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[0022‘ @'g%{og%zlaﬂ)éwm qlgﬁ%}tfogg%(}ﬁé %.adﬂethgiﬁ%tr?ﬁt%ﬂgg thehmlgratlon of
a cell. EHeaRthhindRdel iagbdi@al the QBMIRICAE upPerREENWB& b tREabove-
dCSCI‘lbeCLl %gnrctla gl?c{ clle);ermmmg 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.

[0025] In another embodiment, the method includes introducing a known or suspected

modufator of cell migration to the upper chamber of the device.

6



conductive traces and an i npedence anal yzer. [00231 In
anot her aspect, the invention includes a nethod for
nonitoring the mgration of a cell. The nethod
i ncl udes introducin%_the cells into the upper charfidpne 2005
(0028 Ehgeelpmar be suwnilpad-clsvincaneambodinent rthe magunienlvells are
. han i..n i npedance between.or. a t he | ect rodes
cells sGper 9P ble RS Ty AU hbsinehe; e iR sl
neurodidheeltsl gration of, cells into or through, the
bi oconpati bl e porous nenbrane. [00241 The net hod may
[0027) Jdeichids max Inctide s OF AYraMiEBMeaRPNE yspect ed
nodul ator of cell mgration to the |ower chanber of
t he device. 100251 In anot her enbodi nent, the nethod
Brief Rsseriigoniofithedduasiimggs a known or suspected nodul at or

ell mgration to the e hanber of the device.
(001 F58u5e 1 & Sisdismane episonibLel £l BT RFATHErER device
includfi@l 1op-chhbenEl e R eifithne WAL 1 2R HIBbARaRBE! B0AW#h impedance-
cells suspected of being malignant. In another

based gounbaR glasirodesHS Ontimnedanasanadyzes cayy ke comaegteshtsl the elebigodes 150

.cells. i ncl .Qpe (€ . .. . )
T T e e
capabili662@igrkte fronetop dhambersriahwiuigh tHeapire fetht alahe el imegirhne and

mgratio asurenent device,.  including,_ top chanber
reach thy GottemZHaHBeTo SR Gl tha oais thesmighc emishs Ophampero the

bottonﬁéﬁg\%%g 641 14836 theQdh] NPrael Sﬁ%g 99\%‘2‘8 t%g%ggésrr@gganggirch the

can be connected to t e
electraatos | $barie hgrateel, hindbagomieiio nditastadihoamd adherepe Hetdlamodes 150,

.cell's having. m gration/invasi cgpahilities mgrate
resulif U ¢5EE LIRSS PO LoileSpal LCToRet HEmPeddhce cin be
used té frdAfoV¥RE huBEHIfRRRs ANdatell GRANHERS Sakim chanmber .

Sone or all the cells that mgrate fromthe top

[0028h Kingvee 2fiHa sehematip tiasrant pbgeblenigition hyalictp mongotieg them

: f f Q N, Wai.ch .
ped S 5 e 5 L BMRER kW A MLER S5 ey o
through itk paeinghé metrbearek 280.r Ohkelnpkdfnce chesgd ik iMt@ritbieddy the

) change of inpedance at el ectrodes 150. Such a change
impedgiceiafpleget7@8 can be used to nonitor the nunber of

(003§ %@é@% Aiahals tm D gm; e@gﬁ]mg?&&anw@)% %]diﬂgérgfggg?e;s of

chemati c diagram o m gration by
electrodenattaghechyith e withowa¥idh3E3 cdlbsn Jhebmpedaane tndécatedpn the Y

. .chapper 2 d, bott om cha rs 220 as the cell ing .
directfp SORGhreE ey 30y LE AP AR Gira cTaa e 1ofates i e S ection
of FigeBa g tirb e h Nk LR AR Yedchice.] TREGRANER bBNALYZ8hce?HR: capacitive

[0030] Figure 3 illustrates resistance and capacitive

reactancgagPiimee for 8 different types of el ectrodes

[003?L g?@g‘?g g‘mlskrgtteg éué@tittz{?%tmelglsﬂe%g%t o%ecleil? 'ilSiI-lr gh the'sB8 gc%rr(])%ee.

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

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

[0034] Figure 7 illustrates reproducibility of impedance measurcment.

[0035] Figure 8 illustrates an electronic ccll chip design. The figure shows five
representative designs of the electronic cell chips. The gold electrodes with different

geometrics and sizes are centered on the glass substrate. The size of the glass substrate is 1
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direction of Figures 3-7, 10, 11 is resistance and the
capacitance indicated in the Y direction of Figures
16 through 29 is capacitive reactance. The unit for
both resistance and capacitive reactance is Chm 17June2005
cm x I gp3The pplgiplaestrade pan ks qoaneded)ivaieditiadétoetiongntetfeenent
C | he, 3B.el ectropde. 0Q32] . Figure 5
conneftjoriiicsBol Bhdor R GRS SIHES BP PR past st ana pac
[0035¢ IFigupe o lilldsera s ia@fechhusibin @ ytvidciBfheaidtrdBe abteat canes.
%700331 Fi gure 6 illustrates jinpedance conparison anong.
[0037d Figwae 49 diushiptes gal tiing paaniteeing g1 PAgcel preliferatipp @a the testing
10 . N RN
devioe R et Haded ok I HAGH B AT s (3000 gl and
1,000 edllsipt Remstance ésHovahingFigles agmpéthaece) agdireactahomgof shosvn) were

repr ntative designs. of the electronic cell chips.
i s Ko T R
indicatek BRSmadsEreaRNt RBeHi el dter géeﬁﬁ? TURSELR! The THEedhéei Qf,

the gl ass substrate is 1 7 17 June 2005 cmx 1 cm

resistanrgr) Vgl dnarases Wish shecamti vbion sintecas beth qell se¢dieg dénsities, indicating
el pfGEER R T T LA LA ABRBEA B R s

e sides
with afwgetrseeding Hénsityr Stlewedingdetiagyl Sm by whi ch the
el ectrode, detects cells. [0037] Figqure 10 il lustrates

(00384 Aineure kb ilpstrtes Anangiase praswementsiseily ot Beiteing devipes and
by MTEREAN BerdAY uAgRg Neel 33 A €1 BERFA 5,038%%0 % i éﬁ’gdn %.ql]s, 1,250

el ectrodes at f erent nsities
cells and 62D calls) wsie adRed eithea he the (teshiogrd evinesriogtedevittsfibronectin or a 96-

' ance) and.reactance (not shown)  wer ured at
wel plgftD S Biedss i RS G G e B S Fop e o
measufedl dt 19hebisfagepdde@ine. FAOMTMALSACEE HOR SERARIUNGTRNLT dye at 16
i mredi ately after seeding of the cells. The inpedance

hours qﬁe_réquin 8 xl tbflhﬁfgépn\@g SA pdate g:gésr akisd nph ef}s shown in the
s L A€ S SOBAST L e g o
methodemdialgost &ieatitayl, Movbivies i edremt cliipidasipefs dbhatd deedet Ress than

ith .a | ower seeding density. Sd: seeding density.
600 Cem?)d'gg?h Bi ag\ﬁﬂff‘rcé’“i’frqb g \_'tiglil Mt edssghant i tati ve neasurenent
0039 2 R 1 i | AR
(0033] P 22 Asieee | RP P SRUNF R, SBP gty ST e 8R by
[0048¢ Figire 23 HoGtrates arsexemmE9 deviet Foy maigchti® aswgl (A) shusvsar test

.. added ei.ther.to.the testing device oated Wt .
anitcopf e RS2 B e S SRR e by P gapipporous
membfAQY.| Ca ard SERESRNELhE insst ah® e tiddi®tell O Th Rvasibk 98(sShvaded
was measured at 16 hours after seeding. For MIT

and miggaged acress|thampgbeang rad atarhed tchthi/pliecgde e the Ghiphwhick can be

f j read on an ELI SA.pl ate reader.
deteer e FERG GAE T HE% 7ol eotonlr e dbfist Eihine s
units g asw.i {E)tshueby [Femstekievicehhd conmbetonohiain @einpelgee analyzer.

resul.ts frombqgth nethods are al npst identical.
10044 e%%fﬁ,l4t%8§1?m38&fepé?ﬁ%taa@%9 erll 1g1ggH |8/ ipyasipsy raggsurement

device! BERAMBARAdP chamber 10, trans-well membrane 20 with impedance-based counting
electrodes or electrode arrays 25, and bottom chamber 30. Electrode arrays 25 are on the
bottom surface of the trans-well membrane 20, facing the bottom chamber 30. Impcdance
analyzer or impedance measurement circuits 60 are operatively connected to the electrodes
25 through certain electric connection cables/wires or other methods for monitoring cell

numbers on the electrodes. The impedance change of the electrodes as a result of adhesion
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600 cells, which is also conparable with MIT assay.

[0039] Figure 12 illustrates a 16-unit el ectronic cel

chip used for mgration assay. [0040] Figure 13

i|lustrates an exenplary device for mgration assdyJune2005
of cells fhyt bansvigizggted Fom tbﬁ fap hampsr 8 cetp the eerhes af degells igrated

ﬁnn”ﬁyk@cﬁg%gggr (1 ower chanber), an insert with a

oporous nenbrane. Cells are seeded into the
[0042h Feqire aF ib 4 sSvhomitic tdpadsentatidhel dlevnade georaatibsthansadedised in

. nd. m grated across the menbr and attached tgQ the
Figure i hefof PORROGRE ?qi%“hawtﬁm?ws&p hantersligitatqde garglel e

electrdd@REAANGIRre AR & Bode WRlth SHPVE 1aRg&! QR%I1 r%e&t énﬁlﬂlepfhah'?t‘?e
device containing 8 units in a row. (C) shows a

electroflg-gapd; t &(Beedstatlated doffwh plectroderstmictubesa hS(Cﬂpbdambsestructures with

dise cFREE Bigedtb e Bt et ) BT slestnemisores

15(E) siavdoidal eleﬁﬁbd&duﬂ\ﬁmrés@ 5 @ asiehtritQl ecilodd srudehrk. MREDr ane
20, w th i npedance-based counting electrodes or
characigrist¢ digermsion odyhe Peptrogagicandreras smal asiase teo. 1 Omnistans carers large

o o P AN RS By ind, P 06 LTS s 41 G e
such aar@xyﬂz shapes hkemaetiaagnler simpm{rFegmﬁ(Ap i16@)i tﬁE@Ooa«aaﬂe-hke

A T S AT

electrdél@lrﬁ‘%igﬁ afef r(th@‘aﬂa'atl@cﬂhdﬁﬁg aR! élecﬁ%ﬁ@ﬁfd&h@ BapshRtween the electrodes)
el ectrodes. The i npedance change of the ‘el ectrodes as

coversgnepdd thetcootpletel hettdm suigace of thatep 2B@BberoElastblie struvtitres are

rated fromt hanber flect
B S i e
pads (&5 i0stRitclSn iFguae $SQOMALI16(B) e aﬁ:raiméﬂ difecllf; liak&rtorde@rode
clcme%ﬁometrles that can be used in gure 14 for

Higwei gk Elgured G and ﬁyguﬁq,h‘gﬁ&pr compegged to electrode elements
through %H&ﬁ'hghﬁ' ie% 1 cAER dne('Fb%‘!r{ ?5(132 'aﬁ&i:[q%’]ﬁjfl ﬁb‘)f‘yln MRRES5(A),

the electro W
(O ané i), bemet:lncanpetds @are ﬂkcetht retmtmcgﬁp-sondkﬁtlﬁg cmamttabri pdtlecthat

set . el.ectrode stru tures el ectrode
mme@f’&ﬁ@?@ﬁ' REMERMS ithiy an, ?KE’@FISHH‘EéI added on the
[004@! ect; QG| Y2 §§ﬂem1&5i6 WpreRftafbh %F gtlappatdtdd @it co?dp?féH RRiple

ruc 15(E) sinusoidal electrode structures;
top charglery (1066 ﬁ):@dt htionethaotbersdd63@)r di this ease;Theltiple top chambers

cieri st i [ t he el ect.rodes.can_be. as
(1610) ar(?f;ﬁ?n(fes t é‘ns Srﬁ?—%b fié 698) t%gtnhave pores g% fqg%ra%na %glz%s\/t'gF cell
mi gratﬁﬁ\kﬁ liiddtasiou N Wacldltop chamBer (e BNE 6 04)das aebirkposdia 'bb@nﬁiﬁ chamber
ea can be of different shapes such as regu

(e.g. 1§ﬁ%e $oF £acd tpR Eli’ﬂé‘i*kfﬂsl taﬁre%ﬁ@@rqdmsguctwe AR ﬂlel'sf(t@)n surface of
the me%&@e) facﬂlrg thi &Gt dmi Lhdib rS 'IH" at{0'1:1 915 e]%(r@i%ftﬁﬁglp}]g on e

er regular or irregu apes. era
membiaot ate copheptdd to dise nmmdmceanmur@mQmsmaltlwmdlﬂlﬁrmglmhmds For

ectrodes and the gaps getmeen the el ectroge
exampfi (G SR resHiES CBIRSHIER EiaoP VS (i S6S P Sohén gpmbranc
to confkRBGP Eﬁds AEHRCIAGEAST 1B FLRILHARS. @hfnecEORNPAR&IEH bE Connected to

I npedance neastrenent circuits (e.g. an inpedance
impedanga imyeasuringinsrusigen oo ghndiffprdsmedieds. | Inusie mppmwdch, klectrical
wires t ;;u 131 (%pegatﬁ)v ?rrnbeggtgr? Mthtul%%iéda%gg m%lastulgﬁlg, 1rgsitrumcnl Jr circuits can
be soldered or bonded via conductive bonding to these connection pads. There are also
various embodiments for the top chambers. In one embodiment, multiple top chambers may

be individually separated and become connected only after they are bonded to the same
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el ements (Figure 15(A), Figure 15(C) and Figure 15(E))

or connected to electrode elenents through additional

el ectrical connection (Figure 15(B) and Figure 15(D)).

In Figure 15(A), %C)_ and (E), connection pads ard7June2005
membggng §14408 By avotlkr empbpyimesh autipldor ehanehers ara ipenchrnectsdiand

| WLt hi |
e IR BLERLE S SR Ty 00, hsE PRGOS o
manufaapred dgnnjatticonmollira). Thpanapiese b ithtseaopplidnsiess Muhdd RInded to
t chanbers (1610) and bottom chanbers (1630). In

the menpRrane. ase  nultiple top chambers (1610) are bonded to

e o . g r .

o0 RIS R S0 RS s

sites festrgtiveigration gnd invegiomnehagemedsr Adstomdilatg (bT0) comprises

- . Q. ,. 163 . h t chanber,, e
multisF R chbiclh o MRk o S B s PR e BT Figte The
bottonirRIFticabeeachafdentdvdlNie adrhiah£0FTDPhat R RREDHA §tARcurkdeh the

el ectrode structures on the nmenbrane are connected to

bottor fufacefacing the hotasyshamger. naopgrasiag, the topdilate ¢F 8 is placed into

the bo%ﬁﬂ’g? gg’i@}y TG o3e sl%ct%&lleg o &eséorttléﬁé{ﬁﬁ%e ?ﬁgach insert well
connec via conductive traces or paths on e

are conmntadae the impedana ashiwingfadamnaintd ¥ie vadgssnahodsh&or example,

nbr anes. nection_ pads_ can he connected to .
clectrodf SEpciiEs TRGUHRSE PLIRE FiremRARALGR DgicPPRfckisk to connection
points RIS katel Bn MERBRIIBBEES the kiRt W éifahroush (eeerrfcaﬁ%c@ﬁcﬁmve

in operative connection wth inpedance measurin
paths (1789)r loeatad along ther anssideoftthe insbre veabls d @he dororectianpleots 1 200)

may AR08 b Bt R Bt neb B P STRE e R Biapepi S e

insertsavdIBAirdBBérted ot th®bttdnd plagd) aTHeEIosn 8@ n pads (1795 VMioeued by the
separ ated and beconme conpected only after they are

bottonpplateanast by eneEatiyghyecognactedyigribe appxlanceanepsuries ci1euy) In appther
e ' t |

SIS SR e LI S PR B o g

conned@icamate(nonshcwn) lecatedpnahamesibsarer &Vidmathe issrt awlls are inserted

. nuf actured by injectiqn nmolding). The one piece of
into th¢ figlem p e cH gctjog pa %Mﬁ@gﬂ%ﬁonﬁeﬁf@d .t&mﬁdfﬂn@aped or
other sh@Q4tbnFdGibh Pothts (135@ 186HEIRIhEbRM ERRMGL.I on of an
apparatus that conpri'ses nultiple sites for cell
(0043 griigurer 8amel cioay-sesitionalvieye of estemigatioy/ibpsiomappasteses of

5730 SR G5y R REL DO SRR g BLe 5

membRAt bOACcE iideR G0 brigeitell M gfatioBhrbugtSpdted Bithe diénbrane (top
(1720) that has el ectrode structures on the bottom

panel, ynpedabes is Zakhandplicheclbisyesion/wigater thrqughgergson thpmeptheane
[ IS placed into the bottomplate
(bottor%n%%%ﬂp%ﬁé&céﬂ%%? ode structures on the bottom surface
[0046] cigireil@des schariatic rapresentatioe 6f adagpardnitahatripagaResmultiple
neasur.ing i nstrupents via various nethods. For _
top chifRBern{1910). SRBRIF DA 930 ede ORkohSE e A S d his case,
1tipRftop BRariRAD(1316) 588 ONeGE f gt s
e tlp( f%%O) I oca{ edmon tﬁlg%ggtgg{rbqg%jlggrsahgg?hg [ nigg)t% p\ﬁep‘:%ldsir
appropriateciingh ferl cell migmdioh pr gondoct Eeeh top chamber (e.g., 1910a) has a

corresponding bottom chamber (e.g., 1930a). For cach bottom chamber, there are electrode

structures on the bottom surface of the bottom chamber, facing the top chamber. In
operation, the electrode structures in the bottom chamber are connected to the fmpedance

mcasuring circuits or instrument via different methods for measuring cells attached and/or
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paths (1780) | ocated along the outside of the insert

wel | s. The connection points (1790) may further be

connected to connection pads (1795) |ocated on the

bottom plate when the inserts wells are inserted lVdaae 2005
adheredhie theoti catrodps. et Te: mamieored rmpgdianarcap adiect tHiegBimbieo obicedld

migea B B0 B LB GUFp R FBTEE. | 1 aot her - exanpl e

[0047)) eCEiQRE0SE b UEKdMRT r@;ﬁeiéﬂambatoﬂ?aﬂhppu%stagﬁ;apéoﬁﬁlﬁses multiple
menbrane can be connected to connection pads (not

sites fagtyglhyigragionend inppsioh mcparpnars. ANnsRm platei(AEHD comprises
multlpgé{;llzg)tfoﬂ?a{a%rgz%gso nE?gég{otdla %trﬁa{l{eg g}e{)%ag}lg&t%f oG Hﬁoci'g&g{eeﬁtlht%rlhe

can connéc
bottonogurace shequhbocomnbainber fptigths tdpldatbet. o4 aseplaien 20 ey

bot t hanb F 18 t I
comprispL ORI BET o3 HO1Sh THA oSt EG8 P eArs Aaerm el gu ¢
membﬂa%e i diA AL G0 Phtd m%ayﬁﬁcsﬂe@wh@ %ng&nﬁgat% pﬁm) The

el ectrode structures |ocat'ed each
electrqdn senetunge bh therhadtont surfage bf erch rbattomrchmbmfgh cpureesd dmthe

‘m ed he nmenbrane ﬁﬂ(’) ?ane irTEt gnce is Zo) and after
pedb RO AR R grs e R OarioH SRR or eson 1 ho. menbr ane
[0048p Ot FigiRe/PANE b crdsBREARNEIEVIE® o£Od] Lini gri@Qf B adib Ot RiratSek Sf

a schematic representation of an ap&%r at us that
Figurec@nlussetingrthe imprdance measerranase pEthe BEEapde stiugtisesgerated in the

botton BERHRR it €0 PG AR AR TORE B b dR breni Riblshe
impedareetis Afend hf@0delltiedsidnanigzrgizmehroagh pagepbo Iﬂ’(d aklbing @sottom

for cell ation or invasion. Each top chanber
panel, iapggance)ig %ii has a correspondi ng bottom chanber

[004&)?691:1 gurt 3B ws EOLpSAGH iDL QPh GheH? %’5 tior &%R/ﬁ e@'i)@tween

ctrode structures on the bottom ace o
noninvaeive MK ISBndss and 1 mange Hfid 0$Q)1cﬁlls lvardsl migtation dp*ep@twlme the

t.he electrode structure the bottom re
clectrod AT dYsd e ’f‘ﬁ‘@’f’ﬁ% a{ﬁ% br?E‘B‘%WF %‘ictp%‘: Eﬁo“f% cfiriber, as
illustrdt@ibinragmet . vi a di fferent net hods for measuring cells

attached and/or 10 17 June 2005 adhered to the
[0059] ecEIB'éTG@(A)Tﬂ@Wh? sORRAISPREEERden ahmisssticagetiviiebetween

nomm%‘i KIH T3 hls ﬁmﬁs%ﬁ%@%ﬁﬁmegg Sn'cf nﬁgﬁgﬁg fl?\'éges (lh-f“gure

omc i gure I's a s
23(B))ndmre ﬂmmﬂ@tnodm stefchats apeciudit astotthadnicopmoussasmbraht bpihe
i r cell gr ation. and jnvasi on neasurenents. A

. | tes
'“S‘méB’E‘S ﬁﬁ’ eHHCIRT SO VR SnPiePEe®): nul tipl e bottom
[0053 P &TREL 24 sHhRGEALS £l Hﬁ)te%&ﬁto?ﬁlg oF BRMKEBHET Bfect of

incorporated into the bottom surface of each bottom
doxycyshiarbe candeacthigvesien ashmignativyersing/cellopigpitimnele(ized @here the the

S L R R N G R
structu@R&hadh ONFi ghhiﬁl opAphatie 4i20dddE-deperfleRGaRIbItIINGIHEL 080 cell
bott QX n pl ate 030 The el ectrode structures on the

mvaﬂ@o%lxdamggqﬁwéwéioesycx@ an KB} Reahtanemsaitorineofthadeandd inhpitory
effect mggyg@ﬂﬁg AN EPr1vRaH trnfgmbﬁ] ahd Hﬁ@'%&ﬂ L\Qn?g Jffi fy MFfomated

instrment with software controlled data acquisition for impedance measurement. As
indicated in Figure 24(B), the migration process was continuously monitored everyl5 min.

[0052] Figure 25(A) shows typical frequency spectra of measured resistance for circle-on-
line electrode structures fabricated on glass substrates under two conditions: (a), open

symbol, shortly after (within 10 minutes, cells had not attached yet to the clectrode and
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[00481 Figure 21 is a cross-sectional view of cel

m gration/invasion apparatuses of Figure 20,

illustrating the inpedance neasurenent of the

el ectrode structures located in the bottom chanbdfdune 2005

substrife pifagey) téérlﬁsumcgwﬁ ingsidl A coRtghieol EL08hcelln #vagedénddaa well
contalﬁl'hg %dgé&%odc sfr@@ {bﬁ%oﬁ&s olaﬂg-’-l@%;uﬁftes llglLl[l)s were attached to the

asion/ mgrati rough’ pores
clectro(db ahd embsnpmmaffacasmalmwltm #hedjuir) contOfi48 H"[FIIOQ 0 rcell2were

ariji son.in invasion and |on activities
added S ausl TR SlecRbds SHanEe qruhg N itagas: Spetarsr| During the

2h 40:0BUteS Petisd, e Wl walbBEa infha HENE CERUAMRS Batbh at was set at 3? C
el ectrode structures were incorporated onto t botto

and 5% GiQ-deecloffhe hlsctrrtuiﬂesltrugﬁum of 3Bakssigh Mhest thalied wuﬂth is 30

o s LT XSO SRR AL SR TSR e o

mlcroﬁ\ﬂnl'lﬂlﬁﬁﬁ&eﬁ elnlthis amﬂnplravm itotel drfal&BRreaahé sle@fodeg hd the gaps
ration_ devices éFlgure 23(B)) where the el ectrode

between '%EE{CGWT%‘?S\E@FESPBH tq & gixele of e digmstesu Sherelepiredsestippture
onhe g § G T Tl b4 LR R R RO v

well isnaboit @6 i lrrng 110ﬂ13111&&r wihlidas therbpttefnf datetef is abloutyicyal. i Fue tion

.canc aS|o and rati on usi cell .
experiment, Tl 0&%1\97 ottty culgyre 2y cQytpining gbgut 7000

HT 1086 ealsbw.aé dddedtAnk %11%&59@&5@9& JIRBE&RFuRre b $hd BBHRAE $of the
(simlar to the structures shown in Figure 16). (A A

well. tine and dose-dependent |nh|b|t|on of HT1080 cel

004 YA B5 8 o L B R Yo R e P o ome

electrodexyatGles DR @ twblEH08 Gorﬁﬁthdnslaﬁ vidBigare 2814 )."NgfeahktQhe absolute
using a fully automated instrnent with software

magniude OF Bie|TeRsiarae & oa plpted it logricale fnithpwenavey meths apwaeii igures

R

(capacBaicR)remchanas) foy mea-:.%ctrbde sfnenays mpemtdfdashoftlym (Iwahiin 10
esi st ance.for cj.rcle-on- | trode ure
minugs s o rried SogtivahaTofh el Nengedetinihy bl
contalﬁlﬁ theQid&rod 8 ¥RPhres. SAAthd iréaé‘tfaﬁ@er méé@lﬁeﬂ'a@ 2440 %19&%@ §ﬁer cell
I's had not attached yet to the el ectrode and

Suspenmn evaz@dded intmibe M@dlecosmmm‘é@)elqcrredw stowtwes tha r@n@ance was

negari TG A EAEER TR ErdBe P fF b BNl ol
[0052h F@ums(tﬂ) elsm(zmb Ifitequetics spédtamhettht eatid s reedt@edeiéhured

. @gd s#ﬁ?trate surfaces) after the culture nmedi um
with ¢ prefo itherddediragde pyidacge fasthe zefirdance sneppereduaithgut cells-
ctures on the well bottom
ammhéﬂ@%g%g&ﬁﬂsppﬁgﬁkgﬁﬂF%ﬂﬁzgﬁ%.utes period, the well was
[0055] &g 250 sbows ths fiequoericy spectiuncofithe mtlotdfaéacvme mmsd

i 7 C .and 5% | evel .. The el ectrode struc
with C%\aﬂ@é@?@ﬁﬂ%@?ﬂt@ge SReeR PR T ﬁqe@f"ﬁﬁ ﬁs—
attachddebM@8Redultd Efustrite@th F"gﬁfe‘lnj(ﬁ? dNbRehSABE ﬂ]%ﬁl&foﬁ%lf?éactance

on the |ines have 9
ratio, the polarity of the reactance (1 €., capacitance and inductive reactance) was taken into

account,

(0056] Figure 26(A) shows typical frequency spectra of measured resistance for circle-

on-line efectrode structures fabricated on glass substrates under two conditions: (a), open
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mcron in diameter. In this exanple, the total area
covered the el ectrodes and the gaps between the

el ectrodes correspond to a circle of 3 mmin dia &

The el ectrode structure gn the glass substrate PE ﬁ%"‘ezogs

symbo, Sbalft%qﬁebfméhledﬁ.%la}lte@rfﬁﬂébadﬂmt|att6\ﬁ¥@f1é'et tedhe glgctrode and

sul:ust:rzi\%};:1 Q‘E}g%:gg)ttﬁée tl%&#}? tcgl\rf;]ﬁj |n5ém e?&%&énng}%g{{wonceﬂk %ﬂ?'ﬁ(ﬁ]ed to a well

contaimxpdrd elamtode tsml(ahrel(];() safiid syohbdl £2h ADmineesqteltsheert iagsdhed to the

cul t medi u about 7000 HT 1080 cells

electraglg and Yihs{Tae SUTipgES ﬁf‘cfgﬁm S FEUERIBEH ggR0 cells were

added ﬁ:t Thied G ik @oRRint K QieEQBHeOsftmtcH@es Hethb well @883k HHILE. During the
B) shows a frequency spectrum of neasured reactance

2h 40rﬂl@lﬂte§ perighitie well wes pladed wta utisue eslhum deubamothgawes set at 37° C

ond 2500 b Thf SenBode iben ofAn GRUT o o Ge SARBS
mlcror( Itllib EdpebeBadeR 1Y 15260 ﬁ'nl”t@orpwd/tﬁs coitifnb@e/¢ieges ckbthe liIECIRRE 90
for_high frequencies of 1 and about 580 kHz, the
micron Wipppee MdRis sayapicyibe tqtela%qumééh? dlsetragee and thereaps
betweé('lhﬁe & e@t%:{.)e@ ggrrésf]proi'l& ;éjﬁ ﬁﬁ‘cl?ggg bﬂéﬁ grbﬁ 'élﬁ{eéér y”l“gé Li8ktrode structure
on the gbtass subrsiralg féffils D@Btonedl s cobsl altiped wietl wWheee tAEltbp diameter of the

.contaiping.the el ectrode structures. For, the reacta ce
well s DUt 1 SR in SRmgtsT SRS OREM digmter S gER D, s
experiRGHE thtdlN00 MibRINE Vo lmRNd AhOtiSiGte thRuE BBt dr g@ntamm g about 3200

structures, the reactance was negative throughout the

HT 1089 ee]lsewesyaddedtpethernels eerpivnghereleo0d¢-strutute on Mbottom of the
L [0054] Figure 25(C) shows the frequency spectrum of

the ratio of resistance neasured wth cell-attached

onto the el ectrode surfaces to the resistance neasured

W t hout cells- attached for the results illustrated in
lﬂﬂsﬂi Giguge 26(BAphoypp Bsquency spestrpmy ghmespyigd reaganes g theape
r t

cloctroBBR AT Bhads o bthk Lot SEAHELRERAIN Rte i e absoluce
magnitude Df;tlmmwtameamas phbtted irthlogtscde(inghe Meawimeab the cutvhein Figures

res ust r at ed Not e that for
16). EXigRd Ceieh oD gt | S5 Soot SHY kytt dhrepgine wap nseatve
(capacltﬁk?be&@zﬁ:%@@)cﬁr {He- efectro8@PasdiraGRaaRd dhBd ﬁeY @within 10
reactance) was taken into account. [0056] Figure
minuteaphaftissicomdiureypedinm continiembif 1 Q%ib@qlksava@fadﬁ@htguh@ﬂ@ll
it f I n-1.i.n [ t,ruct ures
contaifi R ARGl Ayt Eor Bl reatBeTEEIANE R R dner conl
suspenbidh,wapdded ihth thz whllnenfi808s the)dabde shrbirky taf fe@dtance was
(within 10 m nutes, cells had not attacheg@:ﬁet to the

ﬂegatnéq thrqueberd ﬂaf'n@eq@u@sﬁna% meagpredhbawyen HYO Hy and b l\/&fr!ﬁ ture
[0058F ﬂiéﬁ% m@) ‘%}5\1\1@ %g %?J:du%w\"@ﬁh@?z@@dot{r?s@ eglsured

contalning 'the electr structure; SO
with céhattt@hed onib ¢lse leatidds sweaces &t thacéwdartco ntdagureé hvethbutaxéﬂ 5

bst r at rfaces the cul ture medi um
attaCheg At gﬁ%ﬁ%‘f f—\%s%%'%l%gﬁg?’%e%g addeg tg the wells
[0059P mg@lwzm) %ﬁ@wﬁﬁ&fré@ﬁﬁcﬁﬂe@ﬁ&ﬂ [@$heatib BEraABhhcdlAtdsarnd

surface. Durin
with cell-attached onto the e ectrode surfaces to the resistance measured without cells-

wel

attached for the results illustrated in Figure 26(A). Note that for this calculation of reactancc
ratio, the polarity of the reactance (i.e., capacitance and inductive reactance) was taken into

account.
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2h 40m nutes period, the well was placed into a tissue
culture incubator that was set at 37 C and 5% CO2
IeveI The el ectrode structure is of 3B design V\:hj
he line width is 30 micron, the gap between |ines’jane 2005
[ 00@&) i RTE T bshione twﬁ%llf?ﬁ%ﬁscw%rae%f TRFASHIEE resisiance Har/@rcle-
on-lm@gecﬂ:ﬂcﬁ slctlifbs @LA gldﬂl ElEBS "&Hﬁ)érqwo CES(ih{l&tlsa (%) %pen
ectr es

area covered the e e gaps
swnboé,lshmttlty@dﬂes(vmdnn é8 pmnute$ @ells hﬂdm:ltattmcthea yamtoitie deareleand

tyode structure, on the. gl ubstrate
substra e B iSuE GRS PThuap enipin MDD el e pided 0 wel
contaifth @ BRi @éctidfie bidg:turdelt) sbifd KRS, B 40 Rk} (@'élﬁ@ér@ lEittached to the
whereas the bottom di anetér is about 5

clectrogdy j9ad pyhstate sudaces) afte the ailtot medlumoqcmtvemog HtTHQS@ p@ltsueere

T SN

2h 40rsinttes peri@l, tie wélbwhoplacsd iafo 4 fisue valkdre ilcU0RSAthEl G &t at 37° C
frequency spectrum of neasured reactance

and 5% %fozzlﬁ‘zel g"ﬁﬁﬁ‘e&e‘a@eﬁr&%ﬂféﬁ pLEPB dedgn uhaesrthe {ipe width is 30

microtf; (t)l{hdéa:p mﬁ&s@ogﬁfcﬁonza@l(i%e o&?ﬁlﬁoﬂg'@}clésrb% i ﬁﬁ%:sq{a%e 90
magni t e reactance was pl ot n1og sc

microy mrdmrh@els drréhlwayam]sle,t thetatal mquvareﬁutlgmclearodtﬁ and R gept

betweqrlhe Plefiodes SAHEBENT o tirdte ATE it i BB Plen o B st iructure

on the gl8s QlbRGAte FolehsH BotohHbRScolRab sHaped $RANHeYe @E &6y diameter of the
wthin 10 mnutes) the tissue culture nedi um

well ispaetel. h g irHimego woetepsthadsttem déumeter is heowtdl hm. For the
t ai 0 he Jeact
expem%glggﬁ)tzﬁ&@g {rs gﬁ%h%%ﬁ"nﬁﬁj@sﬁé é% E'@gﬁ» megtugué ?IBW gutGSOO
HT 108@ ddd wastaddéde thelvbll@miﬁmmgﬂmeteltetredl@ﬂfdcﬁdeon the bottom of the
structures, the reactance was negative throughout the
well. ¢ equency range measured between 100 Hz and 1 M.
0061 PRRSLe F1(BY fq LREm FAHUEREY re3PRLd RS
[ ﬁeggf%atﬁ) o?ﬁorvisgﬁ{ Sth ncgy\%gasur eg E E%P‘l% at't ggﬁesgme
electrocln stoudtives ahdec two denes coidgtoss as Fllgererl%h);t Noiegharelasahsebhte
d for results illustrat

.W,t hout I ttach ed i
magnifite B e sl raoBBESEI pR bog fyctpiavepts e Eqenisy teures
16). ERE9R ‘fdrl-lffglpfre(}déﬁméﬁéf OMHz drRiabbainss? KA sy r%ﬁ.’ctaﬂt‘ﬂetd?hs negative

cel |l -attached onto the el ectrode surfaces to the

(capacitense seastroec)feniiaclagtrofie siowturesanpasuregtundenath tonditions.
[Oﬂﬁ?ﬁ?%luge:&’fc( (}vl}satﬁ'ng ?re uenc# gﬁéc?ruiznqgf@le raN%tonr 51$ztince ireas lfl’ed

|on 0 eac ratio, the po

with cdlh&tacharémo d& dléctede sudpasid the esistdide nivdsiabd wﬁhout cells-
aken_into_account. 13 17 June 2005

attaCheril%a% %g%eig}ﬁl\q@m?aﬁ?%“ EiRBRs*4bi cal frequency spectra of
[0062???%?@?7(???&%@;@?@&%@ ) pebtfuf o mer}ﬁn@bf%&gg&& measured

ture i cate ass substrates un
with calleatthichedmgo thea)gctioge urfaygntoahe resiwm:b mea;ﬁtrei w(thodithichs-

steche b P ra e S B P 250 AU ol s iF eloion afpaptance
ratio, tRESU1aHRy GF McAeitnieild., QBRiGRLS %d’ﬁﬁu@%@%c&a@lc@j W thken into
account.

[0064] Figure 28(A) shows the frequency spectra of resistance-ratio for different numbers
of cells added into the wells comprising the same types of circle-on-line electrode structures
(electrode geometry 3B). Figure 28(A) is a summary of the frequency spectra shown in
Figure 25(C), 26(C) and 27(C). One mcthod to calculate “cell number index™ is based on
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containing the electrode structure; (b) solid synbol,

2h 40 mnutes (cells were attached to the el ectrode

and substrate surfaces) after the culture nmedi um

cont ai ni ng HT1080 cells were added to the wells 17June2005
such f@@ﬂ%@wp?@r%q{ée%#t@vﬁr@w by firgicd qipraninip g thereaxisium ydee ofthe

159 2 e

resistaB ¥R ing itk SOkt “Bnd P BB Pl Pl Fell e
mdlceg’?caﬁulatechlha:b Wiy fﬁﬁﬁddhﬁg etlls dinkffedegciiunaistes sft T000] 3A0O dngd 500 are

5.17, (il F2 sPoReF L Sl Erehvsamerni bebphceldne rger the

cell mghHesbigexon the lines have 90 mcron in dianmeter. In
this exanple, the total area covered the el ectrodes
[0063h &igune 2@@@ showethadmquervwy sebat ofodestarceratesivo different mumbers

di d
of celf e nd R { Rl e e S G GPmame et
, (electrsdi‘famﬁhew 3B)V\41F€g@e 2BRV)LOR sethdAB} 6 th® frefit@cy WedctralsBown in

mm i n_di aneter whereas the bottom di aneter
Flgurql’é(la};&é@)saq%?(ﬂbr the experiment, total 100
mcroliter volume of the tissue culture nmedi um
cont ai ni ng about 500 HT 1080 cells was added to the
mells conpr|3|ng the el ectrode structure on the bottom
8 Qut tHedip@dikidsi gure 27(B) shows a frequency
spectrum of neasured reactance for the sane el ectrode
[0066] FuctlarigsofudidBrsutenand sty yoeaidi ftlinvingiodsthe defallglid &cription of

. 27(A). Nate tha absol ut magni tude of the
the mvregé%‘%ﬁﬁé@g%@t‘b&ﬁ?{}%ﬁcﬁlwsl%ﬁ%@me (in the same way as
0TS0 s SO it gt

Systemﬁ@somé@anowmvaélwpaewan@n sp elmma; cdrobe mhsitored in real-time,
both C ons.

continfoy§fis bS8 S KRR DU Sl B of B el Bl Bt hsiys afer

the impdRansabised @énsfrtgs |’I$ﬁe@ﬁ‘§éﬁ)sé@ APk Rekes Mhd Bysthd cadlphdGiekinetic
onto the electrode surfaces to the resi stance nmeasured

mfomwwrh@ﬁﬁor thel geH nugben epld biolegicat satusdingluding theig ettachmest status,
3 Ei f
status Sv!iag:g{t éAﬁnlﬁ%lLeiRl%glt |h8 th Hérég%ﬁté&ég&%%@%be 1'3§e1 Héfgg:ﬁ? R&Y thus
savmg(thaé d:os&fdréaﬂ&hdg caagzent hna:l dbesavirgribe $abof aff@s idvoltedeén handling and
i t ance neasur Ed wi t hout, cells- attached for t h%e

. resi
adding 5 HRETIAg FEREPRSt EBrHReTmmere ICerEy MeasuRBREN PrRSESSH g
compu&éﬁlc%n&@lhéa%ﬁtﬂl@ﬁ a@bmhRAC TRR $&earkRlrk eecffg‘ﬂ’y ROdeBE bk A to add

the reactance (1.e., capacitance an ctive
appromemoanmeyldwva’smdakén tlummqulrabfcsswmmc$®06mﬁllﬁl themeasurement

e fre len spectr Si st e-ratio
systeniis bty S M BRTOEY RBEPACRuRlny’ Fribd SBREE AR dhsitive,
expresSAR lthesmﬂlgndr BEt}ﬁ:&:ﬁﬂs f)éfﬁﬁ& #éa @, GbBatNcdlishemdl ect r ode

structures (electrode geonetry 313 Fi gure 28(A)

[006]] Suaregdpresntagp el the sgllicivdpd dpe éheﬂaelgmmﬁ dligel osad@mb@dlments
are moaﬁé};gg r’forftﬁé Q:qﬂﬂgutﬁ)glgtgéhe g}%ﬂﬁﬁcflﬁ%}é q)fg\gée%lﬂlgglgctro S m the
apparafusepfahe yresqe applicatibn.r Ehis $¢ ahiwed by b 0argbyatiidfshie electrode

det erm ni t he nmaxi mum val ue of the
width to the electrodlg gap and also Ly, n one em%o iment of the apparatuses of the present

invention, sensing electrodes that cover the entire area of 2 well in the plate. These
embodiments resulting in more cells being monitored for their contribution to the impedance
change between the electrodes have the advantage of reducing experimental variation

between different wells within a single plate or between wells in different plates. This also
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resi stance ratio and then subtracting "one" fromthe
maxi mum val ue. The "cell nunber indices" cal cul ated
this way for adding cells of different nunbers of
‘ 7000, 3200 and 500 are 5.17, 1.82 and 0.17, 17 June 2005
improyes$he@easpetnyent pequaeytang sensiivityayaera sl pumbrsrof gflls are used in
theass%glls, the larger the cell nunber index. [0065] Figure
(B) shows the frequency spectra of reactance-ratio
[00699 Thd icfek o duidvidoty rgap s dthaihd eled dlsctadedetkndnt distrit@tive kteschosen
C risi . same types of circle-on-line el ectrodes
50 that(tggp sleftﬂa@%l%%gﬁ&wmz Byteﬁiﬁwauﬁ%ss PAPIPEN o Fer grFaIne, dfis
oo 14 SR PRSELACINNE o (51 SBLR s A5y
electrodgstredture; the sof dfitbectleducd resastahorpbetibgemeachaff the two elements to
their Iig}ta@ﬂonb t he dg%@iled desigigtionfof t he inveation
eir CPLCRPUTHB GOTITE SO PSS SEBYRFPORECTHAY 1T GPY Shyentieédiacent
electrolib @lea@ints: MAvedhefhFdatitd ddntriREdA ot SBNSIOjatShtWerthdifs is

di scl osed apparatuses and systens provide a ’
about thegamery §8 1Y Maerwhes Meneells gra Jaaded: Hsircenirbugam thtbe impedance
Rt or ' |-time, continuously, and the cells
dmngcana%]%tggglt f%?ébther cel |l -based or nol ecul ar - based
[0078¢ Sansermérit arethddfer thepdatande chasetbrealvoistyr thElkasy scale up of

. di scl osed apparatuses and systens can provi de Kkinetic
m“hmﬂﬁFﬂﬁﬁﬁP?Bﬁﬁﬁg”$gﬁ the cell nunber, cell biol ogical

[00A] &b Serfaim&hbistiment dFeink e%ﬁ@@&@?ﬁﬂe ilﬁh@hﬂé@dan&t s%hﬁﬁ%, there is a

viability, etc.). In addition, measur enent process
non-urg fimmpdedtadaé fieldahgubrtidnr dds hdsbeen denonstratedend ssdwid ormany

. | abel i ng..reagents and al so. saving.the |abor effort .,
diclect R pBIb B AP GHAT T Ag e e S BT FoCes ey Sohditons.
cells Wil aggemeaee Souédlle@ e cBrophdiBsi€ FirtdsQnd B8 St v@IRMherRH REAS Or away

can be conputer-controlled and fully automated. The

from theades ol Hieradeatode elsmeytst Hos peanple| fplowing litgatiers clearly

demorSPREY Rles &L ffed ﬁO{EP QLIS oPlee TR a‘SE@Etin(ﬁ{:l'égt%ﬂhro?eQicacﬁﬁﬁgement
process. I nally, € neasurenen system I'S accurate

of biopairtidleshinglotandalpmeryoi disl’j byyWang X-Beeall AtHHystly: Alppl. ®ags. Vol.

26: pagad SaRPES JoS o Rpe iyt ait pedle Aistrpporein sl of colloidal

particl ORI inér&igﬁ-a@d PRIGRMI3GRr Rl eckbges 8ly ﬁetﬁgg@. Q¢ moﬁ.gnhtf‘@.eb:
wel I's” of the or

di scl osed enbodi nents "are nitore
Appl. Pliwsi Vad.olft padrstS8 6188801 398 e Furthedeme, éhe fudlogengibtoveteal pphpger

el ectrodes.in the ar at uses of . present . .
providy ERIGGAF RS o BRI R EER e 08 GoffSRER iy migraigiued
electrodeL ChrthgigetioM ethol @f lerRhPELd @A yga fordiidectiopBolM e elebrode

one enbodi nent of the apparatuses of the present
arrays Py reHn’s themamndyelaes %oh@@l,ﬂ hBltyse By kPRl Hithyenot.@9: pages
16494%%9§Fg%_a well in the plate. These enbodinents
resulting in nore cells being nonitored for their
[0072p bl Auhben a complrésonrpadancke resliianganbelTieasayt A cell
. el ectrodes have the_ advant age of reduci.ng, experinental
impedapge sefisingrmeasuteRicsh kprithis cxprniment) aselagsishpmhayiag kg plectrode

units ( éfllé:ﬁg_)g el\?EtrQﬁtdgfgﬂg Radeb B Sebile@ [EETRNE 2¥eRHSvas tRES Al pr&tic

une 2
strip having 16 wells with a bottom diameter of 5 mm was mounted onto the glass slides by

using the liquid adhesive. HT 1080 cells with different numbers were seeded into different
wells in the 16x device. The cell number indices were derived by calculating the maximum
relative change in the serial resistance measured for each electrode unit. Tablc 1 shows the

cell number indices at time point of 2.5 h after the ccll seeding. The well surfaces (including
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i nproves the nmeasurenent accuracy and sensitivity when

a small nunber of cells are used in the assay. [00691

The el ectrode width, gap width and the el ectrode

el enent _distribution are chosen so that the —  17June2005
the elegfrads surtages) st Brecrogtedivhith filbraneatinrty spekipe fipransetén solution of a

- Unie-&Qr F [ h Lven

concerifil B S0 D R SrATR ety i T PR (A0 PRl e b flloens
were saipped siEbAhatter theliepedapdenshsunahetite The héllsslbl ﬁh@ianid‘tﬁ:vt ce were

el e rlcal S;lstances bet ween each of

used fon Miid rfsgay fgr theicampardsgne &g daitas W%ﬁ%ﬁéd?l“bﬂf wafsreagent

solutidnSPE AAJRERY dath GRNSTROfeali®n WAYinSIDARIY ¥V naEls %’Pg‘y‘t followed by
el ectrode el ements. Thus, the 1 npedance contri bution

addingf Y5 wal} Smﬁob@pac@ﬁer sl Brpestarssahgionatheutadtine waarentirfously

the cells are
m"uba?e@n"fm% B ATt B B0l ied dhBoo SRl BRPrin srotaf formed
_ duringtthe MsENReacti 0 7IQie ol \dendi8lih theddvag WArthéh @ e Mt Jrofilolecular
connection_allows for the easy scale up of multiple

Devw% SR% plate rsady ak p gy elength @& 559 pmy 4] refeggnce aposhance (at a
i npedance
waveliZHe &n@%ﬁ”&g Pg"d% %ﬁég%&g %8?%?‘%%8 |r&d§"{g§c al field
di stribution. This has been denonstrated and shown in
many di el ectrophoresis | Thgeat ure where under certain
el ectrical and cell suspension conditions, «cells wll
experi erfce so-caled dieledgtrophoresig rorces and be

moved ei|typgy howar ds @ awyCeﬁ&]gmb&he mqereaiouwe
el ectrode el ements. Eok.exanpl e,qfollgwing literatures
hac o

q
onmnet rnt o t f c far v 1

ol ot 1 bqos Bloel bt T By cetZAEil ot o dabtinerent

; A ; ; ; .0 ,..-||,14§E'0\A4

of biop s ST ng
X-B et gt 1 PNYE -7 bAEAORPIT EI%E_F_OOV.UI T 19YE+do8S
1278- 1285, H93; PER] E40%T [TY ATEEHR T Y& 9.40E-01
di el ect rfophggEt i | TRk FEGET O 9ol OlUal; gEaRt T8l es
usi ng i nNtergigi taf egl>papBel[l ag e8ETHoCT 9! @GEERFES], by
Pethig R atqal, U 2bfese3 D 7A0plo1r PNySs.ouelor 25:
pages 881-88% 19021 odmsoBher maroaE-ol he [T olslzgmighg
t heoretijcal Rraper| nparesiodes aaaizEionall | afoeemat i on as
for thenon-Biniform.fi3edod di stravBwli on | B.83E-01
interdigitatt®d e egb90ges: "A6BSOret i cal30B®8 hod of
el ectrigal fG2%| d pn®BYEH02 flor 24i2E{0&ct 1 opRGHELD C
el ectrode__&2r ays u&’l 08 gend:38EOheor eni? 48601 \WANG X- J
et al, Pf\Zs OO +02 Dh\/Q15\1/E'|01 29: ﬂﬁﬂE\"ﬁ”
1649- 1660, 2996 m@xwﬂ'ﬂ&ax 9,38 2 2385811 son

=

between the results of an MIT assay and cel
i npedance sensing neasurenent. For this experinent, a
A, ¢l Bsfinitionde having 16 electrode wunits (each of

[007&!&50{%%@‘8{ ojﬁ'& hr%Sanadgtq? Pgeometf rrléi EE‘%OMP‘F 5('3%‘1 eizclHPegcnﬁN?on of
the mve@tﬁdmwd.h@dmmrth@ﬁu&emnwm mRE ed onto the glass

using the |iquid adhesive. HT 1080 cells
I007€d Uﬁlea$ fitffmcd wthenyisgerkte @ﬂ e sRentitistterna ysed helmn have the

T .
SRR T TR T e
inventibh @eloagd. aAll peenis| ppii Eatﬂiﬁ@,%ﬂibﬁﬁld‘dmppﬁaﬁlbnﬁhlﬁpéthﬁ%bhcatmns

gnlt Table | shows the
referred to herein are incorporated by reference in their entirety. If a definition set forth in

this section is contrary to or otherwise inconsistent with a definition set forth in the patents,

applications, published applications and other publications that arc herein incorporated by
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cell nunber indices at tine point of 2.5 h after the

cell seeding. The well surfaces (including 16 17 June

2005 the electrode surfaces) were pre-coated with

fibronectin by soaking fibronectin solution of a 17June2005
referencgnthe detimitipp setdprib on ey sertiqmpreyalsgrvar thegefinition that is he

The experinments were stopped at 2.5
“moqﬁﬁ&%ter ﬁbér?ﬁ%@ %ince neasurement. The cells in the
[00752 s wded hereinyks eor “us’ethehinr“aMEBRstassayr foie dr here.”

10080 Ao i GG B VST g PHOAHALG 68 BAnGieiine substrate”
mcans'tﬁ‘zﬁuf‘? %&ﬁsﬁlﬁfngdsuhﬁwtéhzﬁtm&?@ o 14drORd 1t ¥ast Wél@&mdes are
OOul I'wel I stop solution. After adding stop sol ution,

ﬁ$ﬂCﬁﬁékﬂba@ﬁﬂ@hymnéfbbmtmmu@usIy i ncubated for 12 hours

0078 2 5 bR e Bt BaBtREn” The co or

[0omnsu Ay u$dd Hehﬁ:n d‘ewc@mpmae hRebraRAShdaa8l a Glenhrity tﬁ@ttdoég not
96x Iate reader at a wavel ength of 550 nm

have d@@tf‘é&%gh eﬁe%@mﬂén@éluémg the vighilisy. afaelimant, spsading mowa@,

Fﬁﬂ§ure nonspeci fic readings. Table 1 Wll ID
gﬂﬁﬂ%%??d &I unber MIT readout nunber index B 1

[0079] SMiEerOxsudpeidion@d viabd3 EﬁﬁQ)ailé‘d, ebith@lﬁi@#erﬂdoﬂiellﬁll-wls is added to

43E 9. 13E+03 + 0. El 0Q3E+03
a vessdl; Elige of B HEISD 1 FRtBleor EAbRUFHEIE Mishg: SELGE G

percen‘ﬂag@%@ﬂ%eﬂs Zl%%ﬂﬁ&l B4ke Qiktackids &e%ss%l"@ﬁhﬂi t@%ﬁt%gurs
E-01 A47E+03 7. 99E-01 5. 01

Preferﬁzlﬂzhllilda&t @"/8 QE-he tellzre adETiELE0S tlﬁ s@?fﬁcmf the Q%elomthlﬁzwelve

s B35 s Qs e BB B4 S8 i

so thatlat BE-10%; 3f th kellslare Adhezing & HRZulfabl wihBdiwdiveoufdof pfiting

0. 00E+00 9. 38E-02 2.38E-01 A. Definitjons
(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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[00731 For clarity of disclosure, and not by way of

limtation, the detailed description of the invention

is divided into the subsections that follow [00741

Unl ess defined otherwi se, all technical and sci entli7fluge 2005
the susfagermay aeed th shenisaleireated ée.g. Jepatment aviihreg aaid angl/or with a base),

and/or é)%lyngt%gﬁmgart] d(P { S ?reatphe:(}%wﬂﬁ he ElSBlé’lp g %mchérbllé,fl% rganed (e.g.

coatedapith beasdt 1Q6R:, mﬂd@lé%ﬂﬂo@@ﬁbﬂ]@ﬁ&hﬂ@%l@% cefl Affichment). In the
publications referred to herein are i ncor%orat ed by
preser} gVEPEHL & bigpoppatiplesttaqedsych asra igerghane) prefsrablets Swisatln for

the atthdhmdnl| bPCéE%?%%Kbéthgp& (@b uled ifan go : ?Eﬂ%t ﬁ?fis hﬂée biocompatible

I nconsi st ent nitron set
surfacp &t g ninsmbrae) land atusbptsferqd:\lja,l dlishe thegipkhmatti cfaslean 0% of the
cat i on are .herein incorporated by 17

Ce““%’i Cﬂ'ﬂfﬁg{g‘b COIPE? Cefjﬂ%n%@“ﬁaﬁ?a@’l on set forth in

(0080 S ﬁeﬁldn%]ediﬂé%\b@hﬂl@g”qy 8 kodth dief éuﬁ‘fat:é fHﬁt &Jiﬁ‘ﬁné $ a molecule
I ncorporated herein by referenice. [007 g

that is ﬁé\agqr@{ly ocgurrglg biemolegplg og blbghem@alg, pr @h}@chmwalojmvgt from or

based JRRf or 0 Do At ARERHENELBecy RhoL BRGHrif s FoREfPE™

biomotdealar codtinglen covaptis dAnng tracddfl 4r i Rrik a6mPdidnt @€, fiBvEESin,
the at | east two electrodes are fabricated to the

collaggligheor |aé1yewatb‘fe thereols oheay comprise adiorhemical sl ap pelylysine or
Pty S T e P Bl B e Ry S REbpghgicls

lysine dod grnitbine. tﬁ’aiomamlmlecul eusased deataratin ocelrtiag bicohtmidalRguch
attach N

as i Bl S dime bR 5 6 RS eop S hecals

[ooswl abl gn “ebmmmlme[ﬁamgmomﬁhéﬂ* isOf mBREAE Sk b@éur§§1' the is
added to a vessel, a surface of the vessel

extraC@lmlaramt@X b an aeipal @a@chwefrmﬂpmm@trpfangrc‘gmdlubamamx from any

s SR e SO LD e P25 e
includ® Ofninis  dotlagels I fibrafeeting beet Q]g/cdirﬁotehﬁ idag; gly&f)sinlﬁﬁo glycans,

vessel within twelve A hours. Mire prefe er abl Y,
proteoghye#TlEceic Figrace ol gt melai|compopenieran i MEMAB AEOWA gactors.

[0082Y" f 362 «ALQRRIY Stnﬁ:ﬁlr% Radin %E hh@.%hd&ﬁ"éit?ﬁh&ﬂ? " {Jn'dﬁctivity

are adhering to the surtace hours

much Ipgherithan sufionading athdériady cel s to the vessel) Even nore

eferabl v, the sur e ope a.syrf t hat
10083 ° AT gt el SERRRERT Pt osifele sBSFate poricularty
one widPYethplek Sire@hleFap dhreixb gl @ spibf e%fr&@&ﬁmc%éﬂ“ bfa collection of
twel ve hours of plating. Mst preferably, the surface

at leasb‘f“&fé?‘més elgmentsshatfaseelesthially conneaied t@getbelf ohll thel dlectrode
elemen% ﬁﬁmr%n lccf ﬁ(lfé ét%c#ure’aclxre F E}caﬁg%%r?{{e t e cells

ace W °§i x, four, two
[ooshpu r sAsmﬁseﬁ |haidm'1 Feledi@odvileméltSiorad to Eiﬁq@&&;nﬁﬁt@ﬁ@ Féak@8 of an

electmagr cel | Lachment 18 17 June 2005
structure, such as, for example, a fingerlike projection of an interdigitated electrode
structure.

[0085] As used herein, an “electrode structure unit” is two or more clectrode 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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the surface may need to chemically-treated (e.g.

treatnent with an acid and/or with a base), and/or

physically treated (e.g. treatnment with plasna),

and/ or bi ochemically treated (e.g. .coated with ordJ8pe2005
measyg LBPFASN E%Q}aégeﬁ uedd Ghlb ptachmest towatelﬁﬁtr@%ﬁlé‘&f:éewn limiting
e R eba it D 86 SSEM TR Be sBuenro s g |
concentse slgctradd sruktre utitse at t achnent of cells of the type

at are_to be used,in an assay that use he .
"mérﬁ  oconp aFFeﬁfrgge WP A8 e%’&“tfaﬁy %ﬂﬁ%yatﬁ%&]ﬂt Hggd from
electrddeebedladtofle ernAVorteRtralid ARNIRBS toMarPbnd SR b%gn/ﬂa‘i’{r of a

the cells that contact the bioconpatible surface
deviceqiiappRjaiuR &1o8RSEINE tBBdicimdehimrioiteds bbmemtsairletﬂytrods a
[ ur S .a_Im
srucn iR M AP et TR End APouEE L8 TP P i tinGand e
connearonasatlso@hemeoﬁbodeppayz&dsfrom or based on one or nore

tura occurring bi ono] ecul es or bjochem cals. For
[00 i eé K%f eing gt et tue el@ﬁ%‘l’d“ﬁgﬁdé‘éf?d@@#ﬂﬁ)é@vaPilletaIltlﬂlly

same s%l‘ftaE@tﬁ'@Jl 4 Mb&Hs thRid Qﬁrﬁemgse%an?eei%tmdésj RLHEE Arpa:ys) arg not

l agens), or a derivative oF can conp
Substabtuaibfhhfﬁmal fr@u@hcla@thgcﬂoyhgtsthmnntmdanqmjhymgerﬂueho raeu attachment

ich,are po based on the natur
or grodfl i e FHfeleiskans ol ilem i e ooverlf deotabl
changd @l iMipeddre 1A Shtd @SsilAsEstgRR Rk RCBRid RS to cell
bi ochem cal s such as am no aci ds can use isoners or

attachigpptror iggavethonshe smallen glegiredes yeloettasiciamgydi de hther wafds, both
I t
larger L:lgigtg des @Q%%“g’i&g %@‘gﬁ) gHt%l %5?123% e[écﬁ {;&) cr[}%fle ?rr%%s (r‘(?rgznlatf,te to

overalbcl&haﬁgﬂ nEimpeddnce apomeelbatﬁehmaneiﬂtg:rtﬁﬁth@lﬁ tRogk fe&@&b&lééﬂ @rdinarily,
from any eci es andfromanytlssue

S
the ratigg Stlﬁttq Sl lé%t‘gﬁffﬂ ¢ lasposg lepoder (Plspiaderamad and the < smallest
etecmger(@tedt@at%namg éggiﬁlaham ttt abgpptquﬁ@éfg‘ttﬁ ORREbENRen the
her gl ycopriot el ns, tides cosam nog ycans
largestpeﬂmredg (efertmods amey. anExhersanmaélebuﬂlartroda(aieotrode apey)ntess than 5,

13,2088, B0 LS S ok L PR B e

nearlyﬁ?dﬁﬁﬁbmtoﬂldehﬁcal@hﬁibe%&her than surrounding materi a'
[008%0083 As used herein, an "el ectrode structure" refers

b ntastligifnted tmeansrhagmg H@i@lﬁ@tmmlcamg ongrikregiieththat interlace with

projec LR KOS el L 57 lgfn & 80 bk B B
(with th¢ eavent thattih@tdi gitgedot ettadie ead;ﬂeyltmefeﬁtfm;ef)o htggﬁhﬁtef oneAinbther).
el ectrode

el ectrode, el ements wthi
lﬂﬂsémﬁettﬂ hereig, éh“etré@qu%@wa;ﬁ%fn Fhwielg fon el gutpchmaeny gg growth”
means ek Bleblecti®he %d/@%ﬁél@&%% aF era‘?:rf%es QratusHal Ibopriate physical,
structural feature of ectro structure, gucﬁ
chemicabor Uloiogtmbplpp@“,cy 0 matrttpetrdtblk eelraaj ecibiyoxitash oarthe surface and

i nter ed el.ectraode strugture. 008 As used
can kel e i E I aimin b M Bt PEbE ARardis Hlus ot et
necess@y a6t the Qﬁpeﬁf&tﬁé«' @ tHeQirfabdiRkredf, @oR@NS hii Ghithnk& ARYKary for cell
di mensi ons and spaci ng such that they” can, when

viabilityem geertbd Tbgsealecgﬂsgwaub%wa &g oprémqttsemagoathtfwtorst oan be
not RSB RL. 3HEEEE b St ot OB APl SE B Bl o
endothslfal aell ik edtllﬂiﬂl tb sheofsutthes quitesle idr dell\ve@RtiRdhtCaMen at least 50% of

the cells are adhering to the surface within twelve hours. More preferably, a surtace that is
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19 17 June 2005 neasure inpedance changes due to cel
attachnment to an el ectrode surface. Non-limting

exanpl es of electrode structure units are

' tated el ectrode structure units and 17 June 2005

. Interdigi
suitabledh et "’%aé hraprd dap yéacs prarertigsso bt esleagt GBI the cells are

adberip L O A e B o RERL AR o PORRASE uRPAyer o

well thak eahpows tist saucdaviey. Eowmemdreoprefeddy, ofic $u0fa06l propesies af a
ng t he el ectrodes or

ice or a tus for conpecti
surfuc i By eI E i el oy ey bl |Get 166 oF @ cels sahering o the
surfac® WtRAH twPH fofirs JiPRaRd Mbst l%?éf’&qgfg}’thgf uﬁﬁ&e%'bé 15@6&' a surface
~correspond to the connection padsS on I ce or
that is spiteblaton sell poa8mEniesutssd ahlend Yo dfthe cells ddberstg towbe surface
withineéﬁ?téfqg?regwo ﬁéﬁggggﬁﬁgr rays) have substantially sane

'ace Pt he surface areas of any

. _[00%8) egtusediBereingt @té ot i@ uSinRESn R Wetw&H RS haRhE td ¥

di fferent fromeach other so that the inpedance change
electmdlﬁ  meangdhat the impersnssdetwnen gr sens di al¢srotien yeuld have a

T e

overa
measuginmink aircudieghaeceds atthuh drped an @,arf@dma g thedipparaisCTh 1mpedance
the smal |l er el ectrodes

changq et o o glfgq;%;g%ﬂp apehlusigyhes a Wefese ofi the gagaratus has cells
attach&d &%6\99 81 ah®Wheh h QEFaRIJr @Yesz}ep anlisSiRl hftrha@h eats" a?l;lgaled or

(el ectrode arrays) contri but over a
grownmpéﬁémeelyuﬂmrcheQd 1nampacbahmerstlngnr @mmlm wrbet deeemble

18 Ordinatj | t he atl 0
prefer U HERIRR P RRER ibuscehose  Fir Sudh LBk 5, oarore
preferdﬂhﬁ ﬂSdT@étécﬁﬁile cleingé il esirdbRleqslar 4 e 09 rIﬂ'b{))edérﬁ:e lhefsech '3?‘ Bmong
10. Preferably, the ratio of surface aréa between the

electrodgy @éﬁtlc%lwcﬁlﬂm ‘{féh%ﬁrﬁfﬂ%éy af theyppligdceleatiac Seldifbrest
meas af. r‘qg&eétﬁljl_g gﬁz[n%g?n ﬁﬂpﬂeﬁ Ace a \l'eee% tam%{lg ﬁ‘le el(%cnic@% ’2does not

["‘eas
requlrfeﬂhe a:hpctlﬂtﬁSe flehgeatr @U@e@bﬁ@yssbelﬁ@&aectmar Tyeteslgtile b]‘iaaigc in
or identical surfac & 100881 ' lﬂdff er di | t at ed"
impedanes REWRED PhempRb e schRdes:  ORIHEU GRS cicstabiaophan ain
dém'&te af HRquddt f
e O St g DA e, Uil e g owo
compopgits, hew@nqcawé atactanae (reavtancdicgi badietled imottwodategories,

iSRG AR SaBE) SERA 5 OB e o

among3hid tladtt@lch OfeqGigdd onty thac biflRA bn@ﬁf 126iehe andBaRmck RS a
the el ectrode and/or non-el ectrode area of the

detectaglsrngqidl aRy SinglspiF penct & lpwyﬁlecféﬂquenqzwfem cal or
I009li’1 ﬁls %ﬁécﬂ?ér?lﬁr Qf?@ﬁttl}fasf‘ﬂv& :gl@&tro%? bﬁ@e ?[%1% IS/d(i:é V' arflage

e surface an can
areas” g‘ream ﬂhgt, the purfdve asaar bAmey ¢bctiddes mpepat stviilar tdﬂw\éﬂfer sdh lhat the

ecessary for the appgratus or the surface

S
impedgrgg F’éaélfée dpg rataghinent op grogih o8 thiplagaes glegtredsrwidlaot
contribvicaBithd §ver Al d&é%l@tmﬂ—é%l?& t0&Game %E' ¥inSiHP ﬁF@'@@ £ the ?mgedance

nutrients or growth factors, can be supp
changerrbigiteirell attdvhmfe@trcamrwthmhe amsldrsrra&mﬁodﬁ d’frefvrabbl any

1mpedance E‘ipan ge %ué to Lehltalgt%cllmqel:nt or growth on the larger electrode is significantly

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

electrode. Ordinarily, the ratio of surface area between the largest electrode and the smallest
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endothelial cells is added to the "surface suitable
for cell attachnent” when at | east 50% of the cells
are adhering to the surface within twelve hours. Nore
preferably, a surface that is 20 17 June 2005 17 June 2005
clectrédy i e tph O Broterablyatreia ofrasfase area betwsen rerlniges elestrode
I S herlng to the
and thtsegﬁ%ggsté %@ﬁ%&ﬁ?\%{;’@@%@ﬁ@ Igf 5%{)[9 de .e., adding
[0092] | s Aismlstdﬂ]ﬁaereiham‘dﬁgh probabulity oft d@atacnm@m els:aSodef‘&Pel'ﬁ@it’dmeans
. n nore preferably, the s rface properties
that, i 1S ndoR B PO R B S R RARSCScR e o esce O APRRFARUS ofthe
preserdt @@éhﬁén Ithe ﬁ'&)bﬁlﬁﬁ@tof%&é{’l Qbr ﬂﬁﬁcl%@&n&cﬂgg &h 'aﬁ‘ QlebQoddement,
surface within tweélve hours of plating
Lﬂlculptﬁéff@n“aﬂibywerﬂgred@mﬁmeéa p@lbpv@dtoneg inf dawseumf aperatistrdithe

I L e S A

electr@legimertis, Xs gratef thai mﬁbdﬁ G0%; nidke PleBirhtlg greatdr @AUboNS60%, yet
"det ectabl e change i n inpedance between

erein,
more Bﬁeﬁ‘é#ﬁh gregtes thag|abeyt \03e snd greiraoteueterably giepistithas ebout 80%,
Bl 0 I redes woul d have a
gemﬁglgnlﬁgggﬁfégﬁgﬁégytagfﬁggﬁgﬁg detected by an
[0093pedAncesant adayZEsra muclurmédammnmaﬁmmﬁmtdepresﬁuﬁi or wells
S att rOM/O surfaces of the .
(hefelﬁ%gwﬂf\'f%‘ *T'HS?H%%C% Sencilo 2 flufgentaincees if R tray comprise

multiplé fnk&rtL Rfiplo LIRRARNESs ¥ Mﬁﬁm\’éﬂeﬂlat@ Sk ERe ﬁllenetotP fhore
apparatus has cells attached or grown on and when a

insertssfrtheinserd fray fremeghambarsukitido 8w thid conteisecel wdlsatfzautigwell

pote ol RYaf BB 4ok 15 SO ok BREAAPS phvicor
the prekeﬁtaat;amloﬁ fedeng thel bdttbANEARRAS dnd ihRFtgich tha fheldRand% formed
preferably, the detectable change in

5% 8% Nbre
by thej psseiibraat 18513146511 it flargogontainss hanwse tshatipgesiriee apprggnducting
$ﬂEU&E%%&E&ﬁP§J%% Eﬁﬁkﬁggkﬁnﬁﬁ unction of the frequency of
ectrlc for neasurenent.
[009'4I])e°tsewst:¢ bbrem; hdmsgeesponsenquedineenb dtendependent soimivgshipef

I. oes not. require the i ce chan t
resporgy B HIBE e SGE SRyt Ut St Bmpobhy cLbS AR R gals can be
measukédl by Iﬂﬁ%ﬂﬁﬂ%ﬁénbﬁiﬂﬁ%rs‘i’ I'FoR @R EpIE! hf—‘te@tl &‘)ﬁ{ﬂoﬁﬁc?fs suSpHcled to have

requires a detectabl e change in edance at any

cytotoiciyaed pausqaelhdsattor Tham the pisporfse of gd jap be maasurdd by pereentage
of non- v'mﬁ? g@r%“?ab:l' eIlV\QﬂerQHgPecffg%rnet FeatddS &]]t ﬁ?s g?lagound

nce ( Peact ance can be arvidet

[00953 /a0 6ed Bérein, CRARGRLtrefess foRAHARCOhiRN thayn@Heid ¥ froicty to be
reactance) "Det ectabl e change I n inpedance between or

isolatednpARiPRiREd emgaFel guantifisdy defested spijapaly prct usang anparagises. of
micropl&eh 8t ﬁ%@d@i‘ﬁqhé gl%gérﬁggﬁﬁ{lﬂﬁt | ?JThéj é A3l e %rﬁ?lflggg?tsample

any single frequency o guenti es
such ag\g bidegicdi gl or,a Biblogical tidseaSExfmmiesed)ﬁnbiogrd:e]sﬂtlnéymclude urine,
di fferent ,surface ans that the

IS B e T Rl T I
ammoﬁ@ﬂﬁd‘ﬁrl'ﬂl@ﬁrhl&o Blh%lctahﬁssuémg g@ﬁ@&tm% %’é@alfy%f%eﬂalrtlcular

attachment or growth on the |'arger el ectrode Wi
kind tagsther withttleeix inter¢adlubny evkstdncel grag fraine df mlpﬁeaﬂmuealtmatanals of a

human; %mﬁla? plant rgacf%nap %.% or vxra‘i Is?t?ucltl% mce:‘luﬁmg connective, epithelium,
muscle and nerve tissues. Examples of biological tissues also include organs, tumors, iymph

nodes, arteries and individual cell(s). The biological samples may further include cell
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change due to cell attachnent or growth on the smaller
el ectrodes. Preferably, any inpedance change due to
cell attachment or growh on the larger electrode is
significantly smaller than the inpedance change dddune 2005
suspensing eofutiong selﬁﬁremg Rielogicalipleswes fres- @ﬁ@pmerenzymes nucleic
t r ea
wcids, B BRI PPl IEEbInict PRALE L B SHINIRRMBN 3, 1
June 2005 electrode is nore than 10. Preferably, the

tio,of surface , rea ar gest e ect rode
009gh ¢ AR vsiiraEee ek Hhul Rl relsbrin somplebet napirabperist
as a ligid &PPuid( Qggaklﬁ@g@zﬁ%@eA@"thd%amBlegrﬂllﬁrr J?sb[bl 'sta%pfgthat

contacting an el ectrode el ement" neans that,
natura exisisdn p anerdiaiid stasss. wigorseld wi géw, huttik erwmd @5 aqueml tihid,

ot S5 8 SRR HE Ty 5 PR ER Rt B

samplebeﬁﬁtﬁfc&dpa@aell@m fluid; 3bletb@beshsh&mmont doataauts a8 logical tissue.
di aneter of a cell used on or in a device or apparatus
of the present invention, the sizes of the el ectrode
el el ectrode
B. el e ms?i%gégg%@rdgt 121&105@ Lﬁégéwﬁémre preferably
[}Y9Zht larom haspecs bloupre§d¥inveetion istiirectpd ef &1 alpasangrfopimehitoring
1l t han .about 70% ?Egleven nor e prefe abl greater t han
cell B3RS Ve AR A RGOOTE061) OF gL ghaRoo farpiacing
migRBAYbr 9¥ive IR Ak sukRRBIdto iR mfg?atﬁg%} FHGALVES) N8k er
conprises one or nore depressions, Or
charpbgs ceinpaising at ksastited elacradast €)' bmh:anpmﬂviﬂ rlhembrane gomprising

g 804 84051e e o e LR bty BBV SR o o0
throiilgH Emd@idmh?hﬁ Sonnsteditot AaL uppReae wef cliiitrs AdlisRpratif said
sert tray_ formchanbers within the fluid

“PPfif&ﬁPBF?{é’l“ ddoweteahpmber from sach ot Mhepsimaid myigratingrer invasive
cBRBRE o SRR TR SOl | S B il BRSO i
elecirodes of sod lcimerlﬂlﬂngbel’rte gondrate m ohbing ofl m@sdlan@ﬂ BethWREIL 61 among

h th t th er f.orned b t he inse it is
the %?Cif&é Pt cgng eeﬁs RaRem o 2p Siasieh glﬁVflsgmbaf %ﬂéﬁﬁ@n ace
a [AONSEE aqjéetslome fﬁb%ﬁi fnaeleldnnaat oRIPRIsE 3Rk ah® B¥er @binber

el ect rode. used herein, "dose-response
sepapalpd/ly a m@mbgalteﬁ@vmleﬁ@m éhmuglewhtqhomgmtmg@r invasigp oelbsecan
mov%hm Qﬁ'{ééshstggs e\if%fchg%ﬁ?r co%g)%%gst e{t we QEC%W%%%{/{RITP&SE Rwo

electdddel of ﬁﬁtlowaﬂ‘ ahiamiber prefdrably e»ea:rmhe upper s@FhceGAMROBLMbNt Sf the
suspected to have , cytotoxicity and cause cell death.
lowerihimbsteln sousse dispentep] teseiPesds. eAvembrang yomprises one or

morP b B9fs 1R¥er @@J?%cytgﬁ gee\!eﬂ{s oMl aﬁ&&ﬂnﬁ?' ggjggpﬁ;@g exe?raplc

are treate test conpoun
of surhmsiietjes hearip c&i‘taﬁe[’banslaﬁmsmfpbfyeﬂgdﬁd@lg@toh&lyl tlodat ai n

ty t i sol t t ed, d,
embfiety e et Gicieh cUhIc) B b > S RFATSSRST
physmaﬁ!;z @@ b ab&?an@fadf@ﬁ)ﬁ@ﬂ& zisrbl L& ROREEHY oréb%:lb J‘gl@ﬁw QL. cditfin

Y bi ol ogi cal sanmple, ’such
Coatlbgbpﬂgpma eCNIGEDl s¢ that the loivsr ogfasalof thcssuebraaanpbres cdt

attacmnghto ' Gas mlmymged ceﬂcalttléllc ené'lnrt Ieﬁe ¢ts.  In these aspects, attachment of

cells that have moved through the membrane to the bottom of the lower chamber results in

an impedance change over electrodes on the surface of the lower chamber bottom.
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bl ood, plasma, serum saliva, senen, stool, sputum
cerebral spinal fluid, tears, nmucus, amiotic fluid
or the Ilike. BIO|0 ical tissues are aggregates of

5 Jor ey HL7 June 2005

¥ lar__ kind h
Chei r FistrEae et Bhae Bsko & e ip ormiiiahiei Of i apparatuses

compﬁ‘élh %Lﬂﬁllﬁl: TR 1BF béﬂ RiRhtich anldUARRion2Th ureﬁbame -apparatuses
eria Unga or viral struct ure, | cl udi ng
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TR T R TS
have gdres bif eq:lpﬁgjrﬁl‘éﬁ si£a T d%$1 lﬂigVatfoH fol @lasioRC Eagletop@hbmBer 4., 1910a)

June 2005 suspen5|ons sol utions containin
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electr@t‘fé ﬁﬁvctlﬁ'@é' ?Ifgféec{%lgé%o 1 ot dﬁtﬁez,rfgc%lﬁg 'ﬂ'%gbf) Chamber.

bi ol ogi cal
The confi g]uatd)n((fﬂthn bk)ttcmanhﬂndtersr afmeprisingelectsdaptracttifeais the same as, or

g NERCTE IR TEN X0 D

momt%ﬁﬁ@ hﬁi»‘ bhbasuRAd BEIRbI b8 liRbSdanBe. aTmnfﬂe'd&k’drgmgB?‘Bﬂaiyparatuses
? solid or gas, but is prepared as

multlﬂ’fulq plates, gkt methe @mogﬂw&n@toweﬂ @*ﬁt@ With Qlﬁteﬂl@tl’sdb-ndlnpnsmg

s AR el SRR TS S

mrcultsai%‘ma'lha:tll‘hgsﬁtlbn 8 ofdi.s ahpplictite No. BY/429 P00, alsds ?ﬁly&ﬂ Ghe lower
for monitoring cell mgration | 00971 n one

od
Chm“é&ffag?;r? %Ortrﬂ%mfﬂr’é'géﬁﬂ MIERAEARINYESIPE. dn peeratien.tike elpctrode structures
in the%ﬁ%%ﬂﬁb&oire BOHNeLRE k' @e 119%:&:1% Qfegstdn?lg cHE 'tsnovrqgé%ent via

whi ch ‘appar at us conpri ses an u Rber f o
differgit awitingls fori easuiing cdls thathase mégratet] Ifﬁmotheaqi timmber and have

f. b
s RS S P et S b e et
derivdXdcOGRADRE id&bﬁ (d'f%@hé@&@l ARIRIInShi) 1R ihBlcgi 1§ Rbeds) the

sui table size for allowng said nmigrating or invasive
numberetficelly wigiated fiopoig iop crrisntbe boigors shareldred to sai d

oML P OREAS ARF PR DRt B o o

plate (S@](]j cmn@h@dslmlgtlple msmaselkse{zo B/ The BBYE SITRDT eBet Bhsert well
| es of sa menbr and contact and/or attach to

is 2 m@%‘iﬂaﬂe eTléec‘fqt@abgla@f(Z%q) gompiiess reHirlsdottom dambert Elegtrode
structtﬁﬁ@:ﬂg ?ab‘?lfc%ﬂeHB? g‘%@lﬁa%ra@&f WRERe BbttNGace a8 FGidn? gﬂez?nber,
t e use

at can O nonitor mgration orf I nvasion
facingglzd wsereivel. Thecdfeseatiaspé dteshottbrt danessentprisingeidckrode

s S AR, 00 el chesser gt By
monitdriieBRNR nfe@birfgCRN-subiMe ingediftieC Thbfehd QWBfipEdiRTRET

conprises at |east two el ectrodes, the at Ieast two
apparagyses mrutievellrlaten she wakpdeieaebetruch madteralipjates with thetdhestrode-

compﬁﬂwggmﬁﬁﬁ%ﬁﬁﬁ Hkﬁsgfese asng¥§om%%%Mﬁ%%%B§g§nmlmnmdmmc

measuﬁmgrmmsnssalem@e@ in sedOGIEBEHEE] AS0 Gply foSthé MMRI cBMTBAS 8nd the
hat prevents cell attachment. Non-limting exanple
bOttOlTb?la@d’@FF o5 Menjtednges)l gAY iRy #FiqTor Innsrationsthe fop plate (2010),

which R deh RYARE /i@ B For nhiBraBbR8ivasion assay in appropriate buffer or
medium is placed into the bottom plate (2030), which has been loaded with buffers or media

comprising appropriate reagents. The electrode structures on the bottom surface of each
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enbodi nents, the nmenbrane is treated either chemcally
(e.g., acid treatnment) or physically (e.g., certain
radl ation such as plasna radiation) or biol ogical l%

.g. certain coatings of bionolecules) so that théune2005
botton} gwgrbeggwl%&@ngpct@q—]@ tﬁ@%p@q@ceprpgwﬁpg CiF@yifs or instruments via

nt and has mnimzed cell attachnment effects.

Vmou?ﬁ%?ﬁggg aspects, attachment of cells that have noved
[0099h frouet nbther anpmtlr tha @rdsenttihecniioh i odireateditban lappeitus for

., C anbﬁr results. in. an |5Pedance change over

monitqzing £l sjgratigh of yasion.rEuE BPaFES FUNEFSCE [#4 A BPPS shitgher for

placmgﬁnéthng‘&Qn%% cefth gHEe@ls%Qsp@B@d o GLihE rrggraﬁﬂg‘p ﬁl\%’swe said
exenpl ary enbodi nents of the apparattuseS cohprisin

upper ghaithep pemprisiegarf electeaslel b]m lgwat cloambzen doinprisisg am elebtmode c)a

iocor Y Sy ABR 58Sy RTBEL SR i B

or inva¥ivetcelld ® doohiovgh, lbmbRbiane 8@kted Mikdildl BRpFerta® lower chambers
chanmbers, (1910) are bonded to the nenbrane (1920) t hat
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1nvasn‘egb\ré?g g%gﬁt ird gghbo ? thé:n B . ﬁ'rbhcﬁgs & sa1d]r3%’8%n3‘ Q/ﬂﬁ_:hqesults fna
changedoeft inppade@rteer sentthe electardes 1reihe appaded $6werchamders olmt ichiebe

bottom surface of the tto charrber, facing the top
used toc‘ﬁﬁﬂlg‘grmlgraﬂ‘?@ OEHWFFIBEPE& f the bottom chanbers
[00100P th%ﬂ&oﬁi& abgeealsr thé bfé@éd%r%%nh«%n R AR thé)irnver%tlon

simlar to, the apparatuses described i'n Section
will inglud: anpyppier g]mmbm fovgecadoing 36l bDa lcfvmr charobdrt ¢rd igcompatible

potsn ST L T BELOPE S RSTRRTy AR bl s
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el ectrode-conprising . substrates_and the met ods to

chambefs i pcerater o Ut lpattdme slachodsebimesed qhihe gbwane within
the lovJAEg 5 é'ifélgét??sélﬁﬁ ltl\%& H% Oa/s\. ig@%{i‘ fgg?fiﬂﬁe;%e%grﬁh cﬁnﬁ\lthylc%l\meber
[&Bﬂlalitiﬁrcsbndmnqaaﬁble meanbrtins ofithe pedsént mpgaramm@rdan RYIART ANy

AU RN Y T RN G

lead Glas€ & E&oﬁﬁcdt@élﬁﬁsg r@l‘iﬁonv!slﬁcorfjdlf)i‘(ﬁé %Htsﬂf?f@ﬁ hsﬂﬂ:%nfdi’ltmsulator
measuri ng cel ave nlgrate r0n1t e top

(SOl Mﬁ@eﬁﬂpahﬂde, iptagtcs, alnd mlw@@rsa @@mpra@h‘ed e@llytrmrst dre polyimide
(8 %&ag’a& ng ggl?l elfi E\l[ﬁ zﬁlc (raﬁ I?ched-%h woer J r?d Oly% r° ng é’élfl%’ Bétyviny

chlofidlq palyesiar, poldethylehd ddreplahdlae (BET), y@lyﬁfop@@he aed hes késin.
the nunber of_ cells mgr ated from é)thcharrber to

Polymges yeh popelxeasprawie. pelyogerandpotyeuienciorephthalatg{ BRI hetgs

o SHPEITERIS ORBU RS Shoks AT B oy B BBa g v i

as abbhe2 butroots oy hegeas abowdOh niinsas.tPragetdbly, iabiccompatiblane.
he battom 03Q rises nulti qttom

mernblER0R SOUER B SRSV D LA AP 2HHF7 S e microns

thick| M&r&e%wmawtea@ammm bt 28 SnilonS Bdk ot tom
cha the insert well. The configuration of
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the uaec’ of hg% ot a%éﬁ fus ofl }%lplras%latt/ 121\/?%1%% i B@?er%lg %mmmpatlble

escri 1 on
Preferably, at [east one surface of the nonconducting substrate is suitable for ccll

attachment or growth. Substrate materials that are not biocompatible or do not allow cell
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noni toring and/ or neasuring cell-substrate inpedance.
Thus, the descriptions of apparatuses, nulti-well
to construct multi-well plate
plates, the nethods p ﬁ?Junezoos

th the el ectrode- conprjsing substrates and the
aﬂﬁ%@% 58yt sHncRads t@{;lscf%r Gl iacm e ape sEuth by gpating with

anot'h ﬁ%ﬂﬁllesudﬂea@%lﬁoﬁﬁﬂer% ﬁa&fﬁaalécﬂaer%a lg%?dmda FEGLIRR Ba

ove so apply to wer cha d the
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comphi8dsat doihg MBS RATEYdhdle RPBRE SR Ui RemBFane.
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ther@tl‘fhnhxéndlﬁgx,rbut potdonitgl toi getatin, [{i@rmlecmm\}amnme coktdden, or

ceIIs specte f.bein atln or in sai d
By o S ERe A PO EPEER R SO PO PTBIF Y Bifgpronally
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the lﬁep&aalpmwm@judmgtfml(rv‘grod@:rsurifmﬁs| ve cells to go .
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and separa sai d upper ¢

additionslrcogipandgy such @ﬁn‘tﬁ&ﬁdﬁ Iohifey to, goatlefaaton. A abatiig @h be a
i.nvasi ve cells nove through the one or nore hol es of

simplg PHCOMRRIEF FHEUTRA ahorﬁ%lgeﬂl?%aqdrpaa Sm@Hatﬁ Ge raficpte gl
occ&ﬁﬁw&&gﬂaﬁhgﬁgr@ ) | For EREmMe M e e G NABRE e
t ha can

use nltor grat n or I nvasion o
Mattik €BDd3ib3cierk@6)1i0 @ oluhilized baseoiehemembpac praphratibe extracted from

resent .knveption apparatus of . the invention
the T At e P e S RBRB AP Bl Bl Ebieeltolg marin
proténs. OMEMmaoh @Bﬂﬁ?d&nen@ ¥s 1ambiiQ Foneadd B &)llaFéﬁ WBlepARARIIZNE
conprising nmultiple pores of a suitable size allown

proteagdycans. legtaciin prseidogino| It glsoeonseing TaiFHieta, fibrabdast guagtih tactor,
tlssu\éﬁ?al[rg'hﬁl(g F%g@g%é%g}ﬁ(gﬁﬁrgﬁg%e%c% #ﬁBfPS curn n?tura(ﬂ’vem the EHS

tum&ﬂectrodes di sposed on the nenbrane within the | ower
hanber, such that. the active surface of the el ectrode

l‘%“é@%ls i Axepating thahsimpdates qroenlvates 7R &G SeAoAatpFel attachment.
A cdiBl g'%p SnfilattG 1 ?ﬁlﬁ:ﬁbfeﬁ AR HSESn Q?rﬂ Q%Jf‘ge{sr?z heARsent

sul materi a imting exanpl e
inven@oe preidd mbdrudtefog bdkmlgrethp/ invegianr. (Thegb#ig of cdlleaalpenetrate an

L. t I I d d
ECI\%#%S%PLF@B %E]g%.s% i i.}glﬁotiwg Cﬁial)%ﬁ%ig qugﬁa %I & rgn u{v?l%(ﬂon gssays
usm§ aﬂ@ﬁbé 6% a]ﬂiaﬁﬁﬁsl $T3he ﬁ@gﬂenpmv)émlﬁ Som%‘ pr ef erred

yners are po Kapt on, polyinmide film

[0019@}3 pl ledalwlmpb%@emlpr@ng/gi Tgfs errsentpppyretIs¢sonacemprise one or
more h%?es)fprepéfably multiple holes) of any suitable sizes that allow cells whose migratory

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

comprise multiplc holes of a same size. Altematively, the biocompatible membrane can
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chl oride, polyester, polyethylene terephthalate (PET),

pol ypropyl ene and urea resin. Polynmers such as

pol ycar bonat e, pol yester and pol yet hyl ene

terepht hal ate é@ET) are especjally preferred. Thd7June2005
comprisg mwghpbﬁ ef didtenid pigcidyetprablyatheoins thlilfblkfﬂégshﬁlc&)kmmlts the

t 5
S Ll 830 AR LAy AL 8548008} 3PS
preferabby iccmmeak]lt lﬁer arae@eﬂtthe ﬂl\tﬁlfﬁt'dl’l@ Rah Sobptiskasaltipltalesofandme

about_ 50 m crons thick, and nore preferably between
size hali OBMARAE G1css <hithslghor epathha F@@lbgwﬂ‘ﬂh@bf’m L micron
and abdt FAGRr&s ih ARNNSRCHR f 15'3 HQ%FJ?EI%&& BalicRAR ababout 10
exposed to cells durin e use o evi ce or
microrgppdraatetsr. of t he present |nvent|on is preferably

C i ef er.abl | east. on sur face of
j00187E° B Brerred SEOEhARY o7 e neGRLipPETioB; thgape of more pores
of a bidédn@KMBRherAbradé BN diDvbet Tt @oég%egérahﬁhb Badsa@d &F BAt used
bi oconpati ble or do not allow cell 17 June %

in meagygringcieatri¢al FRpeflape esisiancp eorrrapeeignie eftsl eslifsobstintd nnterface
v SR A3 1 0 e 169 HUARDs 0) D o pons. o

preferdﬁltw]s:ss tlhhte alsaut fl agieront Iﬁ sm’ﬁe asprobfodteese tmbodigiehGethefont bEmore
Vent| on Can cCoO ris a materi al such as a

electhPSa F‘éﬂ od gy hemaetalane, GO spd CUNFAHTR e Kiviee T jfapedance
when foa?Ei‘dT’ceFPsr onloR thakde éﬁeq disPup dqfl'n%h M. In oth%r aspects

ofrpri ses a coating t oms cell” to a ere
of thess @nfoadlmemts gtoavth abﬁaelnbemn@tacﬂ]ﬁ&mﬂ Jorflivdo i, oc nmphty dfl cells on
the me nbr ane. can tB i;onally conprise a coating that can
bHAStT PREOMPIEAn ent " of one or nore cells. The
[00108Pt | i@h GRRtrBE: PaiPRleld¥Bicall§ ¥6ihedtfed o aRbhidsddaged ddalPze@ The
one or nore bionol ecul es or one or nore derivatives of
impedgigg cofi borgnabyzed op rspered @any suiablafequeney rmge) 4.9v 2 Sequency
I I [
range t?et@?er%’ﬁ[ﬂg[lto fﬁ%ggpﬁg 1% mgx,{arr BEtoen 1 r}}’é R Bt 5 MHz.
[00 lﬁﬁrrp dvlesttpsef(mblwl efr leash bhey elmtmdeam ahdgllasrodt benr &0ddapted to bind

cells W:héﬁ%l! h:%tlgw:a] B‘%%B‘F Wb@]gﬁor ]léilttrln )S’tg e artg;lésgﬁem Ibaglg n%ﬁe Ielrectrodes of
the preB&R bhSHRELYEFEr meﬁl%mé%h n%%f‘a‘tl'oﬂ G GAR &&%ﬁﬁé@@é&f&h’ breas.

optionally cover the entire surface of "a substrate

For exathple, the ebtmm dretweeen |0r @mnng whadrthaosdiase is eldasureditol mgnitor
the use u t he ectrode surf gees

cell migiFioh 8 adfes B s n iy St B et sGifec iy B 500

anothep@laniplélehsh SRR éleseodea@@lm haenadurGednen QUFEiS cRtIBR affohment of
but not limted to, growth factors. A coating can be a

least 1&Fefist e or conplex mi xture of bionol ecul es and can

mul r
B T R,
fabnca%lsmlmmmd\mﬁfarham&mmweimfﬁ}ﬂﬁhai RrStiratg eslpast Sv@of the two or

ol ubi |.i zed _basenent nenbrane preparatlon extracted
more efeeisAdes e %@B?@t #ﬂe FENFASHa A RRERS) eleryiedes Raxingoma,

substarflially Y safrleChed dte BXFEAGIE! Jattl & ﬁhé@h{e' e’fectx@ﬁ@gﬁdﬁﬁe uhfts
maj or conponent is lamnin, followed by collagen IV,
[001hHparidne ebagirbdeseor 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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pr ot eogl ycans, entactin and nidogen. It al so contains
TGF-beta, fibroblast gromh factor, tissue
pl asm nogen activator, and other gromﬁh factors which
occur naturally in the EHS tunor. [ 001051 A coat ilddune 2005
exampleseat elicrndest el§ctmder5trp¢mteat0e slegiodeciqustame writsror thealsiice of the
tin sinmul ates or replicates an
presen t’fl\/;lélcaérge{a}fg’ Shows m %L}ngaglb(gi% s of the present

[001] my enkni sdfhe p@éf@brbdi emBodialehis@If tHedfres@t Invention, electrode structures
gration/invasion. The ability of cells to penetrate

can begpirdzgitated dlectissle siragtuies (EHSes of encenfse elachpdedruchires

t [ S a
(coY el BMIAERTHR HERIEISATISRE| AL ARRKE U500
structufé earhécmgoisp & bt moneetotrudes ocﬁnﬁgueedmseme ot mapPOHYES dusaeme or

more (RS E ) Mirai Rl RirmneSaRan® Eestiind el dodibtus
changdtl @FtA&QRY pardllel i1tk @Rl EIDEBAY A haveS] rgg pRAmclY 88t deBReBiks,

to go through. The bi oconpati bl e menbrane can
meam%ﬁhﬁ? ing Eiefgf diop ebavel wpemhpesed snahslinear elaktredergdenends (which

oy NP SSRTHAL LS IR0 G et o5 e

Outcroﬂnﬁgs;‘ balyey,,ant |ﬂ1&: 1$Hez giviig the ﬁn&me&cﬁbdfh?dtﬁﬁ 1drizén ﬂe&niéﬂfﬁ than if
unber of cells that can_sinmultaneous pass through a

its edgﬁ%?félf‘e@lqdé%l%e dirpgronahite el e gathsd dhe ?fé?oéiﬁ glspyent. dixgmples of

such laﬁﬁé facn ?Er SXRMPLEre b REARARNARG ?9{&0‘&9 g@ﬁc%t&r%s Bt &l fine
a sanme size that are, I'an cancer,

electmdp strmtunea shovar indfigates dSCaIcasiellldte:l elbettodeatuetbrestas khown in

. ] GLon d about, 30 m crons .in di aneter,
Figurd)| 4 85,480 38CHs SnThte S lnfesinenate: sthsgometies are not
limitedloGh&9RHepiRtcdi1RPEH, Qhd chiVOd bhlal Br Rid3STar, ﬁfoﬁ'f ®thé Eerlodu:lty of the
enbodi nents of the present invention, the one or noré

subgeqmestiaes angfin shershapesas dhd sbgearesttiesnivervrs ao ghes diltefast retangles)

thmnmﬁa%t does not permt the passage-of cells used in
nmeasuring el ectrical inpedance, resistance, or

[001d3packlearaies of ellactftﬁlleh:lm% drapfeférablgdiskButed a%@ lﬂngIel e
ore. For exanple, the one or npre pores can be I|ess

surfacq pegion e dovie el axe fabjicated oy, Bthgrsiy sychsuriperagsiansuer will be
16 cOact by SATCARBRE Sofd, dEPa |

eXpos or nor gc bg lectr gdesﬁl%abp ﬁ{:é}% e o%ﬁe{g%gﬂr%gﬁg% gwghggen%g’sed o

contacUlecklisas envamdrath ﬁectmmmgce eiwn‘od@ddmnuts) an/ﬂfms hethayer

electroﬁ%svég lr:{;étr%o ort]ﬁt E]El ng:?erg gf{clg,g’ O)g o %Elét 1nvé{1t10n the sensor
area ca@IHREEH YR MaSt 5B PG B00a308¢ @R i8ovd eb@ac bS%rbtr even 100% of the

nmor phol ogy, or nntlllty of cells on the menbrane can
entire yafagpragiasraddhe oty Fheririnch |S@1@‘@qecmgogm gxppsed to or will be
I [ e anal The
exposelﬁ r‘%% gédfs u(f*ﬁgllctéﬁ gGQ aﬁ{afren tﬁe? u%rd 1@%&’&? 1 dewce X% gﬁ lr%{n

1nvent1f)n,eﬂ1 lesic3o ) BEIGE30°6. 0%, 7 3% BGWGO%yQS%&ﬂ@eerﬁIOR@@ﬂthe surface
andﬁgbout or between 10 Hz and

region J0 exgommor M GoGBIORBR U th g seprdT (e agyaylieersterashiwith
electrofb:Q6 EIRARdet1GRGHS) B8 GhyAtewBA diedi®dBIRPERGSR Rifbhts).

Preferably, the distribution of electrodes or electrode elements over the sensor area is

uniform or approximately uniform,
{00114]  In embodiments in which a device comprises at least two electrode structures,

the two or more electrode elements are preferably arranged in the electrode structures.
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cell's which have passed wholly or partially through

the porous nenbrane. The el ectrodes of the present

appar at uses for nDn|toring cell migration can havg 3

sui tabl e sPrface areas. For exanple, the electro ggune 2005
Wherqgn clectrodg elemaghis nphp WCtaﬂsulﬁw@a%rde qlectiods sudth@r elsctrode

I 0

clemed!] Eifﬁﬁffeﬁythi’%‘%*ﬁg‘;‘ BBl ABEn: ot expep in the
plane afftbe hlm'strebce(nmhe direcizin oimthte thd mejor aglie ©f dereldvarode alemcnt)

ace fficient for attachment least 10
from @i & SO Gieh o EMbicr SherBAREASES B o gt s opposic
side. WN&@@EIﬁ @l@ctrcf raPlis ARIOT @t UL 8SmARE ¢ efe@t%def%?ue O to the
one si de of | oconpati bl e menbrane. Prefe y at

averaged gipensigs fothft & thejexgands frothe plane of thedwhstiags@n the direction
R L T e

borderp aliet othér eﬂémaoaaalemham itOsRosite s1a¢. UF & thi plesert @02Addn, The
el ectrodes or electraqde elenents within an el ect rode

substralp feter i Ehe;Rateal ongyhiehthe clgsparesaie brisatrd hEreexample, if the

electrodldd BI@ BhiiRARG: a ofbm a@‘lb[e%ﬁélﬂﬂ%ﬂl‘: Ghen fhk E’&lﬂ{:tﬂﬁnq,l? the substrate,
circle on a rectang l'ine ("circle-on-Tine"), a
square on a rectangular line or a sinusoidal Iine.

y aIs tak curyve nes such as
100435 o Fr Riopertafts e hitfan ' ol BEER S 3 £an Bt tectrode
elemerd0@8es X SR e HeQiRTe.zCWRER bPEIE!s SHHeH ‘Eﬁéﬂfr sprealand
el ectrode structure units for the device of the

attach gp dheesbstratederficelbnwhese behavier isto F¢ monisered using ﬂmsdewce This
reduce% ﬁgeé%[)%gibhﬂy gﬁgg({lfr?ﬁcgggﬁe%g a%gﬁ) gu% g?ﬁﬁs?r%t%focg ?u@l gl ? 8%}1

I on, structures ~Can be 1n
contacehgat lemx e psttionaifun efec{rbdESsdleditode elkarat. r Figthet, ekd wllie of the
struéﬁﬁ a %é%ESs such as those depicted in Figures
gap begwgen elestrodeclemgpts d9rihp Bap size) nepistabhog@ot wbsigpialiydtsdhan the

size ofGRITPld S SyiliDrAL aVBaSe SlIEThELY e&(&%HQH%&QS fothd gﬁbs@rrate)

nmore I'DESs or one of nore I'nter I tat
whosedichaiords & st mouitared 981(1g [hlésbe)uccam rixduck winet Iirtsmbdmd pf & edll
l.i ne elect ode

d
contacffi (EhEQERrDY et ARrRAs Bnd Biorsnyihabe PRt o Samnsng
dlspmwﬁbmatag 1@ epbdbn m%m\m coﬁywom@@wqi caﬁa&iﬁg dnly\GR!

| ectrode el enents may itself be paral
electrorlp glegent ulhisds pm;éqdarlf snpartanglibde elemrﬁda:‘@tdﬁlerssnucéwlerg)er (e.g.

ten tlm%lg)stlh%g ﬂlt%%ﬂ%%zf cel?s%ﬁ(fsg %@heﬂgczr’ 1% aulﬁglgl%illto%n&j u mg Iéévice On the

near electro arger
other }iahda,nf ihe eldctradedgil iciarbmpamblet with the siiieﬁﬁeéllsc(ﬁ@l W‘id{h of an

th . of the el ectrode ele es of such
averagp 5%@% Rt oy G S BB TOHRGR 49 879 Domween
electroBl BGicARQaR bt YShewRs srrﬁll&cthgn 91@ olAeRe celF:J o egé)gt?l gap

structures shown in Figures 15C, caste
dimengonsyoabessedsprsfeoabty,ithe gdp tg:mweenlﬁﬁtmdd eltBBntsEf ¢ot eledede

struct ur.es ri Iete netries are not
structofs s C03 {4060 2 APaPad HEFaPR VST BV ek e arat i an
assay 18ngl thé 8GHEATRreRRedbly. ithe #1iRh BEE bAMh&ivtdh Qbcttdd8s or electrode

subgeonetries and i n the shapes of the subgeonetries

elemente ofradayicea gherresant inpketion ysed ferrmpwgying eukaryotic cells, such as

mammalian cells, such as cancer cells, endothelial or epithelial cells, is between about 3

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

most preferably between about 8 microns and 30 microns.
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t hensel ves. [00113)] El ectrodes or el ectrode el enents
are preferably distributed over the entire surface
reglon of the device they are fabricated on, wherei
uch surface region is or will be exposed to conﬂgdﬂne2005
IOUWI cellhs wigih @r@ateif@FrO%‘?lamcwép@mrﬂldwot é@ul@ﬁowﬁamceu the
remstag&% ﬁf #hF g%t@trrg ér?%‘rtg g/ﬂll ﬁ}% th\é r‘;ﬁe (ﬁi‘l 0? e el e rog %ment

decredsest IBrerincredsed tesmﬂzeﬁe @lon gelhee@lécftﬂdle eEHn&alﬂiEnth]) caubdla large electrical
present invention, the sensor

potenty ifiice &g%f} %iffe?&aégtem%a)@naﬁ%eleﬂr@ée glemienty ooyltmedy
dlffere?l@e/‘iml%ilot{?u% sigBNfol Q&%’l@ﬂdeﬁ ha anS BiehdRd SYBirRE&Gt Fegg%r%rbf e

t he device, Wwherein such surface region Is expos
electrqsie elgnngntsodt isgxplogedithabcalsllarsled ndend ttehad s:agny Iiegnon on the

n wor d erred ev es.of t
substr iR Ghekfies Ve ABPEAGEE SEnflS SHOFS Gop choupacabipeugbyt i par
of an 19&%19itaté’d/ eectidie¥rattuide cobEdnateel cdtRMle QRuthRL where the device is
gsed or will be exposed to the cells under the

to be lgg g%;' moMigHHE p\élgprwttqapellysgglt podasmaban e¢liscsuchde cancer cells,

B S B 208 ARG AL, (5P, i
and mowe peéfembbpgfeatai thame mlt(mt 00 ﬁrlcfbhe Blenwiith &ra lirgited by ther m
considRFrigh Bt e e BETORSS AP ERes SelldhhoeeRed over a ceniral
part ofssﬁlEHﬁthlryetﬁlde efe@@oﬂé"@ﬂptresﬂpirnea ShAGH &)ggﬁlcﬁl %%ﬁerﬁfo&upﬁed

pre erab y arrange in the electro stru res
with thitnba og)Dhat ig\esitorad cedee&le redgeotdresdtenttode swivat thaffield strength

n o AU B8 TR SRS Rl S e s

times @ldebotoliEtiBbetie Bize (AL thXFiehdst anfvige cll ARéh REpreh® and
in the direction normal to the major axis

attach%ﬁo t%ﬁ?gs%t@;é%@r@&@l%ﬂm@%‘h@) assqy By yisa the devicgo Paderablynéor an
electrotale %&He?lgﬁlagﬁ %aﬁ%g\éﬁ ﬁ?/@s 0} Cwsgﬁ&g‘rettﬁg d&h@e i %) gee ust%g Ff?

osite trode g

momtararrgtezmhwbm cqjkspsmh fay manﬁiléﬂmh iceldke s@ids oa&cfee ﬁ:sllg; enddikelial or
ends in the

. | of .t ap, hat ex
epitheligt £ /58 oGS celipge PmPiHs 165 FeB G SORR gl pde, and i
preferdbhe1e8Bghah aBotit 25@niébAs Q'ﬂﬁ) Irf BB phfHed 'eﬁlbgﬁimfsst)f‘?ﬁ‘@present

el’'ectrode elenent to where it borders the other
inventignewt ¢ledtewde element lscmtwqes abptpc?& migraisdad abart 215a enicrons wide.

oS BUSRE e SURRRL BFF B

electrodx alepleats shbult e des glﬁﬁt\fnﬂdth‘ép@i & tha Erelcﬁ&ldﬁ\d]dﬂﬁ While other
bi oconpatj bl e nenbrane, then the nenbrane is the

ratios of the elegftde elenuent sidthde gapmey be pilizadnprefahlyi the rasio of electrode
elemerg lel!?lli 'to gﬁlg tvg tﬁ“?é %IWH}I Ab3GP1 ?25%{\28 1, %"r&g{af)g}j ﬁle e(?tj: ?ro nfgl%ment

0es no stantialTy excee
width is é:btvaeemh enardhiytinr tha ga;ﬁwcﬂth ad@giteforublyh ﬁlesel&sltoﬁate&hcnt

se be aV|or to be non ored u th
widih § bteen 3 1S topae s vidh v, SpEenBInG fhihe b Reredvaden 1 00
microrR @i WReNdést p6int 0 2&dh 8| HOEL FRLp QR WotM HB ALt BBGHIERINL at
contacting at |east a portion of an el ectrode or

the widesepaintofshegaprhetvcenRdfackitrelectradesadt the pfestieapplication, the

electrode width can range from less than 5 microns to more than 10 mm. Preferably, the
electrode width is in the range between 10 micron and 1 mm. More preferably, the electrode

width is in the range between 20 micron and 500 micron.
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gap between el ectrode elenents (or the gap size)
preferably is not substantially |less than the size of
cells (e.g. width of an average cell when it spreads
and attaches to the substrate) whose behavior is lfdune2005
[00M8] noNpe-dintting sxaneplesef raeoriale fortelectredesces eldstrode elements are
indiung ﬁ t& (ght(%)r gl{ro%[&rs‘a%o d, (%n gltulc vﬁtnl\évtgm?tﬁ IS I'\]fgrorstgglgancl
alumirsoreRRatroded ic&p tappridel rﬁmttbﬂwodeaﬁgen alnpRéian 6 Lagprgprahe materials

for ma gy RS ARTEe et Pial RIS WHGF SHRhatons! s peaddctne enough,
how dﬁ‘h&ﬁi i 08 }%t@gtﬂmg %mgtetﬁ'ﬂja SEL sdbBirre, wh&her thgﬁlﬁ?entah@a% be

the size o vior Is to be nonitored
reliably :usetbet he*tcaraung mole@nlar Hetectotnhassayhalitble prebertt lms.xeahmct rode

the size of cel e.g. )
jooifof: [ Etefirads of RIRReRR oo et B pRlarc s ot B Qiteggially
conduétivelrifeSalDFbF atatiple, ol %&@Jt Il.ﬂa@ffluﬁ ) 8P PRIWE Shen substrates
el ectrode el ements can be sonmewhat snmaller than the

such ag plagtigsfor palymer mgmbranesapreisedagn adesien bivonef rrmtyl feh as Cr and
Ti can%?%?%de pﬁlgr& r%’ géﬁ’ucé p\r%ueg%&éol%&%ﬁge Eg Elregt es e xgutdgs with

eleC ures ranges ron]a
conduttivegBbindiiths aret dasirsblt ktehmadiehalnfthlalan@y eAageloﬁ&inhmug eghrhple,

device._ Prefera the wwdth of a
clectrogh caneha (et ¥ Wl oPB AR Kir st Gusginid AN Anestrogs Au. Such
electro@@‘l’alﬁ?s Wil Bé&t&ﬁlﬁ%w&%}ﬁ%ﬁt Oﬁlté%ﬁ@cﬂ!ehp PHP&PI ttpdﬁ'sgﬂent

eu aryotlc cells,” such manmal | an cel
electmdahwbect@bdi Mna éml@ﬁ dfghé aﬂese;m insghtitre| Exdmpded dfpticaly

ransp Py e e i BE o Bt byl ecishacss ahtFO

layer, ﬂi@%nﬁﬁﬁﬂ‘aﬁ&&iﬂliyghbﬂirc\j@gwhnqll@lﬁlngel@i:t%&rbﬁn 38ds Bi2h as 98%. In
mcrons. 29 17 June 2005 [001161 The width of an

other capeseiufBeientty dirpendustiys idmsdasl § vergthingeld@linean Sk bees as

[
ovic 85 ARSR L, 5L PEEERIESHERRON b bl DFLERRS
dependsrmr%aemkjfamem &MﬂEetMIlmg'lal Insebneloemljaﬁhlle aal Emiiﬂtcﬁtovmkllc the
materighif FOMBAHAOHED Tt eal BIIGER enin pestteal on a membrane
substrdt€sul ting in difference inpedance signals for cells

| anded on and attached to different regions of the
[001280E ctin@de asieshedrihe prefsent |im;vqutierﬁ dhe édcttcnias otk Ipseskatrigeites or

and ttac ed t,0 a n substrat .
spparafflef Y eBrcACASE aite Stnel R G Ras BR mERRhE S5 mygratigp or
invasi®l, eedriovd ﬁn@oﬁmﬁﬂhndﬁ}ﬁbthbﬁs e enffloy thiinekidp ghdnedl&drodes on

el ectrode structure or concentric el ectrode Structure,

a biocqgppatible membrspe.c Onp gxample E)?etol}§éé photelifarapby fasgnique. Inone

exempﬁﬁ’%?ﬁé%fgédgﬁf?ﬁuogﬁhgﬁﬁy 5P s ?cﬂeecff%l 3’0011?;#1 1Bl Qﬁembrane is

first de@bﬁtﬁir\mdﬁa thitayed metal fine (fabbmngﬂegat@id fihanf ﬂhﬁwﬂ 231m over a
ons, ... .and. npre prefera reat er .t han about 10
seedingyl € HGRES! HHAMLREHFOR] St RIdlepgsitigieand/or sputtering.

Photor@éi’ﬁ?fcﬁi %ﬁﬁﬁ#}l@ npl‘fdﬁ?rESléth 1380 %loﬁpgﬁﬁfég)egl Efﬁe&tate'd%nwg e %old film

a cell that i's positioned central
to certzgﬁ ﬂsdcmsa(e\&ﬂy.lm\) ahd th¢recxtposdido W V lightethrduigh |amnak$m§tlaimng an

na compared. , with that of a ce
image pRTOPE Gediol el e PATRE! g eliridi ety Gesd Eoponding
developdiebetht Ipaotﬁare@{sd(esg I 85 hdeveloper from Shipley), and the gold and
chrome layers are etched subsequently with KI/I; and K3Fe(CN)o/NaOH, respectively.
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can be significantly higher. Preferably, an el ectrode

element's width is between about 0.5 tinmes and about

10 tines the size (e.g., the width of an average cell

when it spreads and attaches to the substrate) ofl7June2005
Maskscas pepdyseticanmensiadly siaipgtetrstrondesmwrétingdoshoeques on ultra-high

- b ; Jehectrode. el enent that . art of
resoluih B e o e hoft ThCR P BURR o Bl gy Roca o e
taken oor{érad irgigoduditaly yod hecuetll naks weibroakeciisda@iucane L the |

such as cancer cells, endothelial or epithelial
membgage |U§1,ngaa%0@flé‘agma§ mgthads o bt pestigular. emrsishoyld be saken tgappure

. . : ¢
s o300 O RO NAE mafEh Kig GHELEL AR MBI IR
photo-gfasking ppreese it additivedsitnmembraak dat atddest ehehmabf apropriate

. bet ween about 20 m ¢rons d about 250 m crons w de,
size £ G5/ Fgration yasing. o i s geioc Bples are esensprrdp elecwade
fabric4tidal cdrb ehoifl €54 f2REEn@AP 2BLMERR hoRk AGLHPHR fBhRITEDBE Brocess. In

shoul d be designed with respect to the el ectrode
the altgimagive, Powss cen br mede afferclaggods fabrieatisineusing thbriedtament

- Neid lil.zed ef er abl he.ratiqg. of
micro ol ShotRs Th R%aath it e gl Bt REbmstRei o
photolithGgrapity; f2BridatioRraad ethabhycrofabficiottht agerotl ;e m¥heddcan

.15 between 1.5 and 15 tines the gap width. Mre
rcadllbba@rﬁé? a4l ype appropEnte MatEHls adgresrdurasifer fabricatmgmicwmsleptrodes
and fafiutifigpb®&s the gap width; for exanple, if the

electrode wdth is 90 mcrons at the w dest point of
each shetbenrmebod phfabgeagsingiod phtteroinigdnibmekdotodesato use laser

Lcrpns_at . the widest point of th bet yee .
ablaffyf - B %% el Ho Sk f T pikentBrnsd Rt ABpr e P B, hilaver
metA Rt (FRIRambIL B g@larﬁlmmgoﬁtrcprrhhﬁ&%r hBéddim; (O REANST 10%um)

_nmore than 10 nm Preferably, the electrode width is
using methpsls suelyes weendapasition ﬁﬁl%ﬁlbﬁrpuﬁﬁl@ﬂgl "Fha thivbmetal film is then

t - e ' ' in the range .
exoREELEL Ayt 1 FLERL 85 2454 ) 08
throdg}Od @k dmaihingiah imggexfaaplies ebdctioas afrayal At hekegions where the

elenents are indiumtin oxide

mas e%ﬂ%ﬂ?%ﬁ%&’ﬁ{%ﬁ% fﬂé%{ %%bb%fr andrntegacts Wish Hiei gl film and the

AL ablleq SFF ' ' Q63 L€

T e e Ao, e T ane (ke SR

menthgang) reacts differentipatith thedhser froouls nikegd ditohs itonpesibe @l choose
factors: whether, the erial.is cond i ve enouygh,

apor &b SfludRion E R ol P pnfR ) i af haiabghoap ablate

the rfetbiSfiliBirRl hadhelefREt dr heinif] Ffed onGBOnRebraR! I8FhYredfRd where
for performng nol ecul ar detection assay of the

the mgskderhlogkingrihe fser, freonatal filmsaempisda the membrane. Masks are
ol G980 05, BRSO R s

ectrica 0 rve mater
plates AlDug tethat iflenibld Riajure afthbemesdthne WpetiaS¢ips naathesd toPdGiken
| astics or EOl ynmer. menbr anes, are_used, an adhesi on

. s p
in orflgh B eSigpoRhiy o aehiraiely epakg ppterorleciede Baictisesen 4 pembrane
usin®@l4& abt Bioh G4RSIst BEp /LGS, 'C&rersﬁélgﬁ b2 &en % e fel tlhat the

el ectrodes, electrodes wth conductive thin s are
polyaies meaiblanetinstteashed dlet dainyg thhinekkhbss:d 1asr ablagon procdski Those

1 EXa . 1elegtrodes n.e mde.with a 300 Angstrom,,
who GFRHNGin A G5 A 300 TR ot ih Fggipiation can Pty
choose appropriate procedure and laser wave length, intensity, masks for producing

electrodes on the polymer membranes.
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el ectrode layers wll be optically non-transparent.
Alternatively, optically-transparent el ectrodes can

be used in a device of the present invention. Examgl es

of optically transparent_ electrodes include 17 June 2005

[0032 4 um df thedghriration propess\ipr fabripgsingghe beles and deatiodss of

r W i f_light. through [ TO
e op s oL AR AR o S S el B
the posad ffbd iienieghatiohhhvisangeiRichtée af telpiths COrr&poRdiMe kytht Riddtrode
%ol d film, can be used as optically transparent o
surfacey, gtpgr Sopssin thsgans beyreen slncBpdasLr slasipds elaments.oAlthemah s is
not a réqBFd{RHESa [IFRRENFSE RE pREUR i entiBs ik r%ﬁ%@%b&&lﬁgﬂt ofa
~material is blo-conpatPIe and 1's not cpyto-toxm, e
devicerfat somiadspees obibd potsemtanesnbiog hEorlvawmglief fni @nelakpéct of thefedsent

. trerni ng such nmateri al,. o rane .substrafte.

inven(RRcHERRSBhoRHEl riBiiha SetaPieo TEORIR ot e abbeior an upper

chambeh)eeh eledesdedfrubfieesinahie MrfAe i G§iSa BbttorARRAKI YSES waf ©
fabricated on a bioconpatible nenbrane for nonitoring

chambeg) |Thgidgtagls phsich strugtiies end theinnses yg deseribedintbe folking

et h . ' ehect rodes on.
subsech A3 es o AR Cllnd U TRYCD BB (B0 B8 Bp6ilion,
the celhiiottkri]ﬁii aﬂmnmpdnml : h' edrl]iecai‘\ﬂ'm' Euguceﬂ finto fige tgp)@h:fsmbaray.d aphomiested
0 ot ol.i t hagr t hods, one side of a o
for theyy; TB@B%P&&‘FE%‘%&%@}] ejbiocoppatible dappuReRY Weitriag impedance
changéo @sé@fesﬂ?bﬁéellfrhigmt{cﬁ% 1AM L Echath P%_Jgj :%%%Eﬁh%t 13 BRW ectrode

tmover a seeding Cr layer o usi ng
structugst idle metnbinangs Thepdvandegsodithiiog tieaelires fos peit tegraatian/invasion
resi st or _exanpl e.. .photoresjst. S 1830, from,
oo B EROH o P el 0 Y PR Bl o P e i that when
cells nfigrateathfoulgh iaploRs Btey(c@m@ info ddhtadwWith BENatEXRAS 8 d@trble surface
[ 1ght through a mask contai ning an tl mage of required

as theyopxdicthe perss i the membance lppkiad aitedingnt fosthe eleetrofsenirfacisig
i SR RO D o RSN AOEE o8 ARSI e

the celshhareve aysneddireugh phredinsthb amnbemntd oan whhthibide/td Zheanded
. dKSFeEﬁC{%G/ NaOH, respectively. 31 17 June 2005 Masks
PO E “Pidliced commercial Iy using el ectron-beam witing
[00122F hNTHEUGSctQRe blehdeRtsihe RlectESQ! BkiefRirBiARR turkUSdlRe
the "flexible" nature of thin menbrane, special care
clectroge §iryrsieng unigs inethe prdgent apparefusesrcan bavepryoubiteblo leyn agwiations,
ceurately make-m.croel ectrode structures t he
surfac oA oo TR g R LG SRyt Ristion pffhe Sieode
structupdciah Ghiveddt leaSBtfvl (8@t chendnak di st afdtBe RampRathetd®trode or
menbrane is stretched flat and made i n good contact

electroglp SRIGIHE SHIRAGE AR SaRermrdifiphwith 2ealiaibesigy mremeton meicty.
Any sﬁqgl'etc'eﬂ-ﬁdh&.?ont sé}glgﬂﬁ{?rp ﬁ%&%‘legﬁﬁaﬁas é ?@ﬁf—&ss&ﬂﬁy}-}%ﬁong%e?%lar

appropriate ration/invasron, a
(SAM} lhgeri{ek ¢ abhandtbilobsesamegabd eskalkylpildxaned en BIBak 1S00E), a protein
11intﬂabri cat i Fn, cqi%e sEq?u.l d be t_akgg not to affe&lthose

(@ IREIMEEH R EEIHG- SNESTR AT RMY PEYICIRY BbRISmORGs spegiic or non-specific
cell attBHnRIP &Y thY BlecROIES SRBoBE aTRAGIALE Sleaf h9ebiiRA <., poly-L-

~ fabrication, using fabricati'on or m<cronachini ndj
lysine)nepolyoier byetrandss dharged edoupl Eamige usEH ds thewheseatr appatietusted

[0015:9] t I'i’eref%rra%ly?];he 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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phot ol i t hography fabrication and ot her
m cr of abri cati on and m cromachi ni ng net hods can
readi |y choose and use appropriate nmaterials and
procedures for fabricating microel ectrodes and 177June2005
connertsﬂé Pl H1ieTqI Al nPodaBeRIPAHEIRI CigPUit efl sienal sergoer Here the
edge RS G e JCHAE WHEH BE Bl Suc Paci®nd ARE Lorr BBLAL LoHRe
connecte:plqmdti en thei stubstraat«t hlnrprblhyredl aspreets alf tHed progefif mlvetﬁmmlic&rat,e or

ol.d film of t 0,1 over a seedin er of
traces %@ghﬂfc “)Fgl e?ﬁ&’tqgl‘-‘a%m\?%ﬁ F‘fedéi}’é%'?é:r fram (e aegs from
electrlR W dnfdnt 6k andthRr EBEtLdRREBuEd ITHohS Z)gﬁ %é%?r%‘ﬁg dtiBde

| aser (e.g., an exciner |laser at 2
traces agspenied en eepraratfemtorly of thiy rsehﬂgltateasunhshat dmmdarmt oaptao cach

other Wg %e?r{paﬁ%%%ie(fn lﬁ%%gr%ggegla r Z Iber? ﬁlgct'r%cgeet?eceﬁ ﬁeeed to cross

each oklasain ihidlgingntatendl @62€ tin ¥é $aRdivhiBedBbtRlech tHebl @M@ dt B8ces.
netald%éﬂntls ablated off fromthe nmenbrane. Since the
Fabricuempliveh prpagatuses 96 et mayislhveiayltiraye mecefgtmisaden | y
procesdbst h the laser fromthe nmetal film it is possible to
choose appropriate |aser condition (wave | ength,
[00524 enShd yresepu hgarasts ojn Soththedmiirise ohasemoesimpid hide@nal yzers
t netal filmand, has n ect or.mni mal effﬁct on

h ff
conneqtHE L Gy g10e CHBeEai pad ElRCTaries ph difoqly e idivegtly conneat to a
connect{l’ln%lil WHere Ttﬁk“y‘r ofB&% to 4 f"ﬁ‘e ﬂ‘@t‘h% inpbdfhct ﬁﬁ@&i&r OR dofifection pad

menbrane. Masks are produced conmercial iy using
is preferablytat ghe-adga ot perimeterpiiaddvivepd g mesent inventiving hut this i 1S not a

reaui R Pl AL Rop e bl BSALE Y5 RBHEE s ppesion
pad canloggondlly Heaﬁ)ef S coiticbiing gutlelttac canrtat 16t atiz6@ean end of the substrate.
m croel ec de structures on a nenbrane using |aser

In an exgpplar pAMRRAIRSHEO! thepresent invgntagn, thehiecompatible dewhighen
electroﬁ@s ﬁ@?&ﬁrﬁ:&kﬁ%l}%%‘%%&%%@l NI ed 6 EVAREN b la%é bl ﬁ[f:ﬁ%of‘r affer that

during the nas Taser ablation p ocess
can confan samplsidlitiond. imthessenbalhertts a oraomedtmmpzrd ¢anltsituated on a

. erni with laser ablation can readily choose
nuid cBiingt ot lfts Soinginie phe Smorebis SR engt n
[001251& eneegend ke 65, tRE tra ar @65 0F Q8FSen Hi%n any
ymer ne anes 32 17 Jun 005 [001211 If the

Swtablﬁ slBei bnencorrappls dwpressat qlfartneﬁ can g BtSht@ th(btee:emamble with

cutom | S AR TR, L SRR el Benmiienns o

mcorpﬁla&:dhﬁto al sireplPplats Fod Exzﬁﬁfblb iNRynatd 06/21] eachabpdiai@dk Somprises
ocated at regi ons corresponding to the el ectrode

16 meﬂ:?t}rer%eeégmtsr%rm feag ?F"i HEHOGERY PBLReeHomEet r odes
[00126] €l BelbREE: otth @legéﬁpgﬁﬂrzh'ggé chiPhava%h @mta*ble surface

requi renent or a present Aven
areas. For exmaplgrikd lomee dhaantizo damkave adfottam seface ereh smfﬁemﬁefor

s SRR LSBT DRSO of B SR el BB oo

3,000- ﬂ@mﬁr@m A, @(ﬁﬁ&%om obhecdat th?Eﬁcﬁlﬁer%xﬁlﬂﬁlecm@mfm&é{g) covers

an up chanbe has el ectrode structures on
at leastsijp 105&7@ Hotatetﬂrﬁgrfacma ehthe hewdyehafiber. |lowel! another examplc 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 i m’, or less than 100 i m?.
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chanber). The details of such structures and their

uses are described in the follow ng subsection

" Appar at uses Conpri si ng Upper and Lower Chanbers”

&gglomgé In operation, the cells in their appropridige 2005

937 hThg destradetsd geebe inany stiteble pmeandrge be dpratedrin any suitable

j f ' i ' ' . h_ t.he

PO R Bl M BLT 1 PEBHLALS i DU Ui o
be oashabotesubitrfat of glellowbigthatrben Ih prdféresdoaticlimehanbesensor area

and attach t.to ectrode _structures on the
can BY ah oot B SSern e 245 S0V 506050 1 G2 $18s HBh195%

9995 A0Ab4 Stht BYGS b8Rom! BFALESE (RO 14ME cﬁzﬁﬂﬁé}nsln%ﬁoﬁ'nlaleexample, the
menbr ane whi ch correspond to the electrode areas 1I's

electrpda(s)\helectrod¢ stenctirg(s hinghe hvoarghammbgaae be bhelye gderwalls of the

' tlact. Wi th and attach,to the el ectrqde. surfac
owdr T 0501 g R ble, B’ ook S b e e
In yetanatiereimple) thdhéleatiels) 0slecsipri RGA%Idcod MEtelichirk Reving at least
h pores by fabrjcating pores at the |ocations of

throu
twog e@%?(?f‘o%geféﬁ shir¥et angiher expmplen theedqarede(Rpgantyyea shape of a

' t Oy j : contribute
e e g Ot e e o I RS TR el et r o
[@118REmtsc ehibedishanttho e chiirbelof dicrpreensipparinusee Sanddithprise
t e%ecﬁrode_structune units in the Fresent
a m%@@ﬁ% (TSR SURTEHOR QU VAN S8+ e dbaclagh o pihshEsagents that
maySHFfulE€ oPiBRH RN nfigftRASnIR[I | KRLMANRTY dinQBEition, the upper
exanpl e, at |east one of the electrode ™ structures ca
charpbgy & the nresgst apparstuser earr eaeprisk @megrtudator of cstlinkigratinnbher
h“agégnple, the electrode or electrode structure surface
area can be nodified with a cell-adhesion pronotion
[00d28] Iyt préfired tinbédiimenB f kheastBRat PR eRIGATRE{<0én Mk 86rhBiSses a
such as a sel f-assenbly-nononol ecular (SAM | ayer
deVlEf’eE)gth? PESRY ABYRion alse sy srierfags dlestryicsiingwding émprdlance
r.: o . | . . I .
meah PR R i iRl 0 bbb T B RBA) Bnd puicn the
impeiarcd hegsusmand pirgpe ¢d Electrodeadtiuctatrd wdtsngdevices dfhke present

. electrode.or electrqode array.surface arep), a peptide .
invefiSiy Brofe o Sy e Sies b inyianon dySinchis &oBRngaming

soft@re ?&g&ﬁ@thﬁﬁcdﬂﬁ&ﬁbﬂe Red] 18 B£8R AP BAMBh S E: ofiMPLEREe
Preferably, the el ectrodes, el ectrode structures, and

betwepi therelpttrodgscrrsincrods siructurps ¢ighe apbasatuses off Hte présent invention,

€5, fromthe,electrodes at th .
The BeRSESHh LR dR G e RTL AR BTt B 5T poatiio derye
apprbprixite pacanmplees (edz. bélbp@APatinddxgonBMIhRfARIon M) @nd Bi8Ylayed on a
can be 33 17 June 2005 connected with a line froman
monfipredance neasurenent circuit or a signal source. Here

[007S0] f@glgf‘abﬂf, tﬁetk%ﬁ%ge ﬁ%}é&ﬂ?h&%‘%%’ ot(?% S\ftﬁrg Soild¥in functions:

el ectrode traces en correspon conn
(1) efpatignioallyt $vatchirastor edreecting jorpef ardeekaaspractiecuitf(ot dmalyzer) to
esent jnvention, the trace or _traces from el ectrode
one G ERERle<leBr SO pEPE pecseT sHSETHGE (eRGr bk HBRNGRET 11 om
meadui@ndrt @FQS! {or A1y R ok hRAQur8heRERIT Hip&landd8dthetn or among
el ectrode structure. In one type of arrangenent,
electgqdes pF gaeirodestipetsres peonauanetiperiappaicst 6 )r pgronsgdtic

acqu}rg(? iﬁﬁc%%éea&a?a t%ud%gvé Q&gm}tjrl?eﬁg b%?o gqgatlly%gf%%gn%tpa%%lcelgers {e.g., cell

number index, or cell migration index); (4) displaying the results on a menitor or storing
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ot her where their paths cross. |In another arrangenent,

where el ectrode traces need to cross each other, an

insulating material |ayer can be sandw ched between

the el ectrode traces. Fabrjcation of such appar atédege 2005
resulip; (Qbutematienllyipsviemyiag gho e fupeticns Ithrough 4iat regatar onirregular
timdAhReesses. [001241 The present apparatuses can further

conprise one or nore inpedance anal yzers connected to

one or nore connection pads. Electrodes can directly

or indirectly nnect .to a _connection pad, where they
APPEgHTet PR éef?ﬁ%+%ﬁ?WQWﬂ§5§ﬁ%e anal yzer. A

|00ABPECt [9BnPRAPect] e PERERTIARIYIoRTS JiRRtRdI%n Abpdfiil Pt er

of a device o the present invention, but this i's not
mongoripgerll megratinn @finydsenpwbsbrippamive comprisesThjet least one upper

ctil bet ween el ect rodes and, a connection ad .
charf G e PR B o e o il SRR R b b Btine or
invabi®€t)iat Resttone dwatHa®ber BEa Bidbsthp@ife mehibrae o@fﬁ%ﬁ@ilngr y

@Hbodinent of the present invention, the bioconpatiDble
multple hples o eputblesireslloming wist migraéee o invasiie gsHs to gif through,
. i1 i [ t ai ne
s G et Rl B 6y g M S0 B8 e
chanelrineuld heever shamleorfroec tachrotixadsadhmebrzsie tfudlice do@Priding at least

fluid container. or. plate, conprising one ar nore fluid
two glstraer lcared aigto il eliau remrase o daces 889 1 chrsbent
wheRRPHM ik 86n bt IHEAICRRIIS AR VE hrb gAY hSlk §88] EmSihBfine and

In one exanple, the present devices can have a size to

contpss apd/apattach|te saifl electredes ofraaid mepitaere thaxnukirateq dhagd afis.

. S L.t nl asurenent umnits are . .
el e S5, S0 A BB L B migion o
invadibguf esd ddls: 21, each apparatus conprises 16

urement units within each a cell mgration assay
[oﬁﬁf]k@dﬁ@p B rdiluid gonterwer aithe ellareratiomenpertees phidie present

. H f }
T
In orizoxewgries theffhud cantaiaers wf flieqiresehit dpparatiats emiveat sofface area

b -1 10 100 00-.300, 0-700 00, - 1000,
sutfg tor G5 ingn k) v PPels ot 80 o0t Tosisdlersranple
each PARGT HADE10AES 6r- eabR pAPBF HlBEtr 6 AT Bres WithirBh BREER Q?é]az)ims

covers at least 5% of the bottomsurface area of
that js spprectaddpipe impedaneg alyzghesntame e sarfadeayrea sudficibutfoom
I I f :h I rchagper, is less than 10 mm®2,
attacgjlrﬁe tgoggi t Feﬁ‘g[ﬁlo%nd &e%’fgy}\faé%efm ‘33?115'1 m2, or |ess than

[0803B]i Iin@ne @nibddimsnttdfalie #Q0e appdradus, Me BidcolbnBib2OB@8mbrane
00127 Thﬁ el ectrode(s) can be in any suitable form
furth %P"bfgl%%%e  Beiferroptinglyes onithtide fickedhe apper ghamber. The

1s & &afhd | i i gtation/ e -
eels B SRR LD ALUE E BarrEPlo AR FopilasEh s Thp BAEbEpalitle
membrane carc framiése. cohtingsroafedtherast bertbsidésyeuhsas, fohexaersor coating
area _can_oc at. l east 2% 5% 10% 20% 30% 40%
"f"“éé’%m"é%%qf 65)5%‘6%“"9?6%0%% on YEPBFr sieRy§HSPolylygine on the
lowee§liér e bottom surface of the | ower chanber. |In another

exanmpl e, the _
[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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el ectrode(s) or electrode structure(s) in the | ower

chanber can be on the side walls of the |ower

chanber. In still another exanple, the el ectrodes can

be needles in the chanbers. In yet another exanpl d,/June2005
[DHSSE| ech tyera cBImberof dispresenb apierapses caw by ey shangrfor

I 0G; I r S. t
exari Al AR5 ool Rl B3R SHRAS AePgY Homper i be
madg of vegdwsngiterialairzludit epolgmeisr plhgtiosorgslass C Aalogudl eianibieR €an be
or. a sinusoidal line. [00128] |.n one enbodi nent, the
of VRIQHS Y OUAR S Sie- 1"’1'1]2“%?; glmler 9f gﬁy%ﬁ%b@%&%@%ﬁ%h@é any
suit@bl 808 bR%s Ofn SRl dxafb@ Alel H&ﬂo&rsukﬁ&ﬁéieg Of th€ i8ver Ramper may
chenvattractant, or other reagents that —nay St Ul ar e
be ag smphas bimm'c ek largdr ghaat S0ommi” nlresioter eArhpletht butedry souface area

' b . t.he ehanber, of _t he present 5
of e REFRHa e s 1S ARERT P SIS 3005 BLERY Bip & g less
thand¥0Q jinty aslesdithad 000282 | n preferred enbodi nents of the
resent invention, a systemthat conprises a device
[YH3phan ypaachambernof the Prgsqrt spparafuses gar have anyfshape for example,
- n e circui
o SR e e P i (B ARG AT LR o pEfpade of
varieusdnaterisls mclibng potpedanglastie asyfl&8e An Wpipecthalrtbet é&n be of

.el ectrode structure units of devices of the present
VarnpyR RS A ey é‘ﬂﬂﬁ%ﬁ)ﬁ}?mgugfe%ﬁt Wi orPReR Ehappless émnade of
biocopefiik Gibnir e thﬁ‘t‘ﬂoﬁﬂﬁﬁesaat%’dgpbﬁeeﬁolgéfvz?g% it SYRTS: cell
_ prograns, that can enable real-tinme nea renent  or
migigpRiniepiag. ofheimgrbianemay be baeshtotupperdhestbeodelds. 6Fhe area of
e t he aratuses of t present
the S0 5085 S A EbHRaRber ¢ BREREEPHAHRe fign obfheERSTahe) can

haveaaityosuithible sizk Yoranatydiad aarll niipReiens@ehsio adRl ¥8r example, the
cel I, nunber i ndex, or

appropriate paramgters (e, g.
area iy bcrﬁsg%rf@ﬁi a8 Mgk jargerdhen Shmayedn enother exgmpleo the bottom
surfa]&%%%]uprf)&eé Gl )éflestshf Ao ﬁﬂ‘}’?{ &t lg%sq.ﬁﬁr? o1a&s Rhn 1 mm?
nore of the follow ng functions: ') electronica ?y ’
or lessvihie BD® grf cor lesimact(iorigni. npedance measuring circuit
nal,yzer 0 ne of multiple devices of the
l@ﬁél nt Q%faf”&éﬁ_éﬁ}e regent e i hfl G omppercipDer chamber and
a low&ahbins arflell BYialdebRE oR PR PFERRY ink BtiIFRAR BE 8RB by Ahy
_ i npedance between or anpbng el ectrodes or el ectrode
suitable methodse Faiexanpleot tomshainperstiiciguentiredng {t39ast one tube or
[ caui red. | dance data .to deriv
bor G BEAREN Bfh O o B ek TP BGINEp M FucR B8 ppbom charmber
struatwke l(in theifdeey ofl ab thaxt, onerwelld chn Bé @tRbédRutin M%érsi@’g) attached) to
diﬁgkayingathe results on a nmonitor or storing 35 17
the tgp, pfEucspyg Havipg &ha atechedgmembagerat i cal |y perform ng above

[00988L | ONSanlajRi AN &s?é&éru%ﬂ UL gry [%iarsﬁrﬁ%ﬂag\i/\lg&% or more

i nterval s. Apparatuses nprising per an
wellQhamogradotto0iditfbce candrensad pefabricdthe dpvies efthe prosemttihantion

i irected to an apparatus for .
on the%o?tom surface using, I%or &%mpﬁe, Paser patterning of clectrodes and laser drilling

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

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

electrodes of the apparatus. Preferably, the electrodes of an apparatus of the present
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nmonitoring cell mgration or invasion, which apparatus
conprises:. a) at |east one upper chanber for placing
m grating or invasive cells or cells suspected of
being migrating or invasive; b) at |east one | owdd June 2005
invegtigmisenneciclp aa 1m|pe@@np anslsiee orngrdane rocapring cuncgm at at least one
a,suitable sai
conffilibh Bk PRHEHAS sl GRS Y oS cdtiebl gAY 158ty connection
pad /WEINdIE 82§ cOARUIE RS [atks FionS i skduRReheAREn S QY&RAt GHA &Jn%e
and separating said upper chanber and | ower chanbe
analyzginingicrrempigy embadimcrio sspamrstion prchedn hegvityriediong tap chamber
£
S o BB R RE G bR BB e Rari g g o e
edgtrmrgreanna’ug ufrthd orasi mefacebf hempypeatubr ough sai d hol es of

ra contact _.and/or attach to said

[@‘ﬁé‘ﬂ (TO §feg?”%2%bq4§ﬁﬂ}t%\ﬂ%%€ ST EHIRENLOR, %Wé??@bthé‘f compn ses
an abﬁ@tﬂ@ﬂ@rﬁpﬁﬁﬁg\@?ﬁpﬁ RIS 2hi S 1&11&%5199&% E d%gfél

used to nonitor mgration or invasion of 3
biocpppatible n@rmrmala;cymcl@dmnfqrfap@lele@mraccsnmcludﬁng inpedatide

of .t he res i nvent.i on shou

meaflShBh! SR RARELAURETe PlodhEnR SEFRi b RN B] P eH
impelanid Measurdmidrit iclpbidtsae different lefec@0@ SXRERE Bnitd Shé hpHathtuses of

contaj ners of the Fresent appar at uses can have a
the presephmwentions Prefgrably e httemn e the rrasenhamention also inelades 210

comﬁﬁt‘ér Rghe :5(%@'&% gltogir i olip%g%ﬁgﬂlé reaLI 'ﬂm%rh%ag %ﬁ?«%@mgmtonng

each p alr or eac
of 118pﬂdan¢Qh€eBem thélectaodes o5 elﬁttr(ams&uamtls of tl’maztppa&tuses of the

presEiRaR bt LR B TR SSA eI s e ARPTBASAb st alad and

proce§sedl &5 ad a9 ? cipﬁ@t%tpa{fh@le@@rk (Se. deAALABLr #aBeLBE cell migration
enbodi nent 0 he above apparatus, the |oconpat|%Fe
indeppbansk dpdayel pntarapnitssnpri ses gel s or ot her coati ng
S er chanb els
[dé)?)(f]ga i 9%1%']{;81%3 hg.%oft\ggre aygo%r élrarglge og IBOI’CBeCﬁrthe E- hlowu%;
funcl:mgsr‘ atl) dﬂéttdlﬂ@ﬁlly@mtcﬂ"ﬂng ftr oanemiakiiBbedant® mehaR® g @aduit (or

1 rlse ? q%s on e ther or both sides, such as,
analyzsy t@ﬁ&ﬁﬁ ultiple gnjfy crfg e@ﬁS%ém&ratWe(%mta&lémg wRgdance
meafTRhbat 0P E??E‘éﬁ’f%glﬁfwm. een &t fioadfie BAWKY &) o
electadstys or eloptardrtstracturdsat biog d)ronuldnbterib@;uelﬁmest h33f procesugithes

ent th ronote.or . inhibif c ration or
scauf AEPesine e kel @pipodrate iotaic birEfvencrertaues (o 6. coll
numB&andas, ol ﬁ%fdnﬁﬁdéx@a(@? ﬂﬁﬁla&iﬁg%&ﬁﬁulﬁr&f@&%n%r or gtormb

i nhibit cell g&g&ggn or invasion. 17 June
resul{tfe@i J3somaticalhe per gbaye fenpsiops éﬁ‘éﬂllg}aiaptaleamlas@srrcglﬂar
ny shape for exanple, cylinder shape,
Hnm#@%ﬁgﬁgular shape and ot her shapes. A | ower chanber
can be made of various materials including polyners,

stics, A | ower chanber. can be
Dewce ? wembrahe) wthgMa i‘wle 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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of various volunme and sizes. A |lower chanber of the

present apparatuses can have any suitable surface

areas. In one exanple, the bottom surface area of the

| ower chanmber may be as small as 1 nm®2, or | argerl7 June 2005
eleqtrlfrd@ﬁs@e nfﬂierabiyarr@ngmhn@xmtrede mmey (oot olertsortd saumetuaaf ﬂmay)

e P S IEIES b LSS SR, B LB
elecdtred&. than 100 i n2. [00136] An upper chanber of the
resent apparatuses can have any shape for exanple,
(093443 das detieqhavinesetorgrerad DERapeCaRds surhig prsfesghds be part of
an adBRGHs gggﬁ%g{%e@é&qs PBARIAL or Yr?édef’s&bﬁg q&é@@h % Sne or more
structineasibleat pncamddosEplufahty af us@la&d\ibﬁdlmtaﬂefs &haes. wﬁEhlEcan comprise

bott om G th r. chanber. .i s de o
one of BIOEH] eCefan#o supbdhitihe biogRpPTIE n%FaélﬁéFP%ﬁ@S the fluid

confafless #@fo RpRF QRb{RELardl 180 Er dHambeR)! |
m gration/invasion. The nmenbrane may be bound to upper

[(Hdrber Kigunesl6 siihes an exargpfle of hleamafmnhswmmrsemmutt’rpée top

t.h di f t
R IR B, GRS RS IE S ShhEne
are loslded 69 (e &ﬁdnﬁlﬁénd(\l GS(D)CtHataﬁs Pyres b ﬁp;@%]ﬂfﬁ@é Szed ﬁ?cel%ﬁg@aﬂon

may. be_as sma or larger than 50 mm?2.
or iny4deRe Fagh g h%mb%rr(é gb d@i%ha%m eprERspORding heitamp pbfrmber (e.g.

163?:23@‘9{3}51&10%1%%}; %ﬁ:ﬂep,gﬁer% gigers]a%(ﬁro(a% é%g&ﬁre%gﬂ ﬁ)eaoqnggis u? ace of the

menil@one] favthg t|l16 64t3ath chambyapan aperstiaf, thicheequrods eﬁnﬁctures on the
i,nvention Fﬁ gpprls s an ulgfr chanber and
memBanguF 03@1&5 {2 el ipradanss measigmed Ry cas éﬁtdlffﬁ\?’éﬁw‘fl?tbﬂds

For 62&MNE JREBIONANes K ichRtcRdBE E@'ﬁlﬁctl\Feq?acgg( orfthe
top chanmber structure Cor‘r'prl Si ng at | east one U e or

menahmedmcegise%n padscah theeedges eftthe thendranede Conrectibn phds can be

| bott ch Str, ure (in
comfiLEIT b PRy BPE et e eiR T o Al ok,
appraschy; eletighlokiresathhiass ﬁﬂ()pet-zﬁlvetcbﬁndcﬁﬁn ShithUpedhcd ﬁiéh%ng

the attached nenbrane. [00138] In an alternative
instryEeRkgr qirspiEheandesoliierad qsbogdad yig evwhh%\bfpwgaﬁ@éhw

comﬁ@ﬁ@n piE! hﬁérg%bl@@v?’:%%ﬁh%ﬁt&aﬁ? tl'féq @ﬁmﬁ@e@sd ]%:one

fabricate a dev:ce o € present |nven on 't
cmbbdlmeotnnm]u;ﬁla(c@ cmintbgrs thay bcemdiqﬁdl@llylsqsﬁateqb aﬂid ercoinRGodhected

rodes and er drillin f es. In thi s case,
oniy iS¢ fis? BB B St mepnithe s iy LERintha simbagivabhc
multie i padhembérs aROTtRFRmBRBM &hid &%Hﬁ?ﬁlﬂfcﬁlr&?ﬁ Eﬂﬂ@p(f&eexample
attached to the top chanber structure. 5

multipp tapaahagmbers arduelagics sadh mannﬁaetmrqdd:ry lumqtltﬂenpkhng)offha one piece
of tBISLETaMBLEN mbneliles, An | amedance anal yzer or

nce neasuri ng Circul t TRt ed to at | east two

[ llﬂllé@]tlﬁ attesfafuringehapipasmpatible MebinabndividudBsensor areas can
ctrodes_of an apparatus of the present 37 17 June

COV% ger eAsthen Bill Bo RifosPapss AN aivvRbletiahambentangtues. Bris can
ensutd TS 8NGEN TRAHEARG FPHdfid i ofheR! whERS] o chamber structure

and a lower chamber structure are attached to the membrane, the wells encompass a

portion of the membrane that is essentially entirely sensor area.
[00146] In comprising a multi-well configuration apparatus, however, it is not required

that all wells comprise electrodes or electrode structures. For cxample, in some preferred
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connection pad. Electrodes can directly or indirectly

connect to at | east one connection pad, where they

connect to lines frominpedance neasuring circuit or

i npedance anal yzer. In an exenplary enbodi nent, al7 June 2005
embodirmtst, bwomdreaadlsbmn somprsea lenst apbtipn ofiabiebmpatible

L ir,ﬁ,l ?‘t § gﬁl{,@ﬁéﬁ%glpy)rqp%agp ngtlgé]ug s%ggmge{gggg%gr Ifnlml:lel V(\:/lells that
lack RESCOB L e@ctxﬁﬂ'@sthﬂ:‘iﬁr@%&%&aﬂ@@@ adborkBE BRRaHAL ééﬁs used in the

[001401 In preferred enbodi nents of the present
assay gorebe MinToscapispdy ebrertedt owmb fordeechenncah ppayabush as gene

L, n r and ower
xpEQIRE LSRRSBNHRSE VIR o800 Riot SHonElRFRRlipu o
exampii‘f': eibfsaldb&n@l c&ﬂ%ﬁﬂ%b(ﬁﬁ:e) ﬂh@@daﬂ@ﬁﬁﬁndlffﬂﬁﬂ@ &8 of plate readers or
asurenent circuit and switches (e.g. electronic
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the present invention, devi ce measur i
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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, 1L-12, IL-153, IL-18, GM-CSF,
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el ectrodes are preferably arranged in an el ectrode
array (or an electrode structure array) that
conprises two or nore |IDESs or CCESs, each or which
conprises at least two electrodes. [00143] The déViJoge 2005
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e TP G T L s SRR Rl aRL AP ton sgpras
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. 0145]. | n manuf ac urln t.he bi oco atlble menbr an
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a gl\ﬁawarbefqr@ apRlyingtesting taukeeytes, Whichdngrepus fhe asewrpey. sad
reprcﬁju@fﬁmt? %?ﬁleq{ssdﬁzl. efil H&q@es,séﬂpldpatt&é ?,Sand E?Jtexﬁéé‘f‘ﬂ% ﬁresenrl

sone preferre
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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39 17 June 2005 enbodi nents, one or nore wells can
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hat . can .be nonito a syste
varicyf PRy S RE i g P repioB i oish EBR e el
el ectﬁ@ﬂﬂ@ﬁﬁﬁi&eg hvthes 8 AbdSer iGerithUAREWR c@ﬁﬁﬁ‘fﬁrﬁ& ffameters
cells can be provided in the upper, or | ower charmbers

(for eyfamphe T@@&q&éﬁeu@een KA - and 0P @meglar)plt]e@ thé c@lhmonolayer can

then %Q B#édc ?ﬂ ego]gss ggblg %[a%g gr 31[111%12? Pl.{é glﬁla e NS réct:ult(ajsngomg

thnn@h&péﬁhh@ﬁr of cancer ceIIs and the assay of the
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inte @ys§1eljh§ célpﬁ@?e ér&tt‘gﬁ; 2 CEIF W&F?g%ﬁﬂéﬂ gﬁpl{i‘catlon the electrodes

undanment a {ure Tn in mgrati
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bioo EAP B DrBRERE R AATEL of 1568 AR 1D SLCRFRIPrFRBbL 65 thar

abouh@¥RcBAE Br EOGUSRALAN] Hﬁ&%ﬁsF@ﬁ&aﬂ‘%Ie R Szl Bneter can be about
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1 mlefp@,rqtq oricien.i Vee ¢legtkcdes cergaining membrane is then used to replace the

microporous membrane used in the insert plate (or called filter plate) in the conventional
Caco-assay system as described above. Similar to conventional Caco-2 assays, Caco-2

cells are then cultured on the membrane in the wells contained in the insert
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and di scovering novel anti-inflammatory therapeutics

Wi th capacity to inhibit pathologic |eukocyte

m gration. Cytokines such as IL-1, IL-6, I1L-8, IL-12,
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the membrane arc toxic to the cells in the bottom chamber, such compound molecules or
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reproduci bility of the assay. The devi ces,
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lTM

for example, Matrigel™. For example, Matrigel ™~ Basement Membrane Matrix (BD

BioSciences) is a solubilized basement membrane preparation extracted from the
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about 3 mcrons, or even less than 1 mcron. For
exanpl e, the pore dianeter can be about 1 mcron, or
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t : | ion of the esent invention includes a
can beplBBPEEIE Bt o Phf BB e PRIy et at us
compauadcihasdanieethé mvabiBivhagralias BEIQNidr@f céldan be@tbvifled i8he
Q§B¥e 9§po-2 systemw th one difference where the
upper hep - DePaYt e into which the insert plate (or
GUISYET  AhabRertSnd : [ Lgat
15T ThEPRSoia ARSH IeShdsE s 88 LARE LEAHER,
impedaper, atsigance e cepaitin@dds calaubahitd natfade tnwhide a
bi m cr.apor ou% nenbrane, t hat forms the cPottom of the _
1OCP BT FSHPE S fATPREI0G W OF BYEE clartEndes IsigVealbh rafrerprsibly
attachBd © 4 Afst BRtd R RinprIEs Y dri tRbR- Wil ltha bthvBde 16Q%r chambers of
performng the cytotoxicity assay, certain ceITs are
cell pugratieregniing iy meverselhy on iregyersibly higadhad & 4 sqsbad plate that
j 7 LLar 2.as escrj bed above. Fo
provH iRyt Gt AU SHRE BaclRE o 2 on GO unes fsch s a
bottah el micravgrelltpiie )y RichbitiegclpEdC@ESatitin (HitU@nGRRBOVEESle TDES
hggb uman body can be seeded and cultured onto the
or C B agpedin dhq eBbrangem e inreblneiached o the lawstesell
thigel EAL. |
con R L O Rt PR GUDRE Iorh i @ R TR AR the upper
tubehpinmplawahat fetnat the uppertchambeb. Ia casestilnevhivhriie aeebrane has
On _t he, ot her n uch e| ectrodes on the nenbrane .
beenfiiot apBisdHedla i Voo Rlr Sorp s s g hgen oupiedipetnd
optidn@ll fthdr @Eagents of Bdshy @&ﬁfa&&n&l{g hhe R%ef ShdmBBR SRhAY BE provided
|nt?g;|ty. VWen the cells on the nenbrane have reache
(for exemplg. the lewst Fhipathess e haveghpendees, ondheiy sido mpba fidt the addition of
med{%}zlecules can then be added into the insert wells.
iese drug conpound nol ecules will be "processed" by
(00b88]c el Bschapphdamseecdntanssd to sedyt the fisRtial 6 inGasiveness of one
nol e uISs g%ter t he drug conpounds are processed by )
or mpggLeLBNEn By Affelacrdih AR HBRET Shampe W 48 6BPATA Insing a device
 the Bedbrlt MR AR 23eSick &l It 0 el i
¢ vygi ch t t hg [ n’saeret 1%???2’2%%?8% 3@2’?.‘[9’ oﬁﬁgﬁdc piact)%(‘lgrcﬁl ?S}Id
contasgdlgt cumeordah|csll{ ok mediangotiethac h therpeekensd dfan appropriate

medium for cells, the attachment or detachment of one or more cells on the side of the
membrane on which said at least two electrodes are fabricated can be detected by a change

in impedance, capacitance, or resistance using the device.

45



such as hepatocytes, neuron cells, lung cells,

cardi onyocytes, or primary cells) to which conpound
toxicity or the toxicity of the conpound netabolite

after being processed by intestinal or other celll§ June 2005
(@189t ul tThequesont iovertion alsbtingibdes westbmp Fartnesabtitig dedttionh

: Il plate Th | | | at .
i G R, U BHOLY O EONg N ECe KomaiFes i
appdrBR5 &I RBG e BeMBCThal Afin S8 %tlﬁ&ﬁ’l%%né BB EALRTIE BlelilRle

mul tiple-well plate. Thus, if the drug ~conpound
strugtpres syirewndad by m}lllil@iﬂ ifleidegomeniness aind mhmnedmab@llyzcrehat can be

B R L SR i
measement @R uidy 1s41&018pd&tﬁ%l)2 Q6nectelied thergpdoRd@ts. tEhe impedance can

mol ecul es may be transported or released into the
be apayzedATaReATER 1n shesuitalle fieqpency Fangsot. go itsARPHSYTaRgsbetween
abotgq 145 &6k ARuIEES Bf bRk F(f HE RRS SR ﬁ%ﬁ%egﬁlc L:Qrg‘ﬂegﬁ(}n of
I'n a variation of above application, e cells’in e
an ippedapne mealyzsr trertediiedespiani apperalusycar bg dm&& e thdifeot: For

exanp| enet i aII altered) f ncrea5|ng t.hei
exarf R R BT Ot TR SR pefind Saned Wihetigipedance
anal§BirabdleiceniiBRties Phds 1h 'é@cﬁfh&rhﬁaﬁlﬁlég cleainstied 8t @Ie%&%ﬁ&ts can

In such a case, the cells in the bottomwells are used
confegt tomnﬁawarp@d s ¢lesttiendl tdeadugtive sbandctioppatiuct

ul und nol ecul es .
[delliralgﬁf p(rf% esseccill 'ﬂgooﬂ #&@S‘ﬂg glaetsg Elg‘%rg P étem'liﬁ@t COMPIISES

a deciet bftheprésant 1b0¢r1t1©mallse lihGudaa nntbﬁa&felémjbmcb,yiﬁﬁu@ﬁlg@ﬁbkcﬁmce

|nclud| neu ells, heart,  cells, liver ce

meagyrag et FUGHIE agd S‘%‘E 65 e clesfrapicsyishes).fo Fﬂl@rcﬂ@pfl @mtch the
impMRhESmERARrMAE cHERIARS Hif?ef’erﬁ Wiek@ (?eestlfuefurm&%ﬂtﬂcgaﬂﬂa%mses of
electrode i npedance so that ce status can
the present W@fﬁlonﬂ?éef@taébt poyen of thehnedso‘t inventivaldlw ioendes a
eonetri itable f ot he

com B S bl B Pt TG et frunapitoring

of inhydarddi bwvﬁ'fn tﬁéabétﬁﬂie@ oﬁﬁbétﬁ)d@fs&ﬁctﬁ?é@ﬁphﬁ apP&YRRE of the
cells, heart cells). In such a case, the
present ipveation.| Tag meassbiddmpgdarce daiesen bg aitpmptieal yeinplyzehand

procEﬁ@%gﬁ&%@nﬁﬁg i:;ﬁat‘c ﬁﬁﬁ{e ‘?9{)"2!? il nﬁﬁggﬂup n?a? heeiprtn?q%atlon

indewjedridsdisptastel @n ajmmrdr pI ate. The change in the
ace r ed si naI as analysed in elther
R S biethrabas B celin S0 G PR dasielipyingan
functidieh: Q@ Qéctf&ﬁcallpﬁwﬁdﬂﬁg %}%ﬁﬁccnﬁg %?&Hﬁh@é lll'lgélsllﬁtlg Icgcult (or

speci fic metabolic nolecules aftér the drug can
analyzstde one st mublplmlﬁﬁtflthezmdsenmr@r@mmﬂbsommlu@ impedance

for asurin toxic or
men FAGhR Y1 el B0 7 BB e R i R EET p BT o dmone
electeslel of aSﬁfbd@Isﬁﬁ&[lﬁe@ lat Syesdrafuitiple ftedubitiest 1) eobQBing thy
Pancr azi o, et al., Sensors and Actuators B

acquprRé Hp}é%ance\;ata toghmvg, Epprgplgate bpdogigadlygylevans paraimesdrs (e.g., cell
mumbRhN&eHLE1GH] ﬁ&at}%asiﬁ%e kié u(gf Clﬁélg%]ﬁ %ft}PeBeg‘lﬁﬁ%l a]' HoRE storin g

classificatio S
resulRy; ()‘ijeiedllmlsald)jf pd:rﬁ&Tnhlrg gronafurenahs Seilrdw:hSt atregtﬂiaﬁﬁﬁergular
nmeyﬁ f@tuators Conf erence - TRANSDUCERS ' 99, Sendali
BaR’ June 7-10, (1999).
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[ 001551 I n other aspects of these enbodi nents, the

el ectrodes are fabricated on the |ower side of the

menbrane. In these aspects, the pores of the

bi oconpatible nenbrane _have a di aneter of greatef’June2005
Mulip{en Tap Shambenpxstesit, Wishdengt €f 8teqily9"dsess t han about 30

j ns ] I - -
17 B P OE s B RO A i
imp@ihoen tastaet, oradpreitnore «dhn dellsubowes insdrfiee,abniphiging a platc that
menbr ane. The er side of the, nenbrane can conprise
compgise GHR O BIRE WRHD 564 91UV RAFD FRIEPSES ewﬁ%né?ﬁ hatygoanprises at least

two D8t I8 Rhd onEQ G feSRPes TR Ere M cABER S EF A5 EL ibbleﬂrinto upper
matri x conponent that can forma matrix, such as f8P

and lowgrphamberhiani sl membrape coramaseplasyr vt suitglele Tl dBH sittastmbent
and%{% ane Matrix (BD BioScienccs) is a solubilized
asenment nmenbrane preparation extracted fromthe 44 17

[0ba6d 20Guch kpgehthsatchn bo LsedSvasdaly (ARt S an SAVERAER of ope
a tupgor rich in extracellular matrix proteins. Its

or mezg Gsils ddiep Hieyrire placdanianivppert dipmbaicef amapeaialusg dihusing an

_ . . on.
oops 25 BULLRS e GOMNGAO o SRR 9 B AOREc o
the sidegfillee pembrana ogevhiclcsaid attleast tvameleatdies agy fabdidutddadiieas s

. i ch occur natural in the EHS. tumpr, 1001561
migthRFCPH BT SPGYIoR At S F BRTIOF RE S0P inioduciet micae upper
chaniBRABiPHEd & eleCPNPEhHBe I inhRYEccObapabitdrd8) drdbsiQince.

endothelial cells. Thus, cell mgration/invasion
[00ReHu gh Therarnsratesesii the prssent énvgotivretindte matufadtapd by @an

. ' ' t - f .t ent
wopr e BlebY. Yy sRlle) HEmBBREY MR Rre SR BLFBE rser mare
electaddee havet Heen ifabrated RAmrbe itgdched tdihmwiless vadll glktuses t6 &rm top

e ovided in the | ower chanbers of the apparatus.
chan%&rﬁf %ﬁtaqaw}lbsgﬁ%ew beitached S stimeure aemprisng walbsdbat cpm form

botidrf s?aﬁhfém. A QLAGRIY, RehRM O vafhGSasheaah aggg%t}gdosﬁﬁ)glsmg

upper charibers of the apparatus.
wellpthaseantfommnbetrn ghamipr$, wdd sulsrogaandlly ise® pfpdece remprising gube-like

| ectrijca i dance, resistanc r gapagitance of.
strocf bl flops B RR B aide PR R4 P Ton Fapfi R0 o b he
loweRPIakY i@ fge\REuItilY iafhdh@d tVheOfieriBrae, @h& Bl RERBrahS covers the entire

reversibly or irreversibly attached to a first plate

upper Fgrface SRpieibodtgm chamber, seme meang gor erampls boledén thowsie walls of
the I&D&r@ﬂ%ﬁerg{ shogﬁt l!sae C;ﬁlégiﬁ?% fog ri]nt%Hutt:lg‘ngg’chc{iée %*@f%ﬁlﬁlyb(l)%arg;

Il rreversi Yy secon pr-ovi
reagdntibiatcsthe loverrchsmbérat This can isteddngpfthe eiidie has ffeadebben added

: igration u iSS (?uch .as a bottom ess mcro-well
Into f'EF gPB m Cg?}eﬁef ARl EERHVE Brateh 1§ faPtBH elsrirodes apd fagmgpoges on
the b8ité¥|sBrfhddEef wells SEERuld-Wefl Re RIBLEL For etxrgl%p% F?ﬁﬁtﬁ‘-%uell plate

~can be irreversi blg attached to the' [ ower,
havingghirapoly sagpaph@treembranoadibe bakpel ted stlisequantip mbach clantom

Stmc{?"g%iézgvg O%V}%rgﬁsl‘nﬁ%%cag'lt 3%’3 E&ﬂcg{l %P%E Ef ﬁgr u pper chanbers.
(00165} The poted andblebirddre cAPPOTBHBatB@SN 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 ion bombardment followed by

etching, or by laser drilling. Fabrication of electrodes on substrates has been described

47



been irreversibly attached to the |lower plate, sone

nmeans for the addition of nmedia and, optionally,

ot her reagents or assay conponents to the | ower

chanber shoul d be provided _(for exanple the | owdf June 2005
abo e, apeh o §"ahf§ﬁﬂ%%ﬂxsﬁ)@ﬁpt@g%lrféﬁﬁ hewell sitiaclygde pachrtgehnigues as
lasela}qﬂﬂgh{nq cﬂflasepgﬂﬁt?an) ﬁi%ﬁé&és c’%H%Q fﬁﬁ%eﬁ%ﬂ%ﬁﬁf&&%@ Before

used t ssay e nmrgration or invasiveness 0 ne or
porerreemadd 1hshev\tmembtdmeyoraailenmhaeigdpares @m heppate iohandmebrans and
e BRBRL 5 bl e DT b gors o
the MbdiBiafle ﬂm@'h@ty@a %rr@spﬁﬁdih g relé’tﬁfﬂlfsl%E Ned, thereCAR 16QRJInMNhe

cells and nedi a, such t in the presence of an
regigfgghdporrasnend ﬁt%mem}ﬁctr@dc gufdces. the attachment or

h 300 the side of .
I(ﬂﬁ%@f IT%I% H?{/\ﬁﬂ){r}ﬁve%logg ? 11?02%48 S¥W Fog élifiagl.g&‘g eall?czncal
impédahcd, eaﬁmce At dapaciieh@cdfecbellsubstgiamgetace eomm@ﬁﬁl@ﬂfée
capaci t ance, ~or resistance usjng. the device.

appasgiees sigersibed hereiuthatigannsisese plats thwpase%mg@piwiw gach of

B b O Sh b &} bl B ARG Rprzes ot last bwo

elecirpres ahd ore comprd iresy anchan ingpganctanslyzerdbatarni be dolreceidno the
nbr ane haV|n8HnuIt| Ie el ectrode

gl GicFARRS! B B Gt R A 2o Pt e Bhrea Fshement
circit) it MBS dpBLEvaRalanaested ahe RDrOR:s C TRE BRp&REnEOch MR analyzed
mul tiple electrodes Preferably, an inpedance anal yzer
or megurgd iy gy seidableBegieneyeange.ci g cufrequengy einge between about 1 Hz
and RER 760 NBLY or 5&%@&&@% bBGut S GFE" Q98 onddBon of
npedance ¢an be ana ze or measured in any Sut ol e

1mpéda&cmzemt§§zer faredtrodespt, analpf)diraﬁpu enc e diaewg er heliresre For example,
or betmeen 10 Hz and

about 1 Hz and about. 100
elecGeBA o eyient o Aot BAR! GO Bpcativth R HaRRan AR by at the
conrleBti®] SRk oS IRE eﬁﬂnﬁl@P@lE&Fd&s GP8edR gl 'el’e‘?ﬁetntsq{an gonnect to a
indirect. For exanple, electrodes can extend

conngetigerad on a@alacmdl)cmdectlvmonhecamn ipafhedance an aI yz er

onnecti,on not her. .exampl e, el ectrodes
B6T' e SR SR AR O BERIERGE iRSREN &S iy S iprises
a muilti-avell plhte @pparaxab b¥/the preduitihventien ARE Ghdl@ies RRbifaceRA4B0iks,
In preferred enbodi nents of the present invention, a

including igpetlaige neeprmsBcircyit gad pyichss (¢ Becl ?ﬂf@gwlt‘?hes) to
conttol Exbi?cﬁl @k ﬁﬂ s AGLAESukdbh Eﬁ?ﬁts% ﬁﬁ%etrr 53%%’%'% structure

i ncl udi ng |npe ance measurenent Circul
units( .tk applastiseo nf he préstuthieedntiono Pedatblg] a aysﬂhns of the lprdsogt

ance asurement. circui.ts to different e trode
invelgf R EIOER § SO e MR AR rTS oS Tha e PRsen fme
meaduPf B8t bP honftb@hE5BRIptdaite BUEF RIS et dd@ dRS @rs&égtrode structures of
invention also includes a conputer having software

the app@gtiua@ﬁmftthfapre@@hlrernathﬁm Theaheasired mnpawp@danpambe
el ectro

eda bet ween th ﬂ
autom th 1?/ oaagl% d? adlcc:l oSS gicto flﬁ%veawé?pé}aues%zgmg?te{s &8 &ell number
mde)nrcﬁszelmtmg[mi@ﬂiﬂdeﬂ) anfiliesplBa8 uh adnddipedance data can be
aut omat i cal ly anal yzed and
[00168]  Preterably, the software program has one or more of the following
functions: (1) electronically switching for connecting impedance measuring circuit (or
analyzer) to one of multiple units of the present apparatuses; (2) controlling impedance

measurement circuit (or analyzer) for measurement of impedance between or among
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processed to derive appropriate paraneters (e.g. cel

nunber index, or cell mgration index) and displ ayed

on a nonitor. [001611 Preferably, the software Prognam, .

has one, or $Dre of the folloydn% functiops: (1) °7 U0¢
eleciip e SIFCEANS JRSHFTSAOn OF B s eRHEPAGS: i oeRssesing the

r‘ .

wcafRATHDLIRCE LN dor ¥ oppR RN bee L PRES R B bt T, cel
numbppiaden e celhmagatiemedex)c (4) display{ng thamsity em ) nfomitor or storing

rement aof irnpedance between Qqr, ano el ectrodes

resulfF 5 aipFatgatty priibETEEboNe TR Tk et reasfar o tregular
timd inRau@nci es; (3) processing the acquired inpedance

data to derive appropriate biologically rel evant

paranmeters (e.g., cell nunber index, or cel

] LOM.) Sgﬁgi (4) displaying the results on a

Mul %%?%%82?&£ orlﬁg results; (5) automatically

{ga68pr nilhg pedsenténfention aldo sorthptikasapgirathsés for aghdudihg @lectrical

. drregular tinme intervals. 7 June 2005 Miltiplex
e PRI SRR St Ssell R iels DI PR mPOO BT inrt ray

that ERBpREB DRE br MOKSRALrOhatlRS, bRG H¥sc eV AER ihermeable
measuring el ectrical 1 npedance, resistance, or

wallg apha perane biogémpatihdé membbamiercamprising éwb ac elore erpiridss figming

a f copmprises two or nore well each .of
the PPt A onet? O8I0 Fisert CAmbr oRrefF iy figapparatus
also tingbudek @glldte thas canshienen®br MBFvAR! afch thAahendeh8ray of the
menbrane separates a well into upper and |ower
presgili g

ampsapen fifrine plate- furisrabie teompirt Sescammsises gudtiple insert
charstird &0 e?ch&‘!'sg e i%g ﬂ%&%ghi}ﬁ@és m&ﬁﬁ*eﬁ%&% gnrda%g %s@f?i]trﬁli'g h

appar at uses €& used to assay on or
desigmedascly thaeths inkrtehembas alipr eithehd fit whe thetwhedls ddaelate. Fach

el R s OB i oIt Pl ot banihe bl sl paolethen

lowe®ch&lBb&@s BAEMe iert® BLaPnsEP 8y Ethd $opRPchdnitRrSdfde.nf the
menbrane on which said at | east two el ectrodes are

invagighimigtatiegutite to nigratory or invasive behavior of

eas I i,ntreduced i.ntq the
QA0 A E Rk o fin RGP B GRif ctiiEa
impédamed estseance,ap @apacitmee, of @fcel BehstiataRrfadOMLOKIEh Ih Bisert tray
E@gar tus of the presenf invention can_be manufactured
Com 1%

Béh OB regnismingihe bolirps ef unpshekaess is
reve%?dl | RgteP R @ﬁrs@ﬁﬁt&ﬂaﬂgghﬁﬁs&}ﬁgyﬂnﬁ ell§ #Fag Eéo@\i\fo&%f)&@y e

een fabrlpated can tac otto
changhtersieft agh exsi gtatioh @nits, tsogh thehaueh eeld nti gratiorcamit prefes sty eampiises

at gsed.to a structure conprising wells that can
mlﬂ?%?ﬂ{kg % chanbers. Alternatively, devices can be

[00NTE! aSt@cdpparabiRedcaniieUGbdicCaseAMME nSbRAGon WElhvEsitdRts of one
can form bottom chanbers, and subsequéently the top

or mpfeccells whap theyiargplocaddn an kppershpmben(inssrt chanbaihbLysapparatus
such}%ﬁét{ﬂiﬁi)ﬂ&%ﬁl{é#é%e 8k M&ﬂb‘?{%ﬁa?e Ifn%&lrl.rl]n‘}: f3p cglps?m%%crt?ciéhnllgnt Gases
detachment of one or more cells on the side of the membrane on which said at least two
electrodes are fabricated can be detected by a change in impedance, capacitance, or
resistance using the device.,

[00172]  The present invention also includes systems for measuring electrical

impedance, resistance, ot capacitance of a cell/substrate interface comprising the insert
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| ower plate is irreversibly attached to the nenbrane,

and the nenbrane covers the entire wupper surface or

t he bottom chanber, sonme neans (for exanple, hole? En

the side walls of the |ower chanmbers) shoul d be !7June2005
tray gaypulisiefl glate priEYE ARG TUTRET somaprIah e Brredprcespkyper that can

c

T S i R s T
analydea fdyempeduncea hteasurahenteirstit)as elyy, orgratyepattrerented to the

el ectrodes d for ores pn the hottom su es of
clectipdes s THE Tpdilied Aelh 2eElh e ah bbbl Ry range.
eg., mﬂe{qﬁeﬂlﬁfl ringd FiReen®6UNDHE RhA aB&lt Y 08 NIQR 3y BeIRIFR1BNE; and

e bottom, and subsequently attach a bottom
abous SV Fle dpmppatigniaélen smpedanceanalyzer o destiodes ofrardpparstus can

beth;(glgé'l r%hn@&%g@%ﬁ?ﬁm%&%ﬁ&%%&?ﬁ? _can be fabricated on

rane sul e neans, depending on the
[(mv:g]r :c aania]:re gm showed sdematio Ebpﬁdaseﬁlﬁﬁﬁdleﬁan Jd&glpmp BmBSdiment
used for abricating pores and the_el ectrodes

of thy |appATARS BRE CYRPEISS 2P ISER v Sopplate 17 H) pad - ~wellhpttom

m b
Do e bt 7 TR co R e Sl Shilibts D ené
platedili7 19)i qo)glpnlseﬁbnult@iq loﬁﬁrbwelﬁ @ct 5)06&3 bottotmbsfawacbfeestclm asert

abov and f

o)
wellgEE PR P B b e ot T Blfom e fcing the

bottdri Chataigers M%:dr@tﬁﬂﬁ tHUes pRt (17 8®as pRatd REdHhB Bofterh ﬂlaﬁ§ €1730).
abl ati on) ectrodes can be fabrlcated on a nmenbrane

The plestinds stiystuges onrthe heftnm pyrfaceof aaakinsesievelbare connected to the
n a
o ST AEL L oo RACES B MRASL 8, ST s

on tHedwatbinonurfate v fMtbe eleattramedeas bapodnpoted o emnnet:h@m @Bn‘i&r (ane(})
orre atio Shlp

d
tocatf o PR GBS ek dhanOHEk OaF PULT e s (1750)
locatel ﬁﬁ)fng Releowsné @Pﬁé instAQLBE 1 THE ‘é‘orﬁ’fe@ﬁmmht@ 13750') gﬁ%/%ﬁf?er be

i ncl udes systens for neasurlng ['ectrical
conneeted & %ﬂmectm@rpaéaﬂé'&ﬁ} lanated ofi the hettofry Islalbswheatthe inserts wells

o |ng he arat |be
e 8 8 R, 00 0 o RRRS] STERRE B Bt
may &aopPerafivel Wobialzceo ﬁ@ﬂieﬁﬁ@e@nbé eediRiakichbityT 16 ARBECHEmple,
menbr ane t hat co rlses at least two el ectrodes and

electppde spctpss onths kajtomyurfage of thsapriplrancers Begennedted tocan
connB&idn B? o@ Ghdvth tlgcea_ted‘gzﬂ thk: B{e?nbglirf‘ec WWRLESe ull:)sreﬁfv?erll%%ré/ mserted

an | nce an yze or I npedaance neasurene
into thﬂﬂjotlom)plats, satls connept@matady edrybe amtavecoatkcted té heedle-shaped or

T e
[o0ENge bﬁltlﬁg@ﬁﬁe@ BRBbdinh& of @Y@pr@&%ﬂfnvéﬂg)nwﬁ%ysté}ﬁ that compnses

bet ween Hz and about . The conneétion of
an lnﬁ%@@baw@enuhlawli elﬁtq @peta@tstqf dlerepyegst aweratp;]maa‘lm msludem
- il I I' e For ctrod
mter@lg? Qle%t(t:2 g@samé:gudm 1 pedancg &leélﬁlglg%lgﬂ%(:élgpﬁ\ml@ ﬁwgﬁ ?e g.
electtonuedia fvbies)atdadoyid Y anﬂtsvxtlﬂaﬁ theCigipeefice dieap@ement dircaiotder
exanpl e, el ectrodes qr el ectrode el enents can connect

diffegegt %{ectrode 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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connection pad via an electrically conductive

connection path. [00167] In preferred enbodinents of

the present invention, a systemthat conprises

nul ti-wel | plate apparatus of the present |nvent|bﬁJU“62005
invagipe.placieg erllsdn thetupperadembrref sashanpsratus; aed wenitering a change of

B R P B LR RS ol b Bl SRR or e et
[00175pedanes, tReesine RBAti¢H #sWitictted tdda dieﬂfoﬂrfeﬂﬁloﬁlh(&ﬁigr&de
structure wunits of the apparatuses of the present
migratjosas Hagian, Whish greaidcomprisy peRicyfdingan ﬂw%%mbed apparatus

for mohﬁ](y éc@lr}n Afon! o G g‘@ﬁe r@gﬁ?ghﬁ% h%bﬂgv%weté@ﬂg Br cells

prograns that can en asur ement or
suspectmimfﬂnemg mgj geating wp adrasice ob dievwppiar tHaenbet fotthogparatus and

C de structures of th at uses .of .t he
allowiy BE HIS G roie e Dermpercibhe bie R nR o St i e pages of
the polRtcP FRhibeate! Xn@d}@ﬁdﬁﬁ%ﬁng AEhRERCAIHBEdnCe H&We¥Eor among the

appropriate paraneters . cell nunber index, or
electrOdeﬂﬂommrgtoamlmtlomdlem)/&mmo gpelisyed on a nonitor.

100142} o e BT B el P00 Bt Bl s b i SR nfthperers

that ar&¥Wldtedion@11fmdigr 00 e Giviasign | me&aﬂfpeae s ethbd GarChe @déi:l to
(or analyzer) to one of nultiple units of the esent

monitos dlisegraeuns 65 number of 6el s Hpy miggate ﬁf)@d'a‘#ﬁ@to the davgr per based

' | yzer) for neasurenent of inpedance
Onﬂle@eotrnag@r:}lo?%%g% 48 17 June 2005 el ectrodes or
[0018BEct Tledeesht metﬁludse&ndie whd toodetentine whahérraemstemmpesnd can
f(S:lt:%)_%r.ocessi na t he ac%llj_l red i.npedance data go
moduldfpreoiPFTEISE O FBITERF ISR ARSI O 1R FRHER sty Todutor

For ex&ﬁbie the %l@%@ﬁt théIBSH caﬂ be ¢6hduciBdOrRtrtiAthd Qfi&toratiof)is monitored

di splaying the results on a nonitor or storing
in the presanke and {Bpncauf ervest combbyndpedfthe miethgd abesed 16 detetmnion svhether

thetest e e Bl R o e Bt st riiGmpReE s e

present M¥@BHS & 1) RAICAEPWheem tAP PEl Rl HaRsn (ﬁlGihvz{EﬁﬂﬁU kfimglated by a
el ectrical i mpedance, resistance, or caﬁac:ltance of a

migratioa) or ARsaBOp St eTaad thecmethed iprsed ihepress the kst conpgyind for an
mtago&ﬁ%fﬁﬁg%{lﬁﬁﬁ one or nore insert chanbers, each of
I C

conprises fluid inperneable walls and a porous
[0016Pp c CPhrahéthbds qur b0 draisedinosiorgniksbionor invasgon of normal cells.
elei:trodes form ng the bottom of at, | east one,, of _the

Alterngjyely, thepypsent metpods FS Lo IBPRHQITRISTAHONI0E iny3piap &f genormal
cells, eaé Sﬁeﬂaﬂﬁélygi@bﬁnﬁr Bl &nged &2RG. HPIRILAR MM iREnt! rﬁ;lE Bresent

11's, such that an Insert tray of the present
methoqlwerhmue‘rd foimenitoneniglatioe or Pvadien ablugor célks, emdodhdial caly,

epithelbao ﬁl&ln‘#ﬁ "bfozﬁaé![ n%%%’?ssaé@aﬁﬁg{'t?sp%gdmgl |'s, and the

IO{}I'BUI]SGYThetfbHNwi illgestegAadx sHplR of iRl prefat ippaaiis HAaRkpestion.
alitgn with and fit into the wells of a plate. Each

The appW@B\SthYCrﬁﬁl#Bé’rngfqeilémﬁfaéiﬂé/rlla\{?ﬁlym|Cﬁm@“&esv@él Uppe chambieagrean
insert ﬁlld%rbottéaﬂ{ ck}aﬂ'n%efl\@ll El E)VL%[‘ \x}en,eseBLr% e% b oar ﬁgl)fmer 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 clements (i.e., two electrode arrays). The clectrode array is of
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| ower chanbers and the inserts of an insert tray form

upper chanbers of a cell invasion/mgration unit.
[001701 The present invention includes apparatuses_for
measuring el ectrical inpedance, resistance, or 17June2005

appromlapmqomﬁ'cféo dfat avhea cplisarb éntrodueed andeatighad tp thagipaitpdgplane,
1mped?nce B%WCCJE] Me %&%{ng agl {‘&wﬁi el [%e%t é%la%p”&%*}*’tﬁ‘é‘aéctr% € AITays

he MOers = 1's rever

includé hit trﬁﬁdigﬁxaadfparrsltel Bleaﬁr@dd eﬁrﬁiy, £ onppgisl-dpival ﬂEctl‘HD]léarray and a
well s that provide |ower chanbers of cell mgration
circulay flepgodesiteny- thharapeatatys & ontigngeet) ﬁnawﬁlﬁnfm‘@ﬁl@fl ayfurther

compris@ 4R 'irh?&ﬁmc@éha! haf is ey &etemlﬁ:gﬁ%‘l in ellance between two

appar atuses can be used to assay t I on or
sets ofimicasiocendss of one or nore cells when they are

BT e P RS e SRt BedasBd iy & ip aniblr

Appﬁﬁii’faﬂﬂ’éh@n@s @RdtMni @htidiPink Ssiort MSdAbLACIRARMmUPAte or inhibit celt
det achnment of one or nore cells on the side of the

migrapRinyiasion AT raEeHs suspercted tolhepst nmigentionfimvasion deardulaters) may be

sl Rl LA B FERENR PR IRREE thE o R0 T

stance usi
bottdinehpnbadntoatdeay eithiapproptise buffed mdﬁ@ll&ya&h@nﬁealmﬁ The buffer or
measuring el ectrical inpedance, resistance,

medgym loaded e thgbofome phambeh Bty LPRDTIRG %Pﬁaaleéc%nﬁr ¢8bng
cheth& R trAdIafS br ot % c}:ﬁ nligh@iof Ql%ulatttfr?ﬂla@%?f %@gg&%@l ihniBlteR

appar at us, urt er conprising an
migatiah yzmagd:ﬂnmuspemed dibeogurdohigahtioo/ibvusiomrhédybdters. When the
ane ef er

cells 58 Hhein it peatrrg i vabuBe Rk oEbE hehathaing hembrne

and tacRtRDottoREhambYe |ahdiemNedtagdclife t e @1e@ﬁ&deoﬂ1%§tur£h6cated
i npedance can be analyzed or nmeasured in any suitable

on the kajigenepmbsndes alte@ﬁtblmpeéarfqe@@t}@wyhfr dagewdseiswaensured and
ut
anal e% Pr%f #Il;a 1% e&%ortﬁ ? 1, gnseg raaﬁpa:%&,p\é\c@\%éﬁhgema jort yog‘ élrle surface

arealo® tlﬁ:l wtofiogefacobf the bapparchimberc Phefelably, tHedutflce area of the
connection pads | ocated on the insert fray. 1001731

botterp g‘(ﬁ“és gomewbatsediced srothat thereri ph BRRIAY#t SSHRItIBRY.afo cover a wide
dyndric! égr i 15‘3]593991(&'{8 %Ev St ﬁ?é? iéﬁ %P%_C&Qﬁpéﬂ as@series

an insert tray (top p late
so tHaotdcbrarearhagecoviB30an gerife:el:lmiLmIbmspb gt, ¢-101736)00, 100 — 1000,
ises nmultiple bottom chanbers. The top plate
100%2@@%5 %onprlses multiple insert wells (1715). The

[001189}7t ORIl ER iRhstRBSAnbIRSLELampEbt the PreBeTRPPAAMS and its
20) that has el ectrode structures on the bottom

Operat@ur fThe epparays p@npmﬂ;es ap YPRaY whambfmﬂ@d a boomplipaiben pepardied by a
polym&% %ggygk Ah& ﬁ‘.%lzz éro arg eﬁs ? Eseneotﬁrbe?)h{l'xgghﬁ ln?f‘em%rane The

polym&ﬂﬁérﬂb@n@éorﬁ@@da:s mﬂteplé poek Ithaam% ofeppeptied sizes péimttmg the
edance neasuring instrunents via various mnethods.

1nva51\fcgﬁ%llé leagfptheoughy die siggand thegwimhepaf the pores in the polymer membrane

have to be carefully controlled for corresponding to different cell numbers and different cell
sizes. One electrode is on the top chamber and another electrode is on the bottom chamber.
When the cells invade and go through the pores in the membranes separating two chambers,

the clectrical impedance between the two electrodes will be altered. Electrodes that can



on the bottom surface of the nmenbrane can be connected
to connection points (1790) | ocated on the outer
edges of the inert wells through
el ectrical ly-conductive paths (1780) |ocated al ohgJuneZ2005
monitdr iiee toanssiiaiebrafie inhpedameart used|th provideethe orfneoaticorfopoigrtison
1790) may further be connected to connection pads
l3'1"0‘:‘39’%1795) | ocated on the bottom plate when the inserts
wells are inserted into the bottom plate. The
connectlon pads (1795) | ocated on the bottom plate
Aye GHICY pny tog Cieml A$5avy npedance
neasurlng CIrCUItS In anot her exanple, electrode
structures on the bottom surface of the menbrane can
[09e 83|01 p@e REA ¥ hows eyt ieqherR@dBediaqil nsdaowmd] rdsixeanice br circle-
on the nenbrane. Wen the insert wells are inserted

on-ling elschrps Wictns fabragated ayglpsssyhsietss wersgcoaditions (a), open
n

symESIURELY SRR TIERAAAC ST s BAERGEL Alhed el 1ne BREREHe and

substrhtersheaces) the Giksiwultnrepnetien rcedtaﬂmhg)HTﬂr@%ﬁ sellsfwasadded to a well

condine i eriisi g gD0L Rpatiactdl Bt cepftyathatathed

the d1&bi@8E hﬂmsﬁlsﬁ'ﬁe g ddghetter tHétc%[tﬁﬁéQﬁecﬁ{nﬂ%ﬁﬁ[mﬂ@HTlOSO cells
i ncl udi ng i npedance neasurenent circuit and sw tches

werq asddgd to e avells @ﬁmt@msw the Rlestrode sirugipnesrasl the gl daftemisurfaee.
Shom”%%%f‘g ﬁm'ﬁé o r%%11 ShhGHid m'ea’lumd\%rgs{ zﬁfd%&‘ lhe%eeigttﬂe"(%ﬁs did

re un| e ap par uses
not hiav¥ eﬂéughmmé_ﬁ(hlt?iaitoﬁhe cRtesEs! Thfmea”stdoﬁﬁnﬁécsl@ thacthe geasured

net hods for nonitorin tion nvasi on,
mPeISRes (reysiIcs AR Feartge rford%ﬁ sfysﬁf %@c@é%wrth Brcelirontaining
med{)ﬁwﬁ? He sH%n? rcﬁ'ta'hﬂg tPhe sanfd, d¢ ﬁﬁﬁ%ﬁmﬁ%?ﬁ)r thd WS- QN nedium added

cing cells in t e upper c sal d appar at us;
to thamct]lndior tlmrqon(lptmn cHende woil- freemlétdmmednbmtwentmducadmmg the
electr o noni t or 1Igratlon or nva

elec%%cfels or w ea e]%ﬁ ?qptqjglélg n%qﬁiéu PHAS é[Hdeluﬁ OT%C%TodES%eut the
cellsctid R6t 186 bRowhTRE MRt to@e bk@ﬁéd&m@@hﬁes J@i@ny QRe Bigh

i nvasi on, which nethod conpri ses: provi
frequgney ée ae@r@rmcbbaﬂépw ahays) lmnﬁdamﬂsr(rqsetﬁnﬁg aruiewenctance) is mainly
s 5Bt B0 Bl BB B FLBEL Bl B s

condmf:tmm/ﬂﬁil dieleanc paenittpis of tharblatioh eHat ishistraduead avershand
all owi ng the ceII§ to nove fromthe upper, chanber jnto
clectrple siggre. chblrper frgqueneins thige sxissn SOtfﬁﬁ e polarization™

effccggltg%elg%% th@ ﬁ%%&énc?ﬁ@ﬁ&ﬁ%ﬁtr}gmﬁ ang %%S}Icnhﬁﬂ%eﬁj &CRr example

or a ectrodes to nonitor gration
Sch\mn, HhR.askioparahd mbelirmet bkctrc[d&@)b?ai‘ﬂzaffht%amﬁjlhngcaf mufedals”, in

o Bioi: B, oh 0. a0 TR yondPt SRR e eselowitz.,

“A thdIN@SAtRAl mb&] feXRIBbRr-the iBbiale 68arBRc ?ﬁ&%a‘k@r clectrodes”,
moni tor_the anmount_or nunber of cells that mgrate or

in Mief\iigk Enrgt, ¥ Otl rﬁa PPSvier39¢h a‘fﬂb’éhe tradisipn fRhtdfenimgies aBeretlie cell-
edan 1781, .dP8 (RE 83R qFthoqs an, e 4sed, 1.2

contza ping e nlém as 1 ro ced 10 St[‘?e Wl Wth was placed 1nto a tissue culture

incubator for over 2h 401n1nutes, 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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nodul ate, i.e., increase or decrease, mgration or
i nvasion, or to screen for such a nodul ator. For
exanpl e, the present nethods can be conducted wherein
the cell migration is nonitored in the presence é?]giuneZOOS
lncra’bs antbe iner-medietstiraswapdesdd klrdotlng ke hEgerr: gvag swdll change in
h ? rmne V\’h?re er t he test conpound nodul at es
“l %%‘F%{ﬁréﬁg}ﬁ AVASY 57O the cell's. In another
[84apl e ,Flgda@zs(m SE@ a frediradg s tube fenddued echcuhes Rirhe
the cell magration or invasign is stinulated b
sameyplgptzedecirugurgsnges (39 samepanditigns asin Fighee ﬁ%oé‘)ﬂ qpen symbol,
shorty 8fes (RS FE it s (ORAREPANC, 06 S the AELRO AT e
surfices ntha tissme cuitgle aedoum eontaimuasild hOS@fceHs) mas hdded|th 8 well

COlltﬁJalAl tllﬂeg{ gat k:\p/ %/ﬁqtt ne ‘? r{ s lsngepﬁt Ismegglf, ggéﬁ gqr,}pr&gs chﬁg }thl% attached to
the &edrode ARA @t%sﬁfﬁt'e%uﬂﬁce‘é}ii@% Y cBRACAEIGRI dofitaidifg BIT1080 cells
speci fic enbodi nent, the present nethods can be used

werg alded 0 therwaHs gontainte tbe equtm@ﬁi wcpres amtbe well|bogom surface.

I I e
shofOBRDEL A VB oy AL e RETARR' e e
celld dill hovhdvg ehblhglﬁﬁrhatcﬁa&taaﬂ tetharerodds. tThe wisaoafitmed by that the
apparatus and its operation. The apparatus for

meaggRd 1TBPGAABCErssiaRCE ABd FESRIANGR) é%r the cleptrqsic stweturgwith Hhercell-

cont EqaiOf 4% tgé E:ﬁl% br Qﬁtﬁos@t}@%ﬁl&}g s G T ne fofthk Q¥R free
we separ at mer menbrane, e.g. a

medmm adxltdrtmu‘ms WET Ap déspabéWﬁ@ve foeﬂmmbndhabampn treendet]afinee.

ner . rre rane onpris res that
culngp Bk 555 ipfroti el Gres B8 Bistrieics, Phyhrbibe el wengta e gum
was tilﬁrdlﬁicect WE‘P HﬂJ’blecﬂ%ﬁeM‘[tﬂ%e@lB ARt hale éxﬁﬁgﬁ G¥RIto WRAdh to the

upports a mcroel ectrode array having | east two
clcc‘ged@,stmfcwét@mcglébe tlest kg frequapicy ée- g mwgmbﬂ é»@th aatbabove)
.arra Th e 7 n
resiihPprinbL S Bied 6 B ekt doflondbnd LR Sy of

the @ﬂlﬁw@&hﬁﬁbﬁfﬂmﬁ@ceﬁhﬁreﬂh@ %Idi:@d@ phrife. At pedadgeencies, there
bet ween the el ectrode arra will be altered. Exanp]es

existsfa sorealled eelestenge palariggtion”ie eriisadiad i HleéffaP@‘PqYéieéﬁldEHt
resmgz?{c@ lah(? 5 e[ﬁlcﬁ‘fﬁ{cE ?&@ dﬁ% E%pl@ AR A "}"l l “p dne‘ipéj{dallnonlul]ﬁaé‘

ectrode array an circular electrode array
elecapiepdarimtibo andrviol dgiral mgteu:mlsr’ 1mﬁgmBnmméd Evgs Voh 20ayp 269-

288, 14950 or, 05 st 17 e Ve o s odsd fordhs

polaﬁEatlHn%@%HaﬁﬁE Lo diac pAQLEkdr dBctRIIRE AL M%d BRlIEhg, ovd1es, pp
anal yzed are introduced into a top chamber.

579-A8f): &ﬁﬂruﬂm @nﬂéwgeﬁﬂb 4@emgute& ofter the gﬁlhmmmngmﬂsh@n was
mtro%a?d it n)vefl h aﬁlcﬁ wa% Pial‘;&? ina t%sgue cuq{ure {ncaba{tor fBr 2h 4P1pmutes

| n’\/aS| on eagen suspec

the ddllg@td @Réd BATH BT dtthcai@fd rdﬁﬂ‘,{asbﬁmﬁﬂﬂ&ﬁlﬂy midrescope
t op .chanber durlng or after the cell addition to the

Cxa‘f‘@ﬁ“‘é’h%‘ﬁé eellstip ghe tsgiondwet edvaraddty the cleslaercd)- viyader such a
condiRf, BREHAL Sf{% AN R&u & gﬁhéurecd#tﬁél &1 Hﬁﬂb tﬁ fequency
¥ d

er or |um ed“Into the OttO er ~may
spectranyofi th@r@uﬂah@hﬁ&hﬂf eiagmﬂe&truetuges was altered. leferent from the
change in the resistance, the major relative change occurred in the higher tfrequencies
where the overall magnitude of the reactance was also increased significantly because of

the cells attached onto the electrodes.
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chenpattractants or other cell mgration nodul ators

that may stinulate or inhibit cell mgration or

reagents suspected of being cell mgration/invasion

modul ators. Wien the cells fromthe top chanmber 17June2005
(00488t r aifend faketighatidef ikelkeacomedsnecd witinsel htzarhed to the

_nenbr ane nd reach the b tto anber, | andi on and |
reswgapt:%\%ﬁw@ecta 1thq1 celfsspttach at:t?mrétéo Bé&&g%YF ghage in

resisf) Eéeﬁg HAERSancd) faeamc%ﬁ@ftﬂm?aﬁe&@ g&wﬁ?nws BBserve a peak-

ectro es 'S neasured and anal yzed. fef abl
shapedl ewtve Bigure2fi(6s Al lower feqory,dharasd snedhverna cﬂnenge in the

ority.of th sur ace, area of.the bottom.surfa
impdfRci st i ast e el BSSrnfefe Piid i SopidRt b "
incrdabifig fRQLARK) R rhtid FcRapBWHaT itredneLdpek- \tdnai wnﬁ m:reaﬁ:mg the
an 1 nproved sensitivity. To cover a w de

frequenpy @lfthefs thesrage slegnensss t%ahM@HWMﬂpfr%queamW eit éhﬂuld be
_pom%édzo%ﬂﬂmﬁﬁsom&f?&%% togJ?O 2 e‘ﬁ%n u%aggg ’11{ @@gea%ﬁaﬁig! @a%&mtance

range covers a range
value afiDysetBOchandbixhe rddOfied BQA0piteetand relfl¥adBie Lell hieachment to the

fol]lo illystrat er exanpl e .of the present
Clcc'é?fJﬁ \é\fﬁié gL Z’ép Q‘L(’-‘F‘gﬁrm"fﬁec %%P%Ptgn@gﬁ% 1g drms of
paraﬁél rHRA8Hce Gl MR an8 ehndal RS el FHaTB& bin ﬁ]@%ﬁ%%qn BYp&ance

pol ymer menbrane e.g. a m croporous PET (polyethyl ene
duemeﬁphammeythﬁe}mwad@urfﬁh@ pol yrrer mernbr ane

BARR T Pl e AR Rt b GuoP ARSI rRBafegin

cell-atdhtd® tﬂél Bleettodeh td 1he revidtfceiwheh 1@ -qolll attatiedts Al @e@rodes)
have to be carefully controlled for corresponding to

and thefliregpensy ak whichdbgprakyabgpcanrs depaadiong ampng athertbingsyrow
mans ca?st Jtt{%ﬁﬁedbosl‘nt tﬁg Fnltebtgo&r%o ﬁ@é’,‘%en chﬂ ﬂ%&ﬁ‘ﬁen‘? L PSS the

S i nvade an
cellsgwhhﬁtheiaghc bh:q:enms @ dells hinee ﬁtﬁeﬁ*teirqﬂmmaabﬂhe agd intvacellular

chanbers, el ectri cal dance en, the two
compeneatsy Jf&égn fr ¢fdheeqlllyas ‘?}Eﬁ@@ttr«‘% é”et yid thapmae cefls

attacﬂle@ﬁ) tgggécugﬂwu}faee tebqie tid E&r'ﬁ%ﬂp{/aﬁﬁ‘@fdr WREARH GRd Mlchigher

used DFOVIde the information for m gr at ion

freqynoy 68199 all whieh atmal?neqma rerythepeltst afithe $aone tgpé kndyssiey similar

25 h [ f
physionEa capyEOR SRR OB Bhassh T mo Y S6t T ode

[tmus'ﬂct urrﬁ&lﬁm@b@@itﬁ%&@sﬂtsaﬁ$@%§ns@l)ess(ﬁmd@d 25%@3 Figure
condi ti ons: : en synbol, shortly after

26(A0024(B X06E) sf@@[Slt%e ey smctra@ﬁ@ﬂa rgsadtancs, lteh@ance and
s L5 o ARG 0 S S5l WG PG e
comﬁlﬁmﬁgthﬁlcngletd’nﬁln&i dedtrodd etr&trnna:e boitles bottom welll,i Kiganes2G{A),

2h 40 t |1 t.h | trqd
27(Bi TQIEOV RS TS dudSy SRt Of FRISCIREIHS HTGRRodes
(0998421 NFRGrEB ISR CEIHe SreqUBIS s ?%ﬁ%ﬁr&ﬂt%eyﬁﬂ id for different

conta| ning the el ectrode struc ures on the well bottom
numbers bhcals ad@ibintd the afelle corhpiisihg thelsdmeitypes @6 yircle-on-line

electgqec{&ls.._ Egrnéx%im%en geer&eng about $ob ce?l(sj ?edsu tsh z? mve\l%nluim torfJ ?T%eclhlagge in the
serial resistance occurring at ~ 2kHz, whilst seeding 3200 and 7000 cells resulted 182%
and 517% change tn 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 (sce Figurc 28B,
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not have enough tine to attach to the electrodes. This

was confirmed by that the neasured i npedance

(resistance and reactance) for the el ectrode structure

with the cell-containing nediumwas the same, or 17 June2005
for @mn&n@c thetreactanee valaes ARl kbinminkelugedito illvstreie Irelalﬂ@r@élp

he wel condi t.i on
bersiFgs e a0 Eher e Tnthimde.d%he iR et LG db R | REthSre, it
paraﬂél&@ilﬁt@ﬁh%sand @raramiama&tﬁla:eaeé Lisedad kaprodste frRddued Wasedance, it is
i ntroduced over the electrodes but the cells did not

also pasaible demapstiatathe depondentaplatignshijpbetvesn the gell number and the
cd f . 0.,
magHi S Sap b SR sl anll S or BRAUERGYAAS 0.
reactance) is mainly determ ned by the el ectrode
Deriyatine of yelbmaimbeeidex cal property of the medi um
(el ectrical conductivity and dielectric permttivity)

- [W8Phe Sgpaskergthe dppander relatienshircheiwesrethe tisgsured wepadaake, cell
numBE/ (5 ordry, MU Toeld EMURIBICE By ah AR cB bihBerRand el

attadhirent stetguansposkaie nal émvereem-‘sﬂlam C&lhndnhm pﬁl&xt‘ eoreell index)
see, for ex | e Schwan, H. P., "Linea

(
fromy thg megenpd EPRRIERCTHECHIENSY IPSE 3 oRAGI %?ﬂafr%gfa tepleulating such a
cell Hﬁhﬁ&" iR oan bR ugd Nin 1R ﬁm’é%ngE% illusfRke se98al RRthods for
269- 288, 1992; Jaron, D., Schwan, HP and Geselowt z.
calcﬂlAtlllmmh:h ekl mumbemdei bdsed ot He qhehwmzamstmemp@d‘amoeewhen

oclissp Stighedy B SToRBAT it} AN S Dhe Gils o agened 8 the
elechibddbu@stRé. t Bhe fntiRd&Rle! (resRRRELRY REctARE) BFthRFectrode structures
i ntroduced to the well which was placed into a tissue

withangl qellragtached dybwith same eelbgulfuromedivm piver éhe eleqiiodg sirpaures is
somc\é\gx{rllgsl I%ir‘%%ﬁ 61? 'B?néégp% Srié%@ghcgex thrﬁeﬁoa elﬁl‘gqm§94ﬁi1§9m(f1?%e obtalned by
one bh@oreadi tbmfdhlot;vmg)weysecﬂ ke infyedasdeandéasodd $)r. thBeleam&E of

t he non co g nat re of the cell rane,
Strugtyrgs, frath s%e@ v T8¢ Wﬁé“tif ced gﬁ%@e&eq? taining Hteoeé‘*ectmde
strucciﬁlrek‘ Cv@ﬁérréﬁ teSitdkd SE&Hm lg_Yl{é' s%ﬁ‘llelax that H?Jd?o%"ﬁ% iBePRcd /

2005 increase In the inter-nediate guenci es
meaiutemeizts fo thdCndHn, whdre the ostl sittachmbdnt chaogred) (2)e thetimpedance

| ower, o [ r fre |on 1001841 F| ,
meass 3¢ Eohodly (] iminh R istbll R o utied Sielied i e
wellf 86mpiieng SRMWEecBLAS SIRASeSHA m@twlaﬁ)tﬁﬂﬁ@hlhg\ﬂle%ﬁﬂﬁ period after

conditions as in Figure 25('&& (a), open synbol,
cell-gopspining raediwn addition; eells do aphiave enoegh time faitaghto the electrode

st TR O B PR LR SR E Bbemen
or m@dﬁﬁdtlémomthﬂeldctrod@ﬂirﬁlcé\i)ﬂ@) tﬂwn@bfkﬁicé aoesiied fhethy dectrode
tes. (cells were attached

b) lid synmbgl, 2h 4
Struq&wes m%én all g@tqeﬁagl éﬁ aveﬁmrﬁ Bied bgf Getain dreptment 66 2. digh-

r added
R R R AL Bl 1y AR s ARG R e
treatweht arigirtreapestsrshadd not Sifex tHeydidédtee plopegy pf thietniddiurd Ovhich is

ry'ﬁ tegc? el | -cont ai ni ng medi um was added the wel |,
overdhecledtiided)- di d not have enough time to attach to the
el ectrodes. This was confirnmed by that the
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nmeasur ed i npedance (resistance and reactance) for the

el ectrode structure with the cell- containing nedi um
was the sane, or al nbst the sane, as that obtaine? ior
the cell-free mediumadded to the well. As descri by 2005

10480k, {bene ¢xampdn dia sedmuptbenindse caebe calewdated Byl t ur e
: - ‘ d when.th
(TR S0 R SR Bl SRR 500 PSR

contal nirng
el echsivelbssBtihcd (ehepekllsadiatdathel ththeal@moded) blyithebdseline
attach to the electrode structures typically, the
hi&ﬁmﬁmé&uency (e.g., around 1 Mz and above)
(2f BhhROF Btk iR hé’nﬂfiﬁﬂxﬁ‘vﬁﬁ@ _ilpﬁletrgsff?tﬂc%q'ﬁtﬁ@gfer the
geonetry and el ecCtrical conductivity o the sol ution

t h&equency spacbdoced over the el ectrode structure. At
[

wer frequenci here. exists a so-called ..
L HEL e e g i e BT e
[do1egMankY cBePe A8 BF nedreftS N GRNMRLINABP o {caRS that 56 €ells or
for exanple, Schwan, H P., "Linear and nonli near

verygpadirighsr pbrells iavepressnt amer yiashestiodh clagtrasdeisarfaces. Anhigher
= - " : - 92
valuEBF o RERRr B8 rpoies ot oD Rk oe 6 o4 Bl
simifa® phiieogipall cendiriahs, ororé oglicdanateachéd tathe eRetrPdCRIMKS!
electrodes", in Med. Biol, Eng., Vol. 6, p 579-594).
100352} he et esHmRle tgﬁ calbnwﬁﬁtleééxaqapgﬁ cefeulated by:
Wl - el . 3 - he ’
N L e S G P T
40measnredresistanes (dichselleare atfached tethowldivtrodem by thetaselute
and spread (as confirnmed by m croscope exam nation of
t hECE™S in the region not covered by the
@) Baling de 8dterndAHRIth Hakindum ¢ONEid iheResiNBRBYSS Ser tee
non- conducti ng nature of the cell nenbrane, the
f r E§EEINEY SPeSHE®L r um of the reactance of the el ectrode
I e i £ f.arent han i.0-
GhEHELHER 1B R KL Brecttoh B R 2 7LD P a KRS Sl in he
t hesshitagberatior equenci es where the overall nmagnitude of
t reactance was al so incregsed_signifjcantly because
lo&gsﬂtlﬂz}"é EMYCs 43P QERGA 261 &° Iﬁ‘émél%'&‘ F’b!dégl.ca@ﬂthf*?n‘ﬂ glis or
veryZBRR nubfRASPkIL hrefRedekSh SNRtabRdd B 1R clb&RIGR sBHNGs. A higher
i
measured wth cell-attached to the resistance neasure
valugot frsllmuodlet mdex’t iadivelds that] foit sametthipsof the cdls(andellyunder
. .Jelative .change .in resistance, o erjal, resjstance)
simip€ oy GO0 gy e b §rtbof Rbf Pt Rl lBeR e
[0®1pfaK- [SHARARKEMPI, HR deffindinber iadédan belalduPU&T by:
frequency, there is small or no change in the
(1 hpé erahdeeaspigd diengensasealculaiingdbe reaftaneesiatie hndividing Hee
ra [ r n .
sl ARRLEH WREE A1 A0Cunathlde PRSPy e bysetine
pesdictaadeie. Wth increasing the frequency further,
&h? rati o_decreases to about one at higg frequenci es.
(?1 Tiadige prdgemyBmstaamatimuny xalus o the repelgespdigionrethe o

pl gtq@nbelh¥@ change in the reactance or capacitance
val ue” and use the change in the reactance to

(Apmid swbtracithgraek|fent themeaxtabin i dedoiersistancd htio.
[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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el ectrode surfaces (see Figure 25(D)). Furthernore,

expression of inpedance in terns of paralle

resi stance and reactance can al so be used for

descrlbln the change in inpedance due to cell 17 June 2005
valugpf e ctmdph’émélcet@ﬁ Hotidossanietype of o geideamdrieds pedﬂr
._.yval I St ance [ t|o
Slmlhg’f"%ss@ﬂ%lsgva%ﬁ%eef’fmgﬁ' Rk atienq o RIEPMCulipt ™

[aohes]r eslis{@anaethah@antple, ¢ied ihdad ¢aaddead]duitdd iy

el ectrodes) and the frequenc at which the peak value

eﬂ}reéckd@ﬁ@waedoﬁﬁequ&ﬁ% §a é?lﬁté’rlg theireristancg ggfio %ﬁw
S L RO 0
rpmstpmetl es the cel | s have for their pI asma nmenbr ane

(2gﬂ} ag? ; g?onents For a mber of, t he b
patl ars]@ 1Y% qage ‘W\'ESlﬁ‘Gﬂ?F‘d‘“teﬁ MGHECIEFqusney by

at tathednd 6nd Remeherkikade: albf ace result in higher

&;eak value for the ratio and the hi gher frequency

hihea integianng pll th@gebéa%clafm@awsluef or the cells of the
d.. nditions
(PAVR IR -SRI TR o 0N o8 phuipRdlany
poinGimeeead s0singlie thbakt- fieql.[eel&}dhks abdve Fekguples ApfifA) a 2&5 oBhear-zero

. and 25( F|gure 26(A), 26(B), 26(C) shows
Ce“m%‘%hféﬂﬁg? s Pwiseres that opeelly we ipsqsaﬁ&@ th¢ @5@{%&&&%@1& value of

el OO B UL L e

phystelogcalconditibhe noire célis-apmattached ®l the tlecw@lest r uct ures on

t bottaom wel |, . Fj gures 2 b 7(B), 2 . sho g
R8s o T wOR I By D i e bk i i o R g el
num8érafddx@d8SutilHARLLB8 ImpeBMECInEIMaB B YS thdiBtokih 8 GHIEBSMiitions over

spectra of resistance-ratio for different nunbers of

the ai@:ltrpdwad@dféelﬂlbhp@e mRE chRdsk do disgpplyinse ngpqdh@ces‘mhmt(szgegt a
. f r, n r . r
Smgl% 5 fi f'%@gen%gi + S %gﬁﬁ%ﬁiff-w o?r % g’h A a‘?%lqlllltnpgi Fhe

freqﬁe(ﬁf:iea] asrsdhditaocel @ticonditibgs. at - - 2kHz, whil st seedi ng
and . 7000 cells resulted 182%  and 517@6change in
l@é??lm pal; i§ tsetersd &yiths prgseat inventiprggdlenpe kqghl number index”

and hRSREF ULty moﬁ@ﬁg"oc@]b 1 cohdlfio d&h dr@ sdial SfVdrfoes ﬁf using “cell

reactance can e use nnnstratlng
numbel inddéxSns hiopitob#tank@anttand/oc G’iﬂblln){l ndyeliti@rsd t h e

itude of the change.in reactance. (see Fi
B0, 5" ndt POPachan B e SEUEE R dedioR sbompuries
by ufBAnK Kch"®@Y nRgibesRdet.0 111 ustrate rel ationship between
the cell nunber and the 0gmtude of the change in

[G028.H: an&@;ondbfu fartied veor dectiofie gprametty, éis pessibde torroastavad
“ca.llg%tl%a cgrver’ ?oarccf H:ﬁﬁ%ﬁ{e%eféﬁglgshbzlob %\g%ﬂe@g cél??umn'? ] %16 cell

{ra

numﬂﬁﬁﬁcﬂ‘fdﬁi}l pd?ﬁinﬂlﬂg@ﬁﬁ)hﬂemcb aidaagomebde f(ﬁ'&llifelﬁhlﬂfh@l{beﬁ BflcdiR@dded
ni tude, of the changes in parallel resistance and/or

to thg B AIRAIP4ES (ngHER A EXPETIBE e IBROTGM! kb B e desded cells
have Qﬂ%h% e ORANR ﬂﬁﬁ@e@? et BERh AR Nidh MW@n a new

e neasure |npedance
lmpedance measurement 1s performed, it is then possible to estimate cell number from the

newly-measured cell number index.
[00202] Thirdly, cell number index can also be used to compare different surfacc

conditions. For the same electrode gcometry and same number of cells, a surface
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nunber (nore accurately, the viable cell nunber, or

attached cell nunber) and cell attachnent status, it

is possible to derive a so-called "cell nunber index"

(or cell index) fromthe neasured inpedance freqléhme 2005
treatsme'cgilven a Magdreuld nombeaddey mdicatek a bletitn atgcleneatt far the etlls to the

er i nde an be In th |1 ow ng, we

elec‘ir‘P e ytipsk @“Q‘E&éf’t’éﬂ S“ﬁé g‘d§elfl é‘ita‘:?'{’}i’FEul ating such cell
nunber index based on the change in resistance or
reactance when cells are attached to the el ectrode

C. strudixamples t h respect to the cells not attached to
the electrode structure. The inpedance (resistance
and reactance) of the electrode structures wth no

[00208] | Bidfonbethgithmpict BreSamBdériolillgitatd e nde@ (LA BeShvention.
the el ectrode structures is sonetines referred as
basel i ne i npedance. The baseline inpedance may be
obt ai ned by one or noregpimiibe foll ow ng ways: (1)
the inpedance neasured for the electrode structures

Registancy apdeapagitize reaglanes tor Sulififerent trpescod gles ¢hred with or

wel | containing the elegkmggg pﬁtructures mhereln t he

culture nmediumis the s at used for the

nce renents for,the ondlt
o0 dP P YR 2 B SRE s Pl abRoioR Fratleffh A et oypes of
electrodBARHCES HHRbE Withé® NIH 3B £aIRUTES Niad{di@lof teelectrode for 2AA,
ceII-contalnln% medi umwas applied to the wells

2AB, A3 ang s 1aney thegliemeter efche ﬁlégtr@fh: fon2BRelB ab3€ did
f .

. 08 o REf O e SR OB L

surfacdshd ekkrodasadee caited @itk shenfiosl dndn@dilhglefﬂ rhblecules. In this

.shor .- d d nd/ f
experiRF P HBAFCUIO TN REH SOAGVIh61 SFUTY BBB B arHED gy the
surfacds D thd GedttBagy aﬂ?@reﬁ@tﬁﬁé&r & rfe&'imﬁ:@ fed gh&ﬁ% Ri&ance) were

structures when all the cells in the well were killed
measutyy at 8 hvei (mmedatahpaftersecdyng theghls)tapdpeivat houes after the seeding.

t nment ) , and/. r reagent s r ent his

(A B) REFHRE oo Bl Bie FEREREE i B o FBEROLiaf b fitefenc
types oFRRIHrE8dA0t IndlechCh rédi@artbe @h@ Abdrbsse i 69REHKIYe Mactali€e were seen in

medi umwhich is over the electrodes). 56 17 June 2005
all ﬁvel@@l@dqtms aitrched withINEH Fe(2churs afisisesdingbie geliircompared

| .
with th%ﬁ'f%ﬁl&ﬂ)%ﬁ&%ﬁ%ﬁg&ﬁgg@& egﬁggyl{r{gfééﬂs%jeré F@t?ag&%éﬁ (H hour after
seedingréexiel s ﬂmﬁczﬁéch BE Tﬂmﬁb&ﬂgﬂpﬁh kmnmmZ@thGdntﬂwﬂ@pacnwe

el ect rodes) %he basel i resj stance, (2) finding
reactange chRNEET b fhglﬁal FRUREY A TIICa ST BleTer trrabreiy s teasiense value is
the absofiftd QaIQé’ e@h&r@@s of Feﬁ%%d%ﬁﬁﬁﬁmeﬁéﬂnd@ Rekrs b s@&{ inNGe

one from the maxi mum val ue 1h the resistance r
electrofl@Ot@¢hed with NI 3dasells.a zero or near-zero "cell nurrber

i ndex" indicates that no cells or very small nunber

of cells are present on or attached to the el ectrode

surfaces. A higher
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[ 00194]

e

t he

el ectrodes) by the baseline reactance, (2) finding or
[002861 er Biecirongs RAd, 28, 340, LAIDY EBEmnd RET ara ottendigitatedtelagtrodes

and Y Sl B SR T Pl RSB ARE 470 g
wuﬁh&&@é&ﬁbh}n this case, a zero or ncar-zero "cell nunber
ox"

indicates that no cells or very small nunber
10028161 ceElrs%trcaleé 3\6; éBand 36’rﬂrwr%1@1oa@ﬁéla(qr@lrtsh@n@ lene) elsgiodes

7, I
havmg%”%(ﬂ@@l%ﬂégﬁfdﬁ | é 1 aq%gg%tfﬁgfﬁgﬁ}lélgagal%a “Hgthqan{:l ?ﬁl 1.€. ling)
gap, cledhtdds cankt chmhéter, wesgedtiveBA mi | ar physi ol ogi cal

conditions, nore cells are attached to the el ectrode
surfaces. 1001961 In yet another exanple, the index
can be cal cul ated by (1)EAimgagh neasured frequency,
cal cul ati ng the reS|stance ratlo by d|V|d|no the
neasured ¥ G EIed tofeells u B

t he basellne reS|stance

é
llvﬁ@tfrsauawb@@vecmwg@mwt phegl lgtu(aw?eéhq B elgetrode.
Serial TRASYNEY 3T %gﬂseg%,yoo%yceusi Widoashd BB RNSNE 19580t s and 625 cells)

resi stance rat
were added onto the surface of the 3B electrode coated with fibronectin. Resistance and

el ectrodes) by
[00203] ¢ Jiiggtertd

capacitive reactance were measured at 0 hour (immediately afier 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
reststance and capacitive reactance changes after cell attached to the electrodes. The current
3B electrode is able to sense less than 600 cells. The dynamic quantification range of the

current 3B clcetrode is between 10,000 and 500 for NIH 3T3 cells.
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(3) then integrating all the rel ative-change val ue.
[001971 In this case, "cell-nunber index" is derived
based on nultiple-frequency points, instead of single
peak-frequency |ike above exanples Again, a zer oldfune 2005
near-zero "cell nunber Ehﬂ@RL_Jndlcates that on cells

LS RLESEN .erivalue of

memom (T
I L L1 VA~

the cells and ceIIs undeemamﬁkkar phyS|oIog|cw
conditions, nore cells are attached to the el ectrodes.

[00208P 198 urets 1!1§st¥h@éstr9m1rﬂ1@mbﬁltcﬂﬂ'l %’Hf NP[‘H 3tPakd ]bdrcﬂn@ a&%"c

necessary to derive such nber | ndex'
endothgip (B A ragllipreliferapen apios therﬁfb mda%B @h:cfr@des mdmiat tbousagd five
I . ctu
hundre%leNﬂH % P 'gélfs agd 275%\6%; E Eeﬁg ev&elrfr?}% % gg% glztova Eloeazecf %ecéroraebat For

NIH 3'& csllsngieebléctrﬁ&dwﬁf aqw@h\e&h fibfonaétird fOEXA PGS, the electrode was
rel ative-change freguency, or at nultiple
coatedpyidygrlatiy. Jigsiskce an ?ﬂﬂ’%l F%Fea[é‘lan%f‘e‘f"?feé’@ﬁﬁ’ﬁi“’leﬂ gy to monitor the

cell pr&l%ﬂa%%ﬂ- I%)} b Irﬁhdzﬁes ltive. ll% II‘rllQLréd g{%ﬁr P36 ing of the ells.
inventionto derive er In and use such
Here, thadepacttive meacianoe vaet kh(mandlthe Hgse isTthe abscdute valmee ﬂ"hé resistance

nunber itor

t f i
and cafg R aancR g Jithifs Pyl VRGeS GRES i baBOol tHides
indica@}EceldRolCRFHRBA. eThaNm@rrfz&ren%ﬁﬁﬁmqﬁatédJeﬁ Qf @\ 4 QUSRI Otlgel!

geonetries by utilizin el'l nunber i'ndex.
growtlf Id@tzm abdanhdiuggesting the %ﬁ;IH/'ém mlbmrﬁlaf@@tg@@mmay PAR.
is possible to construct "calibration curve" for
depicting the rel ati onship between the cell nunber and
the cell nunber index bExameplédrn ng i npedance

ngﬁkﬁwéﬁc;ngs!for dlfferent. eAff!ceIJ§1ad4 d to

that the seeded gells I-at ached
lﬂﬂlﬁ’gl %%ﬁ%&ﬁ%ﬁéﬁ%ﬁ@%@&mp@vm 3§'ERH$ 3%@? 'otafpes using
the 3CEWcHBde. &Mt cB WY fohln&@l‘:@?@sewé@ %ﬁ:ﬁé&@@{ﬁmg ﬁle@@r él@étmag The
it is then possible to eStinate cel unber fromthe

four calldiypss-wave therMld 2E3 pellsmouse fibrablasts], @l@zI@ER-G}w:alld l(yyman

hepatofft BEFATLcolP RRE ARG R EontAEF v RS CIRENE andopgtipcet

For thEgIGIHTBTB ynditd RS 2Nthetictolle %t teutedwBh fibasecthd fér7the PAE
une 2005 treatnment given a_|larger cell nunber i ndex

and Hlﬂﬁ@?eﬁ@é&ﬂcgo'#ewe‘ﬁoaéﬁdﬂ%lhﬁ%ﬁtﬂn f bwvo elestredss vwere gsadrfer each cell
pe oS BELLBR NI SESuRNER GROUER HEIARSLS B i sode

for HUATRC amt RAH2D000 c'elld wettersagded louto ¢uoh cteotrbddyi Thetl’eﬁstance and
paci tive

copac T ERHIEE 156 TR GRS G 61 WEIGBDFDJES Tt Hltrotpd 3
or 4 hottd dhePEeeding. For HEP-G2, resistance was measured at 119 hours after seeding,
Significant increases in resistance were seen in NIH 3T3 cells, HUVEC and PAE cells at 3
or 4 hours. In contrast, subtle increase in resistance was seen in HEP-G2 at 4 hours after

seeding, indicating the slow attachment of hepatocytes to the electrodes. The resistance for

HEP-G2 increased steadily after overnight incubation (data not shown) and reached a plateau

at 119 hour after seeding.
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wi thout cells [002041 Figure 3 illustrates inpedance

and capacitive reactance for 8 different types of

el ectrodes attached with or without NIH 3T3 cells. The

di ameter of the electrode for 2AA, 2AB, 2AC, 2AD17AWEP2005
3Ais 1 nm the di anet er Eximpled el ectrode for 2BE, 3B

o Sterent 'H“?Ru&&%@—p%&wae&a%m&%%a%ﬂ%@?e HSPLHESRee BRI EhER' [PO® (VPO
trod ted th ch d
003} S8R WEHEAGT BeSdpBiy SORTaN RenE e A Ct i

reprodVEiBili#P 8ds tedletl ®h se R élélﬂrodéﬂ #ﬂB@E&&Q kigh MEVEC B electrodes
seeded onto the surfaces of the el ectrodes. The

were cpaleqd swithrirelatiarmad seded avidel X Q@dﬁ@vﬁw@lh oakelegitngp hWéc gesistance
for eaéﬂ??éﬂ%oﬂg v@g n%a{mg hﬂour g g%z?ﬁe? %ﬁ{%@@d Iir%g?d H‘%",&g 30 minutes

after sRelfigs tSpniGcan dnawqaam tesignceaad m eftas2(ehdu itiub&ionoibdicating
fre encty for ei g i fferent ype§ of el ectrodes
the celf pE4tBIERT 1O Flect: axFgeaEsisEnsefari0 isqt withstendard
dev1atfoﬁ%@ 8 a;n &St ti\ﬁ'B@mS ﬁ?enav’efh e %sllstfidclé & HOCHAR Sﬁn&éﬂ‘l Q@eviation of
tachéd wth N'H 3T3 (2 hours after seeding t
17.2. 'E‘@I dosfficiand ofrearizdce foir thist8ndior ancldior 6pdiding 1.
m croel ectrodes on which cells were not attached (O
hour after seeding the cells) as indicated. (B) The
bar graph summari zes theErasplsthance and capacitive
react ance changes at a given frequency as indicated.

Contgarison ﬁlhﬁvasmamﬂhﬁlmtlbﬂ activiierberabdmendninvatine NaH a3 Wels and
vaI ue. anes of reS| st ance and capaC|t|ve react ance

invag ined 1.4 geli migration apparatuswish K@i
strugh]—l%s ﬁf&b%p%raté@orltg tl{léjmﬁto%p%facg 8PiHe Igwexsclﬁam 3Ly Of some
of the electrodes that have been tested. H ectrode

Substrate El ectrode D nension D aneter of Structure
[vR2d &) Fighre22rshotvs c@mpanison dm)nvamb]h wied migrationNa®itiBy petwch

a | igitated 48/ 2BE d
nonifgSEYedh Bw‘ S5 bl Tavest Dk ey Seroynlenanigicell mgration
appa%)c{l% wheP@lhe 2RBISIAGRIchRESK S ih &Qte@ gﬁt%Qhé-b(mBm $hiface of

d ass Interdigitated 50/30 1 mm d ass
the lpweeehdingier, as dlthsgated in Fignra 1.310 @Jasmenm thelcell onigtatioe

oS S S B T S AR A
elechrdeetid@ichpt (€6, B@1a8Osubstrate 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 NIH 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 1n 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 werc fabricated ) were integrated or incorporated
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Ka ton [00205] El ectrodes 2AA, 2AB, 2AC, 2AD, 2BE and

2CF are interdigitated el ectrodes and have val ues

80/ 50, 80/15, 80/30, 50/10, 48/ 18 and 48/28 for 2005
. electrode wi a} h.and gap W dth, respecti vel ‘zm [ 002064"e
into g 2dey vl bigrs-vell migsatigrrarperasyse thei standatddranspyelimigggtion assay was

periagledisFBh shstrafF Lo pg st FE R IRE 1R, HY dtireds sensorin the
lowesictitthbaradd sticwipolous enembirme) of thamgsere vent firvtepatidrweittean
di ter,.respectively. Exa e,2 antitative, .
exteipe A SR MBRTL U 16 SRoeTE et o e G BaE Fuder i ssspporous
mentBr¥ Ber? chitbdi9ithahe S/ AHaRMohl @ iY S0 otR ASHF SRR foPbnlhldrSafer
using the 3B electrode. Serial diluted NIH 3T3 cells
waslf ¥dth@hOsphete taiffed sdoe, cal dwturemsdio (LeX6IFRS M) wetd slded into
and 6§25 cel | wer e adde nto the surface of .fhe 3B
the I3 e PR e e ST TS HBLS PO Rteres PR B Ry ot insert
was pERAC I d & daAbeA N Bach8h&rtYR &SIW° @EllAdf hBONTH 3T3 or HT1080
i medi ately after seeding), and at 16 hours after

cellswergiadded. The cleciredestueyrasseie thea sosnastrddo dhpiimpedance analyzer

o GRRAYE GERSSLESAC RGN, PPt ition HARUEREY R
wer@mdastagiaa irédl vienereigieina dzirbihg thd dx@efimest (ote $igary, the Y axis

whi ch cells had not been attache TO-TI 6 curve.
repr?%?aw&aﬁ gdgpfen Indgy; ehigh,was aﬂaulebag éeseg opdngasured serdstance of
elech ORI GRR Rl £ i ffefpbdt Js%@@ﬁ%ﬁnﬁbﬂ b ﬁltﬁgFéé?ﬂﬁﬁ gb-gl@&ine

current 3B ef ectrode is e to sense | €ss t% n 600
resistarick.g10 cEHe wetyaratackedy wdithd fiperdticot) at dififgeend frequemcies. The cell

wie§4h Eer 3% BUEHeT 35 Sy BE R T P % e i 2o Mot
indeR® Baded bh Mgk BhxiMubh 23 okt FRdEufed rbsiftimeiat @Eateh Qi eUs ithe

the 3C and 33 electrodes 1002081 Figure
baselipg geststance s Theedll migmtiondpdaxoiorstptestwelf mMith 1w nameper of cells

- DQr.Ci t] ' P I Ny ion.
RS89 SO By G AR L RS B
activitiesd Thel XNIx$ 3pi@samd ths tiamednt2raldoRALh arhiiwemeiteA s arlitackd, the
. onto qshe coat ed, el ectfrodﬁg. F}%r NlH 3T3 cells, the
invagipp apd Bugatipisactiyiies @1 Wit 159 polsormas sieadily igrrepsed vagh fuge. In
contbRE iR RMiLVALSe YAH 3T8QR1IEHavMd dhBwH Shalik&tab BERaShARESi& Mhrin g

capacitive reactance were neasured daily to nonitor
the enhiee expetimept: dhisfresuditis ornsisBany withi preivicus reportshlanes using the

measur enent .Ji nmedi at after seeding. of the cells,
con{Rg R FRE sl ARBRa G Moteedet Hi R0 B ioR pRR S f e present
invehfi@arRi ised hére paBaed teherita deftinudue ah€ fbehiRd i€ mefihirement of

capacitive reactance increase with the cultivation
cancef ¢l ipwesjan andinigpatien@etivitiey pes, i ndi cating cel |

proliferation. The NIH 3T3 cell growth pl ateaued at

day 4, while PAE cell

Example 7

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 HT 1080 cells on cell migration devices (Figure
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growt h pl ateaued at day 5, suggesting the NIH 3T3

cells proliferate faster than PAE. Exanple 4

Resi stance conparison anong four different cell

usi ng the 3C e] ectrode 10g2 91 Figure 6 |IIustra¥ZE‘me‘2005
4003 St e 6 CEAmls AR AYER BRI B PP ErBATovE Srembriseaf

mseH %éﬂlglar foifie StactliEst oq!qfain P’?ﬂ‘k § g%nl‘ﬁths QL1 EIH Etratﬁﬁﬁ h}!q%aratus an

types were neasure usi ng el ectro
clecitald stiugipesuniewes bink oNtd-uBE@toreils of e ussertf(Figuah2 HBY)s) |

& | h h te t he PAE | |
Ther e DiRIGEHEYATE EFT D 2 R OEROVR 1 |1 A BN e
micréBbroSy membedne! ihe iMNakded Idisamicl Qttédﬁ%n@the tefé@tr&ﬂeeﬁltd'cﬁﬁ@q and

was coated with fibronectin; for the PAE and HUVEC
suchy gell-elecinode Bieragtion ase sensed end the dapedanee berweerethe clectods

sro o g 4R G Bited, TV SR Fat CTRAT S BREapd e

 HT1eBethe,onkge usdddbr tdetifigGuah delPﬁﬁgraﬁ&Oﬁiﬁ)aﬁﬂhdes NI eTsearsk is a
el ectrode. The ce and _ capacitive

nonif NI e BT G0 qeling PAe Breg i et on o pan invasive
cell E@?%g}%hgﬁgn\;ds% Ad ¥ rafion %Etl\ﬂtl%%{ﬂiﬁl Biatto ﬁl?ﬁg?&g?ssays

For >- 2, “resistance was neasure hour s° a
and geaud mygrati@i gasaysi Batht NIthaT2 adés(pumhasadu&;ﬂmﬁﬁ“@@bané HT1080

colsT sl o AT erd e HEDRUA cofEinits Thaps T

migra 86 experifiieRt, Gdthodelld weed - Ppsafis &F and 8 8sted OFhel deflisGeeh§lBn was
the sl'ow attachment of hepat ocytes to the el ectrodes.

madg.REneedsicseneus menbrapgpyidpfabristted sleetradestiyriugesararebonded to

T -
migeXamidsey aRpgafareiedioidur tall efigratsi ipanesecssrilyerent

002101 Fi ure illustrates reproduci bility of
mmr%)@%fpgwﬁe@ s 286 fhsrReplt-1n mgRIbrang siesHA Wﬁnﬁ@rtayr% the insert

werd Gt QAR WRENE BBl BEI1AOHESix (r3&kinS REARMY ghg ee,gf%/(ﬁﬁm%kb%m

el ectrodes were coated wth gelatin an ed Wt
elecﬁ@dﬂéﬁsmwposouenembmw\@de codihd with S0gtgant Bbrohectin in

each el ect ode was asure, i |at er seeding
roon Fgei PR Al STiRE TS puflesaling cell Sulture
medﬁ' (@@“/ FB@DMEPUI? %?esaﬁidb@ n{t§§ie%@'@1°&1a¥i@;%rs5@ﬁe@e e fp%co%{éd

hour incubation indicating the cell attachnment onto
electeddecendewerEmounest. dhen, resiwtrtavaseldaed in Oldvs climbervintehch

inseff2f 87 cts OF EoBE MR {1 ot sl eeli Wa b m A RS R Horigure

23(BYn@esinedl hifds @tie Bdndéaitd B eBnhdtioh PadsSontthe Mendishel vith
t20h30mis 6.1. Exanple 6 Conparison in invasion and

condyrigyedherivaad they were then srranclad i Wy dmpodansg snabyper.cBig rea
whcr%ﬂﬁie o [ﬂl‘é&?d p;?a %lpcﬁ:g t& QL Lﬁ-:lcglswﬁjgst \%rg]cggeq‘ed Bt b%S %lolmpahble
m gr aratu

I on a S Wt
silicone-based adhesive. The invasion and migration activities were measured in real time

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% methano! 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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structures incorporated onto the bottom surface of the

| ower chanber [002111 Figure 22 shows conparison in

i nvasion and migration activities between noninv?§hve

Nl H 3T3 _cells and.invasive Fﬁlgwgpcells on our une 2005
strughprge prfiFrentBnes P FPSEMER and3h e hegwaa (Rateling frgistance, no

s

cells%%%%ﬁrg&g? bf ﬁ%?&% é/éﬁjr']eﬁ %ﬂ&@ﬁﬂ%@%xﬁ%ﬁ pfg{%ecgn%,@&%ﬁ Mdex
is caliugpuectinla silndarexmetol thentsed fdrealcelatingicpllatunarer index” based on the

appar at us kee e conventional .tran ['l. mgration
max BRI 8! g e e GHG A il g B RGtsing Fidsnce. The
cell foligrBtion MABH STl RUOREN A tROnAb&GHFRLIRCA T 08LInthE HShdH ©S

wer e fabrlcatedﬁ was nounted onto the bottom surface
charglper apé ponreloles weh avitheel] inyasipnead inyigritign acévines. o8 X nrie
repréﬁeg{g?l?o Jgéjs tr g S?E%’h %agffre fl{) A%ngm?ét% ‘iﬁc 1t'no é{é(ﬁ]c%ctl]vglcs of
HT1080 e¢lisedera ntréggedivith itiack. Mite ﬁﬂglhﬁ@ﬁﬁiﬂﬁ@t@ o@ﬂﬁi oA vasi VW IH

| | d |
313 ﬁgltlSelS u‘églggft%aft ‘gétto tt#'eﬁgi%d Eﬁbﬁ%gﬁlﬁazﬁﬁal%ﬁ ods mllrﬂ?ﬁpd gefts on
the tﬁ@le octkddiSehsor ageen V\e?%b]}/@shtg §lde of i Y@g?&@%&ﬂﬂ&ﬁ@ As

I ne aracteri ze an 1 nvasive
mdl@eéd 1n|tluenﬁglsh,dm: ogjorddnisgh of thedET 1O80wadmutighizherdthan that of the
both ininvitrom ratJo assays and in

NI sl e S subiipal wib e IrHCSRaEE AP Db dBrgagt of the
impddafés &T@@n Aot ktrQBGke6 8h bt thRHIpORARSRbrhbaRR. Ak the

were cultivated in DMEM containing |O4BS. In the
appanityiestdessnibed irethi Figure 22 evhese the clrstrhde yipsturesedatected the cells

h I n. was

mi glra{eg%}i ghﬁ:gygd ?ﬂtg t}éArQ Ebtrng g.lerfa:c’ge ﬁg glr% llé gru rl!:%f‘ ?hc agﬂpgggus here
can da1his ndiressuddthefeelt higladol backecelt [‘rﬁgﬂaw @Sos‘ﬂ\lﬂ{eﬂmcroporous

fabrlc te ) re integrated or |ncorporated 62 17 June

thig celbmigrationappaeiys havinelecyrd a&ww&@bncawd

o t%é&ﬁ%ﬁfﬁﬁg?%%?f’%“ﬁ?ﬁﬁ%e A i AR o BBt D BT
appardvesesldessribediBiggendr in the | ower chanber and

m croporous nmenbrane of the insert were first coated

with an extracellular matrix protein. In this

experinment, both el ectrode sensors and ni croporous

nmenbrane were coated with 50 g/m fibronectin in

room tenperature for onégﬁgﬁﬁggAfter wash with

phosphat e buffed. saline, cell culture nedla (10@6FBS
Realyora anonierineof dhgiinfibitery efifect pfid HGHOB g A

; I v d
migBEGEOGE E’ellen‘n oAt Eﬁﬁ% o‘\?vhc gfécg?d’éutﬁ@mré—% ﬁé}e valk ontg the

nser ace
nﬁmﬁpdﬁﬁsmeMbﬁmebfﬂwnmen NIH 3T3 or HT 1080 <cells were
added. The el ectrode structures were then connected to
t he i npedance anal yzer via connection pads on the
[0eh Pﬂ%?ﬂ@ 29 QRS reSitdT real Mignd MYRRIRHE AL MhBidh) Gfect of
activi were nmeasured in real tine wthout
doxygielingragi aagear teell enpeiph mechmigration wring ¢gumigratidnelcYicax w@ere the
nts cell i i ndex, which, was | cul
the o EROES ERIR e bre Tufll 8ch ARG roli i ERodB2 o £ e e Gipiter o
the s@lictdiek fsﬁmem tn FigiRs 79f (xR i matdosdrdepmind & entIBigioN BE BT 1080

basel i ne
ccll 1gwa510n and migration by doxycycline. (B) Real-time monitoring of the dynamic

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

automated mstrment with software controlled data acquisition for impedance

65



resi stance, no cells were attached, of the experinent)

at different frequencies. The cell mgration index

was calculated inasimlar way to that used for

cal culating "cell nunber index" based on the maxil/Aduse 2005
measlaﬁnontof\smrécamhmﬁig@re 2d68)s themoigraiionpreficyewas ¢ansintieusly

basel.i ne r.gsi st,ance.. The cel | i gr.at,.on.i nd
morgeBfed sUaRas g | Tk ol Tgcicisd Aoty (g B Ha e o) wio
electrb@e HALLEEN RbARET oamitrefirb e ME@Braned bf ik ied el was used to
i nvasion and mgration activities. The X axi s

kinetigghegamitay drppinbibitery pifest oarcancst calbiabasienandraigsstion. Asdose
f [
and hﬁh?; (_geg%&%e fngﬁ)vl\%)bggfz%é gg?‘?{}gwﬂlgg e(g ?{11‘1\0'86 &Y ianfaswn and

migeoint mas teasured o therveH snigetih bp@faue eBhsﬂjnalveammmous

det% tabl e |nva%|on act|V|ty during the entire

n dipngter) aad the §lectrodh siragtwigs Wre ¢pajsdaviiin @ ne/ml
ﬁb“éf%%%? éﬁaé*n“ﬁ%}’é%b@?f& e WAL ECOCL S Wb phare bugh
saliteh B Tj) P8% ealls werewgpdiniaed amtha m.?eﬂnmn susgpensiord®as madle. In the

n and | abeli.ng fr nmeasur ement

towsfiRisbéic Ll 4 P AT B E € BRORCO T ERaS: QEdasypeline
was Ad&QIMPMSS Offie 'sélvérﬁ‘f@ﬁdc@;@m?ﬂﬁile a9 Ladd &N Rhidy b(;ﬂtl%$ In each

bet ween noni nvasi ve NI H 3T3 ceIIs and invasive
insek0PYW (e of HTéQSQJIeftlbsuspmwnl RXl1¢ eieIIS)mogtaann@ﬂttla:p piax)a:tyuhne or

wher e el ect,r od ructures were bU|It
the YA i e BEtAGRe TRLACE e BTy 3pf glspisonically
switdRddAD FaRVE: {tRRNEEIBIAT fI&ORt iheerl WMASI ﬂﬂeﬁ&tﬂm%t ahé BBctrode
activity between noninvasive NIH 3T3 cells an§

strugtuigg &t ¢l INTAsOBOANgdgnigeation agyitiepinghepiesgncd ev theabsence of
rode .
dox{se i Gereortibreti iR it R D ER S rBirbG Bigiment.

The hh gratlbiil arlek (qrsdetlivhigration ifdee) #hs cudéulitesd irsthe viimt Walrlagthoge
dn th|s cell mgration apparatus, an el ectrode
Sho%ﬂ?ﬂ%ﬂﬁ?@ #f23was built onto an bottom side of the
insert (Figure 23(B)). Therefore, when cells invade
through an extracellular_matrix |ayer, mgrate across
the nicroporous menbranBxample 9 nyaded cells directly

attach onto %%v%e%ﬁt &Qﬁ%ﬁgrﬂﬁ%ﬁ{oﬁﬁlr&pgm gSuch
cell-electro he

i npedance between the el ectrode structures were

nmeasured and quantified. Two cell lines, the NIH 3T3
Iime andheR&ctrighicd&ll dhip@esigyer € used for testing such
m gration apparatuses. NIH 3T3 cell |line is a

i““%h rfugane pdllpgrates|anylectrppicrcs shiprletigno The figureishewp Sye
represé?ﬁzﬁﬂe‘ﬁ%élgnscmﬁ@&te&%lﬁ@gel ﬁéﬁ THY a%%l d Wectrdefeb L)Vll Jiffgrent

show ng I nvasl on an m gr on activit
geomeirresiand vizey ae malgclad iconhaglasmsebsteate The sizevaf the glasdt SUbﬂtratc is 1

: th NIH 3T | | h f AT
em x 150 B0 el R4 R O ORI T B ks LTI b o
connectidn RMeVb&OMdB 1 6HaRA chAEBSes dMhé PRss MbarAti on
experinment, both cells were trypsinized and count ed.

The cel |l suspension was

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-¢, where 0 < € < 1 and fis the frequency. For a bare electrode in the absence of the
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made. Since m croporous nmenbranes with fabricated

el ectrode structures were bonded to insert wells

suitable for a comrercial 24-well migration apparatus,

t he standard trans-wel | ration assay was per f &/ fge 2005
cells (Bigurs ), e npmegigp yplug of gpp%rrtg@ aele%nctmremtyncetm gimply equal to

the as%n‘ll PQJ gggteﬂggg‘ﬁegfeﬁ a@ﬁﬂtﬁ: ?rﬁeap&'ﬁé éers s&n@@ faZbﬁs The resistance

or impedxa:tcech alinblt identext foacel fred electrmles coxat@l @ttRichemichlstoh pfoteins
experjnment . both menbran el ect rode sensors and o

(LuongyJo %E%Jéﬂ%ﬁ%ﬂg V0wt Siaohs AsKagepy 2001. Monitoring

motilifyl Q’r@eﬂl‘ﬁfé A thotalftP OPAdHRPRETREY ey d ﬁ’éinéjﬁhe HErllceAs‘E:ﬁs%'f Anal.

washi ng W t h phosphate buffed saline,
Chemnigd it &4"( 185545 )-BG cOME), thﬁemqnedatdsd/aluetaf ah Iah:‘ctro&enncreases

e RGP S ek A R hEERI 0, 205 g e

_ 1mped!1rﬂ:e®aﬁiés isl dagr@lated. ﬁlt%ﬂé@éll%ﬁﬂcﬁﬁd@ﬁdf%blbﬂ ahd Meldoddrdd QfealdF the
0 cells were added. As shown in Figure (B),
electrOélPe Acrordmelyaiioraseiven eligypricadhergniqelis)e oiranges ingwel patbersrean be
ive and they were
represérﬁginﬁgg%@d@@@d‘éﬂé ghaf"%&qg %é%&éﬁg%@%ﬁ%r yzer. The area
where the connection pads bonded to electrical wres

wer.e covered,MAth bloconpat|ble silicone-based
adHesi vDetegtigniof gells iy elegtepdes dy Ineaspringimpedanse wer e
[002T8PS ULEH bads fof e&mf)élaﬁve g%%@soﬁtteﬁhg ab¥iBL 0hs b&joped d, which
experinment. To validate the sensof neasurenent, the
contan@rmh cti«fcmoh@ celxhigr (Fresme §), tuh elecedilis inténfacat lsnlianncas,mntdrnlecircuit-

voard. ARG cHF 57 el e RaRE it ol hers/BE e G000 viekopuans

only oh®festunifi N fol  owed by staining with G ensa stain
gma Di agnostics) for 30 mn. (A) neasurenent of

Si
[0021(' Al asT¥achipdgsignsgvigh differend gpometries were fipHegsd Tlg design 1
contan?smijl el'%:ﬂ'%ﬁg IO{r;l gleﬂ){r? in v\i gﬁﬁ%\rl\a Qti(d @g ldgﬁ?&?%nﬁ% gggla electrode of 3 mm in
dlametms aEh.Er(Edectlag ashandifendnt béteetd noteddiend./ NIHHH3?&[15 (obtained

yct ur es ifferent tjnmes of experinment and at the
from CNSTR éls g-]lel thel Fecsas éeﬁ;&éwo ,ﬁl@Vlcgsewfverg usgst @ne for media and
the oth@; &@gﬁe&us Of1ebh6dR0Rhd X8 de@liceqi/tfrte %aag&l with ?ﬂ:&‘&{%ﬁﬁﬁ £50
he cell mgration index 1s calcu In a simlar
i/ml) ﬁ%\}' htap rctdmatem;@emiuﬂeo Afeakeatingt ¢lﬂ@r 1@@31 1 of NIFDBT3 celbimepension

(10,0088 6P o Yo L TE TR B8 P CRPETGIE R SRR Stance

at diffeférd i @Rids ReeX ek &l B B360vhpedtht ALz SRS RroRlIne. UK)
cells arrived in the bottom chanber and correl at es

immedigdely afipr sediag (10) pubatiZonatimdhaseghiagi(Gn éétQ,WS!Sit%Ee afithe
capac1ﬁ<\feq)ébciance%{)eq'§ %grpfafg& eﬁ gj'g‘:ﬂt ki%s \:&rltf:’l‘I 12 and \?It eellgs Fgftl a

I on ac

signifiddfit DBBasein resivtenice viahes eedi ffdrent frl?qdehﬂiﬁs whiigeefiig Eh’%tdeOf(be with
ctivity of the noninv S|ve Nl H 3T3 cells is weake
cells, whegets i gbanges Piee 3972 gBc denpe withey cstlniipdipgingroet! Atiaching and

spreadﬁ%%@ﬁ@ge&ﬁd&§ B&h (felé‘lt%nst. Hewel eGHh IS SN Rt 5]%@1).0 n

e opposite sid he m croporous nenbrane.
indicated in the flgure t he color denS|ty of the

HTJ' OSOV\B terqJ dmegggtrce‘l%gestom tthe testmg dev1ces

[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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NIH 3T3 cells, which was consistent with the result

obt ai ned fromthe neasurenent of the inpedance

bet ween el ectrode st ruct ures on the m croporous

menbr ane. Unlike the ﬁar atuses described in thé’June 2005

from Sgjeyield Ino Sapkkiegs, Cabfospiakbanddse sl dines. the N1l ¥ d dingand the PAE
line (p?}%mel aortl[@ glrd%[h%ﬂa %ng qﬁ[a?ﬁéﬂefgcrn’g ﬁ}gl(z)g %1Ergléén dr?ct%as??n reglstance
was scnieﬁﬁrunﬂle:etl hepes at B ofm gbatsldﬁar aedegcsl shewniig FRjue: &cCr 0ss

the m croporous nenbrane. Therefore, this cell

m gration apparatus having el ectrode structures

fagrl calcgfl profifdri§odrebr ane can detect the cell
gration m)re directly and rapidly than the
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built onto the m croporous nenbrane of the insert

was thempsasedt differenttma g vale witheyt destroxag theigylture. As shown in
Figure 1014 4044\ hcihed i edi AR BRI WL L6 twif cun@@f.?égwa £26in BBth
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i nvasi on and migration by doxycycline
was cqritﬁnn@(bby plepenfativh andgradght mi¢ragope (d;uteynq;fshm) dlfhese results

Y08 0T SRS P HTE O B ime an o

labelm@ﬁ@quﬁirbcﬁﬂ)r@ﬁélﬂné@s@tﬂnﬁdnt.i on for inpedance 65 17 June
2005 neasurenent. As indicated in Figure 24(B), the

m gration process was continuously nonitored everyl5

h . . . . .
T o | Bl i ARG Aty AR e BB SR
[00220kr o’ﬁmcpuatlmmcmegr mfd dehativingef the detite fimselliardsurament

were tq‘fstel h !cﬁ%lglggs&ﬁ \&élh}j]\/ﬁ:l beﬁ'lrl]é zls t&gé on[yf for e av:‘;?lgnet{tation‘“8
Seriall Hﬂﬁt'eﬂ sENENdells W@éd{l@ﬁ Yo @kfi&sihe QEWQM%‘%LWEW microtiter plate

gnma) on HT10SO cell invasion and mgration was
(Flgurfrrisb)s Uihe dnegsuremeniceds dasie gﬂalt ¢mlglptpa¢tdmaugn atBW"@f 5%, C@iwither

di
by the reis%'ia?n Hleegssutr Ifqg)r ggw 8ta816 | n w%}n“% Jgr 8, (Ex?a obtained

from bbihineheds dr vady copparabRITe linkad ﬁqeaﬁtaﬁmﬁnﬁnm@l&&hl&ﬂéd ae
by wash with phosphate buffed saline. HTI080 cells

reswtawe@rnéeqswpa@nh%@e dgrige.alnflger. ¢ty devige displasisd g seemiti viislevel
compafBieo thdniTess %}g s (ERAMRSkys) M of culture nedia

contai ni ng di ent concent rations of doxycycline
was added. DVBO, the solvent for doxycycline was used

as.a vehicle c rol. In each Jjnsert, 200 41s of
HT1080 PT“%&Héﬁ’sqfdhe esting flgvice o | s) cont ai ni ng

(00281 |t NetepdUIMYIRY 0F EheQEsistance measurement on the testing device was tested
using three different cell types. Here, a representative result indicating the performance
capabilitics 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 {0
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the vehicle were added. An inpedance anal yzer was
automatically and electronically swtched to

el ectrode structures of different insert wells. After
connecting the el ectrode. structures to cell invadigpne2005

represgiHy e Vgrat et the dewieasi while theih_th rersessats the vanndion of devices
Cc { |

pus cPRBREE 3h oA ELL D6 B9800 Bl gy op e

testingdegrcatis very |rem‘e<kuc¢tde wiihl lbwrd gy ladth antOi amdecx) Ta€'V can be further

| cul ated i. e .sane. wa hose shown in Figure
feduceég’yatﬁaigfs‘m@ﬁaﬁgF‘@C‘@as/ﬂea%%?%}%’f moni toring mgration
inreal time 1. The electronic cell chip design

100214) Figure 8 illustrates an electronic cell chip
ded}-gn. lWf(fibﬂﬂ&‘gure shows five representatlve designs

th g i e chi The qol d.,el,ect
00832} § o SRR e oMl B PRl GRER pt il
with bgffmlmimhs b(ﬁrﬂhﬁlng'ﬂhansat&&ct@ﬁtst hergkassnisdRsweRtenthihing
old el ectrode can be connected to

X cm
Plastwéfrl@e ﬁ"ia@al?:lét&é?&’t BB BipsieicrRdativn inserlghinie e avsar sellrosdes
d
measolA LORRES A0y LI L Rl o Bt RS HorTARRE LB elfrode
impedmh:iep sreI@RMsdl iArthefreptenodmngahetbecn &kHexadtl ddHas Ta ensure no
cj rcui War bur g, : n. _ Phys, 1901
or miriggl FiealS Sl stoid PRt Sriodhe.sel s o MORY bl e
electrdae@ M&t&ﬁ p%tss& R PlkRbediRiw s f-c, where 0 < e < |
fis the frequency. For a bare electrode in the
Profab@(e’wctéle ofighdien aB@yLT od Ureerl@O®Bic deeides (Figure 9), the
1. ERYIE |c%1nvalue of R, or the constriction resistance
'S S|np %qual to the asynptotic value at high

[00228EQ U(Eéll:a/dlﬁﬁwh A FORES UFeEhel €5 BhANE EF drdibrorde)in, 50 of 50
resistance or inpedance is alnost identical for cel

ug/ml fiprosedinekes wlded toeish 9Bit f foRcisBpPEie farrl fyns fellayeed by wash
with Pé?ggﬂ%eeﬁlrﬂ\é_sl F-Bﬁgel%%gg% 'BK/% min’ wak ad%{?gfb %ldﬁ’ um{: at 37°C for

or ng
30 mins ramé adinhgf (a5t ghwtetablehyde wis zaidlla@ fc&rﬁs thinsa cdong e:lrﬂq&ratsneng fix

e cof b B SRS St S0P SIS i S 8 Mt i o

30 mirl AG5&A8SphtdR th rbmtthé/fr@é él&éhy@e& %shﬁ{gt WERPBSLsigaformed
el ectrode and spreads ). The 1 ncrease in

again fprrﬁ)élmﬁﬁc 8rq¢a¢tg@éemgesamydteat@delwuelpnméecbe| | - el ectrode
5 Eik‘ma an and the covered area of the el ectrode.
ccor %gly, for a given cell type (adherent cells),
[0022 4R N gRsuliofl ECM kolatsib @as adirA t®en inserd aﬁisﬁiahmecbavemlght at room
correspondi ng changes in inpedance val ues.

temperpai e A1qpeRding O ehe asSayTePHEEGnbY E§%w%wﬂs¢% in the assay
includé EB%QEL? lhgi\g}l iﬁb }é}%scgfé Vg bﬁbl’é}%(\:/\ﬁtctgrﬁﬁ% (%{l%rggl{s%gi 2 or BD

test e was ns "a
Bioscialcegt amﬂhmm& I(BDdEhqulc(nEB:gu ﬂ‘he &)sert arns et ashéd whh €BS. Precoated
i nterf ét on a printed-circuit-
mserts may also e prov1 €
3. Seeding cells:
[00225] 100 ul of cell suspension (10° cells) was added to a precoated tnsert, 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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board, and a culture well nounted onto the chip.

Therefore, the base testing device contains only one

test unit. [00217] Two chip designs with different

geonetries were first tested. The design |I cont ail Adune 2005
The dexfceevasdneubatedat 37°Grits GO0 inmg08%s lamoidith ehatelsirgMligration was

: t ai | ectrod f 0. di ter. Th
moniteG] iR P L P e PRF S BRUbE (I TS Ohe. N H
4, Dathdicg@hition( obt ai ned from ATCC) were used for the

test. For each test, two devices were used, one for
[00228]; aDﬁﬁovaSﬁwée@ﬂrP@ﬁl apglyzedissingsd softwagy @@lgr@m E25685% Relot)

/m)
bundle#ﬁ% qﬁc\r{%%% l?gﬁg%lﬁgﬁr equi&? gr(g%g ng, gﬁ%ﬁer 100
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cafaci t L¥€T#WERt ance at different frequencies were
m@@ I edhl Yollowd B rdfRRCR rioP
[ UK) }JI nmredi at el ygafter sggﬁflﬁg%%?%%and g?hgr%ﬁrbe}{‘t?gr
refetefee: seedi ng (t2). At tO resistance and capacitive

ct 'I r bet he ices Wth ¢

[{]()fzﬁfil ﬁq’cﬁgod{.v‘%r g/][ rowy anﬁﬁf% g%?lpid@illq Pl (ég‘sgge qahon using

gene ekPebssdraftRmsdtdng DN&& nierbAaRNMol dcQiid i @ 8e TeSaySDeFerhbidr,
the device with cells, whereas no changes were seen
67-72.i n the devi ce without ceI I s, indicating cell attaching
I RO 1,rQd

0 R A ol . S R e en . TR, 905, SRR of

chemollinkefreqeptutrs meﬁrbast yc’pmer mbtasthds, tl*%ﬂmencgl (g &0456es 1002 181

ol ONESAES W RNy adaiE o

A, o e o

NatureDpblg®13@aFi fornia) and two cell lines, the NIH 3T3

002 245 Db SS9 SR SRRy s

carcindes VD AMB-438aslls el tfaasfeatdn with thetiyf@dasad sugplféiéso{1 ene, KiSS-
hours after seedin as shown in Figure 6. 5. F

L. Canﬁfif&qs?%?lhtﬁo?ﬁa[“ow 91 The cell proliferation was
S S S 55, U RO ) S

proteastervgivited secetoD0 Ankikitd migasttbnlandGPoweshl df breakiocancer cells. Cancer
usly nonitor cell proliferation rates at
Res. 6&2?&%{2 cell seeding densities. Resistance was then
10025FRS ¥ &Gnoléh, fléEr eny, Bwqymemamw LRPHTE W, 2002.

destroying thé cul'ture. shown in Figure 10,
Mitogastt astiviated n@fc@akmasmpaﬂmm)sts amcdvadah FeoOVaEP se mdum:d motility,

erowttf g Ay b FRERR G S Per ET o P BT 19301311

[002B4t abl. Papete SA.S4aICH. HefifAie 2662 mua_amfsmbﬁﬁoml bfBtumor-
device w th hljgh cell seedi n(g densi té than with | ow
d t

derive¢angiogeness. dgn. Jo BRsiely Cell Rhyselt 28 GM&-978) | s
[002§§]°| 'Sf 951%%%"1 %} fAﬂgfogEnevsvls dH 8%@% Jange?l J!noﬁ%gl?lar

densit Wwas c servation und
therapdutig hﬁ'atﬂgleﬁf Qaeo MrcHd Rlep, mqﬁsamwn) These r esul ts

[00236] 9. Chesney, ., C. Metz, M. Bacher, T. Peng, A. Meinhardt, and R. Bucala:

%ﬁhology and

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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indicate that the device is able to continuously
monitor cell proliferation in real tinme, and no
| abeling is required for such measurenent. 6.
(géant itation and sensitivity of measuring cells on’tHee 2005
[0023d%+ i Hy Femisrc-S.; DobBamra. th Orglyand Rt Manjesaragqes-tlyeukentia
R LEL VI ey ;- 8F ' - I e wer e
i e R R G ST R F S S comron y
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9(suply@,§(,.(1qne after overnight incubation at 37C, 5% CO2
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202 4 ALERNGER o FORELL EPAPLLEAN ks Bl iy o
growth adtusthn cas¢angellsh Omeoghinkf 2, 8541-3851. types. Here, a
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carcingyaf.| Neoplagnaadtil 4&-15¢. hours after the seeding (t4). The

f d,t4 wer | cul.at e Fiqure, 7). .The.
10054P 65% s, Sl 5 RebehiPlo” B ol it £, sgRBi ooz
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devices plus cell adhesi on and spreading. As shown in

humanghreast ganger.  felin. Sathel 23 &2%ditur enent on the testing
. . Tl . . ‘
ousa! o, SRIAPCUU b 0 SR
2002. TodEfcadicrivee]l cell adha@sannipbek del long cdicerbied snetastasis, and

1002221 For i gration assay, plastic wells on a
PrognGifst PRGEMICes afat el  vier & pre-filled with buffer

[00238] Ut1708%n& IN6AY M. RYiKs DOOD Al RN Iy ﬁofal roles in cancer
_ trans-nenbrane well containing plasti g plate
disseminafiai| Gl &Expr bletaBDsiBi B5202R¢Rs) is then inserted into

I i | wof, .t he rement riridge. ter
100236, o KL o o b s T IR e 5 2 2082 fie
promisela@d perdid & WiitRReaReLhraizh babdatdie dsdithdeNBod, N 8au1esMwy
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[00246 1" ) Falks Gpedvigs ang lesonpnde " A 48| WelhMirroGhamstaxin Apsgmbly for
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Rapid % Afpere Vbt Qe ios Thul e Shert o L PoRE L FRUR R pplgsica
Methodd. §B8 a23%i7anal ysis on the el ectronic device 1.

ectrode. coating;
[002517] 20. ﬁlchards and %/[cCullough. 1984. "A Modified Microchamber Method for

Chemotaxis and Chemokinesis." Immunological Communications, 13, 49-62.

[00248]  21. Neuroprobe Inc. www. Neuroprobe.com/protocol/pt_96a.htm]
[00249] 22, IIsley, S.R. 1996. MATRIGEL® Basement Membrane Cell Growth
Chamber. Becton Dickinson Technical Bulletin #422.

www.bdbiosciences.com/discovery labware/technical resources/techbulletins.html
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[002231 Cell adhesion nol ecul es are used for coating.
For fibronectin, 50 ul of 50 wuglm fibronectin was
added to each unit at roomtenperature for | hour
fol l owed by wash with PBS for three times. For 17 June2005
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[ .. E. .
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O _Brown and D. Botstein. 2000. Tunor

10025, o1 5ecker BF, Warth - b et Hodis Ro N siseiab Asd Grsipyne PRC.
T
1995. %2 ﬁ[rogggﬁzla ﬁreamldff elcé“s %ﬂ%ﬂo@&gﬁﬁ@rﬁnh@%ﬁ&% affinity.

Proc. Nag, AcaddmASciZ{1d$ A). K29,&@0864,1 nvol venent of  chenoki ne
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100285 £ 62 Wiy T3 Harkaind ACCCasenri A Dseqsmagretc
manipdtetidyPd P hfng §Fh1 MectrdldsNBioph90.L. 72,1887-1899.
[00261] 33. Wang, X-B, J. Vykoukal, F.F. Becker, and P.R.C. Gascoyne. 1998.

Separatton of polystyrene beads using delectrophoretic/gravitational field-flow-fractionation.
Biophys. J. 74,2689-2701.

[00262) 34. Yang, J., Y. Huang, X-B. Wang, F.F. Becker, and P.R.C. Gascoyne. 1999.
Cell separation on microfabricated electrodes using dielectrophoretic/gravitational field-
flow-fractionation. Anal. Chem. 71,911-918.

[00263]  35. Wang, X-B, I. Yang, Y. Huang, J. Vykoukal, F.F. Becker, P.R.C.
Gascoyne. 2000. Cell separation by dielectrophoretic field-flow-fractionation. Anal. Chem.
72, 832-839.
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8. (amended): The device according to Claim 7, wherein the biocompatible

porous membrane has a thickness between 2 microns and 500 microns.
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anal ysis of electric cell-substrate inpedance sensing
to study the attachnent and spreading of manmalian
cells. Anal. Chem 74, 1333-1339. 100280] The above
exanpl es are included for illustrative purposes oI Kne 2005
and are not intended to limt the scope of the
9 (eAten. MRy davade Rbbrag th C1ARPEBVIALSE Thd M Hc RN Ble
are possible. Since nodi i cati ons and variations to
t horeycaipmbEng dardier sapPagss veonling fop eromgperthe attachment of
th&?eeor%oré‘éblll% thhidd his art, it is intended that this
invention be limted only by the scope of the
appended clalns 74 17 June 2005 AMENDED CLAI M5 What
s, clained i i.nal): A device for nonitoring
?h@“ﬁfl&{@ . ohhes e"ﬂb%\ﬂ&g?gféwgé? Clatmy}. dpdis caMPHENgi cl e
such as a ceII whi ch device conprises: a) an upper
chanberdadaptlediridlyicopdicjive iqgesrextendmedrarn) andgm plscisical
b) a | ower C&ﬁ:ﬂ@&&c 1't1'§'tl%gat%as{ Séleétﬁﬁ §|aﬁgt rodes;
and, c) a bioconpati e porous nmenbrané havi’ng
por osi tly sufdonoeaion mfmns fit| establishigeltari il g:bﬁlhﬁlnlcahon
t her et hr oug wher |n sajgunﬁnbrane IS dlsposed in
the device sgrieT! ee@sﬁw EoqnductivsiEces iyt arppedance
chanbers fromapper. anot her; wherein migration of cells
t hrough the porous nenbrane permts contact between
the mgrating cells and one or nore el ectrodes of said

anb |n f |rther sai d_cont act
L& R o P SRS ad i ilioR B a5 fER st me
aﬁﬁmgoﬂh@nphﬁﬁgrodes 75 17 June 2005 2. (anended):
The device according to Claim1l, wherein the

el ectroges q;ravﬁi@mﬂcecaecdrhﬁ hotigm sur face of the
| ower chanber. 3. (anended ﬁe devi ce according to

d ai m ) whenepdncitgethe leb;rmtﬂﬁhwbmﬂhhmw off ¢het dervice; and,
surface ar eay for att achnent, of

of " taf T o reRdifie RRbmEAL B8 AR Rl 1R sng the
1-10, 10 - 1(H])ectrbﬂébﬂﬁﬁﬁns %ﬁﬁh-éQﬂiangleﬂﬁ impdd¥aQe bet@Ren or among
1, 000, 1, 000-3,.000,. 3,000-6,000 000- 10, 000 and

1000- 10000 B plectrogdes (Sdﬁélﬁ@fé\ff)ofﬂ‘m’éwa%w e OB RAPME cells
to daim2, 1%‘%{r%u%h?h@$lggéfrﬁ}?ﬂﬁ)§ei SRR mBibrah ahsast 5%

of the bottom surfaceé area ower C

.—n

12. (amended):  The method according to Claim 11, further comprising the step of
introducing a known or suspected modulator of cell migration to the lower

chamber of the device.

13. (amended):  The method according to Claim 11, further comprising the step of
introducing a known or suspected modulator of cell migration to the upper

chamber of the device.

14. (amended):  The method according to Claim 11, wherein the cells are

manimalian cells.
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5. (anended): The device according to Claim2, wherein
the bottom surface area of the | ower chanber is |ess
than 1 m®2. 6. (anended): The device according to
Caim1l, further conprising an inpedance anal yzg® jif 2005
el ectrical communication with the at |east two

18! (GRLARASS . The &&%@Q&Q}din%tbecﬁﬁﬁ'lﬁ,ewﬁ&%ﬁﬂéfi‘-& infhlian cells
Caim1, wherein sald bloconpatible porous nenbrane

c amp khaves todieag suspsasp oif being sndligoant, silicon di oxi de on
silicon, or one or nore polynmers. 8. (anmended): The
devi ce according to Caim?7, wherein the bioconpatible
por ous nenbrane has a thickness between 2 nicrons and
16Q8mehdadpns . Thetmédtfod aterdRPh Clim (2eRaed ) he MARNASYA C8ls
according to Claim1, wherein the bioconpatible porous
nebReHied Gellher conprises a coating for pronoting the
attachnent of one or nore cells thereto. 10.
(anmended): The device according to Claim1l, further

I 8100 ' . uctive traces t endj n
ERBREARATS, WreithGhod ABtdi ORHED | GO GRTRS o R e
| eastort wicrebgehismdes; and, b) connection nmeans for
establishing electrical comunication between the
electrically conductive traces and an i npedance
anal yzer. 11. (anended): A nethod for nonitoring the

180 (&h8hdedh OrTHeedRk 9&;09&112 t¢€laim 7 WfierellEhb ggl ers comprise
conprising: a) providing devi ce accordin gglcialﬁ?

1 'pr;f»)imiidﬂ papstyieng, nobecadwinhte, pelydnyhdlupieepolgtstarined of
th%ld vhgp; and, c¢) determ ni ng whether a change in
iﬁbéﬁh cCEFE LR Br anong the el ectrodes occurs,

whi ch a change in i npedance between or anong the

el ectrodes is indicative of the invasion of, or

igratjqn of cells intgo or through, the_ bioconpatible
1%16%8%‘1_8 nbri¥Reevies acqordian dlpim Bhwherstnibe biscewpatitle
! Pobdi@infBotthand isaNBlck FATBEMRAY chilfonS hEPs@migrons,
I ntroduci ng a known or suspected nodul ator of cel
mgration to the | ower chanber of the device. 13.
(anmended): The nmethod according to Claim1l, further

| Si i f i [ Kk . .
2 U EhRUR® wd 38R «Beraafle GRR AT Pofetahe s ompeiote
porous membrane comprises at least one hole having a diameter between about 1

micron and about 25 microns.

21. (amended):  The device according to Claim 1, wherein the electrodes are

disposed on the bottom surface of the membrane.

22. (amended):  The device according to Claim 21, wherein the biocompatible
porous membrane further comprises a layer of epithelial or endothelial cells on

the upper side of the membrane.

23. (amended):  The device according to Claim 1, wherein the electrodes comprisc
gold, silver, platinum, chromium, aluminum, copper, indium tin oxide, or
titanium.
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chanber of the device. 14. (anmended): The net hod
according to Claim1ll, wherein the cells are
manmal i an cells. 77 17 June 2005 15. (anended): The
nmet hod according to C aim 14, wherein the manmal ild@June 2005
cells are known to be or suspected of being
20Blah@AG: 18 detiRERNIGRGhburing \QediBEN QRApad®eE, Fhdidat R, or
Claim14, wherein the mammali an ceIIs are neurona
c edapacitange of(a’a@ﬁélr‘ﬁdlé@tyate Inharfagest deoepristEo i qafgnqrg elecapdns
1 :
i IR oo d Dkt RQRurfi ol ESmprisss af et epe
A mirenwhersih edididevic@ Bapodur filee Suitadiddfor s€ll atpRhitient ctzrowth.
pol ystyrene, polycarbonate, polyvinyl chloride,
pol yester and pol yethylene or urea resin. 19.
%anended The device according to Claim8, wherein

ndssdnp at heslenice geeasting e Fisrmmd. Wherein said bwﬁ@gsanble
b
devyEn0 iRl A0 o GRS itk SETEPGE dhicony B o
ponomaﬂmmmbmanm:maﬂmmqsﬁﬁnaﬁ | east one hole having a
di anet er between about 1 mcron and about 25 microns.
21. (anmended): The device according to Caiml1l,
wherein the el ectrodes are disposed on the bottom
26Uamde@def TR dRihaeRding 2o ClAMBRdfbicin 8 @?d(:bﬁﬁ)atlble
according to Claim21, wherein the bioconpatib
poRekrane seRRNEes Polvimide, radygsrbonats, ar pelyesterof
epithelial or endothelial cells on the upper side of
the nmenbrane. 23. (anended): The device according to

o oy B G OB

t iReMial@is fRdm abduit 2MhidFbns (Sabohit J0MMIGERS 24
(anmended): A device for neasuring electrica

i npedance, resistance, or capacitance of a
cell/substrate interface, conprising two or nore

z@'@@r L ﬂ%%bfé@%@&m%ﬂ{g 9{@1&&1% &Le&ma?ac%g@%egﬁgib?e

ane’that conprises at |eéast onhe
sahembleré cenrass a ceatinfgaba aflaivs &ind a&taf:h)nemeif lonabt moraazitit.
or grow h.

29. (amended):  The device according to Claim 28, wherein said coating comprises

an extracellular matrix component.

30. (amended).  The device according to Claim 24, 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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25. (anended): The device according to Caim 24,

wherein said bioconpati ble nenbrane conprises gl ass,
sapphire, silicon, silicon dioxide on silicon, one or
nore plastics, or one or nore polyners. 26. (anmendgdie 2005
The device according to Caim 25, wherein said
3Di(@@enddy bl Ehe dERIHRMBARHQNP ClHRS240 Mkl §d at least one pore
pol ycarbonate, or polyester. 27. (anended): The device
aded pdiarcterpTdpsgithanboutpheriePn t he t hi ckness of said
menbrane is fromabout 2 mcrons to about 500 m crons.
28. (anmended): The device according to C ai m 25,

' ai i pconpat i bl e nbrane,conpri ses a
ST T T R ROl o ERRRAT ShEGHE i RlggRpone pore
Célab 9 dianzfer thatprAdRehe phiageeri GReraGeO6:Ah R eedBbdMn the
28, wherein said coating conprises an extracellul ar
ndRFASUIRGAEE HeH dmpedince, Apmsiarag) or crRecivnce ofm eatléubstrate
1 Qi ol Ln said at | east one pore has a
dﬁgnetéghﬁﬁggwggégbnot permt the passage of cells
used in the neasuring electrical inpedance,
resi stance, or capacitance of a cell/substrate
33.nueeddedy  tThealdgite bb@rdiag e CEIMDA, JHaRinZARbleas? bne pore has
(aqgnded): The devi ce accordina?to Claim 24, wherein
s & Qamster atveRaberl bmigran and ahongds ercrens.| ess t han
about | mcron. 32. (anmended): The device according to
Claim 24, wherein said at | east one pore has a
[ Gt h ] assa of.a marating or
3£ (BIEE0: o ineBELEE bicl e REERE oD B i e
| epetdadeaonpeise goldndbier, platbapn chioatiea, hménum, copper, indium
cell/substrate, interface through the pore. 33.
(4 el fRtitg@iiice according to C aim 24, wherein
said | east one pore has a dianeter of between about 1
m cron and about 25 microns. 34. (anended): The device
according to Claim 24, wherein said two or nore
pl(ewendsdls ddwpevise agpording & Clagn 24pwhercmusaid tobroomatable
al um.nu conpe i.ndium ti.n oxid steel, or
PR hesgRicknsss Betyiech £t pACSARUGP ng to O ai m
24, wherein said bioconpatable nenbrane has a
t hi ckness between 5 m crons and 50 m crons. 36.
3. aRaded).: e ddave GRoRRRLIACRM £a, ChakiM of foasBoFisMd two
at least two of said two or nore el ectrodes have
s @bsosneleetrades hive sshrantiallyfthe saneer wafac@rea.( anended) :
The device according to Claim 36, wherein the at |east
two
37. (amended):  The device according to Claim 36, wherein the at least two

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

concentric configuration.

38. (amended):  The device according to Claim 36, wherein the at least two
electrodes have circle-on-line, diamond-on-line, castellated, or sinusoidal
geometries.

39. (amended):  The device according to Claim 37, wherein the width of the

electrodes is from about 20 microns to about 250 microns.
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el ectrodes that have substantially the sanme surface
area are in an interdigitated or concentric
configuration. 38. (anended): The device according to
Claim 36, wherein the at |east two el ectrodes hav¥dune 2005
circle-on-line, dianond-on-line, castellated, or
48i(amendddyl  DeARickiaesordiad to Codimmle Where?fh@le%ﬁ bét@veen
according to C.aim 37, wherein the w dth of

o eTOR B IeRtSFs beaBbERoUSd THPTONG AL ERPUABD mlcm_»s@m width.
m crons. 80 17 June 2005 40. (anended): The device
according to Claim 37, wherein the gap between

4l (emendle el Brplevse iascdnéihgmﬁ:laaﬂncﬂﬁ whergircthe @ap Bétd/een

crons . in width, _41. (amepded) i ce
oo girshhaas! g p it Bl g sbimete St o cell
elged rrptﬂen@ammt&ectr&apﬁﬁmancea%mang ?ort:hlsg%ﬁm%%fa
about 6 tinmes the width of cell used
nmeal shbsigtedinteeiaes.cal | npedance, resistance, or
capacitance of a cell/substrate interface. 42.
(anmended): The device according to Caim 37, wherein
42 Hemerdedd of Thdréeviaccovidiighto Maih®7, eliRedin €26 5%& $a
mndtHUra ges fromabout 1 : 20 to about 1 : 1.
¢ elggieodgsirpemreavidsy paes fram apetrh: 38 te |ab%t1ed1
ina fluid container. 44. (anended): The device
according to Caim43, further conprising an i npedance
dadnGimended)c orlrecleride hocording &i Claga$o situtedirec fluiddestaindb
(amended): The device according to C aim44, wherein,
in the presence of a conducting solution, the
4at taasha®l)l ThedRlRE hE®Ain W%Eo OREM A3, fRher &ﬁﬁﬂrﬁsl@hnt he
si de of the nmenbrane on ich the at |east two
eliBpedapge snaldyzsr feibicried tethe@alpagidwogtactredesd by a change
i n inpedance using the device. 46. (anended): The
devi ce according to C aim45, wherein the exposed
4Sufahrnded)ar Ghedkvichecwirdifg of Clahe 48] wh@BAln tht Bresence of a
menbrane on which said el ectrodes are fabricated

c &ﬁfbﬁh}%l@% salntiofy Shesstiashmenter deteelypet o ep¢ phmeresisllspn the
elsffetdt ‘ﬁ%%ﬁ%@h§ wh‘ﬂl v\ﬁ@ﬁ%&k‘ﬂ add eIgIthfdeg v %ﬁﬁcated can be

according to Claim4 erein sai ectrodes are
dKtthﬂ@Wedm@mgnnwmpﬁtmseuﬁ@@ﬂmﬂkwhe exposed surface
area of the side of the bioconpatible nenbrane on
which two or el ectrodes are fabricated. 48, (anended):

46hankadddges Thederidt AetotdnlACRIA 45, WhQERI the &gioged surface
el ectrodes are distributed over at |east 90% of

eXprogd dhestidd efcthe hiosampitiblpmesibgnesh whieh saml glsagmqms |am c
%{}H ? gﬁllpi%]éscag ab%x%atgl?r 1f‘81r§ %S‘ﬁ%qﬁ ion Of Electrode elements.

47. (amended):  The devices according to Claim 46, 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.
48. (amended): The devices according to Claim 47, wherein said electrodes are

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

biocompatible membrane on which two or more elcctrodes are fabricated.
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81 17 June 2005 49. (anended): The device according

to Caim?24, wherein said two or nore el ectrodes
conprise at |east four el ectrodes. 50. (anmended): The
devi ce according to Caim49, wherein the at | easity june 2005
four electrodes are arranged in an el ectrode

AL [ddED: ArTIRYdeRHceladdBr@ing 10 Chaim 74, ¥t {Ad REb or more
el ectrode structure units (1 DES) or concentric

el destiodefecomprise rtiteest fouri dectiodSES) , each of whi ch
conprises at |east two el ectrodes. 51. (anended): A
devi ce conprising the device of Caimb50, wherein said
301 eweided)t bl Eherdeniee ae@rﬂmﬁrt@wﬁli 49, Whereirl the QVRES Y
attached to a struycture that provides a plurality of

| SOFHOAES 37F aiTANgsd R &N AlePEoda MCIFRAITHL ofi tear mesrie of

t - Lt i [ S| : 0 S
STy fded AR BELAURANS LIRS YAt iat S Rls Syt
Cluitn(GCESwieacteofiwhitlo corepiddes af lesaitato efctioddsi ty of

isolated fluid containers that conprises a single |DES
or CCES, the exposed surface area of said one side of

S9a{khdAlano MR HERLECHBINIR Be ABviIMO b EO iR 58 CH QSRS aRf ©

fabricated conprises an approxi mately uniform
dibdeqontatiblsimembraed seevapdely apirrescetbly attechet] ¢ore strscturs3that

0B Py AL OBEP B8R b cne e s

C alohtafebsdongirBes atiaplcdDESHRMUES itAgnirbanidevi ce of
Caimb52, further conprising an inpedance anal yzer
connected to the at | east four electrodes, 54.

st@ﬁgﬁgeggg@g THe d&wic%ea&&%g%%wguﬁ% <§hawfi@e€e-n, w?gc&lgﬂrl f said

separates an er chanber from’a
c hndwrblety affisdlhted ffluid domteintmith&rconfpbised arigte)ES $h€CES, the
devi ce ,accordi n o0.Cl ai m 54, rein the at |east two,
cIERTP QUG 50 ab T P H9B AT SHA TIPS P s dngRgas gp Which
MRERbBA&. arebfabliddtB d8fprisdén da%}ﬁi’(ﬁ@m%fip RlifSiEh td@stl%tﬁ%oﬂl of
55, wherein said at | east one pore has a dianeter o
| elostrogesor slrsireds elementsn. 82 17 June 2005 57,

(anmended): The device according to C aimb55, wherein
said menbrane conprises a |layer of Caco-2 cells on

58h@nieppel): sixdesysfens dbel MeEDfiaR csle@Beal ( HARAGRD) | rediB@nce, or
devi ce according to Claim 55, wherein said nenbrane
cSARAcitams af pagelysubstratp intveiopa compriging ghpelavise efeClam s2,

Ol URRGsisY I8 Fhp&finfe analyzer comnected to the at least four

electrodes,

54. (amended): The device according to Claim 43, wherein the device separates an

upper chamber from a lower chamber of the fluid container.

35. (amended): The device according to Claim 54, wherein the at least two

electrodes are fabricated on the upper side of said membrane.

50. (amended): The device according to Claim 55, wherein said at least one pore

has a diameter of less than about 1 micron.
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menbrane. 59. (anended): The device according to Caim
55, wherein said nenbrane conprises at |east one

bi onol ecul ar coating or extracellular matrix conponent

on the upper side of said nenbrane. 60. (anended)7 June 2003
The device according to Claim58, wherein the device

is used to assay the mgration or invasiveness of one

or nore cells through said layer of epithelial cel

o (nendede| i Hre devics %ﬁ@@lrdﬂ% tp ofimc Ramydrereip nynid smembrane
A cdnftbs Oer SXRBYILKBAME Il BALLALS hitprati on

one or "nore | east
one conpound suspected of nodul ati ng the n1grat|on or
' aS|ve said one or nore cells. (amended) ;
% Sléhcﬂoﬁavlﬁa Jegording ﬁ?s@lal%éﬁe.w@r% e pembrane
| Scdﬂﬁﬁﬁd Q 1aP&SEY epillR1in 8F %ﬁdcﬁfﬂelf&i ey 3 1??@ §r Qf eo&esand
or nore cells through said [ayer of epit
ormenbsndel i al cells and the upper chanber conprlses
at | east one conpound known to nodul ate the m gration
or invasiveness of said one or nore cells or at |east

39 eanceandpdy! n ATt slpeict esbeofdinpdyl @lathgss hevhitdd adai @ Mm&hbrane
|nvaS|veness of said one or nore cells. 62. (amended) :

THROMPEECH least epehingotesuler apaiingAr expiegelinlar srik geraponent on
5&%g§ e fabricated on the | ower side
o?ﬁgbg%%@mﬁgkgﬁg al?{alrrended): The devi ce according
to Caim62, wherein said at | east one pore has a
f t 25
] BFShEcost 5 ISR SBounad by ot ESisecs wsod

aCHQyaihe gnltgﬂlt@h%rqhﬁaoswéﬁ@%r@ﬂ ShS& fhof® Eg[s e% nRkd of
at | east one substance that pronotes cel sion o

t Hpitheljed celd jod endgthelind el Snmfbtha deweB@aH(l?@rmnmEdycs dTHenst one

deyi wher ei n .sa nbr ane
Cgb\rér)glﬁl%lsllgé Elgé\gl:l ehe f)gulqeth 8}]{%[’&8%1& sg}rwg%g?r}eﬁ% nﬁealé one or more
exdellace! hullakt Baé réompARP ofepdcta of t RBdWRMEY B FRighltion or
sai d menbrane. 66. (anended): The device according to

GlﬁYa}ﬂ"GQess\ﬂlﬁéaflépﬁe euareisHBr ane conprises a | ayer of
epithelial or endothelial cells on the upper side of
said nenbrane. 67. (anended): The device according to
6l @hmn6ﬂi)' wWidhealemics acdordang toeCliaBn lSSﬁd/hbmm ﬂ'&S(a?Wldehe used to
m ar atlon .or .invasiveness of. one or e Ct%r
assay the migration or invasiveness of one or more cells through said 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.

62. (amended): The device according to Claim 54, wherein said at least two

electrodes are fabricated on the lower side of said membrane.

63. (amended):  The device according to Claim 62, wherein said at least one pore

has a diameter of between about 1 micron and about 25 microns.
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68. (anmended): The device according to Caim67,

wherein said | ower chanber conprises at |east one

compound known to nodul ate the migration or

i nvasi veness of cells, or at |east one conmpound 17 June 2005

suspected of nmodulating the migration or invasiveness

6qf (aﬁ?elnh&l) 69 he( ABRBL Ekordi: tSi e¥la5f BEC WY dafi Gh@hRane
7, wherein said upper cha conprises at |east one

C m@pmuﬁ@ d eash onosubsdotathet pﬁ@mfmsqqeat adbestar on the lower side of

i nvasiveness of cells, or at |east one conpound

sus%ec?e a8 nndulatlng the mgration or invasiveness

of cells. 70. (anended): An apparatus for neasuring

el ectrical inpedance, resistance, or capacitance of a

6éeiamcgﬁ%f9t ‘ élil@ AeYies fagserdingoripr $laimg6 pihgte t3gik membrane
!n§€ssattl e bidibf ﬁ% l:@atmgi?r egﬁg‘éellﬁl\ﬁpm F%;é"&‘,dﬁ nent on
arm ,

conp Fi'ses t evice of erern eac
sebamamesdeaﬁhnmﬂkhﬁumﬁm upper and | ower chamnbers. 71.
(amended): The apparatus according to Caim?70,
wherein the two or nore electrodes are on the | ower

651 @eedlled)Ne TRMIEARE - acéddrdiddW® n@ﬁﬁﬂ 62 N&h2RAArAI Snembrane
according to Claim 70, wherein the two or nore

elcemprisgies layes (&nenlmlldp@eﬁn@tmlabfselﬂmen rthertpperesid@ 4t said
17, JW16,2005  73. (anmended) : An apparatus for

neasuri ng el ectrical inpedance, resistance, or

capaci tance of cell/substrate interface conprising the

device of C_aimb52, wherein the bioconpatible
ﬁ&e%}eaﬂgf )i s Theewisp Brgerdingte (dyigt 82.bvleraintsathdayiqes aised to

fizkst géﬂé@ au&.{kﬂlm é%ﬂl%é %%h%? r QbrdRAiE, Vel I's that

pr ov ers mgration units and is
rever3|bly or |rrever3|bly attached to a second pl ate

hat pro | d t str cture hat_ provi de upper
OB @nsEIEL DI {EV e qRaRiBHE [ LA S OH O Sk i o abprmber
mc@ﬁl@hh&n aU Nighst C 0APT dohBsoudd S kﬂ(ﬂlJE ﬂODEI%Cﬁlllatgqg@ mhfration or

(amended): The apparatus according to Claim?7
whsresivanasaiof edlecer gtideass one compeued rsagpeptsdo:nf mhdulating the

(gﬁgﬁdﬁggﬁlﬁam\?’&legs & %ﬁgnrpan bl e nenbrane. 75.

aratus according to Caim 73,
wherein said el ectrode structure array is on t he

up i de of said bloconpat|ble nmenbr ane.
6?3@&%‘2@9 depisaraerdingc oot limd 1 ovimrein rﬁalxlsupper chamber
S0 ST TR A 6 ML <

b'rirma@wpmss b:if eceﬂie,nbr an ¢easf7 dne (canpooet] pusplted ayfpavdiludng the

accor g wherei n said bi oconpati bl e
migra Ton rmvaswenesso cells.

70. (amended): 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 24, wherein each
device separates each well into upper and lower chambers.

71. (amended). The apparatus according to Claim 70, wherein the two or more
electrodes are on the lower side of the membrane.

72, (amended): The apparatus according to Claim 70, wherein the two or more

electrodes are on the upper side of the membrane.
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menbrane conprises a |layer of epithelial or
endot helial cells on the upper side of said
bi oconpati bl e nenbrane. 78. (anmended): An appar at us
for measuring electrical inpedance, resistance, Of7 june 2005
capaci tance of a cell/substrate interface, conprising:

te ' - ;
i FdBR PAL FRaBRIPOL IR SeoMRAP itfidaice, fsafle, or
i newnditaneayf eiiffpbitsesintariaco comprising Hweatevicehdifhanss2, wherein

each.of whi.ch comprises: i).flui.d i nperneable, walls;
o A pfcorhRtflE fathte &tayertivly e RBIIERRbEL g Gt plate
et @mpakd tw®BLnREe WRIE tHab pRIVIALCRAEL ShsinbBS ot Leld WiSration
2005 further wherein each insert chanber fits into a

wetnits gnd safieyeribi @r isgrersibhinatiached togeterendplateribatgirayides tube
T Qi frds rpr‘c‘iaaﬂaﬁéer%ﬂgmfjag of Qé?ﬁl fﬁgﬁx{nrl&?l sr,] §13<%ptﬁzr1t each cell

chanber o a ce nvasi on/ mggra

( annad@a)unitHoenpaipgsar sihgls IRES of dICES.t 0 C ai m 78,
wherein said at least two electrodes are fabricated
on the upper side of said bioconpatible nenbrane. 80.

Tarengaed)y: e a 184 UScRaRer & @9aihP 781 /i sa]jd Ielos:ctrode

wherein said at 1east one pore has a dianeter o ess
t ridmcaiboanraylis oh thedowesside ¢hsaphbiedympafibée mpmbraatus
according to Caim79, wherein said bioconpatible
menbrane conprises a |layer of Caco-2 cells on the

Msppedendedie  Ofhes aphrattd Qeesiliali B €lARIMIBARGerdR - said electrode
(amended): The apparatus according to daim 79,

WHENEIUF aTEYdS R sy uaper sidompyaidliscempaiipls membeanet hel i al

or endothelial cells on the upper side of said

bi oconpati bl e nenbrane. 83. (anended): The apparatus
TacGaoraiiled). t ATHel appanai, acedrdingi to Gaind 7 fewhdsraifesaid biocompatible

conprjses at | east ogne bi | ecul ar coating or . )
oXERRRIART FOMPTISER 13 AEBrHo Rt oIt (B HifpaiPS dideopf said
S iskRIREPRRA L fe. mEDr ane. 84, (amended): The
apparatus according to Caim82, wherein said device

is used to assay the mgration or invasiveness of one

Il.s_through said. | of .epjthelial . .
RriaBRds Sl PR Blrfine gt g 2 Ehertfi Rl whkompativi
| eRGhbraREcomSHNes WMl ek BOYMtHeRal BBl sth lid RELIHAIRLIPEr Qlle of

i nvasi veness of said one or nore
said biocompatible membrane.

78. (amended).  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 insert tray that fits said plate,
wherein said insert tray comprises one or more insert chambers, each of
which comprises:
1) fluid impermeable walls; and
ii) the device of Claim 24 forming the bottom of each of said

onc or more insert chambers:
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cells, or at |east one conpound suspected of

nmodul ating the mgration or invasiveness of said one

or nore cells. 85. (anended): The apparatus according

to Caim82, wherein said device is used to assay jifeoos
m gration or invasiveness of one or nore cells through

S &fuGhdr AW EEreiff eack RhdeCliaflbeP Fite Hﬁf]‘;’tah\%l! 3k &8 'Cﬂ@te AN that the
sal d upper chanber conprises at [|east one onpound

k rveshls of ehenpaltg | fartne a fidreerrdhgméei ayml the irisen dsinsemegpenéhamber of
sai d,,;one or  or e 86.17 June 2005 cells, or at |east
o§éf¥éﬁ%%ﬁﬁd“§ﬁ§B8&W8d of nodul ating the mgration or

i nvasi veness of one or nore cells. 86. (amended): The

apparatus according to Claim 78, wherein the at |east
PrigmearieBt r JRESPARBISSCPEIE P GIRITHES. ShisPinsiah abfeast two

SRR R0l PRI P

_one pore has a dianeter of between about 1 micron and

bout 25 m ¢rons. 88. (amegnded):  The_apparatus.
R ofh: L dhe WpsalE, dskprding 1 Sk ARnwhese said at least one

c Ea%%ﬁiiﬁhethﬁ@f%ss%ﬁlé’d&ﬂ afiGsnt hat pronotes cell

adhesion on the | ower side of said nenbrane. 89.
(amended): The apparatus according to C aim 86,

erei id.menbrane conpriseg .at-least .one.. .. .
S8 SRR SRR ARS sr SRR S 20 RirriR e chipmmanneive
on mtMBradp PRimEisee Ofayeidd TREDLags &9 thé APRpRH.e of said
The .apparatus according to Claim86, wherein said
nentipeamapatibleembaee.s | ayer of epithelial or
endothelial cells on the upper side of said nenbrane.
91. (anended): The apparatus according to C ai m 86,
8&heamiendesiai d'hdeapipamtissaaesating tto Gasay’t hehemdigratd aenrane
i nvasi veness of aqne.or nore cells. . 92. (anended): _
T TR SE 06 % GRIRT 15 R s 1Scllnor GF iPpsh g of said
| ovBbcomhARBR meAARE.1 Ses at | east one conpound known
to nodulate the mgration or invasiveness of cells,

or at | east one conpound suspected of nodul ating the

' b OR OF-. Lnvasiveness pf cells. . (Ganmended): A
STRBHAR: s BB Gt & ofton T3 IROSET B mebrane
C QOIPfisdsag leastagne MishHoleiblar @atin® pREatddsl il Bh@ix Bompon&it on
placing cells in the upper chanber of said apparatus ;
athe Wpehside phaidibjogompaiibiemenbraggedance bet ween or

anong t he

84. (amended):  The apparatus according to Claim 82, 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

invasiveness of said one or more cells.

85. (amended): The apparatus according to Claim 82, 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 invasivencss of said one or more
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el ectrodes to nonitor mgration or invasion of said
cells. 87 17 June 2005 94. (anended): The nethod
according to Caim93, further conprising adding a

known or suspected nodul ator of cell mgration or;cghd 2005
invasion to the | ower chanber of said apparatus.
(‘argpeded) ﬂ;g&g o IEQQ S rsﬁiélﬁggte& o éimagg% tfhgr}nlﬂ% tion or
conpri sing addi ng a known "o suspecte | at or
celnlasweagestdf@ne or mped ¢ellsnvasi on to said upper chanber

of said apparatus. 96. (anended): A nethod for

monitoring cell mgration or invasion, conprising: a)

9. Qabh HidBd): ANTIRP Baddtis a8fordih @I t0 @Bim bz)s Rh{é?élﬂ ahe et idst two
in the upper chanber of said apparatus ; and c)

motleatipdEneye dalitated ondhe lowse sidn oéstiébinsempatiblameniprative

el ectrodes to nonitor mgration or invasion of said
cells. 97. (amended): The method according to Caim

876 (anhenklbdier Tonpypasitingacdetling t@ CIEADBO, Fheits PAE A deast one
rmdulﬁ\tor of ceI]f m gration or cell invasion to the

| RHEF Nahdifmeier 8t b wPen 2houh} srieren aodabquigs miewns. The

nmet hod according to Claim96, further conprising

adding a known or suspected nodul ator of cell

&8 gﬂlmnidedw) orThee hpparatysm scanding tsaCHuimp&@rwhﬁhmméd roémbrane

said a tu anended f.or nitorin
c TR hons S‘#ﬁf?ﬂ&ﬁ Bt P%’m%?% n%geﬁ%ﬁ 0 Pm@ge of
amaaﬂﬁ%afaﬁg of claim78; b) placing cells in the

upper chanber of said apparatus ; and c) nonitoring a
change of i npedance between or armng the el ectrodes

0 LLOr muwaration or invasi.on eIIs
SO0 ERANED. T AP hcl AR 8 OB R, EG e i smbrane
C QP TpiriS &y laﬂdbmgbxamoleml\am c@:ming ws pegdctiuap tatd! edmsdnent on
ceLLI m gr ? Er invasion to the | ower cha

of S BYRf a@ At S §e "“EP? June 2005 101. (anended):

The met hod according to Claim99, further conprising

addi ng a known or suspected nodul ator of cell
9 grended: orTheedppaiatnsastaonding te aCldirn pife rwhertiandséd nodmbrane
Saéo%p%ggsagqg)}rjesr'of epithelial or endothelial cells on the upper side of said

membrane.

91. (amended): The apparatus according to Claim 86, wherein said device is used

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

92. (amended): The apparatus according to Claim 91, 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.

93. (amended): A method for monitoring cell migration or invasion, comprising:

a) providing an apparatus of ¢laim 53;
b} placing cells in the upper chamber of said apparatus ; and
c) monitoring a change of impedance between or among the

¢lectrodes to monitor migration or invaston of said cells.
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102. (anended): An apparatus for nonitoring cel

m gration or invasion, which apparatus conprises:

a) an upper chanber for placing mgrating or invasive
cells or cells suspected of being mgrating or j7june 2005
I nvasi ve, said upper chanmber conprising an el ectrode;

) r i1Si . elsac ; .k .
oD, SRS AR AR HEPE obbrn adding
skinbabl @ sisgetedainodwiatey fadetl migyntad pg coli ihvagaai toethe lower
cells to 99, t hrough, said nenbrane connected to said
uﬁb@?bﬁﬁﬁ pid\iePaESnber s and separating said upper
chanmber and | ower chanber from each other, wherein

said mgrating or invasive cells nove through said
M olamenddd)s ailde methdd aperdinedh (lewn 98 s fiirthen comarigieg aflding a

[ e tween id el.ectrodes.in _said upper an

| SREPR R SR8 uer BECRh R Richcer €01 PnkBREEe S gver
i Ruasbanf setl appardtucel | s. 103. (amended): The apparat us
according to Cl aim 102, wherein the | ower chanber™ has

a bottom surface area sufficient for attachnent of

<40, : -7 ] .- S
NN o g 1 R s
1000- 1@6D00 eediding 28 4pparatneotideim 7Fhe appar at us
according to,Claim102, wherein the el ectrode(s) in
The | oRbr cRUBIECAS e APBerGHARRE opEaPLait adad of
the | owpr ch#Hdefing 1Q5eh£é\1%5”36‘qumpéd£3€ BRRRERLMS among the
according to Caim 102, wnerein the electrode(sz in
the | ower ckistiedesite monitar migsatiarher igvasiongff seideccllpwer
chanber. 106. (anended): The apparatus according to
Cl ai m 102, wherein the electrode(s) conprises an
92| (amicndllg: amhayméthod agcording @a<aito6 efieitr O6l@prising adding a
el ements. 89 17 June 2005 107, (anended): The
apPaV ALY SUsRECHdgmaduiater Of et msatiaper e¢lh mvgaion to the lower
el.RehBL9eESY aPRia@ds Shape sel ected fromthe group
consisting of 'a rectangle, a circle, a circle on a
rectangular line and a sinusoidal |ine. 108.

nd K e apparl at us,.accordi.n 0 aim 102, .
AP EE e 1BE rPRBR SiesRuRe i CuRp obomeindt, Fomihiing afdige o
oknéws dBu§iceRd MefulatbPBPRESHigralibg RRRANAVMFon to said upper

accordlng to Caim102, wherein the polyner nenbrane

c 6hpsnbes 08 saith ppRasatEs-hol es of different sizes.

99. (amended). A method for monitoring cell migration or invasion, comprising:

a) providing an apparatus of claim 78;
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.
100. (amended): The method according to Claim 99, 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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110. (anended): The apparatus according to Caim 102,
wherein the | ower chanber conprises a nodul ator of

cell migration or invasion. 111. (anmended): The
apparatus according to Caim 102, wherein the uppefiune 2005
chanmber conprises a nodul ator of cell mgration or

VAas| 1 It C

]. @ﬁ‘leﬁ@tﬂf) mecﬁ@@gﬁ%ﬁg%rdk gﬁgré@g@ E%h lﬁ§rtl?e‘l: gﬁlg)hgglg a%dmg a

arabyanesr. subfid:rted awdnlded)of odlinmideatbnf o ceﬂb fivlgioh ng se®l hipper

Cgl@ gl on. or. i nvasi on, which nmethod conprises: a)

preoft Py sal @Bﬂé‘?’ét us of claim102; b) placing

mgrating or invasive cells or cells suspected of

being mgrating or invasive on the upper chanber for

12931 @mpé‘a})atm agpafatual foownengtosiag deetlemligration wovievasiammwhich
upper chanber into said |ower chanber via said

hoqu%ra “LTPY® e601 ymer menbrane; and c) nonitoring a

change ®f | mpagpaCcAahBENREBlaingaRRATinke m@b&@bémd&sceus

to nonitor mgration or invasion of said cells. 11

(anended) : THEPSRIEE IS BCIAE dYEWEIRG Of BrvErisg, ﬁmﬂmpemn@ph

t he anmount s that mgrate or invade

into the Io%g;nc a %e?elfcgr n%nltored based on the

moni t orkgd i rpewandeamb@dcdnipriimear?&8&rode; 15. (anmended) :

The met hod according to Caim 113, wherein the cell

i gratichn ora pola& MEmbiEnerosthpriedmuiipldolpy eEEfRabRAe

absence of a test coppound and the nethod is used to

det er mi ne wileWae s8ig ‘&W@ﬁg F oS Felo@aodhegh, said

mgration o

The net hod accoréﬁ%&?g& al m&%gé\zll\%dél%&eﬁ&?ane ceﬂ%‘:l

m gr ati on orseparatuegssaghuppsr eltanther atdbhwey chambey faim eachaither,

i nvasion stinmulator and the nethod is uSed to screen

t hveher@st sabb npigratigf or iamsivet eglnimbe othraghdsaid holes of said

sti Iator arrended) The deyvi ce, of Caim

WRSTETANG W@%oﬁeé@ S & ShAKERi ¢ SRPRantA btsgibhdrdcdvades in

a sgidaipteindlowet e&

(anmended) : The dgv?%%@g}flzﬁ%ggfbr%%f%g%Erﬁl{t%%?@%ag%lr?rsﬂn%smn

amfsage anal yzer. 119. (amended): A method of

measuri ng the integrity of a cell nonol ayer,

conpri si ng:

u—d

103. (amended): The apparatus according to Claim 102, 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.

104. (amended): The apparatus according to Claim 102, wherein the electrode(s) in

the lower chamber is or are on the bottom surface of the lower chamber.

105. (amended): The apparatus according to Claim 102, wherein the electrode(s) in

the lower chamber is or are on the side of the lower chamber.

106. (amended): The apparatus according to Claim 102, wherein the electrode(s)

comprises an electrode array having at least two electrode elements.
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culturing cells in the upper chanber of the device of
Claim 118; and nonitoring the integrity of the cel
nonol ayer in said at | east one chanber by nonitoring
the inpedance between said el ectrodes fabricated 190, 2005
said nenbrane using said inpedance anal yzer
G e

(03ERARH): THE MphhA | ngpalg% 29 i 1@5 b Mofidréin, YA HEibde(s)
( drmnacthmbe se]l'dme:drfecsm olek goop rcdmsmgmtgmf@ ractangle Gy civdd€raatiftle on
said cells are ﬁaco 2 .cells. 122. (anmended): A system
f Grrepangias it afd asipuseidpl itfpedance, resistance, or
capaci tance of cell/substrate interface, conprising:
a) the apparatus of Claim?73; b) an inpedance

9 t cey-el NjcS
)™ T e P T T A At potymer
sanembrand oqpeptags enwdhile Yigles of osmhnd §ize. ent electrode
structure units of said apparatus. 123. (anended):
The system according to Claim 122, further conprising
199f (a#RhGed)t Male eRfirRBakkeortiRR! td ICTRINTBRSUNAIRAL @E polymer
nmoni toring of i npedance between the el ectrodes or
elrambratecappprises oyultipleholenptidisforeat sivers. 124.
(anmended): The system of claim 123, wherein said
software has at | east one of the follow ng functions:

),.caontr JI' el ectroni hi ng..for conpe tlng
080 GFRABR B o B Ze iR LTl s Bprel BR iy Foipamber
S tebth@iisgsen MBdlstoPbf ddilemipkREAYr invdBRar at uses; (b)
controlling i npedance anal yzer for neasurenent of
i npedance between or anong el ectrode structures at
one or nultiple frequencies; (c) processing the
13 ¢ qgmended): n‘ﬂ%ﬁaﬁm@‘ ala pecording do Cleamal$3r wheieat the upper chamber

! HRB e e RO ET R i 8nn 2 o for or

storlng results; and (e) autonatlcally per form ng
above functions 1 through 4 at regular or_ irregular

I{# kamepdedyyy dihg apparatus (daq?éqimgét) Clayinel Bpphichtfugher comprises an
AGGREMRIadPy L ai m 78, wherein said one or nore

113. (amended): A method for monitoring cell migration or invasion, which method

comprises:

a) providing an apparatus of claim 102;

b) placing migrating or invasive cells or cells suspected of being
migrating or invasive on the upper chamber for said apparatus and
allowing said cells 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.

114. (amended): The method according to Claim 113, 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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i nsert chanbers are two or nore insert chanbers. 126.
(anmended): A system for neasuring electrical

i npedance, resistance, or capacitance of

cell/substrate interface, conprising: a) the apparatms00s
of Caim125; b) an inpedance analyzer; c) interface

akeGhiantds BRIMEHSH BtorliRE kS ORlim B LABRH f2 c‘éf? rﬂﬁl?&ltion or
and switch said at | npedafce anal yzer to differen

ellemSﬂQ;Ué monitared e theupricsanco fang absknap phratestscongubd and the
amend m of, Claim 126 .
7 PERE0 Rused 8 ek AR ihicr TIF 13 BBl woBgles S prggion or

neEagasic@@he &dllsnoni t ori ng of i npedance between the

el ectrodes of said apparatus. 128. (anended): The
system of Claim 127, wherein said softvvare has at

1g§é Al OfThetlﬁ%&?E%c%WhH% td L 1199Swh n tﬁggaugrggliaﬂgn or

ron| SWtc or connectl ng sal
anavasmer 1st wlnunaefbfoymm'ngrphm et éohsion atlﬁtmlaﬁmt arice theninethod is

el PR T8 eGP0 B BBy Gt Aot of

i npedance between or anong el ectrodes at one or
mul tiple frequencies; (c) processing the acquired

lilgpargnded)d khe devicdof Clesmaispripreinathe potsis of sgil bxichypatible
r %S}{?ﬂl&ﬁe Hﬁfeaa'@&%t &?e& tgsu{'ﬁgdou‘f ln%(r:r peaction index,

or ce nunber ayl ﬁasthe results on
a nonitor or storlng results; and (e) automatically
138r faoremiled): afhe\vdevica o€ Claims 17, futhetgimptisaig dreigipedincer
irregular tinme intervals. 129. (anended): The device
ofMY4™m 2, wherein said porous menbrane has pores of
a diameter of less than about 3 mcron. 130.

10 en@ARedd): Wﬁleﬂﬁ:\d'cﬂ"%éﬁgu fahmnl@g%ty b Eaﬁﬁmﬁ&apérl SI ng

an | npedance anal yzer (amended) met hod f
pEPTPFRNEQ a cytotOX|C|ty assay, conpr|S|ng a)
culturing cells in the upper chanber of the device of

A ai M 130uring cells in the upper chamber of the device of Claim 118: and
monitoring the integrity of the cell monolayer in said at {east one chamber
by monitoring the impedance between said electrodes fabricated on said

membrane using said impedance analyzer .

120. (amended): The method according to Claim 119, wherein said cells are

intestinal epithelial celis.

121. (amended): The method according to Claim 120, wherein said cells are Caco-2

cells.

122. (amended): A system for measuring electrical impedance, resistance, or

capacitance of cell/substrate interface, comprising;
a) the apparatus of Claim 73;

b) an impedance analyzer;
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b) culturing cells in the | ower chanber of said

devi ce; c¢) adding one or nore conpounds to be tested

for toxicity to said upper chanber; d) nonitoring the

I npedance between the el ectrodes on the bottom |7 june 2005

surface of the | ower chanber to neasure the

physi ol §gi cglyepfapd H@ctpcfn'cs,tc!%ﬁnéﬁﬁlrlgsbl&ltgoh rs&ftchds b8ntrol and

| oner chanber using sald i npedanCe analyzer to assess

t he cyt ot oxisvitoh said a anpedanes oralyrer ® diffepoucidgrode 98udtidre

June 2005 132. gangnded%: The nethod of O aim 131,

wher ei n t he WIS SYGRPRPAAYS n sai d upper chanber are

cells that can netabolize or derivatize a compound.

118 3ameadandeThe sydtem dsebldadh ©fC18nat 10, Eather WhRpALAg tbware

cells cultured in said upper chanber are liver cells

orilftrfied $Rath@reat Bme sneasygmentaraniutpying phenprdanesdbesteen the

d ai AT oLy j - ed in said | oner

cﬁgﬁgggégfe ceﬁﬁgggﬁ%%gsgf%&fﬂ%ﬁgﬁﬁgchnent, secretory,

or el ectrophysiological function can be affected by a
ic C ouynd. 135. nended) : The thod of Caim X

138 agRGE iRt Rubbere ot o Ao bas  Reamksae of

arge FdIMinEfinkGonsheart cells, or neural cells. 136.

(amended): The device of Caim 130, further conprising

el ectrodes fabricated on the upper surfaces of said

bi oc atibl.e.porqus nenbr.apne. 137. nmendeg.

et nG 1 ot PR Skt SR g b8 Fonr AL hipellance

conpri si ngaal@er aolbhelbf MYl ElsctidletshBctuRNRits N BERREs AT

the device of Claim136; b) culturing cells in the

| ower chaff8#aleiest he device; c) nonitoring the

integyity e, i regd - er

by o ¢ o P el A0SR ol el et B 0BT

f abri cat ebetorersai anmendledmde ssucrgres ai chel ormadeple drequencies;

anal yzer; d) addi one or nore c ounds to be .tested
For (e cPibeda st imBRaRpERE BFas *RRAPTOF | ng
t he i mpedBRessMlyraslak Emekw; (@@%ﬁeﬂhﬁn‘@e@ﬁﬁié des on
the bottom surface of the | ower chanber to neasure the

physi®I ogflisplpyisg sharssdis antremeniteror sioring retits;anthe
e T vor BRShiyeR e FRRIANG 8 B ol B8RSR

t he one or
uregular time intervals,

125. (amended): The apparatus according to Claim 78, wherein said one or more

insert chambers are two or more insert chambers.

[26. (amended): A system for measuring electrical impedance, resistance, or

capacitance of cell/substrate interface, comprising:
a) the apparatus of Claim 125
b) an impedance analyzer;

¢) interface electronics comprising electronic switches to control and
switch said at impedance analyzer to differcnt electrode structure

units of said apparatus.
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127. (amended): The system of Claim 126, further comprising software that can
enable real time measurement or monitoring of impedance between the electrodes

of said apparatus.

128. (amended): The system of Claim 127, wherein said software has at least one of
the following functions:

{(a) controlling electronic switching for connecting said impedance
analyzer to one of multiple electrode structure units of the present
apparatuses;

b 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);

(d) displaying the results on a monitor or storing results; and

(e) automatically performing above functions 1 through 4 at regular or

irregular time intervals.

129. (amended): The device of Claim 2, wherein said porous membrane has pores

of a diameter of less than about 3 micron.

130. (amended): The device of Claim 129, further comprising an impedance
analyzer.

131. (amended): A method for performing a cytotoxicity assay, comprising:

a) culturing cells in the upper chamber of the device of Claim 130;
b} culturing cells in the lower chamber of said device;
<) adding one or more compounds to be tested for toxicity to said

upper chamber;

d) 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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132. (amended): The method of Claim 131, wherein the cells cultured in said upper

chamber are cells that can metabolize or derivatize a compound.

133. (amended): The method of Claim 132, wherein the cells cultured in said upper

chamber are liver cells or intestinal cells.

134. (amended): The method of Claim 133, wherein said cells cultured in said lower
chamber are cells whose growth, attachment, secretory, or electrophysiological

function can be affected by a toxic compound.

135. (amended): The method of Claim 134, wherein said cells cultured in the lower

chamber are liver cells, heart cells, or neural cells.

136. (amended): The device of Claim 130, further comprising electrodes fabricated

on the upper surfaces of said biocompatible porous membrane.

137. (amended): A method for performing a cytotoxicity assay, comprising:

a) culturing cells in the upper chamber of the device of Claim 136;
b) 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;

d) adding one or more compounds to be tested for toxicity to the
upper chamber; and

e} montitoring 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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