer.

13. A method for monitoring the migration or invasion of a cell, the method

comprising:
a) providing a device according to Claim 1 or Claim 2;
b) introducing the cells into the upper chamber of the device; and,
c) determining whether a change in impedance between or among the

electrodes occurs, which change, if experienced, is indicative of the
invasion of, or migration of cells into or through, the biocompatible

porous membrane.
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14. The method according to Claim 13, further comprising step b’ of introducing a
known or suspected modulator of cell migration to the lower chamber of the
device.
15. The method according to Claim 13, further comprising step b’ of introducing a
known or suspected modulator of cell migration to the upper chamber of the
device.

16. The method according to Claim 13, wherein the cells are mammalian cells.

17. The method according to Claim 16, wherein the mammalian cells are cells

suspected of being malignant.

18. The method according to Claim 16, wherein the mammalian cells are neuronal

cells.

19. The method according to Claim 13, wherein the cells include one or more

microorganisms.
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