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bunemﬁnapkbhﬁmﬁ@quainenbrane may al so include a coating

for n attachnent of one or nore cells
theﬁ@!sg 6‘% ligiatiqre pf bapsinganthe nyentide simedo eiparsl the
| neigedad aptphaﬁibﬂ bﬁﬁéd&%apﬂdwwdtﬁé?cﬂs&ﬁﬁﬁ%eﬂﬁﬁg op gie%n%é :%['J‘
and .in el ctrlc J comuni cation wt east one

e IPBAYFRERS fJéIP P-goll napiples e Riodagical Pisiolpgicaly pnde@tlabimcslmomguons

elo€ clls ot adn- @l AR, al:d 613 e ftﬁféﬁﬁrénﬁé?ﬁpr%&@ ﬁxlhb%*vle ¥ell migration

conductij.ve traces an i npedence anal yzer
assayﬁ VICES USIng microe ectromc techgglogy y

Summary of the Invention

[0016] In one aspect, the invention provides a device for monitoring the migration of a
biological particle such as a cell. The device includes an upper chamber adapted to receive
and retain a cell sample, a lower chamber having at least two electrodes, and a biocompatible

porous membrane having a porosity sufficient to allow cells to migrate therethrough. The



[0023] In another aspect, the invention includes a nethod
for nmonitoring the mgration of a cell. The nethod

i ncludes introducing the cells into the upper chanber of

t he above- described device and determ ni ng whet her a
change in |npedance bet ween or anong the el ectrodes

oc ciFEbrangg digppspja the @Vlé&ﬁeaslttemgelte thesuppardnd: Btwiey ehagibers frem one
M Omdtnk0 MiRfatiof 6 defis #ffu %jgg} bi 359

por ous nenf‘gfaalﬁe 60%24 ghl’ H{{R n%ne co ta%gaveen&

i ntPigEtRg Al S&“‘k%\f\)ﬁm@?e @9@9@@9@@3 lm&mfambcr Cﬂhe c@ltict provides a
M GlefidclaBIR chdhel REmbQWRS, b%%@fﬁ 6 [00251 In
anot her ec | rrelrl#’ ee met grrcfngggmggee‘sdﬁ?ﬁn?r oduci ng a
knowHob7! @G%@Tﬁ‘é&mb%@mtatheﬂemﬁ insbides oriegr abieamaptice redgents

UP Ao lias thOfurb 8 088 LG ast %Q:?e@&od-gg eriesl n@a@%eﬁ? fie gapable

I n one enbodi nent

|i.an cells
ar meéwﬁéargﬁgﬂlée{%namb@. ng malignant. In anot her
emboioTe Mthe elebieodeBRBPd BdpoRloh $hedliBace BEME Ab-GEL] e lower

cells may include one or nore m croorganis

00 Th
[Br i E?"Llﬁésf“rqnﬁ Fmbigentithelopenafipmibs hapoReymEigascarch sufﬁouant for
sC heaatest JTARRERE bﬂéenashxéefed Cﬁ%ln' thé%gﬁlﬁﬁgs hslafe bf £16 rif) 100,

12608{389 138%7% A%-elﬂ%%ov& 4.1, 9&9@!3!%9%%0005@9@;1 6600110, Dofpnd

el a000-0wbes cdik0 In inBRedaNH G
the elcelr 3%3?3  merial %ﬂﬁ?g%?%E&@{?ﬁgﬁﬁﬁ%}gﬁesurface

m §rae £R0F Byihe IPW%‘[?@PB% Bwet efbesenitapdimat, the surface area of
m @[e&bWﬁ%mﬁWSdléslthaﬁ@mﬂbl lities mgrate fromtop chanber
110@%&3}9 the pore in the trans-well nenbrane and

rea Bieferrd grbndpamt, thsgisgicninclydqs ap irepedence gnalyvat in electrical

M géminenitationwii eheteRirédegnber to the bottom chanber wl |
Iani 5% gﬂe bottom surface of the bottom chanber 130, on
ROZ0), She Biogaoinatible porqesanepphsane snay insdnde a pandgndustive material. The

C O RbBhduslite naerhl ﬁ&dﬂﬂ&r Bask %aﬁﬂﬂﬁe ehiR6d %ﬂl@:ﬁﬁm&:ﬁ&’eo 1§c%ﬂlotr Hegor
|n a Chﬁg"r‘ cie nce at el ectrodes 150. Such a
e Tp anrfsaed gubefpe ﬁ%ﬁhl?@mp@*rbée mwenewﬁar@éhs s
m gnme;dbémmzmrdn@m@mmﬂaﬁns [0029] Figure 2 is a
sch r f cell ration by directly
mnﬁ?@?‘* ﬁ&g{”ﬂ‘g’ PF‘%PB%%“&WE@W Bap alsquretide heoatinpiog neemsting the
21 artaginderd of breior aloferdely therdd0 as the cells going through
t he in.the nmenbranes 230. The inpedance change is
non |[?{&?E§1 Hgther gEbo Btdﬁlﬁgg vice lso W@ide%l?‘f’m‘{aﬂb 8@]‘1‘1@1"9 trRess 3
i | extetdingtfes, amsmete&ﬁeae c@ﬁﬁuﬁ@dﬁaﬁ?h{ﬂ: \E1eh 2 BRS mﬁeeeléc%dﬁpm and
ectrQ S attached wth or wthout

different t bl
N FSEOR i e R Bl Foramieeden beiosdhaciscicaly
di eondtdtiga trades Eldgmﬁlﬁﬁed%c%,anaﬂlf&zgr 11 is resistance and the

capagi ce ndlcat d.in th di rection
DWZB]aﬂl Afiothey aspect, %e mventgonemc udes a met}lod for monitoring the migration of

a cell. The method includes introducing the cells into the upper chamber of the above-

described device and determining whether a change in impedance between or among the
electrodes occurs. The change, if experienced, is indicative of the migration of, cells into or
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.



of Figures 16 through 29 is capacitive reactance. The
unit for both resistance and capacitive reactance is
Ohm [00311 Figure 4 illustrates quantitative measurenent
of cells using the 3B electrode. [00321 Figure 5
illTustrates real time nonitoring of NIH 3T3 and PAE cel

pr oll¢428} Branether queiodignent the 3ethed dcBEesintedueing @ dnorog3aipected

Fi ﬂH&tﬁat@r dfbélyﬁﬁ alof %o ﬂhgnﬁféﬁaﬁﬁlb&%f%deaea armong f our
different cel ges using the 3C el ectrode. [00341

Fi gle2olThe qeugmﬁh wgapapiadals Br prerembefinient e arsmanalian cells are
”Eébi?lkl CRPRM-of BeihPRERdnadll BUERHR; érhéouﬁﬁén@h%%nmnﬁiaﬁ Edifs QR C

cell chip design. The figure shows five representative
de@W@ﬁ%“@ﬂSthe el ectronic cell chips. The gold el ectrodes

Wi t oadirf TS RN maPROINEL §de @ mBRAniSloéRanidhe centered on the
gl ass substrate. The size of the glass substrate is | c¢cm

X 1 cm The gold el ectrode can be connected to electric

detgﬁkfp&mmﬁkﬁaﬁg@Qthﬁs connection el ectrode pads
| ocated on the sides of the glass substrate. [0036]

Fi gd#%23brigwp 44§ 3 seheratis repsesprifion of psi TwsTasipn mpssursmeridevige

dete1ebisig, 668 dbambé0Q3, Hanfm&ﬂfrﬁle 1Ruithd, Wb RSP v&l{hqﬁpedance-
monitori ng of PAE cel | prolif eration on the testing

d e‘?ﬂside@“nt@@l efegtrgges 45 é@a@HHWY%qﬁ ganchsspmngciet tcthe @leré@d%stl 50
di fof RlogiFring @ﬂﬁinlgrzﬁﬁn/ﬁlﬁraﬁ&p Ik Qi)érﬁtloﬁ n&lls ﬂﬁv%%lgﬁuvﬁﬂwasmn

Resi st ance (shomn in Flgure as i npedance) react ance

( nPUMHMY S T R shetmberdt 18 threnanitls Ror In therfme-Helk ppmbrugapd

| NEhdhahesbttbM oNBbdr O8othd\& aQThd celld @htirhigfafl A he top/chamber to the
i ndi cates t he neasurenent i medi ately after seeding

i
¢ ROtEB ghamber il oA Db ealiops sugce of g G iamgRaEpeR 13D 3 Which the

| NGERRERT 5ileNodaRR®, 26l bédoMBir Etabd Wikh Al 28Rkt TR diechERE 1 51
denS|t|es i ndi catin cel | prollferatlon The cells with

a TiPiireds & ghange efdmasdepeadt Blestiodesk8d Shalarrhmes oEimnpefaae can be
Elg%sledito Mérithr the h@wl Fﬁ@ﬁﬂmwat&mﬁhmé topWhambgedi ng densi t)r_/
ustrates tltatlv measur enent. o

ot TR BiE 5 it rtonco Ca B syo Y GG B pom GRSy

di lkr?pbﬁﬁcd\ﬂzhgi(l)@mtv&eﬂll | e ttép]cﬂiaﬁw 2|C(|§351dd5bott&n @ﬁ%‘alﬁgbbﬁ ashtﬁ.e &0 going

cells, S an ells added elther to

© i b RereninifcninBgiis S0 e impigE A ErsEr AP R BY el |

plmtﬁdmﬁKmmﬁﬁm&zassay usi ng devices, inpedance (i.e.

resi r.,.this ure) was neasured at hour s

L LB oS g A pacit fpbine S ABONoRRs HT

dyﬁeo&bdék GttachediwBh &fﬁnﬂfouﬂeﬂmm'sﬂd’l drte hﬁﬁbdﬁxﬁﬁ thdeyated mhﬁéYSA
te.reader a 0 n the ure, .

P S M 10 T e araa ettt Sotshonrg it i g Gedirection

Thef Rignsasl16 ﬂlrbughm@ ﬁ)@dabacxtrmtr&hodﬁcea Tee atit®sboth theivth@ahd capacitive

Nbre?ver he current chip design is able to detect |ess

t HEF™608 %8t 1 s, which is al so conparable with MIT assay.
[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
nsing 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.
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[0039] Figure 12 illustrates a 16-unit el ectronic cel
chip used for mgration assay. [0040] Figure 13
illustrates an exenplary device for mgration assay. (A
shows a test unit contains an electronic cell chip

chanmber (lower chanber), an insert wth a m croporous
me nifl03FIcE igwte B iliististes avelagiseni eellshipiiesigm SEhetfi sarsdhevrclive

NEHbah&ve debi ém@ééléég—oﬁgkéu%ﬁiggy?gee%%e ofdsAit dfferent

across the nemprane and attac el ectrode on the
c hgepmetpis 4 siZanarp eenteest andheglash yubstide.| Hpsivant the ghst spherate is 1

( Bm S ROMWS The g&@%éctﬁﬁet;m ceﬁnet:ﬂa&tode?eé %e&a%%t@ffg& vB

units in a row. ( hows a 16- unlteh§EV|ce and
c oivRestipsieaiicdtpadp qc@fﬁie@ath@@dqar@éthyzbtﬁs supg@EL] Figure 14

s ﬁlo%&]hﬁg@w%@mseﬁﬁ&mﬁgnm Phick Bk %m%&@ﬁ&k&@éém@va& on

measur enent devi ce, includi

n
t r aHO3TleTiguredgriliusteries pepl (e momgpg@a aE%B bﬁh@ehf@@@m e testing
el RG{cEDARRs RbreBbAEd 5106181 RbHANTecrbdes M RN YA ED mrcel:fsomd

Electrode arrays 25 are on the 8 bottom surface of

r POl Resistaserfshovppin Figeq agdme W@%bwﬁ@mc@nm@trshw) were

I rm@agﬁa&a difPRk WAL intQVald SRGAARES0 FBARN 'E}{%f@éﬁ hoﬁre;a%lght $060
are operatively connected to the electrodes 25 through

c dpdiggtes th measpement dmmadiately alter spading of theeellso rThe ipsdanse (iR d's

f OfesirRabY vailule b daSds hwith MU ERRF BticRNintd 1 b&th €41 JeBdl ??deng—lﬂgs indicating
i npedance change of the electrodes as a resu

adisB eroditeration. ¢Bg gells Hh p high seeding gnsite profferisdrpechifestsr than cells

chﬂmwexe;eéﬁféc&n& SHLH%’&EIE &hsityhe cells mgrated from
t he tog chanber . 042] gure 15 is a schematic

r ep 093] figre &wﬂlaﬂraéﬂs élé%“l‘l%‘ée yesysneyt e5calls gn the destipg:deyicagand

NEID déshy. Js%nmw dlm&ralﬂmrsrr@ Qel5&1 4,000 OIS 0OMEIB VA0S, 1,250
f interdigitated, parallel. I'ine electrode array

vw@llsean@r@ eflisbY58 a@ewﬂ&teh tocthgteqive davicss poatedqrith ﬁhrenwa} or a 96-
Snpdll Bite.! R thelabfly uih@advices) en@aRse (iEofeRltakR Forahik #igA) was

of f set Iec rode_ stryctures; 15(C) glectrode structures
wi Ppsured &6 bp e desdingy I Bh avs i ol Sete tred Wit I T gy a6
C aﬁ)hﬁ|ahazt seaimgss&lﬂ @ieg idad Oh @CET A8 Febldel WY 3249 nm. m(s@m in the

asoi dal .el ectrode structures; 15(F) conce
g%‘f 3e\gferq%ﬂﬁqngtathqbéme%wg,cgll:w@meg% hapess; F?E ‘B‘H frgp Bote

Iel R&hdde dRelmtanidbeicals Md’f‘éﬁl vbr, B8 chi@b ckﬁﬁ]@d'élg_if_ﬁs dBleCto @.lefést 1625 thas
as, .over.  severa m Crons. e tota actil ve
e&@ FﬂGd@hﬁﬁ@éheﬁﬂnﬁﬁd%ﬁwﬂﬂmsgﬁgﬂ¥ shapes such as
r1 S?mow] Iﬁ@.ﬂ@ﬁ&llhﬁdﬁ%s aele;mrlabduamcﬁaaﬂmud@&m migdafidy assay.
|rc e S I
32( @0?01%“% Yilpstpale S e %efemaim w@aﬁﬂpa}lgémfé%ay %is%)esiﬂwww

t lh&lttc&it?hs axﬁil?ﬁ’bxﬁ@ dﬁ}mganbsa (1eaer§]dhhﬁllaea)" eRinkdiCwititlh M@ rdpdfous
el ect.r ode n t et n the ectrodes vers
© STy G B e wa TED e BRerL s nypalg T8 o st el favaded

El a@ﬂ migeked sdrdisu €Helhicdfbrae @nd fREHE & mg elE@roﬂﬂmtﬂla @ig, which can be
sur t.circuits n egance a yzer Vla
e P o i@t saatfer. 1) Save oo riton et B e asd confgiting 8
1 5(1139 in adrbwt (@rshoved 4 Teaunitd Idéx&&tah&' cdrinedtiet with a eskiane eualyzer

ﬁloﬁﬁ@glz d&xgllbrg !{1 gscatls%)e&ghg %ﬁ"ﬁ]?aé’ gf%)ell ?nqgratllzcla {faesm:]i ?ne ement

device, including, top chamber 10, trans-well membrane 20 with impedance-based counting

electrodes or electrode arrays 25, and bottorn chamber 30. Electrode arrays 25 are on the
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t hrough additional electrical connection (Figure 15(B)
and Figure 15(D)). In Figure 15(A), (© and (E),
connection pads are also the electrically-conducting
connect| on pat hs that connect electrode elenments within

éectr ructur [0043% Figure 16 is a schematic
e BPEEARERES ot lgpsabane 0. HAEE CoRBPraRamhgI30] Brasience

t o) pnﬂhﬁﬁ&ﬁh?edaﬂ&]zﬁéas&@ﬂerb @ﬁ&lﬂ%@ﬂ@ﬂ?&ﬁtﬁzeﬂﬂe@%@md H‘thtt: Ellecﬁrodes
ﬁg mJIht rgﬂ?g lt%ﬁ chanbers_ (1610) are bonded
e B AR CTE IR FloqHa conReRpan FrRbles Y iTGt OrhF Bstgs for @p@@gmg el
Celnhmbérs gi tt eleetrdds. | ThédShddance BRGBe bORe élgb?t'g@@sras Q?esg}t of adhesion
a corre ondi ng hottom chanber 30a

161

o P s A e SR e PR ke ARpbo g A b ol ke aebomaplad

t hérobhoht epclanideace of the menbrane, facing the bottom
the el ectrode structures on the

h | t :
ot P gﬁﬁé%gﬁaﬂ%m?%aﬁl%alﬁﬁ@ée BRRRRTIFTS it can be used in

[ nia‘igutmlalrtbr nldarﬁtoﬂné bl eiptatiGRbAds. 15D, e aahRleE, pa{aalll@lq{nE ode
Str ucti ve traces or pat S

Rt Gt S Ykt s el apaiat e, o qader gin thg

rre mantmnfe 3apspmﬁme cistcintef adSet @aardae stERARGET R E18ctRBde structures with
di fferent nethods.

d tr t h
B T T IR A SN
2."?’“@“"“22“ e S o of ‘m“ﬂﬁﬁﬂlﬁ" ol The
bR E R on G el oot B 38 o sant] o 15 Wi Liorepnor snjaree
enb&:)menmwtrsl lﬁJnﬂl!]redl écrdmep The Iﬁt‘ﬁbﬂmﬁ% elédiro@Re£EHA Bt bf@?@rgnt shapes
cha ersnra i ndi v separ ated an
ol EaRtn S HES Dty e i 1AL Bt 3080 oru e
nesiblpen’(ﬁlg( 115%2)) B2(Diy)) obdthdr el oriarekulee liapes T WHréttahlo, thtal
n‘qﬁ)ﬁgmare int tgrc%nlr}]% ed ang: % uf act ur ed
SFRSF BB AR L RR AR s electy g betpgendheglscirades)
?Ecbvemmh am@mbtéatybm?;hseﬁ“adgemhawp%mg?e; BEhéerdas erpih@sarof
rs is en.ba to e me
08Bl FIRIREE ek SrentRLBARIEE. o Sn oSt Il phepih v grnection
appas fsuknstritet in Figvps 15$A}5anm11‘5¢B)}]ihﬂ are:‘dmlpl\&SduIeft[y 1okkd 1;0 electrode
Vasi on otto a
(121%8§ﬂt9@@%%d1§§ B S AR TR 1S ERsam et Rloflsie gtoments
1thfa@n edﬁltpma trivell do don (Biperet] S lah S Figdréd 15 TR 15(A),
: ég)gﬁ;@ oﬁljgeﬁh&{ aﬁg%’jj: : f , lm33 d o OD)) l%g%? @
L P el Eleotlthab o BinE G
famnng:t tlhtélfotloeltmmts:wmhmbem eledtodogtactatel on, the top pI at e
17 S e bot.t.om pl ate
(17 4flis] PR | B, BOALOILPL P CATHR) o TS e
wetop chambers (b Apaidddtitrn chanbeisifeOain ehisnass u‘rulltfp@ toll) chambers
[ [ ' For e electro
1§ EL) ooty ek Bthe (00N T ol ok S B s 26
c omme@pe dr invasivon Bedht thpechampei (mg s1q102)323 a taraionding Bottdﬂﬁchamber
elut‘g?tr rica ISF)/OQEE‘E)C%E% ‘Jthlgl\%/}égT tﬂg {e%ﬁ%cg‘g%@é‘&h o8 sifage of
ouhg mgambrafe, f&welglﬂmslmttbmwbdnhlsr ]Ihaermmnnmetlemdpmhﬂes(oﬁmm

membrane are connected to the impedance measuring instrument via different 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
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may further be connected to connection pads (1795)

| ocated on the bottom plate when the inserts wells are
inserted into the bottom plate. The connecti on pads

(1795) located on the bottomplate may be operatively
connected to the inpedance nmeasuring circuits. In another
ex dnpAdance gleapiipg instrarpgng thrangle diffgient heshaslet frome spprbanbeclestrical

di g

shomuﬁ)?‘“?%ﬂ?ﬂ?gﬁa%%%&% b ARG e of P o
i ndepaldsaed qr hewled wia coedurtivn hpndali@to thpsetpngentioe pads o ihgaars alsan

be
o SR 0y L 5, 3Byl LA F1ER e o
[ 0basyividugllss sspargted andebepdressenersicd PeM afterhenwratfonded tb th ot

m ﬁfe%faﬁ@(l'ﬁﬁ%a% %t}épaﬁfoﬁ{u&bi? shultfple t5) Qﬁff%erl fre interco octed and

illustrating the |Tpe ance neasurenent of the elec
st AgaiagRiaeiued togelber (B example, mﬁmkamcb@mberam plastierand wel |
Pr iRhufhRurcEhy inf8b@Ahd1@Re %95‘:9%1&39 bEBeL o BEIR AR onded to
(toqp panel, inpedance 1's Zo d after ce
|n@§§ﬁﬁﬁ¥%¥graylon through pores on the nenbrane (bottom
pangbhe4d) MEARLCEs b Schém ?res{eﬁ)tgﬁﬁl] of Eﬁ tl%?ha't §or'&}p61$es multlple

schemati c representatlon of an apparatus that co

mufifes frgell ma%m@ﬁa%@rasswelmwemeptsaﬁsbomm|plaﬁ@@ﬁmnemmag@

- anghuhpletvatbg bRERRES
ch r?b{eﬂres 1910) are Ab%ﬁgme (17'10) JompﬁSé; mr? lé%eg}%‘%ﬂs ﬂ?g? )t e
ha cef eachinserd piell ataén@mbz@g (Hap) that|hes elpaiiode $towaturss on the
| N¥@BONrfadedfabing 012 bsli’@iﬁ‘a?ahbére hgoperalx%& Qa9 to§' 9ﬁte%1710) is placed into

corres ondlng bott om chanbe

bothe BrticERlAE 1730} Hide gleglrade éqﬂ@msaaéhe t@ﬁp@@w@ce of eoelh inpest wel
bOh’é Osfinseied B € ifbedai® RALEREIGRATRR via {AfohdehbR. E‘prexlzjunple

nber. In operation, the electrode structures Int

bo? WS oa the belih se fatriiks memebrangsan bhesancond e eanngriion

Ci peitth (159@)f10daféﬂ'bﬁ HERRHer ddgds mﬂ{eflﬁérﬁwéns rﬂf&h&@ c&feﬁny.conducnve
neasurlgggimﬁﬁi attached and/or adhered

el RS by alophibe gptade ?fﬁltfé‘ﬂséﬁd@lléa'ﬁhqcéﬂmfét!?n Roifes (1790)

NugkefurtRdr b6 ebrinSctedlo@bicbniphAMY TRPIEAR &nﬁ@nﬁ{on{ Stk Ben the
boftom ¢ anberrg% 00471 Figure 20 i1s a schenat

r PP TS FALHET Be %ﬂiaba%qﬂaf tfe: ThpfonessHon li’ﬂééé”ﬂﬂl lpgatsien the

Si botBmfplite &Y} be dPeBivdly Sohnevhd td MY AfhalhcIBAIMHBFI BN ufs. 1A another

botton1p|a§ ‘%%FHFG onpglses mul ti pl e bottom chanbers.

El BeEP5R g on, ihig betiogy suptage.d thgmembesme g ba coamscied &

t hexnndaoé wids Glot §aee) Béatdias hdifdntRdheC MR &e. 1nsfe1|Q Weﬂgaﬂe BRerted
conpri ses mu

| BN p14t 5 Bt on i e be PP om B ted e Peeiegbaped or

\A/atther sisapad cdﬁﬁé&lbﬁﬁﬁnts (1750n6%RE e bdthe dnaRbgt.at e (2010)
ﬁ@? ed_intqg _the bottomplate (2030). The _electrode
St r

r BI85 18R Bovteie W@é{@éceélfm@a&ﬁn/%ﬁ%ﬁpem%é pf

arkg@en) e]msedmtg@tldlh@edahfmﬁﬁaﬁ&@enmwéwﬁﬂdé éiﬁﬁ:ﬁa%\?d%ﬁt%d ¥ Re
vari s 5’8481 Flggre 21 is a_cross-sectional
&? ¢

i B Ffr“' FHPT REELPRRQR fupuph §ewss o the membrane (top

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

(bottom panel, impedance is Zg).

[0046] Figure 19 is a schematic representation of an apparatus that comprises multiple
top chambers (1910), trans-well membrane 192¢, and bottom chambers (1930). In this case,
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Figure 20, illustrating the inpedance neasurenent of the
el ectrode structures located in the bottom chanbers
prior to cell mgration through pores on the nenbrane
(top panel, inpedance is Zo) and after cel

I nvasi on/ m gration through pores on the nenbrane (bottom
parailtipld tep eltharbess (1% 0Fare Mn)ded (@Mﬁmﬁa@m 8202 hasywgores of

t
COURA B YR A AL L AL AN, AL 62 e
c eForrespendimgibotiond ehkinthes (evgh é P30a). Hisr eashdotteno digmnsbeer, tlxetemteﬂectrode
we f t
e R e R %a‘eééf“’%%( A
s h@nEsationethe elageads storstures il e hsttoanclam@em@mnwmd tatht innpekignce

betjaesh I
ol 2 hns ORI AR e SldipadPuRBFL I R e
eI adereddeths teieaimd@ﬁ* eBheeaniord mlllted@nt: gammt@cmhe napler ofkslls
the structures shown
Féﬁ@?g@ﬂiéﬁﬁi Cﬁa%%%téﬁgﬁ?@%%{a#?gﬂs results of real
t i md09ighi tFéﬁ'F?] # sehismatiqyaprioteniotign effah eptaratds thal oxpyerised muleple
ONsited Mérekil ﬁfér!ltmh@ﬂ@&kf%ﬂ%ﬂgﬁggn?st IAolgbt‘Mﬁl aﬁ fz%’.aég com%rlses

m gration devices where el ectro
Pﬂ@lfwlﬁ hoftorg ghasnticrpe Blgctrpdssoreiurss are fbrieat asfincotperaiedduo the

( Shéttonpdurh@® drideh bOtEM ChAMHES fa%ﬁlg:ﬁ!([)b ntb%?t{:ajﬁg g:bﬂag Qa ((ﬁloﬁ

time and dose-dependent 1 nhi bi

i NGRS BHEPIRNS AR 20)). dBiepelern iswréce ¢iBpctRmsdt wilkiea
M RiefnBfahd) Qngf)erﬁtlﬂﬁ @x %rpla@e (iZGfU) h ALY mtogflé ﬁ&%omoglate (2030) The

doxycycl|ne on I nvasi on an I on usi
f uflpSirode tiBTREsgn ther@ﬁ%étﬁfacwﬁqqc%mw@m mercomneetdd @ahsa

acfitfedirct ABashiOhs hSRSHANGE VIBAS WAFRAt . As indicated in
Figure 24(JR),_ the mgration process was continuously

nmonil8¥Bkd %% is B ongpssectiopglyier hiogh mésrabp/iyvasihn mparaiisised]

frﬁgﬁ@QOMllﬁaﬁ@ﬁﬁgtﬂe peIBRSHMERBremEi 108 1R REE @ Strfnlr & 15620 n the
line electrode structures fabricated on glass substrates

uneRifor 'a%ﬁl?ﬁqr el migrghion thyough Poses A dhe merhlapnel ({pp 2hnchr
( Vintpaildhcd @ Zg) MU LA celf BlvhsfonAAGra0oH thatyl %lgﬁ(;}@sdorytﬁé m bllaﬂke(bottom

el ectrode, and, substrate surfaces) t tissue cu ture
meRfPEniTRSAANST KiZe®- HTI 080 cel |'s was added to a wel |

confEe) NPiguh226h&6s doRfPerisdh (Gl ddfod and MerARh alivike Bl een2h
40 nlnute% 5ﬁ%§|3 were attached to the el ectrode and

sUBLIPaT e ccelly anginvasive F L1080 elison caibppgnation demiess wiherg the

HT &0 d b aredies: inddefbeted ddtd thEboMi str SR Ble Mg chddBer, as
el ctrpg trugtures on the well bottom surface. During

tH ustigle Gfcs period, the well was placed into a

ti sgoesoKcu thufees(mu&ad 186 cdnkjtisoas invBionthd %ﬂgraﬁ%n aeﬁquy%c’meen
C02 | evel . rode structure is of 3B design where

e T 3 ee S v sl om 5l @At Reradss (1o
i Z3(BY) whad thid seotrodtl stidt@dSwerk bkt @ioqRk hidRpbiolPBetioie: Fehe

nlcrogﬂmﬂwg g} %FF@B%@WQREE@EQQ Ie the total area

[0051] Figure 24 shows results of real time momtormg 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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bet ween the el ectrodes correspond to a circle of 3 nmin

di anmeter. The el ectrode structure on the glass substrate
forms a bottom of a conical shaped well where the top

di aneter of the well is about 6.5 nun in dianeter

whereas the bottom dianeter is about 5 mn. For the

ex PEAsigreand migigtien byl®eyeyiclineo| (B) Bealitivloumamnitofing dfehd dysm inhibitory

CUlfsbth 6f d&ﬁéﬁiﬁé&{ﬁﬁ 0Bb B ;ML agé)rgféran'_gu%Qgsa t%m%é

added to t I's conprising the ectro ure on
t hélSB”élF’%tdﬁhéPﬂW#é com@ll@d da[cm@ailtlm fgum@t?@@(:@eahmntam

f I eQURRE Yo BPEE bAWY (RS miFRASH [n%gesg Gacls it ? 51051'?0%(?&%15 min.

el ectrode sfructures under two same conditions as

Fi gUP®2D Bigase 25(dor showiapical Hisquebeoipatte of mgﬂureldmcb&tmbe foh gircle-on-
I effd éléb@r%dé"@:%cﬂa}eg tfibﬁgatédrb g‘?& %%a@esé;h&rhb@ o%? o%%n

the curves in Figures cept for R requ ‘crres

of SStmbghrheryafiss Guithis S@mrmtes cplhsehari@atattacrhcé W\‘/atsthn eyatddy end

( capeeitd anGees) tﬁ@ﬁgsﬁg &%efrggdhﬂgon%hrﬁ% I[I’?fb%o %gl_[ Yok lﬂdci%ﬁ loa well

measured shortly after “he ]
c uPATEng P pigeiode siruetyss: fy splidiysdol g F%mwatﬁs fedevtert @ttacheﬁ to the

Vetlbctrod® Bidaubiae stited hBGtHE AR Ik
regﬁ%gnce nmeasur ed atQZh 40 n1nuté§ﬁ&?§er éﬁ#FRQSMﬂswme

Brwplsconiaking therplastredsstrugiies endhe wpihbettymt sweface. During the
el BCAtnan@csSlehbd ki sl wds RRicdEAGLARGR cﬁ\fﬁﬁ‘e HRARE 'th\ﬁ%gﬁs sef at 37°C

throgghout t he_frequency range neasured bet wee

anthidP /N Prlevelogbasleqiofefuctpsaeyt Bissign where tiediga endly is 30
S PRtk dnliRe @fp bdiPedndints O micS b %Q:Sntma@lﬁ%r@lgs or}”}‘&g Roes have 90

cel | -attached onto the el ectrode surfaces to

r eRJEIR diamgien Jnthigiexgmpleothe totad prea covgred sherriagtrodss anditbe gaps
r St ded thd dlddfrbded b@ebspdnd kd Dbt A3 in didmdkB0 %ﬁ; elebil ;dg Structure

shows the frequency spectrurn of the ratio o

Gg"c%%ﬂaﬁ Sphsats frms ajpYam o qonigplishaprd welbprhere thedondiameterad the

s Uk E1BiS @Bout 6.5 ki@ i Bfhédr WHeRaIBASHILR MR QhoRS Ihﬁn For the
attached for the results illustrated in Figure 25(A).

NOTBEERET: 19ty 10p mricrolzten volnmerof the tistue celivee mpdivm cenfainiog abdwe7000

p QH'BI030)ce D wish8dédad ele RN cdnprBing tHedRBGIdAREEUR Bﬁi the b ttom of the
%%ftlve react ance) was taken rnto account. [O

e 26(A) shows typical frequency spectra of neasured
r €S {0953 iguré 2)5(B§3 sHoGks 8 fre@fandyi sgecu%hﬁﬁ'&:{eﬁﬁﬁedsrtaic%é%ﬁﬁe sam,

fabric d on ss substrates under two conditions: (a
ot e SRR Sreome rasricpns 45t HEwts ZaAD. Nets e Briak s
gaha@itﬁed:mlﬁéﬁ rgeefa:gcgeﬁzds glbttai Qg Rale (lrﬁn EH? saﬁg hﬁ} %s&hﬁgruiveg 611 Figures

u u u i Nl
Lew aﬁ’ﬁkﬁ%“' f%fg’dfé'otl“‘tq&e“&wé\}éﬁlll %@%T%Oﬁﬁ %9 Yeohereacuiceyes negtive
st(capatitane:; l'eé(Cth)lC@ @dritht 36 structtired B ed¥indd kigbily FR4 tvﬁth\ﬁ?f(ﬁ
atta%h %&H ﬁ%@étrode and_substrate surfaces) after
¢ e fhp s “ﬁﬁaﬁﬂﬁ R SPHMRGE B drelevasadigd te thegvpled ¢ o
t henmgmmmﬁmm@u&h Foe R eat QAR idabuded 4P F0 Rfimkd %ﬂ&%ﬁ

bat t f the . 2h 40m nuj d, th
PR A i3 o s s AUt e risnascres

atne@fiGe Broughout the frequency range measured between 100 Hz and 1 MHz.
[0054] Figure 25(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 25(A).
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and 5% C02 | evel. The electrode structure is of 3B design
where the line width is 30 mcron, the gap between |ines
is 80 mcron and the continuous circles on the |ines have
90 mcron in dianeter. In this exanple, the total area
covered the el ectrodes and the gaps between the

el e c{oosspl Boue a5 (shencthé ﬂe@emyrspdc&umfof the Matiol off red i@ theksured

The. trade str ure ass substrate rne..a
o FE B o it o G Br Rt e e trulEn of
t hetackel fbr thsSrealls Uﬂllusﬁat&i lml’*hgulrd’ESQA)a Mdtethatvifeh'e aslcllittnladidaaimice

t | 100,
B D PR R <t Pretibes il e e et b Res P
absgbuB200 HT 1080 cells was added to the wells
[.S] .1 t t t.he bott
o g B R A S P BB i e

nmeas lineedectredectracioes fabﬂcdtdd@n%aﬂesubﬁiaes@ indefl Bvasdonditibnis @3, open

nder. an: a i e, 2 t.hat
¢ nBiol MR PR GO 14 AMRR Rrl b aiienE el P B B
| ogibstoad wrfades) thhesswmtumagedam doheining WEIHS O aellElv\gu addied toldhyell
Ex d t 58

et DL KARUEER) S5 Phubol B 20, R 20t

t heeatlode andedlstrste rsum‘istca?r) eferrteasitinre dnediunrcbhtymm‘gt}é]ﬂ 0go\edilR iviare
10, di
oot 2R BithAoduyclfachind UGN SRR CADB G s Do e
st 4hidminwes pefod, thehvesllver plaggideto rrisse nelduamcxﬂiatodmanwnu_tam 37°C
A LAECHL eV TRENA8: WASLALIG L Ay LG R GO A101 O
the el ec¢tfode structures, € reac ce ive
t rm@uglhtb@ ean betwden digesds B:Q/mmmgaed ﬁeasm,tmeqhs matlwsmhanﬁhs Have 90
ar}ﬁickon%r éé 1]9%?3)( g%ul.‘ng to%aq gIgg ccﬁ)&%ﬁ%@ 6516% D({eg g!?(ﬁtﬁg é/aps
spectrun1 Be ratr o resi stance neasureg W
c elreltwmtﬂwﬁv@uom caraspred ¢ eotdladd nyuirf digesert dhe Hectrode structure

;2 it BEGRERS Y a BbicOUt s ARl hATRER Iion digster g e
s hoetkis Thaut 6.9 e rigmagedercesthobotioedianadiér s aivbutrSeramt &nctbe
neac?&{rﬁ&t it B0 ‘&ﬁérbht@ﬁ%%%%‘} tmmem fﬂn@aaﬁxp% ;@o%?fzoo
to or

he resi stance measured w t hout
t HaL 1 @& gellsswas addeskte thearplls epomiriging @ez@@mgde staatere ph @he bptgem of the
thhalcalculatlon of reactance ratio, the polarity of the
react ance ., capacitance and inductive reactance) was

t ak EWSVIrﬁlgslre 268 thars affigg®oay spiefgmeofmeesmyedgmcq fopihe sme

f r SQMSACH SRS bl Rr o AR SRS 83k ?i‘gﬁﬂ% g@(Ago ofel thet 11 absolute
on-line electrode structures fabric ass

s uBaanitedecs themepstaneo fras pbtiad i legissale (infhe saperay whmxrves in Figures
shept Eifceﬁtff&etﬁ g ﬂ‘éq‘isﬂcfbs 801 m%@ §bouP?é0| had reg&g:ﬁg%é'ﬁ

yet "to the el ectrode and substrate su aces e tlssue

c L(F%HE‘Fl@ﬂ?Pe‘l?WF@é?ﬁﬂ&? ApctrgdeFrrgns pepsured Mﬂw’% Grvithin B
Wethinute§) @Y iRk iflurk BRI SHERHE HRl DS LHE %as a(dh%d 1%%6' w1l

synbo|l, 2h 40 m nutes (cells were attached
containing the electrode structures. For the reactance measured at 2h 40 mlnutes after 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.
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el ectrode and substrate surfaces) after the culture

medi um cont ai ni ng HT1080 cells were added to the wells
containing the el ectrode structures on the well bottom
surface. During the 2h 40 minutes period, the well was
placed into a tissue culture incubator that was set at

37" [B058] fggusog atEhshowy B frequracieipedtunpefdhesptivef rasisatics mefsuB B

desiigneiifiBed o tht Qﬁcﬂ’Mdg Ett}fa'cé 13 e TG00 m%&@ﬁ'ecg @zﬂhtﬁf tagen

lines is 80 mcron and t continuous circles ont

| i E&e Ffiaf*?’étb%esulltﬁlg}‘%‘ﬁteflﬁﬂﬂg’aﬁéf(éﬂ In this exanple, the
t ot ajoosm Wﬁéﬂo%@?h@ﬁ&?&ﬂc? gl%étrﬁﬁ Gfﬁué‘?aug %P?eacthﬁE W& rea

the .el ectrodes correspond circle of
di dfidceil-attaphed Qufothe F%Cd@dg purfressig te r@ﬁtatmen@mas@wm:s tallat e

f olatfichad RetHE QéEhl%fﬂl@snﬁt@Hl irpfélgué hﬁm Aropeihilt Ml‘(}ﬁg %alwamh%?reamme

di aneter of .the wel is a mm i n met er wher

t h&219otop BAPY Shibe é‘?a"tF“?e @kfowﬁpaﬁltﬁ@ﬁ? arkddnduetie reasianed)ivie takt?n lnto
t otagdou00 microliter volune of the tissue culture nmedi um
contlﬁb@in .about 500 HT 1080 cells was added to the

vel | rr?r”rlglg? H§A Fhowe bwicel fsgaensy srectraplanespuredussiptance dencitle-

t hen IxmblhcuoHQﬂﬁllﬂJreE|fﬂakﬂi6eﬂed2cﬁn(g@ss ﬂ%@t&“ﬁes%&é’r%@&hﬁﬁmﬁ? CHLdpUM
Ygﬁg nce for the sane el ectrode structures
una%l? °§ \Rﬁ % eré P {9 Bifetegcellshagingi attached yatfo thgteetradn and
t heutat@ekuifages) ﬂiaﬁﬁ‘a‘lué biﬂ@r&ﬁe(ﬁlﬁ?an@a@ﬁﬁgaﬂ’?ﬁ)Sméﬂsm&taafeq td Ag ell
cal e g {1 B‘F ame way the curves in gur es
e O e S i bl e e

t helectde laubstivR SuiTRED aiMahe QbARAEIINBGRIABACTPINRE Lotls Yere
measur ed under both conditi ons.

h
[ 651 ST s el ot oy walbeliom wse. Ehing

r ah ¢0mifuteesiisd, AROSIBR PlcaFinto\W tsklieGalre ﬁ%ﬁlﬁgﬁﬂ ﬁ%% YT s@t §h® C
Wi t hout

eI ec urfaces to ,the resistance neasure

A5PED: Biti1 35T Sroepntoingtin e & 3 fegier Page dhelive Fidfa a0
2 7(nk)'0n thé gﬁqﬁ)ﬂtﬁﬁc}en Hingii5 80 Aichdd)and hﬁ%ntﬂl@usfc'ir@ﬁy&nﬁ)! lines have 90
sp ctrrum %hglﬁrat 00 reac‘%ance nmeasured wth

{155 PREPIS; e {92} Arga Serered docelactioder and the gaps
r elsetmﬁamhaleallemaﬁu b@gbswnﬂig@wbxrwﬁgl3snma{ diaghed rr][fhg Elfe&thﬁe ?]t,ructure
| ustrate n | re e t hat Or_tIS
[ oPb ol st RS o bitocn S B flica Gl Gptef oo gimacer of the
r ewell mpb®it 615 .nem jn ﬁﬁmﬁrmﬂﬁm&thaﬁdtotﬂtﬁédﬁétér\iﬁahbbﬁw&ﬁn 6y th¥\aS
ta ount 641 .Fi gure ows t
fr%}% én%:}l;t/‘q%ta@? P%“f%‘fw["é’ o4 fie 15?“51'31555? laFdsimlﬁP%ﬁléﬁs about 500
NUEH 080 cetié wassddliesl ta dalecklls dndprising (heel deSode @Mt bA ShelbBBom of the

S ptypes of circle-on-line electrode structures
(el ectrode geonetry 313). Figure 28(A) is a sumary of

t he [(06HTigwre $7Bpsovs a ﬁslmmsy speotrufr (g‘ltt[eﬁsui?@(r@ctag&ﬁﬁ)%e Sk

27 n r. index" is

ooy i Bl oS el e 4 S Piis A7 G N ot egtsoye

f i magnitaistod thﬂrmctagcetm ptnttxal imlog seall (iﬁ tefsath@@ay bsABé &ilrPR GEFigures
8ltél) OE)?c{é& f&l’h?% f?elﬁgéﬂ’cia es of PﬂIHz and abou{ 5%'6‘ k&-]g emg‘&:)éétanl}é%nw\églle%snve

(capamtance 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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i ndi ces” calculated this way for adding cells of

di fferent nunbers of 7000, 3200 and 500 are 5.17, 1.82
and 0. 17, respectively. Evidently, the larger the nunber
of cells, the Iarger the cell nunber index. 10065]

Fi gure 28(B) hows the frequency spectra of
r ea&?ﬂéﬁk@gwam@)fsmwﬂfﬁff@ﬁ@ﬁﬁy wpariviet of thegptieef ragtaneraepsured

i N{yAn td1catiaBilel %nﬁqm&cﬁ'b&%u;f&%s &ANEreliMRRS nfbsured without cells-
circle-on-line electrodes (el ectrodg@geonetr

Fi Yiaehed Sox thy feﬁ@tsﬂl@ﬁﬁ?ﬁamﬁ%*rc 3568)- Nets dlpd e jhis l%ﬂan afrestence
| Nratif; iR Raridpdfidhe red@dnld (181 Hapddif-Re anh@ﬁﬁélvg'ea%ﬁgey {vgegtalgﬂﬁnto
the Invention 10066] For clarity of disclosure, and not
by”ﬁ%?—of limtation, the detailed description of the

| NV 6l PRights ZSﬂA\) IRl ﬂmnﬁ'&luEﬂE? s;f’éd9§@fCrE§1Qﬁ§e~wﬂ%tforfd9ﬂfér8ﬁvnumbcrs

[00671 The cel]-based assay W I npedance sensing using

t h¥f calisaddging %ﬁﬂké?@ge%n@heswme%wskmiw efgeirode structures
n OG&}cbthtﬁ&‘ngﬁetﬂ% UFi%[ﬁ% PB(AGs 4 fmdrPsr tﬁeeﬂréq%e&g@ eQﬁ hown in

itore &% conti nuousl 5 and the ce s can

beigeeads 26&?}?@# 2861 OmaEoBio shle i elmubse isdhysed on

af duel fredueyl spiad dn&SsthRs edios BN Sish@hterdihedhSHAA88H value of the
Qparatuses an% can provide kinetic information
: SR

PiYFnce Fatio@ng | ceie]’ irgmdheggpdiaym yelie. Bhe(eolbnumdiong

t hﬁdlbesat:ilaﬂilﬂﬁtﬂis waily @drlaSding SR bEE fferéht dRinbdrl Y5 708 C3200 adds00 are
ment._ process can be | abel - reagent

bt ) Bl OLr FRGtTE Boaiy.ahe Reemabe mapteeateit rdms te

al @t ns@vérgick.he | abor effort involved in handling and

addgﬁ? nlgose %gng rea ents. Furthernore, the entire
3 CY. PR FeAgiaMeraiq tondiffrgninymbers
autfoetstadded 1ﬂ'tb ¢hervasie amlhﬁnfg tiethe BpbyoflcBcls 88in6 Blkitodand to

a appropri a 0 or nmedia for the required
o By BB RS B PTG 2N i B i rogeney ke sogvn i
adtgira2HDW26(D)and b7(DR- produci bility and repeatability. It
can al so be very sensitive, expressed in the nunber of
the cells per unit area (e.g., about 5 cells/mR). [0068]
A Iaroe percentage of the ceIIs added into the wells of

= Phichié lneerttion are nonitored for their
contrlbutlon to t he i npedance change between the
el e@?ﬁi&@sclm#ypﬁ@sclwppamdms@swmdﬂlmtatmeﬂe Mittailed description of

aﬁﬂélh{?&hbﬁﬁdlv]—@d%nbﬁm@ffﬁb ESnYoidw. @r ge ratio of the
el ectrode wd the e ectro e gap and al so by, in one

enb@8¢ Helbe C@%bqsﬁbaswpfatbamgbgce@ﬁmugelsm tealirclosidrappanstisem and
S %?ﬁén‘i’egpr%@&i SRAEFase ﬁﬁﬁs%réﬂ&ﬁt ol fht@ Icé}fs %Qu & m@mW?Jd d in e J'egl-tlme

the plate.  These enbodi nents resu n

b PR fuasirtb@l ceflls ary hgaised f@mthq'fmlbbasec}pmmlcmbir-bmé gransefter
ChRNaPeRRtIRRY Je%ge ITe6 bis00&8 afaﬁl’ﬁusgﬁﬁd @Wdﬁﬁcglgg rofide qunFtlc

reduci ng experinmental variation between
wilfaymptign a5 fegihe cqll nuden pelelagien) siaiss (inchidingthéif @welnnent status,

Pls@h8Sviablifty, %t@l $RadditbRr @Y ﬁl%asmﬁeﬁ%‘?occu 5%55?94 1aB¥E- g&ff Yo Bels

SenSItIVIt¥ when a snal | mber of I's are use
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-controlied and fully antomated. 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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the assay. [0069] The el ectrode width, gap width and the

el ectrode el enent distribution are chosen so that the

electrical field distribution is relatively |ess

non uniform For exanple, it is designed that given any
acent el ec ode el ements each of which ijs on a

‘ se 6&*}?{ 1§ acqUrat vy igh rtraducthility andqepegighiting 1t 438 alsp be ey eampitive,

I egksibRaTAShIRbRAT teaehs o mhhﬁeé(é% %cﬁﬂ?&l@/ﬂrﬁ% their

corr 6@329]?{%8 connectlt%n pads renmai n near| X constant for
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S U on i Sna oS od Eoyehine siglerEye 9 edan tbapIce T, ment

of eimbelifbeclsuddtsn Hﬁ%iell@beﬁﬂﬁ&ndlﬁ'ﬁaﬁd YR BRSIbIDN tb ML 1BpddSnce
Iec cal f|eId distribution, This has

n-uni form
besl?fma%m%efl% elegtragia b gt Va8 9§ reduping esperiragutnb vaistien

| i betwadnUti fereh OiBs wHIGIRE sﬁ@l&?ﬁterbrﬂktﬁﬁéﬂ\kfél@m @Nerefildtes. This also
susqgensn n conditions, experi ence so-calle

di EPRERYCF BSHePRETenf gruay aélﬂde“:ﬁ@“’i%%ﬁl e Eb e of cells aéerused in

awd asshy.om t he edge of the eI ect rode el enents. For

exa n tera clearly denopstrated

© hedloeB} FhOYBPCigly bt BB i sfiRinat el Ron sre hosen
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nmbers were seeded into
d e«iﬂr@estramﬁ éhegaetifects fortyariovs it teales: \{ielective dieleetlofhpretic confinement

C ad ot Iadin pBRnERATHY WISh, B Weig X'BUEE J. Phys. D: Appl. Phys. Vol.
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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in the serial resistance neasured for each el ectrode

unit. Table | shows the cell nunber indices at tine

point of 2.5 h after the cell seeding. The well surfaces
(including the electrode surfaces were pre-coated with
fibronectin by soaking fibronectin solution of a
coRlsdodpsat 4 ivorstioat etpgd af elgatrical fisldpmalysip & dislectrpphordtie clectrode
we & ? b e . st ” Aty of-29:
s e O Rk TV L L ARy PR AN 22 fhees
delP40elofRr18%.ysed for MIT assay for the conparison. To do
t he [BFE] 238Y shob alébmPhisM Tk RAGKGH Mﬁ%gayaﬁacéf@ﬁq adfed

to each well. The reaction was |Incubated for 4 oars at

37 RSB INPISRCECRy Forthis cnperimoi, b 2iars) slidshagingd 6 lelgetrasie unity (eash of
addiebdshR haLd 31 E&:ﬁhetr&,@@e TRACT bW WA u&an Ea'eméé% §1!r1¥ having 16
incubated for 12 hours’at 37" C to solubilize the ° _
i n&BYsUe holtp) diamter oS mm wasymquated onte theetdass glifies bigusingahaViqnid

I eadhbie) HT 1080 COl it 8RS EA Yiudberd B6re S@MECR 10 er L SRS in the 16x
measured on_a Ml ecul ar Device, 96x plate reader at a

wafeEn dhrelmumber indjpes warerdsriggddny calowlpagithmmedmpatrelgtive change

waitehengilResiambSRcfiied MG hURRELdeAnEBMN BHIQH ﬁfé%glil Fukrfher
readj ngs., Table 1 Wel| IDCell Cell nunmber MIT readout

nufPEEFS 3 s PeipkofS4eh afien the geil sserdingy Shhe gL curfaceo@ebiing the

E+86ctrodSdutfdéls et dDrd-3batdd3d th Aib@ih: bé%gd'k(a% fibronectin solution of a
El 7. 03E+035. 80E+0Q1. 01E+00 F15.41 E+034.41 E+009. 40E-01

GLPPSPERPEP1 79 kgiod Tmisperere PRy mb) 1» thepuafis for § dipurp Jhe gerriments
2. WdE¥0pped P2 5 ¥ 2aA8FhDikdpedBbe Rdasurethent. THEALs in the same device were

used for MTT assay for the comparison. To do the MTT assay, 10 ul of MTT reagent
solution was added to each well. The reaction was incubated for 4 hours at 37°C followed by
adding 100ul/well stop solution. After adding stop solution, the reaction was continuously
incubated for 12 hours at 37°C to solubilize the insoluble purple formazan crystals formed
.during the MTT reaction. The color density in the device was then measured on a Molecular
Device, 96x plate reader at a wavelength of 550 nm. A reference absorbance (at a

wavelength of 650 nm.) was used to measure nonspecific readings.

Table 1
WellID Cell Cell number | MTT readout
number index
B1 1.54E+04 4. 74E+00 1.43E+00
C1 1.18E+04 4.71E+Q0 1.43E+Q0
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 8.94E-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 G.69E+02 2.62E-01 3.14E-01
B2 5.15E+02 1.38E-01 2.48E-01
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6. 94E- 015. 39E- 01 E+03 F21.47E+037. 67E-014. 29E-01

E21. 13E+035. 89E- 013. 83E- 01 D28. 69E+023. 61E- 013. 30E-01

C26. 69E+022. 62E- 013. 14E- 01 B25.1 5E+021. 39E-01 ~~ 8ff~ .4
01 17 A2 Al 3.97E+02 0. OOE+00 1.51E-01 9. 38E-02 2.54E-01

2.38E-01 A Definitions [0073] For clarity of disclosure,
and not by wapy.ofAdinilt H9Er92 fhel 8H-i | ed A&401 ptli on of

the inventionbis &ividedPEI98 he9 38R ¥eactli 0RZ8E-Wat

follow [0074] Unless defined otherwise, all technica

and scientific ternms used herein have the same nmeaning
as i co ffions nder st ood by one of ordinary skill in the

ar t [0(173]/\&"\0r(cihn1t)}’kbf5‘dlsclo§h)t§ rahd ﬁ’cﬂ bh @.‘tafﬁ Bﬂﬁmta‘ﬂgh t?ﬁ&e@iﬁl%@ description of
ppl i cat i ons appl i cat] ons and ot her
FFEEWF%H%&Vﬁaf for ﬁﬁ@%”ﬁgnghmgF@ i ncor porated by

r ef ¢00TAL Bnleds defi@ddrotiRntisd, em yechnlléal aad%eﬁehﬁﬂcttérﬁﬁ uSéthefe Hae {hB
is section js contrar ot herw se i nconsi st ent

i FRRGERE i 5 PRty Spbrtand b of ol SR m the e o which tis

a p:pwm:laﬁ beltrgys. Al phicHtE @EpIRBINING, GAbHBOGappchtiBhd Yl other publications
i,ons t hat arngﬁreln i ncorporated by reference,

Pt b e Bep PP Gief BY fetitenor & GEOTIERD pitb deonsouiprth in

htblsd;eftioﬂ istdontary Redr othBrvifGadopastatt Geth ReEMiiRo¥t fofth & 8O Ffents,
s "at | east one"

ap.p?lanonsl, pﬁl?lg:g ap@gﬁt%% all}lgsoﬂ&g Eaﬂ-ﬁ%tfoéﬁ ﬁlat arg hergip fncprppiated by

eI referanoe) ¢ defilnitibreset Beth rothis sERIDE pv@RGv&fthd inSiuR af gt "
e insulating substrate has nultiple

ri
Iég%F%”mFﬁ%ﬁ%?g¥5£§?mfmo el ectrodes are fabricated to
t he [(0a5AS wgdhereih, ‘ah er ‘@trhraédhat'® least one” or “one or more.”

[0076) As used herein, “at least two electrodes fabricated to a same plane of the substrate”

means that, if the insulating substrate has multiple layers, the at least two electrodes are
fabricated to the same layer of the substrate,

[0077] As used herein, “membrane” is a sheet of material. As used herein,
“membrane” is a sheet of material.

{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 sujtable 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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[0077] As used herein, "menbrane" is a sheet of material.
As used herein, "nenbrane" is a sheet of material.

[0078] As used herein, "bioconpatible nenbrane"” neans a
menbrane that does not have deleterious effects on

ceIIs |nclud|n the viability, attachnment, spreading,
mohs Frfage maygiesd i chericallietreatedi (&b dieafment wiivol aciffpad/onwith a base),
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[0085] As used herein, an “electrode structure unit” is two or more electrode structures

that are constructed to have dimensions and spacing such that they can, when connected to a
signal source, operate as a unit to generate an electrical field in the region of spaces around

the electrode structures. Preferred electrode structure units of the present invention can
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as am no acids can use isonmers or enantioners of the
natural |l y-occuring bi ochem cals. [0081] An "extracellul ar
matri x conponent” is a nolecule that occurs in the
extracellular matrix of an animal. It can be a conponent
of an extracellular matrix fromany species and from any

t | WeIsEreipprianqsArtess duerhyeatbaspghment toan elxatiode ayrfags. Afondianitine

COSRAPRIbSeleckBEd dhilBruleAMIUrD Srter &l AOEREoAd BLARL Tt
ot her " gl ycoproteins, peptides, glycosam noglycans,

pr jyelograde sEpetuTemRiy acel | Ul ar matrix components can
al seogspe! ude -GioMids thast g %Iecthgﬁi%%lmd%@twe%aﬁﬁ Ma?gﬁend'ﬁ%n@

structure having a high conductivity,

c ofiertre sy kaictrq‘ile élﬁmﬁlif@?réﬂectrwtrsﬁs*r%@waﬁd@e ﬁm @rbnowdary ofa

[ ORSRE oABptiaRd fHebRIchingdk cl&lr@&% bPEEnS kL éi%él‘ftseor e[e@tfr&fes to
a single electrode, particularly one wth a conple

st FEss & 4 dgnal fogrcee JRapIdor baungdaiyiofp deviesansyggespond t the

Std‘oﬁﬁ&;ﬂﬁlﬁl)ads@ﬁﬂ@d@ﬂbé&(&ﬁﬂaﬁﬂusof at | east two el ectrode
elements that are electrically connected together. A

t he [UO8EAT padhergipa therpt eashtwelertrgdes (dpeiode arepysidiarsbstpntially

arﬁn@sﬁ%cé meal hyan§ Ehrflﬂtﬁé? hifflee & Q098 dnyARcksRY éi&fr@der}mays) are not
ctro ﬁ%éflenent refers to a single structural feature

fsu siantia terentdram pagh pihpreso that thp impedaryeg Fhamge fys te celattachment

f | st gedvith k@ thRREER ¢lebitude QflecBBdd aﬂﬁas?)r»dm%ﬁtﬁsﬁg tth€6¥ ek MR tectable
structyre. [0085] As used, herein, ‘el ectrode structure
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f@ﬁfrUCt re umtg1r esent i nventjon can 19
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dev[008§s] O‘Enta:mgﬁatat”ttﬁea.ﬁﬂiavmg progeiidm3Goilig oft BitdctiO@s: ifterlace with
electrode el.e e ctrode, struct SI
RSB B aftorehl b BT e sl ot o Bnis S Bl ngs,
t t(mth teraeat thatmtprdtgﬁated’leléd&eddﬁem@& pﬂdﬁfera!ﬂpab abm:lltaét Qﬁ&gdother)
ere he at t el ectrode
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t Iﬁ@cegs\égf t%l‘ 1!he g[?ﬁa?a%s?oky e surface thereof, contains any substances necessary for cell
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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change in inpedance to a sane or simlar degree as the
i npedance change due to cell attachnment or growh on the
smal l er el ectrodes (el ectrode arrays). In other words,
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electrode. Ordinarily, the ratio of surface area between the largest electrode and the smallest
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measurenent circuit when cells attach or grow on surfaces
of the apparatus. The inpedance change refers to the

di fference in inpedance val ues when a surface of the
apparatus has cells attached or grown on and when a
surface of the apparatus does not have cells attached or
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nore preferably greater than about 70% and even nore
preferably greater than about 80% greater than about
90% or greater than about 95% [0093] An "insert tray"
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sanpl e can enconpass a liquid, fluid, solution or
suspensi on containing a biological tissue. B. Apparatuses
and nmethods for nonitoring cell mgration [00971 In one
aspect, the present invention is directed to an apparatus
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comprising appropriate reagents. The electrode structures on the botiom surface of each
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there are electrode structures on the bottom surface of
the bottom chanber, facing the top chanber. The
configuration of the bottom chanbers conprising el ectrode
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attachment or growth. Substrate materials that are not biocompatible or do not allow cell
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placing mgrating or invasive cells or cells suspected of
being mgrating or invasive, said upper chanber
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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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[00111] The electrodes or electrode elements within an electrode structure in the

present apparatuses can have any suitable shape, e.g., a 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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conprise multiple holes of different sizes. Preferably,

the size of the hole or holes imts the nunber of cells
that can sinultaneously pass through a hole to fewer than
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[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.

28



can al so take the formof curved |ines such as, but not

limted to spirals or arcs. Sone 27 exanpl es of
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units for the device of the present invention are shows
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uni formor approximately uniform [001141 In enbodi nents
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width is between 2 and 6 tinmes the gap wdth; for
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pr EwEhthoprisnipbstiengdpihepicgigbrisption apq pigrenachipigansehords ean
MefefilyaheosE@id 1% asMRbRiated@idlialsARd fro&ldﬁteb o ?ﬁbﬁ&ttlhg GARod& trodes

used. Wien substrates such as plastics or polyner
neﬂ’&rf‘%iw@g‘mérpémésed an adhesion | ayer of netal such as Cr

and Ti CaRnBerdsdshd ol FabRESHRE oﬂ;ﬁttérﬁﬁ@ﬁﬁcr&é]&:ﬂ%h&%t&'uge laser
resi st ance of the el ect rodes el ectrodes with conductive

t hi APlptiqonEorpser aklatjopneside gt 4membraneis Hrshdeppgited fith & thimlayer

NoN mletaliifn (f@' RUBHIB) aold iﬂinQﬁ'hlﬁdw6$ memee@ﬂ@cmw oﬂw?»&ﬁb
Angst, rom r overlaid 000 Angstrom An. Suc
ol oBTTEHE ?dé)? gt KRy d B’QSIBER PRATFFE- frP%\H’éfb‘aFté‘rﬁ]m 1s then

AI t e;fﬁahédws b y4eg (k.82 dkcinfeR S af B18tor 38 rﬁ@tat %ﬁﬁmﬁﬁ rﬂnt&ﬁltyl sed
resent |nvent|on

Opt 6}76 g%;ﬁr?aﬁl?f i %}ﬁltnnégeequ%gg%el?cﬁeqlqmy At 316 regions where the
i NdindR i Ftanepeirehe” o kAE@ser, b TRty biihieak withitsdkh@aFikafnd O

| ayer e, transnittan ofIlgttrouhanITOfiIm

RpACETEL e a‘ﬁ@%@fomtﬁﬁmgg TSy e GReRBFANE st & polymet

suf fmembam)lrgactshmmmp dnmhe\mef frdrithe ﬂ'&t@ ﬁm@ 1Mepyssﬂ;talt@c1ﬂyaédd

use t r an

ChoPaPSTRedet Gar T wrenb lenf hrd 'spaf b g £ ablate

g e pﬂlﬁdﬁ:ta(!) ﬁlns ﬂmﬂ’fa&lho émaet t&rrﬁmlliétfeth’n théhﬁezﬁ&h@el. i Aglthe régions where
i O co Rd, i.s N t oxi mat er i i s

o ot SHRC s Biage Yoo P Mepobt B i gh i maBEhie, Rt e

su cbroﬂwded bdmhemrallﬁusi@“dm&mbeaﬁﬂhﬁiﬂgaéohmq{lda Qh 2 b hhgh resrcbﬂimon

aspegc ct I ng _inve t he el eg trodes of

o D&ter P Eae BT sy SR Rt barp Y a0 b taken

bi onmmmo ispredubp sanecuraely ke inidedelegtraie struonirey dit d idint@dine

i nvasi ous . m.crof a rlcatlo hods can be

oo ey e tReutog R G e T Bl Siuriint s o

nenpolpne. mdbearisiptched m taingsies maspbaded lasérabBti@pitycess. Those

t eCQr (I) grlé %ﬁllédwm(f:ﬂeer ablation and thin film patterning with laser ablation can readily

choose appropriate procedure and laser wave length, intensity, masks for producing

electrodes on the polymer membranes.

32



exenpl ary approach of photolithography nethods, one side
of a bioconpatible nenbrane is first deposited wth a
thin layer netal fihn (for exanple, a gold filra of about
0.2 gmover a seeding C layer of 10 nm using nethods
such as vapor dep03|t|on and/ or_sputteri Phot or esi st

(f or O8R4 o, EgHUremroSsHayRatRas BHleyandriscodes o

s p |efém§&1@ts@tdm9€-k dn@hd BiScoPafibll inlc;mraﬁ@, pe@itsdit hal B 6868 S0 ensure
a)_and then exposed to U light through a nmask

c 0 ﬁ‘%eaaoms ?@5 mlar%éﬂ‘@ﬂmﬂ é‘ﬁéﬁcﬁté%até%%ftsrc@a%‘ipmwo thpyedectrode

eX BRFRE, faﬁﬁkﬂxbnin&h@ﬁé{;@ anesh eqb%trms 8r AVLES ARG Rithough this is
devel oper for the photoresi st MF351 devel oper Trom

Shingt aerffamre%lﬁ%r oF R Emidation of e prfém& awéﬁtioaylé P& pagerredieatbediment of a
SURSEEIB ol aiebd oV Pk Breginé inkieH Bik. @M &aﬁﬁ% dnf §£ﬁ5@&to'f e Ip)ésent

31 Masks are produced commercial ly using el ectron-beam
wr Ve e RiRr eRatbls meppPrang atchad 14 the &iiqre peiop Fhambst (opgeupper
to cﬁdﬁﬂaer)hheﬁéléd&b@e stitdfukés Bn B shificO FAORIRLBNGN cSRMe! @k 1063F ©

may 8 Fh%ﬁ :??ken in order to reproducibly and

Ao thihe f yherdatails of gich grustirsadheir pers prgdsscriged e following
rrembj’s&iﬁen ﬂa&uﬁém@hpdsmgwp@awd L ThEmbére nggaw«) .CiHloBération,

care s be taken tQ ensur hat the nenbrane is
st F‘&t‘%‘% thejr 2pprapipieaete 7R m&a@t& ‘5:’6'?& the fopwnmPer i aymERnitored

du forfigirtniigratiPiTisdheviom: SHedupl R HsemPatiblm@blfthic Fymeadfink Ii}ﬁpedance
menbr ane has, at | east .one hol e of appropriate size fo

CoPTan] SAdrTAT pHRETRT o dheportpm chgdlies e afischigprd 4o e gletrode

pr emntresmn ity ménfbrelee The Qﬁzﬂntaée&i@ hdveigt thO@Pore£BF Q1IMHish/RGasion
ot.to affe t ho hoI during the fabrication

f) algdon thi regioRR oL WP FePordit theclorifgde gpasdy that when

e! edlls ﬁlﬁﬁﬁe ﬁl&bﬁgh@@bthd)fhay btﬁﬂld’igtofc&lbﬁdt Wgwat&bh to thql_ %lcctrodmlrface

mcCr | nin ods, such_.as | aser Il | . ose (0]

B O SR SEF e e AEEoge. SRR IR My AR Saerip

andn ithe throd ghrpofds bl fabﬁzdtm@ Pora tH¥i160: ORI blét A s Bk ReARat all
an use ap

choo riate materjals and

o Do chi AL s IpRET oR8ien neren AR BBl ab Contgy o measured
fabmwdateﬂgnpmres Anot her net hod of fabricating or
pat t ng trodeg is to u aser abl ati on. For
P2 IR S oA ReAGHE AEnGES e lotiiieh M el S ede i Phits ( oc

Wi tlact@dé stuntutenyndts in theprademf dpbmt(l.‘fe@ ban&maﬂﬁiy%ultﬁlegﬁhﬂglﬁaﬂoﬂﬁ
ofaoutOl r  of si ng
ot R e or SR BB B o b einte Ao o e ol
t hstructuess aidn Havé stdedsstwb h]i:ﬁtro&-:)ehﬁﬁﬁd InGtiA ah@be Exe(mi:.l@ the e&Btrode or
ex r._lLaser at. 248 or 351 riate intensity
TR 4Rk tnct ieadin 3o BBAEROh Biei it P e
ar Anysuitdlile tdileadhesiinqmenative mm1dhbae suchas X sdlBassdmbtdyprmpadsadlécilat O
thg [ the I its Lacts with t tal .
1 AIE (e SMaRAb T 80 BIRGHR: 3190 0TS s Brotin
mefetgr, dibmne@nnmtmrwllmnﬁmamm proteins et pmhm)onae specifie wbfidrPcific
reagt ifferen aser fromthe netal fil it
B A e E T R
I ekygmt), a pthtméaybyand;auhaged/grdmh()an o uteddi the pesdnasy@aratads.
abl ?60?23] 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 netal filmand has no effect or mnimal effect on the
menbrane. At the regions where the mask is "bl ocking"

the laser, the netal filnms remain on the nenbrane. Masks
are produced conmercially using el ectron-bearn witing
techm ques.on_ultra-high resolution plates. Due to the

" f |canpepiedwith & dine Eomfen irppadanee FSRSETFEIeNIGER! of 2 signabsomy. Alseythe

t 0 g draked of Me AHBLte lllerk BREREMe Blades %ﬁ@m@f@dﬁeﬁﬁo%h Yo fiRKe

m croel ectrode structures on a nenbrane using laser
abaeePrpatsadhe sybptraim rlp prefrad aspeely o thewyeient ibeention éhe trage or

eNSHER flolAdlectB: 1R B ondBERH &N @rubtfireShd ﬁ&ffzﬁ&fjﬁrr{]d] ke tra%\?h s from

during the mask-based | aser abl ati on process

ar e ReeIClsanin of prgdir slesiiads Srachiree I Piriya qurmmemtmlwgode
Wi tRcds a%Qbcatl |oﬁtséﬁfhté&@,ﬁoﬁsec§ de! sMbster@ Qﬁﬁ%a@ B2y, ah Btt%{)?mct each

procedure and | aser wave | ength, intensit

pr SHISEVhege their pathy Gaws opothaarigagayeat Wheraslegtmsl traga need to cross

[ 0@dchkthet, fan iR Glafi@db k6t 1298 RE OCERSwitR ERREA fﬁ@%ﬂe&gqﬁlg Beces.
hoI es and el e%t rodes or _electrode structures on e

eHFAn B Feeh BpBtEITR e draichuey Invpive milji-laxer poarefabiication
en@wc&sest he pores for cell mgration/invasion are |ocated
Hg&l ons corresponding to the electrode surfaces,
r at 26 o he Rrep ek appATSLISERpI BRI BETISeRMe oT Weredpesknas daalyzer

el epmiited todhd HAHEE cdidb&tioh Dads"BEctRAE @ﬂ%&gpogﬁndﬂ%?t%rconngct toa

l[imtatjon of the present invention

enBSYWETHORPac fvhgre ﬂ&F‘é’\FP@é“ﬁ% A lingfiem a%mﬁ@c@matmer (¥ egngstion pad

| N¥sQiRéftaBly af18¢ edé dRPEnctdr Bf LNRicBSPBE brefnt bG11iBA, %%Ft'ﬂfs Is not a
i nvention %‘ftt{;]e bi oconpati bl e menbrane attached to

botf BT of thepyeseRtraton: okhe a?fmagwebetwe%w@psieswaéaconnecuon
el pﬂi da0 Optichb Iy ik £§onﬁébhh§l 15 thai g Be oBRizAB0An léﬁ’ci S8 substrate.
ch nber %@r I o ‘E{-E’FChgﬂ:g The details of such

e FrRRlary SEROPYimeRt of the presenb inyention,j thrstiogompetide e whishyi ng
. S u Bls@ntésaiie faﬁﬁ)cﬁwd%lll 5@?&1’@1‘ aRadESH B0 ol IPIRSH a ?Sglor%@}fﬁi'éilc?ntmner that

Chanber s é‘ﬂﬁg v& ﬂ%gr ation, the cel
apPRSrFaS SR eItl ? SRhPEERPnisHcanReR o RIP cethzarAERtedanch
gr fluitoritdihe bﬁﬂatefc&hpﬂidiﬁgl dne mra&a&mmo&sﬂa@f\él ors t hL ough the
io ti measuri ng i npedance change as
r QPR PoiarPein GFSeRobt PoHePHaRTB AT Ertiesbem heaneny
at smmmm It 6nd HAmPlephit prosiat deSickdtah u&@% s% td BEcolRARYIARfh
The  ad ;3?%\?‘5@1”6 9gl ng the or es { {@
mi PR 58 fiatpnse It esy Fgltip d‘i‘e‘éﬂg%@t ppts are
nembcrrpmﬁedl\htdﬁ‘m@é ﬁlﬁs pEcﬂ(ix:hﬁplé heFighiec1d 00 add @9&3&@ ankﬁ‘fses
ﬁ(? cells r{l&%ae %P ore, they come into
cont BN seeh 2 £l igEAlion B GRBC BEforEER  as t hey
exi (001 2s] pmhebwbﬂchhxhﬁermiﬂib pRERL agphiakkQGathdve G RMEbIE Qurfabe
el ectrode surf atg IS n%qggratln% t hrough pores b
f aBFiTc &% AE o 03{” PALOT GELtAYOh Rotigm WrfacersFriiciepidor es
t hatacladent dfaBowtal10510-h180, T0e3e0, 300760, @00 L mgaumdp@meﬁ 00033,000,
t a su i npedance
o PEerE s BodkRR  lodkibf el dpamuher exemeale v st sovers
t hee laadt et ofolbchottbmisaifase @ga afttle lo@r chamber. In still another example, the
bottom surface area of the lower chamber is less than 10 mm? or less than 3 mm?, or less

than 1 mm’, or less than 300 gm?, or less than 100 gmZ.

34



el ectrode structure units in the present apparatuses can
have any suitable configurations, surface areas or
surface nodifications. In one exanple, at |east one of
the el ectrode structures can have at least two el ectrode

elenments. In still another exa t he el ectrode or
el ect IW4271dbe gleetrnde(ssemn baieny s bk@éwrb@d Gertbef lpestpdiip puy sgitable

cell 13%%%{6%6595t %a&étﬁ’srés PR €4 a¥npl NS eﬁ%&f@@b fh the lower chamber can

ceII adhesi on tion noietiés, such as

sel fbc g8 §eppiigm p@;ﬁagﬁ@f thg lgpwarrchalp‘ggx‘{\,lin|pa§f§'fed(e@bgdunents the sensor area
2l kanetdly #1485 of 592 h @% gk, BOHYAD, IS0 2895, A0, BRDAO, 9525,

ro ein ronectln ge ["atin, agen

| ar |’-?P i o, Tos of ép I%UI‘P h@ttonpﬁurfm@ ghedoyenr ichangbepr hh@nﬂlgrp@f@mfalﬁdhe
cel 'ele@ﬁc‘id%&h&e‘{‘éctrb& Jnlﬁ@tm%t &ttﬁ@ﬂ%epéhmﬁté%ﬁﬂ@& B £1@é’waus of the

surface area) eptid ? - lysine),

pol Joretr chagspesr: Tad al%hw@emlegweelﬁw@mabée pesdlss {nfhy hambers,
Pr eS£04t JARRACRINIE the dLRIRAT el BhBr &b Yiech DR sRhREL hARESH least

el ectrode structures, and e%ectro de elenents are

confeeledtede elementh Jn Yetneotberexrrrip dhe dlosirede(y) sanhave aghappef a

el egddiRERS: deld B@imiélaﬁé Je@fslfguﬁdyruﬁea&%shlqsomlﬁéﬂge or' end of
the substrate (for exa bi oconpati bl e nenbrane),

B 2 ARGttt o AN AR a1 TR T A p—

| "D aGAGRIFBARH N ERAn Glikvalbd, eQ!, a 8he ARl aROdH Bfr reblihn® that
the edge or the end of the substrate where’ the electrode

t r adR SURateRy inkibitcell pamatiopdnvesien.  ABerpdivelyon inpddisiop ihe upper
SubghdntePof thélprBdeff Hpir@dscd sREOIPriff a hiiRidR: 88 &M micAvEMNL ON,
the.trace or traces fromel ectrode el enents of one

el edPPHER structure are insulated fromthe traces from

e | ect [001®) &l wERAtSerModAitetsRE the Ble8Gk HRERIOR 4 YHEM 1Rt cdubrRRS
pe of arrangenent el ectrode  traces are [ocated on

sep&?‘ﬁ?eé) thepresFmt inyentiqnealse inshidesipisracs eheoirerigs. mpleging impedance

CONbRedur@Ral circit RAY sWiliRls €z 4. RREForRAIIRLEY, 85 Sontrbnd ex%émﬁe
arrangenent, where el ectrode traces need to cross each

ot h&PPedae sasiremen e oRtky t@ Flegiodp sifshre wHts Bhdayieatiof thiarepent

bet VhB/eﬁhohh Bre@dr&tly, b QPktent 6RAESSresentiM¥nliSrAdldoqRcftes & USHputer having
apparat uses or device y involve multi-I|ayer

m cf THEETTD atcﬁPS’&”@ JeAd-imegrpfuementer “Eﬁ“é‘gléli*&OfImPedance

app aetaeénaﬁéele@mdéswf ElRetfod6 SR furs @ B8 Apkani¥ed 67 thd RELANSRation.
analyzer nnected to OQF or np connecti.on ads
F’F‘é‘éﬁ)’

Hl o dhs BEEES Aneh &dity capybeiapig ghabg mpracssgl fo derive

Conagréprar pareheterd 185 oell REMb&E AU8L Gk cdlOmigratibMBidéA) @RA &Bplayed on a
|npedance anal yzer. A connection pad is preferably at

t he™@ or perineter of a device of the present
i nve nmnmo] Piaftrably) e sbBwd@program/HA6Iblel o2 HRAY of e ﬁamﬁvﬁg £56dhs:

|nv tlon bet ween, el ectrodes, and
con 88 EP%W“E%W@E% P E IBRAGe NS GiEeut (ﬁ‘gﬂ“ﬁ'é(’f’eﬁ) to
thabnsxﬁ‘mtﬂmﬂé duvivkd mnbﬂrexeﬁrappmﬁum (Brentpolg imdtd®ncd N an

exe ary enbodi nt of resent j.nventiqQn, the
o BT 2otk Ao b ebinial of Bt FE e BHOAIIOPE be
par hleﬂfodesairtehcﬂﬁﬂé stravtureyat wheldd hxmltﬁyleplfr@lham% (a) bioldd:sdmg the

C o nt al el h%m& t%%lnce gi?rgvtﬁ%%;ga%@g%}; %gg%%l]%’rbé{?vggt Wters (% g., cell

nurnber index, or cell migration index); (4) displaying the results on a monitor or storing
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fluid container or plate conprising one or nore fluid
containers. 1001251 Dependi ng on the uses, the present
apparatuses or devices can be in any suitable size. In
one exanple, the present devices can have a size to be
conpatjble with, K automati | at e hand| stations

sucKeSUdS &3 Auioipptigaly g tngiebove ey L‘&%@“i‘tﬁ%‘}aﬁ{%%@ﬂ“
i nt @in® iteR@lke pl ate. For exanple, in Figures 16 -2 1,

each apparatus conprises 16 neasurenent units within
each a cell mgration assay can be perforned. [001261 The

Iomeﬁap@hmetrm@hmgefpwreﬁen&weamaﬁ@&yses can have any
SUItaEWg urface areas. For ex%ggf t he | ower chanber

can h bR CBHIBERhAhsrresgptdayeatignis direied t¢ @y appapRE R ent

of abmitri clﬁ) nu@r@tmn]cﬁ) Qwaé&ﬂ wBR app3tilrs 608priskO Q) at 1d40he upper
700- 1 Qtﬁ 000, 3,000-6 ooo1 6, 000- 10, 000 or
1006M40Rs5H % P erlg gugf?wgaﬁ BivFe callehstlls suipReiedetdbeing sigpdyg or
COV évasivgb) dt@astond Yovef clah®el) o) 4 eBotiitiACAcab R Rnptifify

nqQt her, exanpl e,. the bottom

| ower . ¢ till
A T KT S A E L R Rl TR R
0 I lsgig metnbane Conedled t0kaill B§Rr arkiN@wer khaitrs 204 sdp@&8ind Aarup3Q0

or, |l ess tha 0_[an2. 34 [0Q127 [ ectrode( g?
©an BB SIS SR GORGRh e B e PE S EoT gt s
Sui Ihadi)blectroﬂésaﬁcﬁ&ad(bﬁ tiichelePr %c&ﬁém@‘@x&&hﬁ&%&ﬁﬁld 160Er BXABR)] €,

t he ectr in.the Io r c r can t he
bot % Toens it IS b BRPER soi os pEsavggembrane and
enbocﬁtmmtdﬁqr attivh tsmixsmcuaﬂceaf saﬁk&ﬁexﬁlﬁﬁm&y géerateLDSHangt®%r 5%

10% 20% % 40% 00/ 90% 95% . 99% or
I L R AT B
I n &veditesf seid asijsl e, the eI ect rode(s) or el ectrode

struc . n.,the r cha nbe on the si

ve | SToBf54 ot Bion i don BT e cEf i i o e prsent
t he mblﬁmmshxdm;hayaa sh&cmﬁemﬁuﬁldnﬂfot hteicmhanbegrsmhl of mutiple cells.

anot her ectr de(s

el eCt 16 g P lﬂ% flIJur1 "R ef?d’ i p%é%f’é? e‘ialég?vre&&eﬂace area

el e ﬂtEfﬁtlsnt fdrmttmmeﬁlmf ttHeast H)(ﬂlﬂpfeéera’dli]ﬂ leaktetcelyd df Sﬂotﬁba Bxample

h h t I

ot ai SPEs e S br adieSod fuSopefib i prench gpacans
e nbﬁxat mounpcteche ah mpadam:la amibyeer cah hivea spifies efeh sufigiamtdsrus es
can ' f rati on or invasion,
e.g?@ﬁgagtéﬁ%é ra%? H?&m%ﬁu%f StPoceggents that nay
st i mul0813] on one Embxdimane bfl therabgvaippamius, niasoé@mpatible membrane
Al t d 0 the e anber th

or eﬁ%ﬁ?} Jgp ghyes ggls opotﬁeg céathn%%y?rg o tge ﬁg d%n]cmg g}e upper é:ge,uilber. eThe:
m gges drovatog lﬂyemmdm bafr0h26ll migratipnéfesive dliertiedinpaibtes
of e a RLise

In@l%bl%*lbe %ﬁgg%blgs\éz:ﬁ fng on & ﬁtpér o2 b sﬁes Luck QRS eic’:ar{%%? B 5?8%“113

dev nventron a rnc udes
el ecf angof mere ekinadeldl irmptiingeghammis onnmmnmnbmd blylysing omthe
SW {Ghegad € 9. electronic switches), to control and
switch t%

[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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i npedance neasurenent circuits to el ectrode structure
units of devices of the present invention. Preferably, a
system of the present invention also includes a conputer
havi ng software prograns that can enable real-tine

measur enent or nnnrtorrng i npedance between the

el ectiPOIEE oA leverchialns oSthe presant ePpaigusesisan bayp ANETHARIST of

t he € ' Whed edare& cHakwer e

be %}% g%ﬁ%&%gﬁgﬁgﬁigul@%ﬁ%%raocSszﬂgﬁ@t o der |Cve ' :

ap pmetwqfam@usmamlﬁ e d(n@pglym@@r Magiigriorsglassn ddgvergharglegr pan be
BLEOR VoRgRehd 854 A SRLAYEEHE B Be pRIRAL t@arantémﬁ% Bdve any

Preferably, the software program has one or nore of the

f ol $uéiablp gprfaperiredso Fisone cranple|thischotteisuigice pres of the lﬂWﬁgclfaatber may

CONRELIHAG ! TREAANEReTRAE Y0 kidd Glalafbthdr ckRipl& MR B6EEIsulfRe area
one of nmultiple devi ces of the present appar at uses;

con®ftht HOWPFgChFIﬁb@d%Iﬁ%?éhWe@é‘HP e ARt anSapnt of s thal VE’%P} less

f or IR SFHLEMENEss¥ani1 OPRLIBNCE bet ween or anpng el ectrodes
or electrode structures at one or nultlple frequenci es;

(3) plOPL3SEAR Heper Fhamberad thermaesent pprasirerca dieve Ay sppp foy sxample,

ap P&l At e t}hamglapﬁtat;a/ana%hﬁmaﬁesp %%Bfér 8linbefedl be nfad bf
umber index, or cell nigration I ndex)

4)
d| SYRys Rereinplading ?%Imtraaﬂ%% wrlasy rA%rnWt fhgmbey can be of

I eSiriohs vdlunhe MdlsRBRITHEBbkom Elﬁfaf:@éﬂﬂtéhﬁapétbmﬁﬁbér wigidens 1
ular or irregular tinme intervals.

through 4 at re
Ao PSP TSP ST A DB JoFeh e250le OERRAIE SEop PR

I N RNLtRsMABGsion.t TRe :ﬁé@ﬁ&&tmt}m&ﬁtﬂm uper Bhair@et @8l1st Thakkea of
appar atus for nmoni tori ng cel | rat| on. or i nvyasion

Q‘fﬂ?h?uéiaﬁfso%wp?@égmb%fl ea’&he F%POHGW& a{fﬁﬁgﬁhe MepRFRE;can
f 0 r hdvk @6y Aitabl Grdfot GdaYting RYABhAI6RAlvEsiol as&el Fér cxample the

suspected of bejng mgrating i nvasi ve; b) at
oneXFHaY b waws%ﬁsl@wgaﬂrhr%%m A P e %wmﬂaﬁ@me&n@r%gt%

mul §urfaéeoftie @ge@hmﬁbes Wb ag 16 e, 61160 Wian @ ni, o 183sGhaat1ipitg?,
or i vasrvg cel} o t hroygh, said menbr ane connect ed
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on the bottom surface using, 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 syster, 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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In one exanple, the fluid containers of the present
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thenhmmmgNMSurface of the upper chanber (i.e. the

correspondi ng area of the menmbrane) can have any

sui tabl e size for conducting a cell mgration/invasion

ass ic emdyoR ieh Multigle Electrodes or Electrode Structure Units

[00142] In some preferred 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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area may be as small as 1 nm2, or l|arger than 50 m®2. In
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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 mulfi-well configuration apparatus, however, it is not required

that all wells comprise electrodes or electrode structures. For exarnple, in some preferred
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present invention. The neasured inpedance data can be
automatically anal yzed and processed to derive
appropriate paraneters (e.g. cell nunber index, or cell
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tissue regions is a findamental feature in inflammation. Such migration is characterized

as chemotactic and is initiated and enhanced in the presence 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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menbrane, facing the bottom chanber. In operation, the
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a given insert before applymg testing leukocytes, which increases the accuracy, and

reproducibility of the assay. The devices, apparatuses, and systems of 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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assays, Caco-2 cells are then cultured on the membrane in the wells contained in the insert
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[ 00153] Anot her exanples of the application of the
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drug candi date nol ecul es or the netabolic nol ecules from
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pr ot eogl ycans, entactin and nidogen. It al so contains
TGF-beta, fibroblast growh factor, tissue plasm nogen
activator, and other growh factors which occur naturally
in the EHS tunor. [001561 Alternatively or in addition,
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[00165] The pores and electrodes can be fabricated on a membrane by any 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 jon bombardment followed by

etching, or by laser drilling, Fabrication of electrodes on substrates has been described
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1001591 The present invention also includes systens for
nmeasuring electrical inpedance, resistance, or

capaci tance of a cell/substrate interface conprising the
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[00168]  Preferably, the software program has one or more of the following

—1

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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Mul ti pl ex Two Chanber Systens with Separate nenbranes
[001621 The present invention also includes apparatuses
for neasuring electrical inpedance, resistance, or

capaci tance of a cell/substrate interface, conprising a

pl at% that conprises two or nore wells, each of whjich
conpflredides ot flepinds slEuctyresiat ersras mullivls aueneles(3) prpgessing the

el ecicgOie@ImpRtin R0 AP RETRE, bibEERy k8 NBIRMLARE (te. . cell
separates, @ well.into upper nd | ower chanbers, and ﬁe_
e oG iosipP Gl emgration Py (Qihsplaping tregrollapn 2 ppikE R tTInE
and gsuwf(h) aul@tieAly [SHemiRPMITfEREs L MRouRE 4 4BREuINGr AREAN:
t he mgr?tl n or invasiveness of one or nore cells when

t hey™878%h3ced i n an upper charnber of an apparatus. In
using an apparatus of the present invention, the
attgﬁgw&rﬁ@% or detachnent of one or nore cells on the

si de"BFPERESHEMY 3KEBn whi ch said at | east two

el ect roaies] ar ehd @hyehidideRtorUi® cb@pristh SpAtafisds B médINd ¥eltrical
behavi o%nof at | east a Porti‘gag the cells introduced

i nt o PRE i FEPROEn SBRICIIGH OfferetliSERsE#te gnigsiace, compiiag apynert tray
| Mpetidroepries M nnci@serthatifed, sdchBEVhich dhRts Ail@impermeable
appar af us of 1‘t hz}.q%rgeser%li i nventi on can be manufactured by
any A BIbPRT AT EI9HeRRYIblepemhtgns comprising A PR HaLe desiFpdsg formmg
por eBe ButidmaiT airleast Bne) € the onddrnfore BERLIEABRS MaRbRAR Mpparatus
fabr i catcﬁd carﬁﬂgﬁbagttached to bottogi ess wel |  structures
to FOPRTHES 2 PRI 1€ UG Bt Sethy apimsert Frarahdy
to gpretutinientich fLoNp platl Peefwaily, Shetihakt t@RBorkHsB mBBbE fi¥krt
chargﬂ%r1 s Aldter nativel 0 devi ces cu?n be first attached to
a structure élcfﬂﬁ?spgl?‘ﬁ‘bgp e FIPrses puliple, wells, st ingsx tray is

ch guﬁazlsingd sauhotha tHed e elintiberstalign wnomﬂ: flecmo EHRRRILE &1 dVate. ﬁa%h

t ube- 1| St Euct ur ot t ess  we an be attache
o riseinFamret R b Ll Shlediie R R R rcloes
i s ilowerekanstiehd apd dtetimehedl ah dnstrheayiorid iseEchadibeks bhgcell
menmrane covers the entire wupper surface or the bottom
chgqn%eﬁlsnjgné%ae Oﬁvé]g‘ﬂ's (for exanple, holes in the side walls
of t fW®17&we rTlﬁlpmtm gﬁkntﬁhwtfd?mPﬁﬁtm& feahch@iiing electrical ]

i ntr. ' ia and optio ther. reagents.into the
P e L e
al r eenlyridrgrnocadgatible mehiorands dortabizitirbotthanbfipperAfambers is

al t ' t j 0 pattern el ectrqdes and, form
por SCRRIYRu ) SRSt T Sulls s Rl pGe s SR rrasUT

pl atchanftwesaif celbmigraion enigspick fhateach dellimigmtidn yiitateferablg vbiigises
thin, pokyY é}%‘l@,&e menbrane as the bottom, and

subsequently attach a bottom structure having wells that
can f B0&Tot tSeoh gipamivesssan pOBE6HD hsshi thepag@BordtAnvasiveness of one

ele oF 1| f abricated on nbr ane by . an

sui t% g@?%%glrlrse ans Fﬁ% é‘% rll%ﬁ%%ldl BAPRR ghaﬁfléél}sﬁ‘? °1?5’¥an% éfm apparatus
e rriswchirikat,dm the grasorice oftesippibhratemtdind forusiixdihe attachment or

f abri ' el ect rodes al sp de on

t ho CecleBbrRRL E3n A0 folsdf o6 b B FRmBRYe B P RAEFAEH ey

ex angb@,detpm Eabricaten] daw berdatiestel Py A clmnpointiapeianmel cobaditamapd by

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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etching, or by laser drilling. Fabrication of electrodes
on substrates has been descri bed 47 above, and for
fabrication on the bottom surface of a well can include
such techniques as |aser patterning (or |aser ablation).

El ectrodes can be fabricated on a nenbrane before pores
ar e tFri@ed malticWell pletebprarsgis, ad fatheeeonmirising by impedares apdsmetibat can
medeyelchnioB® Mt n br.i ¢8
on the X0 ace e 0 R PR Ger B e
t he ST fon dmpadgnas ancestgerusot viwsitohalsngpereivatyl ctmsbntqml to ihee.
t he pRE&Rs F K nd to
the ‘el ectrode llslﬁr%ggégcggg? %@%ﬂd& 'c“'ggﬁ?&ellsqg}‘:1 &?lrﬁle/le%? Sy range,
al s&-&-idicauasy Pge katgechebout B und at@utal (MHz, ©abetween 10 Hz and

| MPAGARSAHS AL SAABGS ok ERRAGLL ANCE O BRI RS LLAL G
interface conprisin par at us escribed Rerern
t hatbe &Bpgshicewsctipnga lecaﬁqﬁl@lﬂﬂ@c}mrtl’ﬂ%s mul ti pI e wells,
each @o173hi GlgHRIPIcHRS sthelaACR G WS hodi
nmenbr.ane %at gcon‘prl ses at Igast@%Eﬁhf%ﬁnreg%gga%eﬁbmmm
or RHE BprIFades that Gempiifes e e (tenplrty 1@10) mhia moHiawdibottom
conpeed @M OThd Wottomipldid @b @J) s

npodance Analyzer(or to)Guabonata: B LARbGs Hup
aI s Blatedh 2403 eorpirisgs mlEpla é@ﬁl’é‘delisdl't'lﬁb Biedotton dergice ﬁ'fnach insert

| MP QLA REEmEAR a1 Wﬁﬁgﬁg ele&'fodg?cﬁﬁ{'ﬁﬁ‘&q)n Lk ﬁXm%Htlfz}c ‘imq the

frequency range, e. frequency range between a
botinm ghepber 1o em%lﬁ the top plated EH 018 plazecantw tbﬁabnttpm@law {©230).

Th e TROHBRGHE aﬁma}es 3R the IRGH ARES: myﬁ&hﬁ&e% £l &%L{c{’eﬁecé el

an apparatus can be direct or 1ndirect
el e ERReGENSE MEATrg ingiFEnanis vie vagppsaeqthads Eﬁ@xmde @bnurmietstrucmes

Wi t Bn 848 bb(iahe SR RES0 ARAh YA inehn B@&m&%ﬁ@@&;ngﬁmg s (n*ib())

anokger exanpl e, electrodes or electro enent's ca
conifs@ed enyihg outersdaes of ths negaerls through e’@ﬁ@@@b’rft@a@cyve paths (1780)

conghdgtd MenLAORRGEd FihaAdeR weli§ OfR ¢ gmﬂegtlcﬁ‘l ¢n%’q% may further be

enbodi nrents of the present invention,

confinegy to ﬁOTH‘E‘Ft{OP P\%EI (1795} leeadedgyibe 12&&931 pd#te Wh@l the st tvells
| NV @8 iisefedahtd thel HafbH PR, ITAL @Jr&@&@n SAR ‘Ef?@eﬂ'o%ﬁed on' tﬂecllol&gfnl}xgate

npeda ce neasurenen circuit and swtch
el ePRY Bioneradiyply conaegied to ghe impsdapcsimenriing pireuéth Intagother example,

i npaamra,aeswﬁea@sa lof R Wott6h EEbibd am@m%ﬁrﬁxﬁro%ﬂ be @Anﬁsétédqg e
structure ItS of the Bparatuses of presen

i nvEREFesAn pas hommy locate e Bragd, émﬁﬁﬂé%@meﬁ Welly atgtinsored
al s@td tﬁ@i)dﬂéﬁfplﬁe %@dmuiu%n&ﬁ;\éa{an%s’ud{\@f EonREQQ 8 H@edie%%ped or

neasur enent or nonitoring of

can le real-tinme
%tg“éﬁg e%&?%@’é‘ﬂ“?‘?ié“éﬁé@)ﬂ??ﬁ&‘één@Pb@tlf%?haméfsst ruct ur es

Of t[b&17ap pabraireeR& @ﬁboﬂﬁﬁn@ﬁ?&@ﬁfesénﬂﬁ%b&rh sy;mﬁ that co prises
measur ed i npe an ce ata can automaticall y anal yz

andPigPBESe inlate %P[BE)"FWﬁ pf the Breseatinvantien alsq Iéclgdes c e I I

nuni@ffacel el&&éimc@fnclﬁ&ihé iffeBddé meituteRidfPtlrc@NEhddwiRa¥ss
nitar. %{kgif? 681 Preferably, the software program as

a
onée %:P‘O%F ttﬂ &on WH;@h f e 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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functions: (1) electronically switching for connecting

i npedance neasuring circuit (or analyzer) to one of
multiple units of the present apparatuses; (2)

control ling i npedance neasurenent circuit (or analyzer)
for neasurenent of inpedance between or anong 48

el edyeR dlagmeeplisdr thsaares Fhamberpfeaid gepases; ad enitoripg achange of

f r eqepIeh@Detwied) oﬂ%%gaﬁlereeuada@to A&t} 1 BFhHLABELRRER of e Rells.
to derlve appropri at e bi ol ogi cal | y rel evant paraneters

(e. §90176le| [0 bssuipBiesnhEsEtionis direrted thingetiod dor thardestys cefi)
dl ﬁ[ﬁrﬁ%h@gln"\rl&h@or{ ﬁrﬁiéhh}%th@@c@nﬂméﬂ E)eroﬁ&m%&‘?ib’o@&des&%%ﬁl éﬁxatus

} autonptical [y perform ng above functions 1 throu
t for mgpitoring gpll me%@moamva%qnn@ Rlagingryignalng Qunvapise esls pw@as t
Tr Apota bEFBing ARMERL ol iiPasiE 68 ﬁféhpﬂ)éﬂ‘éﬁ‘&ﬂe%r e SPoLAPLL S s

eratu es_for neasuring electrical i npedance,
geells fo maysAram the pppephamberdpio Mg pier chprabar Hiadhe noess of

_C O pb!§inBxGn éfbrbi¥e fidd (?1 brdifitorin @ ChH R8BI 1h1%€tﬁn€é’l?ctv9€en BP4dfrong the
!E%ert chanbers, .each of which conﬁrlses fluid

eiodesp montfermigrationor nvagion,Rfdhas tonpat i bl e menbrane

c o MpE01$7]Ng ThVRe@bd mh£1n€énﬁ6ﬁ ERW8 Ssdaqs Fbfithr n}Eﬁthcﬁé bRAhQlrs
| east one f the one or nbre insert chanbers

Prt&i‘téfearsl %e%dﬁ‘ﬁ"éf%rt RFdnvasipR: oF Or fE40RRiRe dheanqsirogican bensed to

C OfipiitoB 8% aﬂzﬁ@nt@f ik oFRlld Bat o8GR dr RRhdBRtSIBH s c‘ia?irﬁlyer Blsed
t he ?resent invention fits the plate. Preferably, th

i &Py mppilredigipadanesss nul tiple insert chanbers and a

cor [aspsin dTB@prB&eﬁihﬁetE&ﬁBﬁd teaSedt libtemiife wakles a tedtdm n‘g&ﬁld can
|nsa%ﬁ tray,is gned such that the insert cha

al T3 £ fr> ’ﬁﬁr&aSFP ‘?CF'laﬁf PIRERURA °f LVEsfongOrp spresn fxsugh a modulator.

| N ekangidg AR eskit hsetpaefababdnduited @hs’ielﬂ\@lle|ce19£u%atﬁh@strﬁomtored
suc%thatthe I1s of the plate form |ower chanbers and

cHpEFIeg A6 absref ALiet C?lmmﬁ & hepibpd Emattie deergpnegvhether
C ethé testicompInd Mol e ini@itiot Bt fnvasiAQT R bellkh @n MoAREBlample, the
|nvent|o®nhnclﬁ§ ﬁﬁﬁpg tuses for .measuring electrica
i PEGATLdods &8y ey Frepg theel grigatiogor mvasien is sipdatedine
| nhigrafie e ihvasioh istixbulator andSie thethdddy use€ @ @aFekiS hB Gest compound for an

b|o t nbranes form ng the bottons of upper
d%ﬁé$§¥@ﬂw%&W§MﬂyflnedtozafwstpIMethat'

confeol’E®s Theomethodsoarealshetle isedtth aionifor @M praon @WBksiors ¥R Sells.

el l. atio uch that ach cell mgration
o e s shihe o B e e o i ipg Epopmal
Suels, agpaieatstuﬂeef Aoy daeanu&eﬂust On @ §isedific HﬁBodHn&[t ahé @8sef
iven

i nv re call.s en t | aced
Rt et O R e R R
S Wpithdlih adlls, fitrotlints, pyetsi&nceeuains amd giapni@péte.at e medi um f or
oo s SR ASHEE Bl S BPI Pee Sf Bef o rton

The apparatus for monitoring cell migration/invasion comprises an upper chamber or an

insert and a bottom chamber or a lower well, separated by a polymer membrane, e.g, a
microporous PET (polyethylene terephthalate) membrane. The polymer membrane
comprises multiple pores that are of 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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el ectrodes are fabricated can be detected by a change in
i npedance, capacitance, or resistance using the device.
[ 001721 The present invention also includes systens for
measuring el ectrical inpedance, resistance, or

capaci tance of a cell/substrate interface conprising

t he
i NSRPFAPTiZlg seomgiyAn drafhithen celiedrs infraiced apiatached fo theplgrtrode plane,

f UniRBincE BREINThd WecdBdd MMOARINAR afBad. YE)@nfnpleB 8t th€ 8Bctrdd® arrays
connected to the nmultiple el ectrodes of nmenbr ane

i n@gufle anppisr-digiged, Parélllﬁl PlRgsodafiEays @ HYPaﬂ’a;‘?aZ]éPSP(“é]r elechigdararyand 2

el laP BBdHodE hik U Th) appirafik $@ mdAREHRAL dell 8l MraticAMNEh Gy i@ther
the el ectrodes. The inpedance can be analyzed or neasured

i ncwsgmmwaécef%%@#@ymﬁ%@éo degerguiningthe jrapedariee etpamgeo
be&mﬁganabggmn&mkh and about 100 MHz, or between 10 Hz
and about he connection of an inpedance anal yzer

to el @é’ﬁ%&we@ﬁ%ﬁﬂéﬁﬁam Halygedagn intp@icehing miap esadect | on

padphRpaite tbagdtsl(B. deN&RErhtidnfidVsioh %&m&brs el WHirulshté oSTRRIBR cell
a schematic representati on of an exenplary enbodi nent of

t he T4EBUAETASIOR ALEeageBis ST Pt 1o Ae pollimietation/ lyasiqngpodylaiarg may be
171Qgdedslo thedp shhmbe ldlridpQr bAENtheeBla@dilidn’d e topl EAMBAL trAM
pIa@ (%i?BO rlse nmul tiple botton1chanbers The to

pl a8 ‘7*?64’%‘6 ‘ilquva HPTOPHlT iffen et qell GRlfyre medirns Yhe tdger or
bot hemusUbide titdthe Batfom, Chedet may\nprkSsuR2BIEARERAREe £ 1720)

t hat, has el ectrode st uctures on the bottom surface,

f aciPhPoiTRctany pr et ¢t on ygdylgsers that BAY stinplate epjubibis eell

( 17 d3gratich dpragats Jubfebted bbeh@lctiomi PhtRhAnvadidsBbdulatdd € When the
ures on the bottom surface of each insert

el ect.raode struc

el oS B 0B CRAtber PO FALS CToRg (B HEIS® Phdat A i ber mombrene

i NS hfidyeRdhtise bdu&n\lfﬁﬁig&ﬂSanﬂﬁtg 35 fdﬁd aﬁ&?n@tﬁ AEd IR tro® HGEHRS lt%))cated

struc e bo surface of the_ menbrane can, be

confi® i’ t%% Q!?f‘ﬂ’&fﬁreg’le ﬂt} ‘ﬁ&i fitancq beputsn the elrctpdeg isgpeasied and

0 Iut alfalﬁﬂg &ﬁ'eﬁfablyhﬁcdttlﬁﬁd‘ ﬂegméﬁih(l & shﬁbﬂiﬂ@g)l cover the ma_]alzmty of %hﬁ surface

el ectri conduct i a Qc on e

out et ?Lc{ti?al% a5k 3’3&%@&?%@ is%f? ageﬂ(ofm)

IrTHy bﬁﬁdéﬁ Well is ﬁ@negﬂ:ﬁmﬁﬁk@ﬂ) thﬂ 1189 @fri] tohR6veR @aﬁm@lﬂ;{ |9f8 cover a wide
ocated.on t ot t ate en.the inserts s are

| oo B Pt T RSO e PSSt SASERa P oy 26 Sorics

( 17 95that cactedredanys cotgs dl@ﬁge(ﬂlfbeﬂl rintbers/@y, 1H€0,apela, 10kl 000,

Conﬂ@ﬁ£ﬁ806o t he i npedance neasuring circuits. |In another

exa : F%Ctrode structures on the bottom surface of
t he [06e88) r aTiis: mmnmhgﬂmafme ablgbr E@mlﬂﬁﬂ’il&ﬁirbsaﬁt appetstud dandlits

a t he .menbr ane agg insert_wells
A L L R T o
bQ)od,)mmr actbona gcﬁ:mdroporomﬂmil (Polstrhyledt terephtioildds) incaldba@e dThe
con ectlon O'Q}%¥§17§@%, ‘ﬁ%ﬁ@g |nfthe bp ton1chaqgsnﬁ
LF8F Aep afstof pppLoRsialesizg permitting the
| mlﬁisivb oei],s t(ﬁchf&JﬁatlgIm Theaize aqithe higstser ofthe pdi&sﬁﬁ thetpbgfyheﬁmeinbrane
lv?'ltagg care ly controﬁgdafléla colrjr%spgrﬁdmg t% oﬁ’tji’ ren? cell n \f)grrs]ta}u? di exlexslt%ell
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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interface el ectronics, including inpedance neasurenent
circuit and swwtches (e.g. electronic switches), to
control and switch the inpedance nmeasurenent circuits to
different electrode structure units of the apparatuses of

t he e i nve t| on 00175] The pres nt nvention . al so
iR OS5t RSO HoUCP VI G dTpGHor o misaton
i ny@sdsON, conpri sing providing an apparatus as descri bed
above for cell mgration or 50 invasion, placing cells in
t he upper chanber of said apparatus; and nonitoring a

change ofmpédipesprggenke sp&amndfor aDAgsayhie el ectrodes to
nonitor mgration or invasion of the cells. [00176] In

use, the present invention is directed to a nethod for

moni t ¢uai183] Fogld 2smgmam BPicalfreqhanas spbra Vit cabiréBhashce for circle-
conpri.ses an_ above- scrll!k;]}eid apparatus for
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app éslgbaf tg sufrges) XIPGI%UW ﬁblmﬁﬁ’é‘e %nt‘f%mﬁ% 268?0r°8]r]ﬁ Viredisiye p well
charhirining tie eldeaodcisture/ (BYdadd symtal,2h &0 BEReS (&lls wehittached to

ol ymer. n hange of impedance
Dot S eBR e s Re bl B R GG Rfiip aoutainige SIGY G
I nv asroaided tothrewdBlcbiainin tht éiéktrotib etritirbrsh tif wélhﬁ)ttom surface.

i nv suita Ie %neters

tlonc .be used .t nito .
t e d AR AR PRt ool g Pina e v b e celle dia
exampl leye eﬂmeghmh tuchtigchito e elesiedlics. OThiqRB cb@ﬁnﬂeh By SHIDUB nefired
er S r.inv into th

u t.ha t | ower . .
Chadges s s s s gieR B Bt R e iy e eppginine
pr esediunmesstivrsme sor anenstibe shntepasdiedt ebtainetforba bélBire@médih added

o oPEMD Ssfi o For DA e col M SR PR oS Bl e
For ebxlmtm er wh&ﬂh@ue@%nthum‘ghﬁudﬂm walinthduedpeitchedecabédss®uithe

t he I tion es nce an
absé&h gse(il ¢ ot gavi%e s?ugg tlmeo‘b %0%{?39? %eectrﬂéet sﬁrﬁg”‘“ie YRy e high
det é&equcney (aigebitvand 1 Mﬁz dné sﬁove)ampeﬂmda (mmlﬁahc&taes rmtgioaj ils emainly

or | ells.

ore gg%%ﬁﬁ %rfnﬁ'% Sél%g'ﬂc? eometﬁy aanc { eatnc grogI lﬁvn&ﬁlzé me llun (electrical
m geeatdudivitgand divlasiiioperngtigty) of thatobdioh yha'a:s intiodticatl bodn ﬂmr
i nv at or Lo screen
 DeBRLANS ST 240 LB RN, Sl B3R o
[ 0 0 ¢ffgy, 1aadmg e thh dequeognicpémdlont beistaneechnt] capatitanteo (st Bt edainple,

I h
et P AR LR Phor itk Speroh bR R bopemiBLPHEREY
abr?mraBlomgcblEhs, Vel. ), pp A6-288¢ wugaﬁh ]Duﬁ@waﬂ,rHIcam;]fﬁsdomtz.,
| net nods. can,
ce ﬁmdaltk[%ma'nc%'l" hél f&' tﬁe%%&%mm an%e Bf qaaer%aﬁcerceiﬁcpgt?es ,

or mi-gratci on or i nvasrof of
endeedi iBadl. Bregl,[ Vo). 6, api’:ﬁkﬁ@l‘lj dog thie kenditfonlpf 2bdGminstes after the cell-

myo p&ﬁ':ﬁﬁ]ﬁg mPEHR WS uﬁlrdguc% {o%y Wo&iPwhibh Sas placed into a tissue culture

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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[ 001801 The following illustrates an exanple of the
present apparatus and its operation. The apparatus for
nonitoring cell mgration/invasion conprises an upper
chanber or an insert and a bottom chanber or a | ower

wel |, separat ed by a pol ymer menbrane,

m cribperpiidhapter rsdipl diealmeise(l tkélzdp hQOdﬁ‘IZét El}erwmﬂéhﬂﬂge in
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I t Sspectrum of the reactance of the electrode structures was altered. Different from the

change in the resistance, 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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operation. The apparatus conprises an upper chanber and a
bott om chanber, separated by a polyner nenbrane e.g. a
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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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Ann. Bioned. Eng., Vol. 20, pp 269-28 8, 1992; Jaron, D.,

Schwan, HP and CGeselowitz., "A mathematical nodel for
the pol arization i npedance of cardi ac pacemaker
el ectrodes”, in Med. Biol. Eng., Vol. 6, pp 579-594).
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pol ari zati on i npedance of cardi ac pacenmaker el ectrodes”,
in Med. Biol. Eng., Vol. 6, pp 579-594). For the
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medi um was introduced to the well, which was placed in a
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farther, ge ratio decreases to about one at high
frequenc’i% aFx should be pointed out that it is also
possi tIRJeﬁrtdmgﬁr dtterinini@f the MERInGNERHR ih the FARHEAGHAOFE tHET
capaci ta\gg CvaI ue and use the change in the reactance to
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mpedance |tn ternms of parallel resistance and reactance
can al so %S anlfgéa&' for describing the change in inpedance

due t [POLS3I In thiscase VRt ortneartie ‘eéuaﬁﬁﬁbeﬁﬁdss;u ﬁxfd&ﬁﬁgstha{&%ﬁﬁ&
The eak e o he resi tance the ratio
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occurs, ﬂf enlw eI | s of the sane type and under simlar
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phase)3) and subtractmg 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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[001871 I n conparison wth the results in Figures 25(A),
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[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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measurenents for the condition where the cell attachnent
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[00198] It is morthmhlle to point out that it is not

necessary to derive such a " F gohunber index" for
utilizing the inpedance information for nDn|tor|ng cel
condltlons ov Suantitiiye gleasuremenicof celsusing :

single

t
fi X@aﬁoﬁf q‘% 31111@%%@@%% FSAAIFeRieBl f ellsalsiag e 3B electrode.
f rSeflalciilGeid NOH 383 caile (10, gqob 6eusf 8 @omtb%r\sc 2%6 ceis, 13150'c51‘fé gﬁg‘kﬁ cells)
of cel]. condjtions. [00199] Still, it is préferre
t HETGAIdEarto the SHees Biribe 33 elstiogiosisdith bpedtios Adsstancs and

edance values (e.g., at a

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. TO-T16 curve indicates the
resistance and capacitive reactance changes after cell attached to the electrodes. The current
2B 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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and use such index to nmonitor cell conditions. There are
several advantages of using "cell nunber index" to
nonitor attachnment and/or viability conditions. [00200]
First, one can conpare the performance of different

el ectrode geonetries by utilizing such cell nunber
i ndex. [00201] Secondly, fohﬂﬁﬂﬁﬁg%n el ectrode geonetry,
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reactance for 8 different types of electrodes attached
wth or wthout cells [00204] Figure 3 illustrates

i npedance and capacitive redéenpledt for 8 different types

of el e%{%&&%ﬁ% c@aﬁa@guﬁmowf&r eﬁfe%weﬁwoeé\méﬁés@%&me

The di affete he erectrode tor ZAK AB,” ZAC,  ZAD,
and gdhod)S ﬂag{ﬁ@s lhﬁg%a{ég RNBLRE c&L &idéh ﬂo%gtf&@qgfeﬁe% celiBfpes Bhg
and 3C i's features o each electrode types are

di the 3¢ ehftrodﬁdR@sﬂSéans? @vfoa@eﬁﬂmeﬁraﬁeénezsur%mg Fadlegrody. The
el &t deAdGRs w&% %‘leqw A4 Ul (ﬁoﬁﬁqmr&)ﬂstsﬁ A HroGoedi "{’ihuman

nol ecul es. t hi experi fibronectin was

N heastoestah i Algel Grnguh s S a5 MRS B BHm o igonsHs cols)

S Utfdr REASIHOIT3 L0 HRIFBILER UR S lecthR WA %ba'iédaﬂﬂ:ﬁﬁlﬁ\&iécﬁ@ SRR
(capacitive reactance) were neasured at hour

( i sAEHT R G| te dlgcirade wusentetyvittheeldia) Tyy elg%f)da% wergysadderregch cell

af { £ astifificatde SbMGTH 313 nd BEPRES 116,06068s REE s6ARBG S £4¢R electrode;
reactance as a_function of frequency for ejght different

t yigeHUYECeand BAEoR0 colls prsresgaded prio pick .egﬁ%mieef%r&ﬁat@w éuke

| Noab ARBE IrddotiBed RS InBiRGERd gﬁgﬁreﬁﬁﬁﬁe B4la watk lshdwnRre) £ 6iink 0G8d 3

types attached with N H 2 hours after seeding_the

c eqr|4§30urs(§1@?ﬁ§a¢dértg For HEP-G2, remstance was measured at 119 hours after seeding.
Significant increases in resistance were seen in NIH 3T3 cells, HUVEC and PAE celis 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 afier seeding.
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with their correspondi ng m croel ectrodes on which cells
were not attached (0 hour after seeding the cells) as

i ndicated. (B) The bar graph sunmarizes the resistance
and capacitive reactance changes at a given frequency as
i ndi cated. Here, the capacitjve Eeactance value is the
absol ute val ue. Changes of r ce and capacitive

reactance were onlysaRAbIliEy dfieistateatdedasitat t ached with
NIlH 3T3 cells. 59 Table 2. summary of sone of the

el ety esrighaty 1mgmempﬁdﬁoﬁﬁm@dfre£hm hederdens tTiat e
El ectrode. D ne

a
NHERIPAURIDGY et Gried C(Qﬁe&?ngﬂﬁﬁ)%lﬂf (o apede NEREYYES: The electrodes
2 Gt sl Rt rpdlafh b 68 A8 S5 010 HUVEC cells per electrode. The resistance

LI b Sy B secing (0, 20 howes and 30 mists
2 A6 s%ScﬁhgitSigrdﬁ@ht atred8 0 rkSdaryenwvas seen after 20 hour incubation indicating

2% gg?éii er d In& %@%8%‘5 8'1}1% 8Y1Ler%res1stance for t0 is 47.4 with standard

glecu-telicic] ﬂ)rmohﬁwﬂil,&ﬁ@dv&lﬁ@é ih&ﬁl%mmin 284.8 with standard deviation of

] B R e P b aoms.

Interdlgltated50/50 a ton [00205] El ectrodes 2AA, 2AB,
2AC, 2AD, 2BE and 2CF are i E_E itated el ectrodes and
have val ues 80/50, 80/15, 8 /10, 48/18 and 48/ 28

f or cehE bR Eh b EHA B a1 Db deB S B8 FSaNENYET 3T3 cells and

invasive HT1080 cells as determined in a cell migration apparatus with electrode

structures incorporated onto the bottom surface of the lower chamber

[00211] Figure 22 shows comparison in invasion and migration activities between
noninvasive NIH 373 cells and invasive HT1080 cells on our electronic cell migration
apparatuses where the electrode structures were incorporated onto the bottom surface of
the lower chamber, as illustrated in Figure 1. In experiment, the cell migration
apparatuses keep the conventional trans-well migration apparatus format, while an
electrode sensor chip (i.e., a glass substrate on which electrode structures were fabricated)
was mounted onto the bottom surface of each lower chamber. When cells migrate across
the microporous membrane, drop onto and attach to the electrode structures, the cell-
substrate impedance is detected and quantified by an impedance analyzer. Two cell lines,
the NTH 3T3 line and the HT1080 line, were used to test the cell migration devices. NIH
3T3 cell line is a noninvasive cell line, whereas HT1080 cell line has been well
characterized as an invasive cell line showing 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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[ 00206] El ectrodes 3A, 3B and 3C are circle-on-stick (or
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Comparison in invasion and migration activities between noninvasive NIH 3T3 cells and

invasive HT1080 cells as determined in a cell migration apparatus where electrode

structures were built onto the microporous membrane of the insert

[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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the 3C el ectrode. Resistance for four cell types were
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without disturbing the experiment. To validate the sensor measurement, at the end of the

experiment, the cells migrate across the membrane and attached onto the electrode sensors
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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the | ower chanber, as illustrated in Figure 1. In
experinment, the cell mgration apparatuses keep the
conventional trans-well mgration apparatus format, while
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cell invasion and mlgranon by doxycycline. (B) Real-time monitoring of the dynamic

inhibitory effect of doxycycline on HT1080 cell invasion and migration using a fuily

automated instrment with software controlled data acquisition for impedance
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arrived in the bottom chanber and correlates well wth
cell invasion and mgration activities. The X axis
represents the tinme intervals of each neasurenment. As
indi cated, the invasion and migration activiti es of
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appainatidatly mivhite @vieyinhibiboey effdct oﬂnagcvmbalhnvsamp andnigaonof dose

conPRHTBCR-RRr BDel 611y bRl b Tl sl o anc

i nv aﬁgremnnami nraaglmi dnCthle aad:lhmgnaﬂmmparﬁxa Nifdi ety /th&atiqaagor e N

in inv sio and. r tio |vi i es between noni.nvasi ve
NI HISP e (10 ig o oA ST Wors SO 0 A
i N &boakdtinat @bﬁttbrﬁ[fbrzﬁlﬂrﬁ &fr@hélﬁouﬁtﬁlbﬁeceb)eﬁislh&dm phabdpHat bufed

b tg th f . the i t
AN R TN
m gildver chitndet, il wiltof ci@tenpein coﬁmurrg\damrm coflcbhtRfionsad h&:@cﬁmﬂe

53 36t Brare R ras Bt Rbls S e futel ity

t h e uﬁbr@ nOPAlsQBHTIEIER e pakioh (T2X 1omﬂ£)tcoﬁtsmﬁﬁg leflier HOkytWfine or
str {1}28 sho;gg?den Figure 17). In this cell gration

app le wetp c*tnrls’@édagfera@ele'%ﬁr évawt?m%vagﬂvoa&me%ecwcalhén
bot @iehed theclRtroddWBrubtee bt diffdré itlsere alfsB) After cdiiRE@ Ak ulectrode
when cells i ade”‘}-]’ﬂol@-?h an extracel |l ul ar rratrlxlayer

m g EIeBTEdP BELnYasen EFPIGR Bt R g Papresentafs thabseestrt

cel Wdsxydydliae vk nainit&@m atQhiffQerd: Agie @ﬂt&ﬁﬁlﬁ @iBouS BiktUFSinY tBSexpaithlent.
sucgacell el ectr nteraction are nsed and the

e DR Pt P CHLMEFIIEE 11900 ™8 o B e ems VReaiee
ands]gmaaﬁﬁnguﬁdz adyws.cel | lines, the NIH 3T3 line and the
HT1080 |ine, were used for testi ng such cell mgration
apparatuses. NIH 3T3 cell line is a noninvasive cell
| i ne, whereas HT1080 cel | | ikxampld been wel |

characterized as Y/ . g Hﬁ i.ng a high

i nvasion and mg %T%%‘ﬁﬁhgﬁmnﬁ ilerddofy Sl itro

m gration assays and in vivo mgration assays. Both NI H
3T3 cells (purchased from ATCC) and HT1080 cells

(pur chaskd f ddgmelsricemic opdkchipdgsighyvat ed i n DVEM cont ai ni ng
10%8%14] | "Rl § ilfhs@hRd M?ec%ﬂ@ééll’@ﬂ;tdemg&t ﬁecfrgute%hmm

trypsinized and counted. The cell sSuspénsion was

Si iprescatatvesiseigwef theslasirameecilghipp iddectrades w@tdnf&mt
st gaa&@&t&%d@ﬁesearb%@é%a dnQhe H1ALS St HE ! ’l‘h%s 'oft'ﬁ@gﬁs dsnate is1

commerci al 24-wel ratlon ap ar at us, est
t reams 1 wey (The geld pla@tmdﬁcaals@ay weqlqbbmefectm infenface wig|

M GhadcliG eI RBA! Pay RBsted &I thefilidd of tBSlass substrate.

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
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m cr oporous nenbrane and the built-in nmenbrane el ectrode
sensor array of the insert were first coated wth an
extracellular matrix protein. In this experinent, both
menbrane el ectrode sensors and m croporous nenbranes
were coated wth 50 ﬁg/m flbronectln In room

t etpPefFague 9- the pumsricabitie of Agios e RaRsiTisHPT rsigABesinsimaly equal to

b Ut 2dnSadtit neue a@lllgh Edd{lénﬁjé@f thémelisared ﬂe@&’t}aﬁﬁ$zal\@){b THE¥eSstance
added into . the | ower ers where the pr.

el FapPHderedeHugtddaptivad frpehieslectofen coaird vit Flfuce\}agr proteins

Pl @eesk, 1.MH. &, NVALRA KRR, Jlmegaﬁﬁb] C. Kie@@iird, A. X ¥neh OBOC NdiStoring
of either N.H 3T3 or HT1080 cells re. added. shown i n

Fi Beflity: sprspye andmaartality of pdhgjeptduseglecP ds HingdR dmpegagqq gensor. Anal,
C OOIHaL: t73 qrsmpasi& )0 ¢dAGaNBRSIMABRNMY valie of Qe iy RcREBESI Ve

and they were then connected to %{% dance anal yzer. .
Theeuficaatly 3figep eclt atlaches forfaee! ‘fcgﬁdﬁ‘pﬁﬁg§l’r5 g 4eeile|lhe prepsg in

Wi ﬁr@‘édalﬁ@é ﬁ%}%@ ‘i/s%ﬁéiat‘édl {vith brc @EIPEBAloIPARIesiSH dnld SR RVEBEREa of the
aanesi ve. e. i sSion a r 1 on tivities re
%%Cﬂpefa Agrondingly, qrﬁelvew?lﬁmﬁ% @F@ﬂfﬁﬁfﬁﬁ&%ﬁlw Spmhhan be
Torepradcnfdd b cdrPBpHEME ehangBas ifRRIBE valdds, t he end of the
experinment, the cells mgrate across the nenbrane and

attached onto the el ectrode sensors on the m croporous

merrbr anes.wer &)eidcﬁ&ﬂo%eﬂd’bul@&%oﬂﬁtﬂ'yaﬁﬁismﬁ@g’1n’€peﬂh1ﬂ:ef ol I owned
nost i

ni n G ensa stain (S fqr , 30
o IO B i raor s o =S o AR gt oped, it
acCdontairs Iaii‘ Sle@fonhdl ckll Ship (Figirt 8), andectdddi0 Gkerfaed, bhilt ohRGriNtedXir&uit-

B L N R G

atorﬂiji(ﬁrfe&disemhttl nes of experinent and at the begi nning
(ba # e3| gnee, 1

cxpiiehline FRaeBndrier b bl Sndrete FohaRtired T difen

I Nabatains laﬁelecfﬁoﬂél bﬁl @fh ih diafetsi idliger devigy 2 tantdifadn eltgReliefodB mm in

;PG TEREn Pk o e CtoRien Ay ST JO TR0t o

bafseh ATEC) @stesibalfocthe Bhte Foomatt test) tgzbafhwcners werdexd, ©a¢ fo nadie and

wel | he .nu of arri.ved in e . tom,.
el S Py RGdE andfy A ert Soled i A Ren o
m ;gmia)tfmo]rh @#cbony tetnperatureThﬂd’cechamn§ eithiee rb@(ﬂﬂeﬂNﬁH B’ﬂbcdl]i s®pension

i O 0T e BTG BERE VoS TR Bt SRRl opt et e
ti atﬁlffeﬂélneﬁequgmcads were meakured tyyl, 260 Itnhelan@mimiyas (8 aafibhiInc3TR)

cells.i t of t he 10 G.nsa
SRR e O R A 20010t B R0 bR

S euagammva rdfaatyﬁce@veret dmmlﬂmpm&ert the dévites with tdils and witlomocedlasAtt2, a
nenbr{g 25550 r}gs rﬁ%a%tﬁee ﬁalu tcp ?%%nrfi %’F%ue{:clt h\neats%eoenqr d%g\%ﬂépt x¥1th
c edellss wh\aieasatm ohmges:wns B&hemlhe devide Wlfheutrce]wmmm emhcfnng and
L RS L BBy, ' (L IRGAANE € BERIRER, BLEGLRTR.
apparatuses described in the Figure 22, where t he

el ectr Oth st 'i)%‘t:etc*i'ﬁgeéiﬂgl%f ceh%gpe% Ql? the%!aslti%g 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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m grated and dropped onto the bottom surface of the | ower
chanber, the apparatus here can detect and neasure the

cell migration once cells mgrate across the m croporous
menbrane. Therefore, this cell mgration apparatus having

el ectrode structures fabricate on_t.he .can
derersoaksl fie BamigeenCATA e ‘B‘iorcél&i"f‘%?’ G 308 B fhe P AB
t hBie (RRRV REUSASHAS CEl, bBinkd Foh A TRL). Bgaipie iBrdRedh rdsistaBee
noni toring of the inhibjtor eg{eﬁjgt of . doxveyvcl i ne on

c dre &l P bRes A Ohfh oW & BFHNG BEIFH gr at i on
gppar at uses where el ectrode structures were built onto
the mcroporous nenbrane of the insert [00213] Figure 24
shows r&sul t SeBPrYEeptio e npnitoring of the inhibitory
ef f @oR19pf THEEY ieGikdrAion 6/2s RABCET the RktingideViastsiiy tRPAE cells. In
mgration using cell magration devic where th t

o 1B pinesn EAL P URY oiF eesdefet €itism densiiess S Dapieshi E‘%ﬂ&p@%ﬂ@? to
MeBiABes Phoiifde cd NE6likrats raiek ﬁadiﬂ'@ent Eéllesegdiﬁgﬂ‘ehﬁﬁ&g Redignie
in Figure 17). A tine and dose-dependent inhibitjon.
oD B R oS O Sk T oS Bife e i
( I8gurfem kteddilyencieasd ih@ésistigcOfalich &adyeaariticculiivatihiite fym both

o st BicHEarEst TheeD Rl e et e ot Sisance

S idrviednedTiag bl @6 delaleayiniig ellsianingesity tandan ey 64 secding
ment , I cat I n, El gure, 2¢ ,wthe. m.grati.Qn

R ing e N R ErG< mihitly i B rew Seiind uShE. B

rqvgisabﬁfﬁﬂle@‘@ﬁws&bhﬁon(u?&eg@ﬂﬂgh!ﬁﬂiaﬂoﬁboﬁé _@iuiﬁao%)nwwl tThese results

el.ectrode structur abr.i cated on m Croporous. menbr ane

© it R 4o 13 B ke bty optiore R i e i g o

i NiBeihg BEaquitéd oEduch megsareaent. cel | i nvasi on and ni grati on.
A dose and tinme-dependent inhibitory effect of
doxycycline (Signa) on HT1080 cell invasion and

m grati g wagQuastaticeandsensitieityosf Inheasariprgaseilom thp patieg deyice

ancl D20 ol B PR bG8 PR oot bR o) Ao

f iviroraed ncombarisomwith BiffTessaity widcl i commenli osed firakll Quantitatign®.

h it t e, buf f line. HI1080 cell s, were.
¢ 5 B e R e ey e AR & S R e pre
t HBigutedwl rTtemseahieement wad dooé afta btemightrimdbation et 7aC A% GO, either
di.f ferent concentrations veyel d .
C e RS PGB 87 AL SIBNE LS n 1t gy itk oBUEY
C dfirninr odth methodsaadvery csmpatable? @Clidesr quintitifib0 84 eakhieved by the
sus Lon (2 X 105 C ) t.al i ng .ej r . e
SRR sl o Ris S HoB G, A Bl aRphEL, SRR Tk
aubopabble bl thy MAdWdisaly detsitiomio6BLdlls). swit ched to el ectrode
structures of different insert wells. After connecting
the electrode structures to cell invasion and mgration
activiti®ks i Reprodugibiliteeicbe testingdeviebsence of

[002217 Reproducibility of the resistance measurement on the testing device was tested

using three different cell types. Here, a representative result indicating the performance
capabilities of the device was achieved using primary human hepatocytes. For the test, 6
devices were used and resistance was measured immediately after seeding cells (t0) 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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doxycycline were nonitored at different time intervals
W t hout disturbing the experinent. The mgration index
(or cell mgration index) was calculated in the same way
as those shown in Figure 22 and 23. Exanple 9 A device

for nonitoring magration in real fi 1. The el ectropic.

C oIePIeRRIS SR § GO SERpesFI BlR G GV 1 Fepsispalt 0 Vaggpdon of deFices
el 16 deQniikess Iah% @ﬂ?@aaing.eg% %ﬁnmfigﬁﬂegmm_er@m}m thda¥i@ement ﬁn the
representative designs, of _the ctronic,ce S

go‘lgﬁmé OgEiEq 1 ¥gy Tare O Bl Ry BrIaR CVs S%% R R 8&34 Jabe gﬁf@@f
Centekedy Mind HRodikiabeviRbbsdsathed belhe si ze of the gl ass
substrate is 1 cmx 1 cm The gold el ectrode can be
connected to electric detection interface via connection

el ectrodp, padgdethedgat ed on the sides of the glass
substrate. 2. The nechani sns of_ det ecij ngéé:ugl | s on

el ed402H; ¢ Feih 1IgEatiop a5sp B4 WA O p B BRbSUEsftggere pre-filled
L ﬁﬁfﬂe&?{% Tﬂutgﬁns ?org@ﬁh%&eaeatgwm. tA frafdmideibgane ell cmhﬂning
S.. , 6, - an oth resistance and t
ca%%%lictp valpblg 8’6‘%@2"6‘%‘“’@?33& Byigsered g e @%S%f F")%'ﬁ of the
WheEBuRnmenttarkidgea Ratef celiSart hRdddr @EpUBRNEHs nFeBibrate RAILE electrode
el ectrode in the q%k}%g)g e of the 66 cel L@%Fi 9?{, t he
nulTREHANSFs AR nomtr R R M N S A MHz, A srsurego
sif miﬁminm Hﬂéctstddf eletie ﬁaamm‘c?ridn&o tha;:ms, ﬁs o HOGHV &5 ekl to the
of .the neasu resi st.anc Z = ZO . The resistance or
i nﬂ%ﬁrgﬂisesﬁgﬁ“%%g?& 15618§‘ff1€‘?f‘aq61°1“or cel | free el ectrodes
coatPesto] foln tiehmeigtation aaBlis Pr tHeidasonid detzag, J. H T., M
Habilb%l-FRe aei .. J. Meghrous, C. Xiao, and A Kanen. 2001.
Mbni't W?éec?%‘flg'l ity, spreading and nortality of adherent
i ns¢a223jel ICsll udtickign mbletulBatanedios enatng. . FoAfibdonectich®ml of 8)

1844-1848.),. | . the i d

PGB O R RO URRRSS 1 B gt

t oMt]gBBS Ec&@irfd]ﬁiﬁes_a ol @ptie,is&mtsul gle % tgaﬂtﬁi was .addé:deo Ferah :llﬁiagtéﬁ(hfor

[ anc al u s, cor e e .cell-el ectrode

RO Ra PRE st Pl g sty BRiEE ppfu SR REE o i

Acthe edhitaigielatin, fedtichaw g iwaeted edth PBSyhpfer aiditioneets0 b bl 65) M glycine
h N I nb b ted by

colf SRR ERAHERE S R e Fer AU s Winms yee,

of peefolrhal againdbreltimad sctmyedrdedisesmayglternpedyrve erdvibld@16] As

a basj ar..conparative studies, a testing device was

devgls%‘g%ﬁc??a%%i ch contains an electronic cell chip

( Fi ¢a022418) 50 anofdH(M tahwivncvas ndded focanénsetd and incubnted for overnight at
printed-circ

SR Rperart o1 fndofiiebthd BBt maRUELRR RhCusay
oninyludnBD Megtrgel maatix (B0 BRbTpncEsypfibrdrieptin@ngh sollMges (Sigma or BD .
di bl S &Ls) ISR TEAD D WilsSedcds! ThERLETs wiiEs YRRPHEE. Precoated
inserts may also be provided.
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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contains an electrode of 1 mmin dianeter and the design
2 contains an electrode of 3 Mmin dianeter. The
detecting area is different between two designs. NIH 3T3
cells (obtained fromATCC) were used for the test. For

e est, two _devices used f.Qr dia and ..the
o Wk deF B et gt ot oot Fou e i ﬁ%m?@’s{fﬂeaﬂlé%@% on was
WenBniGadltie eealfith& b mbdsoigdinpedag &t diffefent fime iiteralat r oom
temperature, After coating, either 100 | of N H 3T3 cell
susfen¥P 8iUsSpP8: 000 cel I's) or 100 | of nedia was added to
a desw2ee. Basivedsaied haund alpadiutihy @ ssfeacd pogrem (HX55055 Z plot)

di ff nt_freqguenci re, measured 260 | dance
A Pt e TR e G ey apeuPRRtad ng
(tO and at 2 h after the seeding (t2). At t0O, resistance
and capacitive reactance were simlar between the

devi ces thlﬂ§rﬂgnhnd without cells. At t2, a

Ssi gni fa0R2mMt  iThe felseng rafereasds afcaitekandahdogp®randd hatel:f gy thist
fregﬁgncies was seen in the device with cells, whereas

no &HERYEs were seen in the device without cells,

i ndifeaesing 1 ckrdu, €t MaPhOnBroamdnd BpBeatetein MPOQTutrtoe classification using

el ectrodes. Bath desi showed a.simlar, resu data not
Sk e Son et R A PP £ AP et e By
de#i-€2s [ 00218] The device was further tested using four
cell es,inch udji n WO i gy u |1t UVE!
(optPH85" 2 B bl SRS G R B P Edemol o
( ofiteaiokigelre6aptdrs Drhré3si ceniEembtadtasgs, NSare. £i0ef®36.Cal i f or ni a)

and cell jlines,the NI'H 313, Iine and the ]

(po r[l})dﬂ%(g agT?lilt%lﬂ’gfiﬁ%'tgr: e t%@c& éf’?‘f“’ %g@al e %&AELPE?@) %I'

Si Mlietabtasicmppressar gas KiSS1 cneskespepndeliganvhsf ad@protdicroupled receptbr.
ty af,,3<.ar hours after seeding, as shown in Figure
G.H%&eéellll 6%6&?}1 feration [00219] The cell proliferation

was [40338t]ed 4 dreet hEl areldd. iR §Vealidy 1992, Sippregpidnind nfefaRagiein haman breast
this. R I . i fferen nsities.
(BB PATR 39 o S s BRRE G e e BEE Ao ST bl Fiss:
cel.[CapeoRedeanchnt $528843B&S at different cell seeding

dengid,k4S- ' nGe . t u j . ent

o alS, v BRt iRy, R TRE R KErls b1 R o
i nprofeasgartivaled reosptemtiinhipits migraing end growthaif breast cacerdelie Canvas
segl yisbh. eylstivating time fromboth devices, indicating
incredse 1n cell nunbers over cultivating tine. Notably,

r esii®23]ceb. Vancraders Ed-rubh Bea £ 8an, FiR. MiBlerdendiZcs Wi.2B0Zi gh

" FiflioR e AR BRASH ke BRSO B0 TPy ERSLY,
c egtPwihead| e adessisiin ipflarmimatory bieast cangef.i(linelgkpb}letibtes. V &t300#311.
u ndfdoz@g' ! g*ﬁapaﬁ S OSATRE pfe%%qg%m MG s of HOGRA hESHbE. S

indicate that the devicé Is e to continuously nonitor
c eddrivest agigiopenesis.iAon i Physieh Cell Phisiol. 288 GP7-97@&bel ing i s
[ CAierSS. 8 paly OB RRO Ui Mexis By Vb B B uBPithology and
senﬁtﬁi ty g?bl&heasurl ng c& 1 on the testi ng ﬁ Te oeyan
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
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[00220] The quantitative capacity and sensitivity of the
device for cell neasurenent were tested in conparison
with MIT assay, which is cormmonly used for cell
quantitationd4s. Serially diluted NTH 3T3 cells were

added to the teStib%TdeVi ces or_a 96-well mcrotiter
pl atl80237ki drRerpeny M-Spe Heaaradr Oeinand Ra dogispanoak g rLeukemia

oV @hiie At faét&quh@tiﬂ]ﬁ)&ts aﬁgﬁg%%msﬁr{ed@@% @it hierios,y-gshe

resi st ance nmeasurenent or MIT stainjing. As shown in

Fi gUP@38B, 1&&%%6{%1 100% Clm%calrﬁxewﬁcwwg@gws\s@wmg

COmRiBR} BousdnlvaSARF erflid @Bl %@M@ﬁc@méﬁ) R6dRYEsheBYCInREL.
resi stance neasurenent on the device. |ndeed, the device

di dPeBlb¥-4*sensitivity | evel conparable to the MIT

assgyoBbps a2t traks, M0 e | Shessoh- WRER OO GERiahd &Y ¥ fuddi6n in
testing device [00221] Repr oduci bility of the resistance

e AIREERSHI SIgRlRERAEYE &Péog&@wea?@n%égnq therppsytic mdibitgn; Frends

di Phemnesll cebr20ypes. Here, a representative result
i ndi cating the perfornance capabllltles of the device

was [SEAPky dd- Rrofrpadp vty Y -HirehN e ddSreiskers fof. Sopest al.

t €3002. ﬁxmsda.mm @5miie bm@p&& AT EhiSE RAGRs WA RAS dhPilmor
i mredi_at fter ]fs‘s cells and at 4 hours
o\

af ?@Wﬂ"t‘ﬁ ‘Eﬁnﬁ‘ﬁ"? nCogHE- Cvaok 0‘45%{ ‘0 and t4 were
caI qodzai pd 14RugiEek, X) P. FileyeM; WONGSinska I &8 bteS stingd T.

ti he devi.c ile the CVY t4 representsthe
v abribrshh 280 AigoEaes %‘ﬁ@}l\@%‘i"ﬁmﬁﬁ@ﬁ% B Yihaompeial
Ascﬁhm.NBoﬂﬁsgw@,MS 1she resi stance neasurenent on the
t est eyLce js.very re u,cibevmthlowCVsbot at
t O A9 Shiidstavee BrdasisS T Raehe diteibe, s HrSmi. 2002
Mo Qiydle- eﬂygdﬁfb T expsssioR Hakdobiedd ah %og@aesﬂah@ E?ttﬁ)h nb&lplﬁ&gs]tasm in
rati on _assa S s onamlti-we
suﬁlg?"flgf%sm"& el %f‘qlgd% %égf B4uffer sol utions
cont[éi2asng 16. h?mﬂésIRMIIa%ﬁ(%,FR fﬂr%lﬂ,SF %{emmcgg@lg\ww Franklin. )
co ast e (avajl a rom j 0Sci ences
N FhoMeaabriehipbahonoteles antiSns Cfergrh, meistans, ank
nemgtrmMgMdef i3dges-12fter cells are | oaded onto the
tra IIs Gt nces e npni t or ed
TR oo T iy A0 M B R SieT St o
nodlssamnmmm (Ttih. Bdpf Hetsasid 1gkextrs.c fiel d application to
t he p dtoth el ectr
bot ARy’ pﬂgé‘g%"&r i L, kit BPuins, b1 5t BEGRopGOL TiLe
m gmmtseem:l A3l of V1t sighialin ehr@igh Gbth-0ftbrin. dSvidnee 294, 1654-e646r 0de
coa si o a used for
coat 4023 Lo TR oo AR f%’a &, s Vi fhemstprnAsempl for
weRapddlaheldhccarate Acdasuteridnt adeubmytetMﬂgnﬁmat 1688, Joafnallofti@thunological
with PBS for three tinmes. For gelatin,
58M€‘ 3?#%%& in was added to each unit at 37C for
[00247] 20. Rlchards and McCullough. 1984, "A Modified Microchamber Method for
Chemotaxis and Chemokinesis." Immunological Communications, 13, 49-62.
[00248] 21. Neuroprobe Inc. www. Neuroprobe.com/protocol/pt_96a.html
[00249]  22.Ilsley, S.R. 1996. MATRIGEL® Basement Membrane Cell Growth
Chamber. Becton Dickinson Technical Bulletin #422.

www.bdbiosciences.com/discovery labware/technical resources/techbulletins.htm!
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30 min, and 50 ul of 0.5% gl utaral dehyde was added for 25
mn at roomtenperature to fix the coated gelatin, which
was washed with PBS before additiona of 50 ul of 0.1 M

glycine for 30 min at roomtenperature to block the free

al dehydes. \Washi n{%@\é\nth PBS was performed again for 3
ti nde0250% o 23R Biakeei™d EoremokdY Twperdeall ap sfgflovi ded.

2, wsfpambdﬂl&&%&@ é.gdfgéov 1M Pl OB PR c AP Hsert_s

to an insert and incubat for overnight at room
t erjeniiiuprdlokpegwhiii ng on the assay requirenents, ECM

mat §ha23bF usefRtAN. W%cﬁﬁ%ﬁm@?ﬁ@ﬁ uﬂt@;l@ Magt rgel matix
(BD Bi osci ences), ronectin col |l agens (Si
or 8992538 38 BareddE. MRdRIAMN fi hOC( 5@@1 Qists E19deB eml%wé
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(

9. (amended):  The device according to Claim 1 [[8]], wherein said

biocompatible porous membrane comprises noneenductive-materialis glass,

sapphire, silicon, silicon dioxide on silicon, or one or more polymers.

10. (original): The device according to Claim 8, wherein the biocompatible

porous membrane has a thickness between 2 microns and 500 microns.
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intended to Iimt the scope of the invention. Mny
variations to those descri bed above are possible. Since
nodi fications and variations to the exanpl es descri bed
above will be apparent to those of skill in this art, it
is intended that this invention be [imted only by t he
scdpelopginehe apPedieirecicedrding tvmlmmrmmeﬁﬁomanbk

I A
i ar At erbrab Rl EP Shari s VR P Proilingtle Efhchongur o
ceII , onwhur @iforel eslisatBere@npri ses: a) an upper chanber adapted

to recei ve and retain a cell sanple; b) a | ower chanber
conprising at |east two el ectrodes; and, c) a

bi gg. C(H]%ﬁdlé?l{) A pﬁ{e%é%w@% r@l‘ﬁ D RViRg é@%rﬁ% ?x’ﬁ?ﬁsm

sufficient to | ow cel m gr at oug

wher ei n_sai d fé@t?f@ [ devjce.s to
separ at e)st he upp e%lwaﬁéfdﬁcu‘%t§£gsnexn% %gg' n?lbdr1 é‘:r?grf?‘i’ir
wher ei n i gr e¢emommnchtiaewlts, thé Bolegh b elcPes Ry SndBaINaNe
permts contact et ween the mi grating cells and one or
nore el ectro%@?‘e’#ﬁaﬁﬁ ower chanber, and wherein
frur t her bpai despRtasi mpiR foafbRsit Rb@ho Eatlof
i npedance between or anong the . ed 75
3. (ori gi nal betwetrethgeldctiwaliy condiictige h‘ﬂbe@aﬂﬂmﬁnpe&b@(kﬁl n
the el ectrod are disposed on the bottom surface of the
mendirane in ﬂ'lpé “F'ower chanber. 4. (original): The device
accord| ng to Caim3, wherein the | ower chanber has a
om surface area sufficient for attachnent of a
;5?1?%8“{%1) celt Bethod fercmeritaringrthe mégrgtionug ingssioootsi el thg
of 1+ 690&%91 100- 300, 300-700, 5. 100 -
1000, 700 1,0 f 000- 3, 000, 3, 000-6, 000, 6,000-10, 000
and 1000- 10000 cells. (amended): The device according to
Caim3, wherein. the el ectrodes cover at | east 5% of the

bot t om Qur f A¥QVINER WViserecqrding ia fdain horleimauner |
chanbery) 6. iatBRAathe oJilEmtient 6pd CHaROLN el M

wher ei n t he bottomsurfa
c) determining whether a change in impedance between or among the

electrodes occurs, which a change in impedance between or among

the electrodes-ifexperiensed: is indicative of the invasion of, or

migration of cells into or through, the biocompatible porous

membrane,

14. (amended):  The method according to Claim 13, further comprising the step

[[b’]] of introducing a known or suspected modulator of cell migration to the

lower chamber of the device.

15. (amended):  The method according to Claim 13, further comprising the step

[[b’]] of introducing a known or suspected modulator of cell migration to the

upper chamber of the device.

16. (original): The method according to Claim 13, wherein the cells are

mammalian cells.
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area of the | ower chanmber is less than 1 M2 [[nR11. 7.
(anmended): The device according to Claim1, further
conprising an inpedance analyzer in electrical

conmuni cation with the at |east two electrodes. 8.
Cancel ed 9. (arrended}l The device according to Claiml
[ [ 871(amgpdaddi n Bhe met bd according tddl?blrpdﬁowherﬂmrthe anemalian

corrpraeﬁsare%mtobégpm S e LB e Sl & 0x1 de or

silico The
devi ce accor ding to CI a| m 8, wherein the bi oconpati bl e

poigis .nenpr ane_has %hi ckness between 2 mcrons and 500
i ¢Y-oREsnNgg: 17, ItedP?tE‘P gieprding,te (laim ¢6, wheaondhomammalizai m

1, whenehe neh@nki @Eenpati bl e porous nmenbrane further
conprl ses a coating for pronoting the attachnment of one

nor e ceI I s thereto. 12. (amsnded) The devi ce

urt her co ng a). electrically
condnglltlé1 \i;/1 trac %%%?%41 ”fgrtB ; V%‘eéq’léél%erqeéléIlHdUdG
conmant eAtoe mWrédtgadififs at | east tvvo el ectrodes one of

the el ectrode pai rs and, b) connection neans for
establishing electri cal comTunl cati on bet ween t he

A R R R s

m gr aplwnldarpolyﬂlanIpOcha&oﬁﬁb poljr\hﬁyl cﬂﬁﬁiﬂ@%cﬁ?&ﬂs’rlaﬁa ng:
a) pr.oyi %H%Fa devi ce according to Claim1 or Cori; b)
i nt r 830E Be REUEAI$S nt o the upper chamber of the

devi ce; and, c) determ ning whether a change in inpedance
between or anmong the el ectrodes occurs, which a change
in |npedance bet ween or anong the electrodesiT ea is

i rdic €)Y dhe flevieradearding torClaiin l@yrwhengig thad biotondfat®& pokous
t ti. bl b 14.
(Ao e O b AR BT it s B ahRicatnst o ¢ hor

conprising the step [[b'"]] of introducing a known or
suspected nodul ator of cell mgration to the

22. (new): The device according to Claim 1, wherein the biocompatible porous

membrane comprises at least one hole having a diameter between about 1

micron and about 25 microns.

23. (new): The device according to Claim 1, wherein the electrodes are disposed

on the bottom surface of the membrane.

24. (new): The device according to Claim 23, wherein the biocompatible porous

membrane further comprises a layer of epithelial or endothelial cells on the

upper side of the membrane.

25. (new): The device according to Claim 1, wherein the clectrodes comprise
gold, silver, platinum, chromium, aluminum, coppet, indium tin oxide, or

titanium.
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| oner chanber of the device. 15. (anmended): The net hod
according to Claim13, further conprising the step

[[b']] of introducing a known or suspected nodul at or of
cell mgration to the upper chanber of the device. 16.
(original): The nethod according to Caim 13, wherein the
cells are manmalian cells. 77 17. (anended): The nethod
according to Claim 16, wherein the manmalian cells are
kn&fwingvs): beAsievise lfer rseaspring eldctofal bmpedpnoa|rbgstamte, orl 8.

(

i gioab): T cording to.daim16, wherein th
(o 98 S IR R o h b Bt S
met hdgbraardrogiong sfde ofh &idBompatiNB Siittatd Ba isbOGLAE

e

one or nore croorgani sns. 20. (new): The devic

accoPHf RYret Whetews sfddevigedias p sutfanes spistblenforsct attpetinsant or
pol yisrdwitg, pol ystyrene, polycarbonate, polyvinyl

chl oride, polyester and polyethylene or urea resin. 21.
(new): The device according to Caim 10, wherein the

bi oconpati bl e porous nenbrane has a thickness between 5

mi 2% Gresv)an diHsGienice monsding 2o Clanavds, whbeinfayd EiBcAHEAILE N9
ne

to Clagggl, wher ei n .t he bi oconpati bl e porous rane

conpPicgREangcompLises Fass, $pplire sifican silictradiexide obstliverone
aboibe ordWI9RY ARl BPRMEe AT Ons. 23 (new: The

devi ce according to alml, erein the el ectrodes are
di sposed on the bottom surface of the nmenbrane. 24.
(new): The device according to Caim23, wherein the

bi~ac ti g rane fyrther conprijses a | ayer
ofﬂ4 é@.gélﬁm ﬁléﬁ% dé%?wg%%&‘ﬁgg?"a aE’éPVsW greinsaid higsempatite of
the membramneomphses(pohnide] PSlycla¥biite, JFpOREIAI to O aim 1,
wherein the el ectrodes conprise gold, srlver, platinum

chrom um al um num copper, indiumtin oxide, or
titanium 78 26. (new): A device for neasuring electrica
i HPeldseeThe eesties asaerdingdp Claiap2 ivthende tiefthizkness of said

cel | hBRRE & foh W6 AR Rrork W BET 500 niidiBnd” ™" ©

el ectro

30. (new): The device according to Claim 27, wherein said biocompatible

membrane comprises a coating that allows the attachment of one or more

cells.

31. (new).  The device according to Claim 30, wherein said coating comprises

an extracellular matrix component.

32. (new):  The device according to Claim 26, wherein said at least one pore
has a diameter that does not permit the passage of cells used in the measuring

electrical impedance, resistance, or capacitance of a cell/substrate interface
through the pore.
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fabricated on one side of a bioconpatible nmenbrane that
conprises at |east one pore, wherein said device has a
surface suitable for cell attachnent or growh. 27.
(new): The device according to Caim 26, wherein said

bi ocompati bl e menbrane conprises gl ass, sapphire,

si B3-dBev):si ITihedlavige esdoadingip €lait @6nwhemin sank atrieaseone pore
pl asty . I r nmers. 28. (new): The device
accogggagug%ﬂ%ﬁgF%¥ PE§BQ$L 8% d bi oconpati bl e

menbr ane conpri ses polyimde, polycarbonate, or

pol yester. 29. (new): The device according to C aim 26,
whe4. ¢hew ) he Thbidekibe seotfing & Clair@ BN BR8N s3i df

m crons to about 500 nicr%ns. 30. Kngagﬁséﬁgﬁgggﬁ%%%kﬂg
accordf dglamsterthat peomits thp passhge ol migbatgonpatasbieeell used in
menby [ - ' that allows the attachnent
of oﬁgﬂgﬁ&ﬁggébQ@@F?Qﬁﬁgﬁ#ﬂgﬁgﬁﬁ@n%%8rﬁ%@?&@cae drding to
C ai welbBybstaterirterfasathcbughalid frge.conpri ses  an

extracel lular matrix conponent. 32. (new): The device
according to Claim26, wherein said at | east one pore

h?g? diianeter that does not permt the passage of cells
used Wi hEhgeeyiseraceeyding)te (laime2fi, whersénlisaid Bastrasipstainse,
Or CaRafetdrdreewtn 3Gkl hSHRSLY iinterface through the
pore. 79 53. (ne\/\g: #’ﬁel rélgt/blqlcatgdg%g%tr ilﬁﬁr‘fné;' C ai m 26,
wherein said at | east one pore has a dianeter of |ess
than about 1 mcron. 34. (new): The device according to

Cl¥ me2§; Thedetice sabligd tol @ash 260 RehePQh 8aid RS oRnfdir@ et er

that pernjts the passagie of a mgrating or iInvasive cell
us edieriroden omprss gald gilusteplaknema, chirembdapbeninnes tetrence,

or CaRRm tiaReRIeOed &G8lthdisyPstrate interface through the
por e. 35.1(nemf: % e gé%?%@'according to d ai m 26,

wherein said | east one pore has a dianeter of between
about 1 mcron and about 25 microns. 36. (new): The

dewi cc ing to Claim?28, . rein said two or nore

e I%‘gb@r%‘gges %:i:lg rcrlﬁ?qilc% &9 6‘?&% %} lla{}’émgg’ ‘ﬁi‘eé?linﬁﬁlﬁil biggommpetaliy

al uninambiane GpPL thickneHetednl NmVFbHMAS0SHkroQr titani um
37. (new): The device according to Caim 26, wherein said

bi oconpat abl e

38. (new): The device according to Claim 26, wherein at least two of said two or

more electrodes have substantially the same surface area.

39. (new):  The device according to Claim 38, wherein the at lcast two

electrodes that have substantially the same surface area are in an interdigitated

or concentric configuration.

40. (new):  The device according to Claim 38, wherein the at least two

electrodes have circle-on-line, diamond-on-line, castellated, or sinusoidal

geometries.

41. (new):  The device according to Claim 39, wherein the width of the

electrodes is from about 20 microns to about 250 microns.
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menbrane has a thickness between 5 mcrons and 50

m crons. 38. (new): The device according to C ai m 26,
wherein at least two of said two or nore el ectrodes have
substantially the sane surface area. 39. (new): The
device according to Caim38, wherein the at |east two

el &étswks tHhedenioeacoutismganClaml 39, tihercsaiie o5y bE@ee, ar ea

are | ' | gitated or concentric configuration.
20, (Restab BRI bENEn o G EGmenad A S0 aHerooh i v heh.
at least two electrodes have circle-on-1ine,

di ngnd- qn-l_ﬂjirbge, castel | ated, or sinusoidal geonetries.
41%3-(REW) dguige aecondips fuChim B8, Chakin 8O gapbawesn t he

Wi dt 1@kroli : 1,S abou O mcrons to
About” Seg oy SrEne §30E5: kbl IR e deeonamaghis
O ai reBoysodethsimeastuingalpited wepaianet ek ilR, & QERNLACL 5r
bet en B&Lﬁ? 3 E’ﬁprons and about 80 mcrons In .
43. \M(anev]\@: I 46 according to O aim 39, wherein the
gap between electrode elenents is between about 0.2
tigzﬁland about 6 tines the wwdth of <cells used in the
me

g ellBe deviestccoripeiantein BRSilstENERs ralb of the ga

capagj; || /substrate interface. 44. (new):
The. o ag Petessag ST oliTutees fivar giont { nd0 redhant oF 1

the gap width to the electrode structure wi dth ranges

fr abqut . 20 to about 1 : 1. 45. (new): The device
ac‘@ght?wﬁg t Jghﬁl%ilqﬁ aggording ta t(deim 38 situiatediia atuid edritgher. 46.
(new): The device according to Caim45, further
conprising an inpedance analyzer connected to the at

| é&snepilo Ehedeviadmsordib to (18 45, Firehdd S¥in ﬁsiggﬁﬁﬁﬂg&ﬁn&o
(0] ctin

d ai 6, wherei in the presence of a n
sol u |aié[r%?r‘f%’é‘e%&?&l‘?ﬁéﬂlﬁ%ﬁw@él@a@mnt of one or nore

cells on the side of the nmenbrane on which the at |east
t el ectrodes are fabricated can be detected by a

c arige™in Thadsyinsaecudinggo grﬁmdm/ Wh_el:eirﬂfﬁn t}{el’iﬁ%h%e'l'&}ed f
evi I t alm , ereln the exposed surface
ar ea&%g?&%}‘%es Qisulﬁ & tg? %q’?bmﬁ%‘lr Wﬁﬂ@fr?@ﬁ@r moee ogilswhithd

sai chidd efthe o@dgBrave®dn WK iHeat _
ely uni fopm_di stri b%tg?tgﬁggécgr?geg?a?%ggmated can

appr. Oﬁ'enat | _
el ersrietecteddsy A hange inthwedravt vsisg Heakwiteng to O ai m 48,
wherein said el ectrodes are

48. (new):  The device according to Claim 47, wherein the exposed surface area

of the side of the biocompatible membrane on which said electrodes are

fabricated comprises an approximately uniform distribution of electrode
elements.

49. (new): The devices according to Claim 48, wherein said electrodes are
distributed over at least 50% of the exposed surface area of the side of the
biocompatible membrane on which two or electrodes are fabricated.

50. (new):  The devices according to Claim 49, wherein said electrodes are

distributed over at Ieast 90% of the exposed surface area of the side of the

biocompatible membrane on which two or more electrodes are fabricated.
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di stributed over at |east 50% of the exposed surface area
of the side of the bioconpatible nenbrane on which two
or electrodes are fabricated. 50. (new): The devices
accor ding to G aim49, wherein said electrodes are

di bused over at least 90% of the exposed surface area
of tIh cw):de The devige amouhugrpa@]abh%mhdsremmidamro%lrﬁd}etm

b 81 51. Th
devi caTAROEE YRR T BRoUEN B ci m oai d 1o or more

el ectrodes conprise at |east four electrodes. 52. (new):
to . Caimb51, wherein the at |east

rdi ng
f 03? d(%a" ct &gﬁl g%‘”%ﬁ' Fogrdingigeaim 5 hwlsireio theoatde:st fouet ur e

ar r ayel@dtrol¥oarer t el ectrode structure
unltse(Itrl?)ES)argrarr g%éne?elrlltafr?%%gg{) %‘r% ﬁ‘ée ALY A& Pt s

( CCES)lter(baléﬂied)ﬂemdchtmanmurslefﬁlIES)loea@tncélﬂgc elggddeodes.
t he device of Caimb52,
vvher e| n sall'ﬁhgg&ggs %ﬁﬁhﬁgﬁﬂm%@sla&lqﬂ@\ﬁe’pﬁl@mdw

irreversibly attached to a structure that provides a
pl j;eggl ity of isolated fluid containers such that at | east
ReWhe 4 fqriee f@@mlfﬁéhed@mf CélemS\ZSsz@élﬁ shidES or

CCESbg,J | ce according to

qai %ﬁmﬁ'ﬁﬂg g;fgri:ﬁﬁr?%erls é%‘&ﬁe%@ og HT‘?}’GB‘ Y altaahpd toa structure

i sol shatgrovidesd phoaligi dﬁﬁo‘iatéd@ﬁld%@ﬂﬁ[ﬂe&eﬁwﬁ‘ {5k lelegst tg)'é
osed surface area of said one si 3

bi ocglr“rbcgf?‘ﬂ HERBIPERS onglolPBH ov CEESr shuesirant.
fabricated conprises an approximately uniform
distribution of electrodes or el ectrode el enents. 55.

(rﬁé’v\)ﬁneWA sybe eiwfceracmémgm Otniml 53¢ tvhieedd, fbBAEHBPEEA pluralit
resi st "i'é?)‘feﬁe q{m F@Cl ta e of a. cell /substrate i nt uf
conpri sl ng HIehT TRyt JGommmsipes af élllﬂghfeﬂDESmtpT CERSy thdﬂ

i rrped:qmai alln&icyézzﬁ‘éa 69@5180611%%1&9 of &id3hiol enqse}t{bi aeg}q%on

el ect es. (new : devi ce accor
wher ¥ W tﬁlﬂ?CH@@@Sc@r%eﬁiénaate@ @omprigepetn Cbﬂﬁbﬁfnafté]$nhﬁlfonn
he

I owe&lsﬁ:ligg{megf éié ct{ Oggscj’ra‘?li?ﬁq@éo nfﬁﬁ{?n er. 57. (new)

devi ce accordi ng PBin the at |east two
el ectrodes are fabricated on the upper side of said

\r;ggb(ra(ane_ ?ﬁ §nevv) The device according to C aim57,
r RV Lait SISt Bisesupsge cleasical idipadmicey 10fisth®&S or
t harcaph@taheel ofMh WeARubSBAte interface comprising the device of Claim 54,

further comprising an impedance analyzer connected to the at least four
electrodes.

56. (new): The device according to Claim 45, wherein the device separates an

upper chamber from a lower chamber of the fluid container.

57. (new): The device according to Claim 56, wherein the at lcast two electrodes

are fabricated on the upper side of said membrane,

58. (new): The device according to Claim 57, wherein said at least one pore has a

diameter of less than about 1 micron.
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59. (new): The device according to Caimb57, wherein said
menbrane conprises a layer of Caco-2 cells on the upper
side of said nmenbrane. 60. (new): The device according to
C aim57, wherein said nenbrane conprises a |layer of

epi hg}l‘?i %I r endothelial cells on the upper side of said
mendr 8158 die dewenjpecordiag de Clam Bt edredtimgait odphirbi® Sfprises
wher ej i ri se t .| east one

bi om);%l ggﬁ‘?‘%&%@%@g%ﬁﬁﬁpﬁ%@? Pﬁ?aéﬁll F41%€. conponent on
the upper side of said nenbrane. 62. (new): The device

acgarding t aim 60, wherein the device is used to
as g gy&f” Wg rfrﬁgﬁf’ 18 Reeirding ye Siajerils swheteimsrid oremivare @edgrises

t hr oughysaifépltRRl oPéndoBRIANG! beLlig&hdot pel | 2l
cell's and the | ower chanber cg%'parlf}%gllé)pgwl?ee‘&gstal‘{1‘6‘ﬁ@%rane-
conpound known to nodul ate the mi gration or invasiveness

of ' n r re cell .at__| east ~one conpound
ouS AR " Sh e bR afscifime fo i P aid membrrerostpriods
sai d avrieasobnerbidnsleduls. cfng 0P @WMracelllfir q%hg chﬁ@%%% iegrg the

to Caim60, wherein the device Is used

ni gr APPYFGrofisAidyarmkitees of one or nore cells through
said layer of epithelial cell or endothelial cells and

t he upper chanber conprises at |east one conpound known
to nodul ate the mgration or invasiveness of said one or
nore cells or at | east one conpound suspected of

nodul ating the migration or invasiveness of said one or
noée (aelb):s. 16d.4 ' ' ccarding to C ajm 56,
wher e(i n jsai d_at _elgrgg\;%ccct)r\-ﬁg%e :(g{a?g es%ﬁlgfeén %Eba‘?vd%ﬁ Boussh to
the PEfhesmimatisn erdnvbsiventisaienc 65 motd els: thidhgh 48Mi 155

i i m 64, in said at |east hat
2 arautal b etiena b lirans Gif et ehsenbeboompgses at least
i or omscondbull kngwew inodietedR i aRra il Al & Gralin o4,

4
wherein sai d mepbrane conprises - at |east one s peeor
t hat MBFOTOT 85 atlepst oaerempondsispdred afmodudittie 108 nSaiabon or

nenb{ngﬁlﬁvenggsof(sﬁ@v@né O'Il'll‘}gorgg%ﬂgce according to Cl ai m 64,

wherei n said nenbrane conprises at |east one

bi onol ecul ar coating or extracellular matrix conponent on
the Jpper ii"‘%ﬁ aof said _nenbrane. 58. (new): The device
al2oli gt &Y' BeFordipg teiGlaignp@l wherbinathe deoitpris 9881 toA

| ayes i i al : : lal_ cells_ on the upper
| ge sz;)z?f tgg?ggfﬁgh%?g H{é/.ram%}%gg BEbAAL: S8 S ﬂlroug% st layer of
epithelial cell or endothelial cells and the upper chamber comprises at least
one compound known to modulate the migration or invasiveness of said one or

more cells or at least one compound suspected of modulating the migration or

invasiveness of said one or more cells,

64. (new): The device according to Claim 56, wherein said at least two electrodes

are fabricated on the lower side of said membrane.

65. (new): The device according to Claim 64, wherein said at least one pore has a

diameter of between about 1 micron and about 25 microns.
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69. (new): The device according to Caim64, wherein said
device is used to assay the mgration or invasiveness of
one or nore cells. 70. (new): The device according to

Cl aim69, wherein said | ower chanber conprises at | east
on$ C{an‘gﬁ_unghknown to modul ate the migration or

i s &es Shofevien gegordge taiClpianéd, vreeein oaig ouemobrans geeireds
of noglukai ' ' r. jnvasi.vene f cells. )
71 Chen s R shbncl bl ool MNP B e v aide et
uppermemarer conprises at | east one conpound known to
nodul ate the mgration or invasiveness of cells, or at

| east one conpound suspected of nodulating the mgration
or 6Vnmawh:vengsdeviic .6&rif otk oM o A aratus for .
neasuring el ectrical i n’pgdtg%%#l résihgé%%ggmgpbrane comprises
capadt &gt eng pigmelasylirseanting air extrat @hul & QRatrig OFiRigosie Mo the

pl at %pb&%idémfdﬁgﬁgrﬁﬂé‘{o or nore wells, at |east two of

whi ch conprises t evice of Claim26, wherein each

devi ce separates each well into upper and | ower chanbers.
7358 ((Heev\»’r\?-: %e aPpar atuys according to Caim72, wherein
th&> e or e vice perordiBaés Cliim 6dnwhersin siemesbeime ebmbiges

nmenbrag T dpi : us according. to Caim 72,
wher ei Ei}j%trIgeé[i'n\t/\}/geql g@r%ggﬁe@gggf%ndég UBpE S ot%ﬁéldd’bﬁél?ra@‘?-de

of the nenbrane. 84 75. (new): An apparatus for neasuring

trlLopl ihpedance, resistance, or capacitance of
ce I'/(éé@gt ra ec%‘ﬁ’tCEF‘F‘é‘Zf g dfdrlrigr Af Wheretessid dedte @ wsethto

54, anhguei migitonly 0RAERERIPLLEILANS ]S T eversibly or
irreversibly attached to a first plate that conprises

two or nore wells that provide | ower chanbers of cell

M7y, héw U IS reversipbl irreversibly

att aghe 't or}gg idé’g%god C%?rg%lg {ot hgﬁ‘%pgiv‘i"]é“é?nt% laweruehambes

t hat comprwied eatufepsr o6d &BRPOENP kn6®hl td MU RIAO e ulﬂ%%%on or
si

such.that each_ce|]l mgration unit conprises a
| DESTIPSIERHEE ofeclls apa leastinae opwonndisuspected A mepdutatiah ahen

74, k@bl orSaldiehLest structure array is on the
Iomeifﬁ% de of sai“% Eﬁgggg%%ati bl e nmenbrane. 77. (new): The

apparatus according to Caim75, wherein said el ectrode
Stk U e array.is on the upper side of said

bi@b@ﬁ%@t i b?alée ﬁéﬂﬁ‘? &ﬁ‘é?félﬁs.m((ﬁ'@m 69T reheagpimasnilt upper chamber
accorotiiprided ait Gegit dné/ Sl i d_bj atible .
menbr ane conprjses a f%ryy}gr of u&g\gfcl)dt? %:ng’lﬁﬁfrpeoﬁhet sy or
si dengasrgaps of cells, or at least one compound suspected of modulating the

migration or invasiveness of cells.

72. (new): An apparatus for measuring electrical impedance, resistance, or
capacitance of a cell/substrate interface, comprising a plate that comprises
two or more wells, at least two of which comprises the device of Claim 26,

wherein each device separates each well into upper and lower chambers.

73. (new): The apparatus according to Claim 72, wherein the two or more

electrodes are on the lower side of the membrane.

74. (new):  The apparatus according to Claim 72, wherein the two or more

electrodes are on the upper side of the membrane.
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bi oconpati bl e nenbrane. 79. (new): The apparatus
according to Caim77, wherein said bioconpatible
menbrane conprises a |layer of epithelial or endothelial
cells on the upper side of said bioconpatible nenbrane.
80. (new): An apparatus for nmeasuring electrica
i npedance, resistance, or capacitance of a

pl at e t hat

celrs/ g tr r| sin
conprlf;%@ t\%ﬁ oa:PBm)re vvelrfleasuaﬂ% el‘ﬁ%‘% F&’%‘F{CG{ Epistangat or
fits wapetaptaté, ceilfveberiare SaérdadeNGRidrisideaYheC QORE %?%1&%? 54,

h h of which
1t qeler IR ipF AR S inemRerne i rwwéﬁa@evncég?fé%i%f alawhatito a
for mfingt plae: et Eanprks 8R6 Rr Hors ?ﬁéﬁso{ﬂﬁ Rro ‘ﬁigﬂ%‘@ﬁ (Fsal%é,ers of

chanbers 85 further wherein ea I nser
i nt o KIaigration ugip dncplsa*ceersbbzhortlhatrerslng atiehdBto0f sdebfd glate

pl at hanber and the insert fornms an upp

changfé;rt%g? lﬂeg t| st taf RiCy st YRRAST &hmbers of C(eHemégratwn

The appa,rsatluﬂmaaeucﬁrcéll AdglaBoihfit B&rﬁ&useﬁ"ﬁ% @{:gg ;
0

| east two electrodes are fabricated on t e upper
sai d bi oconpati bl e nenbrane. 82. (new): The apparat us

aco®) (el sa Ieast por e
has 6(1 (ﬂ%ﬁ%&%@dﬁmﬁ%got t%a@ 17% ‘ﬁli‘ec?lBﬁal CUPH%WCMG

The aBpaisanibe hyowsiliend said bidcampu®le ngs&id) said
bi oconpati bl e nenbrane conprises a | ayer of Caco- 2 ceIIs
on the upper side of said bloconpatlble menbr ane.

( B newhh eTia R parbiSacAGaRS; bg% 11979 Cr@lﬁl s%lpwgeﬁé'g{lq.]ng?q%glge

nmenbrane, conprises a | ayer eplthelTa

cel | &ryhisiondheppnsy side gésad bpaotpatitiloaempainebl € menbrane.
85. (new): The apparatus according to Caim81, wherein
said menbrane conprises at |east one bionol ecul ar

cO8t (mey)or Ehe npeeithsibédo b CIHRNPP 0 upper.
si de_of , sai d bi oconpat i blrdgﬁérrerrbra é\gﬁ&fm W}&Q ﬁ%rﬁgatlble

appa?lg?’ﬁgangcioﬁmsﬁb y fver of i ®4;2 whﬁs enntieaipbad eslii€ &fi sid

usedblbgbmﬁigpé/m&gﬁmﬂkgratl on or invasiveness of one or
nore cells through said | ayer of

79. (new): The apparatus according to Claim 77, wherein said biocompatible

membrane comprises a layer of epithelial or endothelial cells on the upper side

of said biocompatible membrane.

80. (new): An apparatus for measuring electrical impedance, resistance, or
capacitance of a cell/substrate interface, comprising: .
a) a plate that comprises two or more wells; and

b) an msert tray that fits said plate,

wherein said insert tray comprises one or more insert chambers, each of which

comprises:
1) fluid impermeable walls; and
i) the device of Claim 24 forming the bottom of each of said one

or more insert chambers;
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epithelial or endothelial cells and said | ower chanber
conprises at |east one conpound known to nodul ate the

m gration or invasiveness of said one or nore cells, or
at | east one conmpound suspected of nodul ating the
nigraha%n og i nvasi veness of said one or nore cells. 87.
( new) ‘URRRWAESHY tach dnseri chpatberyfits dntGlaawel 8AsaidvpeitehthIRiidhe

devi cgeliSoft the mgration or invasiveness of
one or nor eﬁggllafegf opﬁf&%ﬁ%ﬁr C@ﬁn? e’lgad'@etbe gisert L5ms@ ypgpr gember
endot ¢fed Gedilineamsidnanamdionainit. upper chanber conprises at

| east one conpound known to nodul ate the mi gration or

i nvasi veness of said one or 86 nore cells, or at |east
ongl capound ThySPeshed R ,ﬂg%u af| . e mgration or

i nvasi veness of Sag_ge or more e{ol giaﬂgégdj(%%ﬁn S?ngat feast two
appar®tiiedescire fabrisated on ChaippeBaide whekebicohpatdle hRABhardkWO
el ectrodes are fabricated on the | ower side of said

bi oconpati bl e menbrane. 89. (new): The apparatus
acB8dr(dewy t 'ﬁh@h@amtﬁ@accm%!orbﬁﬂh @O?@vhér@ﬁls%i(g %glﬁ%? rfge pore

has di ameter of between about 1 m cron an

i cr o8 @ dggnetqr pdigss thaabeydamisrers according to O ai m 88,
wherei n said nenbrane conprises at |east one substance
t hat (grormt es cell adhesion on the |lower side of said

medbrane): The dppewjus adoerdinpes @llaim BECRRLERIsH® RABMPaBGe
wher Jsal d menbrane . conprises at |east one

bi om0l GCUr A “CYBE{Gig? dpveExdlr Gaeq-2 eells emitthé uppempidaest said
on t bidcuPpatible hidghtpdnesai d menbrane. 92. (new): The
apparatus according to Caim 88, wherein said nenbrane

conprises a |layer of epithelial or endothelial cells on

they Yhee!: Sifie aﬁ{)ar{él%'ts gacej)nrgi?q%r gcg?cmﬁg rSel,E nrwelg\,%q::ig-rhe

apparat us accor _ : _ _ gfed) | membmine
usededmprises alyydrief dpitdElRd i Rn@bthEI 2311Y GRGRS 8?}5}6605?% & said,

nore cells. . 94. (new): The apparatus accor

93, WREPBPHiblemembERer chanber conprises at |east one
conmpound known to nodul ate the mgration or invasiveness
of cells, or at |east one conpound suspected of

mSduleaw)ng tHee appayatas iaotoraingi toVERiM eRESShQEinCELd Sher e
(neV\QO: A.Sgettn%d for. nonitoring cell mgration or
i nvas! Ot nERt Srhbiomolaculsr eeatiming caimacePplar atatrix ofmpsdnahim

S5; on the upper side of said biocompatible membrane.

86. (new):  The apparatus according to Claim 84, wherein said device is used to
assay the migration or invasiveness of one or more cells through said layer of
epithelial or endothelial cells and said lower chamber comprises at least one
compound known to modulate the migration or invasiveness of said one or

more cells, or at least one compound suspected of modulating the migration or

invastveness of said one or more cells.

87. (new): The apparatus according to Claim 84, wherein said device is used to
assay the migration or invasiveness of one or more cells through said layer of
epithelial or endothelial cells and said upper chamber comprises at least one

compound known to modulate the migration or invasiveness of said one or
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b) placing cells in the upper chanber of said apparatus ;
and c) nonitoring a change of inpedance between or anobng
the electrodes to nonitor mgration or invasion of said
cells. 87 96. (new): The nethod according to O ai m 95,
further conprising adding a known or suspected nodul at or
of cePrHiG gip i3 iFaghonecompppndgiispectedot hedulanivey the ehigriies or

of sajndaFRRREAIS : The nmethod according to
Claim 9%, furﬁereggzn%rrégeﬁtr% adding a known or suspected

nodul ator of cell mgration or cel I | nvaS| on to said
upRgr r of said apparatus, new): A method for
m)n?t “e‘ﬂgr@&‘l FPRET F%\taPEﬁ{E@B FOm‘/?A@nbﬁO G’ﬂwpﬁrlnsuhngat leadt two

provi dedﬁ@d@d?ar@ﬂ’:ﬂﬁfc@feﬂ%nmfle bRt Byl 3F sega bl%l Ca)IglI})g‘[ﬁH% Ferl(ela‘ﬁylrﬂ@ a

t he upper chanber of said apparatus ;
change of inpedance between or anmpng the el ectrodes to

noRy t i.nvasi gn of, sajd cel]s. (new) :
e b B T8 abPrlh ot Bk B Phreiieringeisbet lsisngne pore
addi rhysadldmmmf(bet\ﬁdéﬁ@B@dthinﬁﬁﬂwlﬁta%Bupés ﬁiﬁ!nl_, m gration
or cell invasion to the |ower chanber of said apparat us.

100. (new): The nethod according to C al m 98, further
COPPI {rieh)9 1L ect dul ator of cell
ton irftue SROMNiE, & SORRE UBE VRkunben rmbaing

mgration or ce I nvasi on
apparcamﬁsesm 1east(0mw)1bstéhmhitqﬁorﬁ@tfés B‘élﬂhdl*fé&bﬁgmq&é lower side
m gr %?%2%1 bl nvasion, conprising: a) providing an
appar at us ofn ¢#%t m 80; b) placing cells in the upper
chanber of said apparatus ; and c) nonitoring a change of
ed nce bet ween or anong the el ectrodes to nonitor
dhej #nparatesn aofordiag dtoc €lldim SRQZNhe(réiﬁV\éald Th8mbrane

mat hggn pdal m 101, further conprising adding
mﬁﬁ or gh’@%é’% CBFUI%ﬁOfcf‘élﬁ]aC%H aR4teR comporsink

|nvaenﬁw®pe1tsh©ed>ﬂ3aﬁrme1ﬁbﬁﬂb_er of said apparatus. 88 103.
(new): The nethod according to Caim 101, further
conprising adding a known or suspected nodul ator of cell

mMogr ghéw) Ofh& %b}')arhtﬂy aa%kc?rﬁlr}gotos %}Igimu %@ wherein said membrane

comprises a layer of epithelial or endothelial cells on the upper side of said

membrane.

93. (new): The apparatus according to Claim 88, wherein said device is used to

assay the migration or invasiveness of one or more cells. .

94. (new): The apparatus according to Claim 93, wherein said lower chamber
comprises at least one compound known to modulate the migration or
invasiveness of cells, or at least one compound suspected of modulating the

migration or invasiveness of cells.

95. (new): A method for monitoring cell migration or invasion, comprising:

a) providing an apparatus of claim 55;
b) placing cells in the upper chamber of said apparatus ; and
c) monitoring a change of impedance between or among the clectrodes to

monitor migration or invasion of said cells.
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chanber of said apparatus. 104. (new): An apparatus for
monitoring cell mgration or invasion, which apparatus
conprises: a) an upper chanber for placing mgrating or
invasive cells or cells suspected of being mgrating or

i nvasi ve, said upper chanber conprising an el ectrode; b)
a | ower chanber conprising an el ectrode; c) a polyner
meRigr co [ h sui tabl e size

al %w%?%’)s aff?i'E @5@% °°r8$1g VQL%‘%&{:eﬁ%FQe& 60yPrising Gdding a

sai d lmmbranalsp@mmmoﬂﬂdtot of Séll chikRReH oRARM] ir%ﬁ
and S§ rat |€\§%§al d upper charrbe‘?mandol ower g?r‘g(g?{golﬁgr%ﬁ

each ¢ WPATalls d nigrating or invasive cells nove
t hr ough sald hol es of said nenbrane which results in a
change of inpedance between said electrodes in said
upgér (ngha: | m@ﬂﬂad‘cﬂecmﬁhgt tocGlanlﬁeQSJSfa&héIOcd'meéﬁ%_ﬁddmg a

m gr SV sSi o cells. 105. (new
appa?g{t 8’21 gcsgs r ﬁ (gﬂ%’ TR felgnigragqr osicall invasiopwe said upper

chanhhmnbh&ﬁsadm@pm@ﬂksurface area sufficient for
attachment of about 1-10, 10 -100, 100-300, 300-700, 100
- 1000, 700-1, 000, 1,000-3, 000, 3,000-6,000, 6,000-

10 Th
ac%%?g?ﬁg %gg a|n1T%ﬁﬁoﬂﬁ%FéPﬁu$%@mb‘@EY%@H;E&;LS%ggthe

| owerd) chapberiding a.maplmmugmfdm;h bettom surface of the
Iovveni) chan‘Per ﬂ r& . The apparatus according to
O ai M 104P 61111 the UBPes chirgbrs(of aiil mpparhies | ender  chanber

I S OE) ar e nivithk fs t .chanber. 10
The a)ppar at us aﬁ%glrcgiﬁl g of '(i)xﬁ%daﬁ?{?li R T T ﬁ@feeﬁmges to

el ect r odeMopitoroigrtices immsenecssddenar ray having at
| east two el ectrode elenents. 89 109. (new): The
apparatus according to Caim 108, wherein the

el9%c I(IIIME( S)Theasethad %B@lﬁ&mé ab Q?ltafzx‘[fi f8r ?t[ﬂhep Pl%pgﬁl%g adding a

consj stin %Of a rectangle, "a cir

rect 'é‘?‘PgYm SL}SP?FéedaWGd'ala@lr niisdi dagratwm er ce1111 thvadibR') the MB®er
appa(g}pa;ﬂb%rgp&g{ o Claim 104, wherein the pol ynmer
menbr ane conpr i tlple hol es of a sane size. 111.
(new): The appar at us according to Caim 104, wherein the

p ro. :
cfbéf.n&ew). The method according to Claim 98, further comprising adding a

known or suspected modulator of cell migration or cell invasion to said upper

chamber of said apparatus.

101. (new): A method for monitoring cell migration or invasion, comprising:

a) providing an apparatus of claim 80,
b) placing cells in the upper chamber of said apparatus ; and
c) monitoring a change of impedance between or among the electrodes to

monitor migration or invasion of said cells.

102. (new): The method according to Claim 101, further comprising adding a

known or suspected modulator of cell migration or cell invasion to the lower

chamber of said apparatus.
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menbrane conprises nmultiple holes of different sizes.

112. (new): The apparatus according to Caim 104, wherein
the | ower chanber conprises a nodul ator of cell

m' gration or invasi on. 113. (new): The apparatus

Edl n a| m 104, wherein the upper chanber

ﬁ@ Thsamethodracserding fo Giagnalt(]lorﬁulﬁrencnmsmg adliis. a
(nevv)kn '&he n aiml whi ch
further comng% ezé dgﬁO&lﬁgtgF gf %le ﬂ%’%@rce fT‘SaSlctfh‘@led ypper

met hodlaﬁwﬁrqﬁﬂmdmparmlscel | migration or invasion, which
nmet hod conprises: a) roviding an apparatus of cI ai m 104;
b) lacing mgrating or invasive cells or cells suspected

of 1b4i AR tabPPatu®’ 0 er chanber far
sai d aggg? at us gﬁdatg %\%mqﬁglﬁgo\gﬁl E]df F'&Pbt?%nw%rvémfaﬁlé’ﬂa é‘%“a‘

upperapéﬁréﬁﬁépnipﬁﬁ‘%ﬁ said | ower charrber via said holes of

said 'y niforing a change of
i npedg)gcer%elip%gen a%@%r%R Ctﬂfﬁ%ém@r%agr@asmswe Celllﬁ)?rqeﬂif
m grat i on sospecredas being dligHdihd of BlvhSve 11G- é@{)am1 €
nmet hod according to Clgal gmﬁlll ? \MXerg?n tt‘]1 am)unbEIh

number  of CRBHSEE A slcchpem ate or invade into the |ower
chambgr i s 1889 t.h nitored inpedance.

90 le? (nemg#i%gﬁg}lé&ﬁﬁo@gmg% ?ﬁ r&?’o Cl aim 115, wherein
the ¢gll nvasion is itoredinthe_

pr ese?}ece aﬁ%m’g&ggﬁ%@ro PRI IBRLBIERe I & yitablgsizhod
is used t @Hd‘eh@rsmdnﬁlgvﬂh@ltghﬁﬁnﬁﬁwg c&l?sstb fgqml(aﬁg% a@ﬁ BL.&8

m gration vasi,on of the cel
met hod ac EWFWB t? W%J&W%am @qubmebﬂs ehdsapetatingisgid abpen

or invasiRinbes afd ldﬂ-@r%ﬁﬁ?‘%ﬁ Sg%cﬁtwgﬁl on or invasion

stimul ator and the netho Ycreen the test

co st .of said stinpulator. 119.
(ng.\?\owe%hr{egéew c"%ﬂ r%ggg}vﬁ?%? Ceth &pyenthnghnsid dokss efapaid
bi ocmﬂ:pétarialvﬁuchrfﬁﬁblltﬂﬂel éhaﬂ & ‘ﬁhﬁé@h@é’ bc~9.¥v %F?zﬁd E%%odes in

about .3 m cro The device o
furt e B F‘F‘ lﬁ‘ﬁeraﬁhqmﬁfédbﬁc@an healsyd do . madfor fixewjon Ay
met hmdagéngp@méugg the integrity of a cell nonol ayer,

105. (new): The apparatus according to Claim 104, wherein the lower chamber
has a bottom surface area sufficient for attachment of about 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 or 1000-10000 cells.

106. (new): The apparatus according to Claim 104, wherein the electrode(s) in

the lower chamber is or are on the bottom surface of the lower chamber.

107. (new): The apparatus according to Claim 104, wherein the electrode(s) in

the lower chamber is or are on the side of the lower chamber.

108. (new): The apparatus according to Claim 104, wherein the electrode(s)

comprises an ¢lectrode array having at least two electrode elements.
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conprising: culturing cells in the upper chanber of the
device of Claim120; and nonitoring the integrity of the
cell nonolayer in said at |east one chanber by

noni toring the inpedance between said el ectrodes
fabricated on said nenbrane using said i npedance

anal§Fz 8rew)1 2Phe npamius arcerdmey hdﬁﬂa'and@%,%fﬁ@eih%@l@bt%d%@ has
wher ej ' e intestinal epithelial cells. 3.
( nevv)é:l &?ﬁggﬂﬁﬁ%%&é@ﬁ&% PRURGOLBSIBEA 1 retonglGieriesle agaicty on a
cel | sreaapgladineZind@sfihBoidilthe. (New) : A system for
nmeasuring el ectrical inpedance, resistance, or

capaci tance of cell/substrate interface, conprising: a)
the apparatus of Claim?75; b) an inpedance anal yzer; 91
c) 11Rr dpesik e Tt SPPRGNIScacconling itei Atpiel €04, GMbiefeirs Wh CRRSmer
to c Ltch.sald at i npedance anal yzer to
diffgﬁ%ﬁ?%g?g%?$%%%%§ﬁ#@%b%?%oﬁﬁgggam@? sai d appar at us.
125. (new): The system according to Caim 124, further

coqqiiziqﬁks ftware that can enable real tine

neasur el © FBRATRYS | drgowsling Apedlaioel bet whemirt ke polymer
el ecti@@@anfonraet hfe Sk ; .sai d appar at us.

126. (new): Tﬁgisystenﬁb? @Piéﬁ#ﬁ%ggiﬂﬁ?rein sai d
software has at | east one of the follow ng functions:

(a) controlling electronic switching for connecting said

i mbéddnee): diml appamtits acesraingfto Mihitd POE waleRSh 'ﬁ%dsawer chamber
structure units of the present apparatuses; (b

cont roF P ai’ﬂ%@"é%‘éfcﬁ aMgragen ppmvasiesur enent  of

i npedance between or anong el ectrode structures at one
or nultiple frequencies; (c) processing the acquired

| MPEXIgRGR): dgtha [ ropsi.ate biologically
rel evgnt “par arrgkjg?rgﬁ % é‘%’{%.r ) Bgé? ﬁﬁ%@n@ér Wl%ﬁ](-fg;()h;e uppgy chamber
di spfHyPIegs & heodubser df seld migratiBmbs @Fadén. St ori ng resul ts;
and (e) automatically perform ng above functions 1

through 4 at regular or irregular tine intervals.
114. (new): The apparatus according to Claim 104, which further comprises an

impedance analyzer.

115. (new): A method for monitoring cell migration or invasion, which method

comprises:
a) roviding an apparatus of claim 104;
b) lacing migrating or invasive cells or cells suspected of being migrating

or invasive on the upper chamber for said apparatus and allowing said
celis to move from said upper chamber into said lower chamber via
said holes of said polymer membrane; and

c) monitoring a change of impedance between or among the electrodes to

monitor migration or invasion of said cells.

116. (new): The method according to Claim 115, wherein the amount or number

of cells that migrate or invade into the lower chamber is monitored based on

the monitored impedance.
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127. (new): The apparatus according to C aim80, wherein
said one or nore insert chanbers are two or nore insert
chanbers. 128. (new): A system for measuring electrical

i npedance, resistance, or capacitance of cell/substrate
interface, conprising: a) the apparatus of Caim127;, b)
an i npedance anal yzer; c) interface el ectronics

conprising electronic switches to control and swtch

sai d7afng é"_liarmwhc?haﬂcygfémg o0 Chiinf Hr%?hfgéé@@'}é Qé\?v)ﬁmiglrﬁtion or
struc upits. of . s appar at ys. . (new): e
syst eﬁr#%’f o oRIpEKt mfth? P’ﬁ’g UCE 3R phssegy ok fashenrepqundtand dime
enablmethedls isedto BRASHAE e | | ihedance.
between the el ectrodes g?ﬁggfﬁngg%g%gﬁﬁggﬁ%§%LH¥%% gration
The fdresiogrofdhesiels- 129, wherein said software has at

| east one of the follow ng functions: (a) controlling

el ectronic switching for connecting said i npedance

anghyz 0 e ltiple electrode structure units of

thi“ﬁ'r @‘E‘é’it ﬂ{a%p%lgé‘galé%%‘%&n{% 59 “dumt Hor mhsepin Hiserpdinmigration or

neas umespnlis stimelted HyW meRM & hvdsiin stiRASYE SIERL Qdinod ;

i npedance between or anong el ectrodes at one or i ﬂl?ﬁ’é

fr eq&éﬁgﬁoégl;‘ee’e the eyt sempaimiyfor ke antegpriisted siidpasianc. dat a

to derive appropriate biologically relevant paraneters
nmol ecul ar reaction index, or cell nunber index);

(e.q.,

(d} ?Q:Ii(B?Why g defiee D€ ElHimsS 70WharelDIRE bfes BF s 8l Qfoicgﬁh atible
resuh{eﬁi anqgt(le% aut omatj cal | y perform ng above uRctl ons
1 thr oué)ﬁa% © é‘&eﬂ%?f%#GSSithaﬁleﬂgama}mtqr@@.i ntervals. 131.
(new): The device of Claim2, wherein said porous

menbr ane has pores of a dianmeter of |ess than about 3

mi oiew):32 The devipe ofiikir dP clerthér Ohipiriink 3 imbed il "
conpgi-gi-ag an i npedance anal yzer. 133. (new): A nethod
for performng a cytotoxicity assay, conprising: a)
culturing cells in the upper chanber of the device of

C.gim 132;
VA .nanew%: A method of measuring the integrity of a cell monolayer,
comprising:
culturing cells in the upper chamber of the device of Claim 120; and
monitoring the integrity of the cell monolayer in said at least one chamber

by monitoring the impedance between said electrodes fabricated on said

membrane using said impedance analyzer .

122. (new): The method according to Claim 121, wherein said cells are intestinal

epithelial cells.

123. (new): The method according to Claim 122, wherein said cells are Caco-2

cells.

124. (new): A system for measuring electrical impedance, resistance, or
capacitance of cell/substrate interface, comprising:
a) the apparatus of Claim 75;

b)  animpedance analyzer;
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b) culturing cells in the | ower chanber of said device;

c) adding one or nore conpounds to be tested for toxicity
to said upper chanber; d) nonitoring the inpedance
between the el ectrodes on the bottom surface of the

| ower cEan‘per to neasure the physiol ogical status of the
cel |'s €Ul tifeatce aleetreniposeamprishendentronki swgtched © dofREOACEe
anal yzer tgq,: -the, cytotoxicjty _of said one or nore
conpounds. %f@%@%ﬁﬁ ( Igﬁg%a:n W?Wf ot ffgrentelgstrade stucture units
wher ei n t hef seel dpparatilst ured i n sai d upper chanber are
cells that can netabolize or derivatize a conpound. 135.
(new): The nethod of Claim 134, wherein the cells

cul2sir gy Nr1sad - li.ver cel.l.s or
i nt est(i na)I c}gﬁygt.e%g&dzmﬁgﬁhe_ma CYPPI§iag fefiveaye that
wher 2R e8aiilelraablims norabtrament drimcrAiotink OMBHpcdGhAREN A §e

cell r h ttachment, secretory, or
el ecferlop §§S|(%Ieg%8§? “%FLlfﬁJch? adapPREtysf f ect ed by a toxic

conmpound. 137. (new): The nmethod of C aim 136, wherein
sa'HJI ells cultured in the lower chanber are liver
cel 1% (ngya; hhesustery of glaim d@p avhareinissid stB&ard ) leaihe of

devi ¢ge Rflofh . further conprising el ectrodes
fabri cat eg o%ﬂ%lﬁg%a'pper surfaces of said bioconpatible

por o) e butzotting ABAroriOeMlchin FRLBMACHA! RN 2
cyt ot oxi cH% assay, conpri sing: a& culturing cell's1n the
upper chafbBY?%5f00RE OBy tinde electmidaistrudtBs; unitsof chel gredenng
cell's in wherdtpyer chanmber of the device; c¢) nonitoring
the integrity of the cell nonolayer in the upper chanber

by Hni t eentiglinghienpiedpred analezdrdd v ety 8F Rigidagsies
fabricatef.on said msgbr ane usi ng said inpedance

anal yzer; c}% H0d1 N e PR ectshpans e multiple frogstreibs;
for (toxi cpioyessdglitheaddRREL | : .e) _nmonitaoring the
i npedance, or resi st adrfiice bgﬁgﬁﬁﬁi&a @Iraélg?% BPELPEHHC t he

bot t om subiPlagically relexant patemetets(etzercel] auABasidiex)! he

hygjyol ogk: . t of the cells cultured in the | ower
ghgrﬁri‘ger 8%1?@5 ggl}’}% rlgﬁ%tgé’gr?cnéom%ﬁf VoHRE fsulis gBds t he

cyt 6 oxi ciusgmattcalippetfrfiein @EbR e HOAP P WiHTgh % recular or

irregular time intervals.

127. (new):  The apparatus according to Claim 80, wherein said one or more

mnsert chambers are two or more insert chambers.

128. (new): A system for measuring electrical impedance, resistance, or
capacitance of cell/substrate interface, comprising:
a) the apparatus of Claim 127;
b) animpedance analyzer;
¢) interface electronics comprising electronic switches to control and

switch said at impedance analyzer to different electrode structure units
of said apparatus.
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129. (new): The system of Claim 128, further comprising software that can

enable real time measurement or monitoring of impedance between the

clectrodes of said apparatus.

130. (new): The system of Claim 129, wherein said software has at least one of

the following functions:

(a)

(b)

(©

(d)
(e)

controlling electronic switching for connecting said impedance
analyzer to one of multiple electrode structure units of the present
apparatuses;

controlling impedance measurement circuit (or analyzer) for
measurement of impedance between or among electrodes at one or
multiple frequencies;

processing the acquired impedance data to derive appropriate
biologically relevant parameters (e.g., molecular reaction index, or cell
number index);

displaying the results on a monitor or storing results; and
automatically performing above finctions 1 through 4 at regular or

irregular time intervals.

131. (new): The device of Claim 2, wherein said porous membrane has pores of a

diameter of less than about 3 micron.

132. (new): The device of Claim 13 1, further comprising an impedance analyzer.

133. (new): A method for performing a cytotoxicity assay, comprising:

a)
b)

c)

d)

culturing cells in the upper chamber of the device of Claim 132;
culturing cells in the lower chamber of said device;

adding one or more compounds to be tested for toxicity to said upper
chamber;

monitoring the impedance between the electrodes on the bottom
surface of the lower chamber to measure the physiological status of the
cells cultured in the lower chamber using said impedance analyzer to

assess the cytotoxicity of said one or more compounds.
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134. (new): The method of Claim 133, wherein the cells cultured in said upper

chamber are cells that can metabolize or derivatize a compound.

135. (new): The method of Claim 134, wherein the cells cultured in sajd upper

chamber are liver celis or intestinal cells.

136. (new): The method of Claim 135, wherein said cells cultured in said lower

chamber are cells whose growth, attachment, secretory, or

clectrophysiological function can be affected by a toxic compound.

137. (new):  The method of Claim 136, wherein said cells cultured in the lower

chamber are liver cells, heart cells, or neural cells.

138. (new): The device of Claim 132, further comprising electrodes fabricated on

the upper surfaces of said biocompatible porous membrane,

139. (new): A method for performing a cytotoxicity assay, comprising:

a)
b)

¢)

d)

culturing cells in the upper chamber of the device of Claim 138;
culturing cells in the lower chamber of the device;

monitoring the integrity of the cell monolayer in the upper chamber by
monitoring the impedance between said electrodes fabricated on said
membrane using said impedance analyzer;

adding one or more compounds to be tested for toxicity to the upper
chamber; and

monitoring the impedance or resistance between the electrodes on the
bottom surface of the lower chamber to measure the physiological
status of the cells cultured in the lower chamber using said impedance

analyzer to assess the cytotoxicity of said one or more compounds.
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