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Summary of the Invention

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

membrane 1s disposed in the device so as to separate the upper and lower chambers from one
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ri ped device apd determ nin e
l“"‘%ﬁ@aa EEO%émaéfé}? #POg: ﬁ_’fbﬂn’]_leﬁ rtagq Qb BaBbIEdY te lowge
chambA3dRe elbo@RALIRIRAr chibdt the abbifén gﬁrfé%%rég iR or
of, cells into or through, the bioconpatible porous
attachmrentiof arpeoupi@O@AEIT hadeatet from thagroabmgs cocistide of 1-10, 10 -100,

10034 3PGFHG 1085 1o 1B EPog HIRBEE 66 T8 6o SGagana
1000-10000.06lsh ah afSROENBIdimertBc BRI BOdksi RGHUR ESist 9% P theChdce

a_known or suspected nodulator of cell mgration to
area of the meghstnedn sltdlew coehanthst. dbnyyot enotBeriembngineertOihs surface area of

the 10&&%%1113&*1?1&%&& 1hgybe mammalian cells. In one
enbodi nment e manmmalian cells are cells suspected of
[0019¢ g prefériginamtiodithent athe dbeite Bieholdi A htpeduie el nafectrical
cells angh neuronal cells. [00271 The cells may
commpiyeatipgavi '@?8 °#8¥%: ni croor gani sms.  Brief Description
[0020f ThB Sio@ﬁﬁpﬁ@tﬂgg pbDA Brtribr HefaylinkBid8 a REREMBELE e material. The
representation of cell mgrati‘on neasurenent devi ce,
noncondvetivetinagriat mpy b glakre sapph ¢, silicons sibodr dngidemh lsilitddn), or one or

bott om chanmber 130.w.t h i npedance- sed countin
more RAIREF o feCPreered e h Gy SBPedan et BLE et B
thicknésk Bl LirfidRms 4P 50d MicrdRNi toring cel | .

m gration/invasion. In operation, cells having

[0024] dbabiospmpaibde perqus Bgphpiteingvedsainglude e cpatang foppromoting the
e pore in the trans-well
attacmgn%ﬁbrg?gﬁeea%ﬁg}eqegggﬁr%ﬂe bottom chanber. Some or all
[0022)h & aelthes etdbatinrng s deviceatizd inelutlepel edracdigrcohdudtive traces
botf om chamber will land to the bottom surface of the
extendfig: ffQH, WHARBleFtitalronyRuRiFation Wil at lepst one gl elastrodg pairs, and

connedti®f M afls fRREaDBHAH Pl bt GR BbARTunafibn %Qe?ngﬁl%re?e Lalipe

el ectrodes 150, resulting I n a change of I npedance” at
condudive ttaresdied aft S@peduchamlytgange of i npedance can be

[0023] In another aspect, the invention includes a method for monitoring the migration of

o

a cell. The method includes introducing the cells into the upper chamber of the above-
described device and determining whether a change in impedance between or among the
electrodes occurs. The change, if experienced, is indicative of the migration of, cells into or
through, the biocompatible porous membrane.

[0024] The method may also include introducing a known or suspected modulator of cell
migration to the lower chamber of the device.

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

modufator of cell migration to the upper chamber of the device.
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used to nonitor the nunber of cells mgrated fromthe
top chanber. [0029] Figure 2 is a schematic di agram of
cell migration by directly nonitoring the inpedance
change between the top chanber 210 and bottom chariidiae 2005
IOOMdm@eklh@aE bk manyoilisg cetlfqir bug‘t@ enthodpoerésthe mantngalian cells are
cells s{irﬁjrg@teg ?E%}asgrgl%nﬂae?tyzered eent gggﬁetlr_tﬁ ot {ag%ell?syare
neurorial kellt r at es resi stance and capacitive react ance for 8
dlfferelnt types of electrodes attached with or
(0024l {16 sellNmay Fesideane or MpReNTPYIEAREwS ndi cated in the
Y direction of Figures 3-7, 10, 11 is resistance and
the capacitance indicated in the Y direction of
Brieﬁmacrré;:giom@fﬂtﬂrlbmgthn@Q i's capacitive react ance. The
it fo ot I St ance citive reactanc
10034 Fievr8 431 schefiRe FpTreRates af il GIEEPCAr P pEment device,
mcludﬂﬁaﬁiprcﬁﬂﬁﬂér PlfO fehdnferttthOw D €28 BogbachiRgs: 13 Igll[\p@?’gﬁgpedance—

Figure 5 illusfrates real tine nonitoring of
based geuntipgElegtspdesd 58] impedanropnalypst pan hawonatehty th@electrodes 150

for mo%tgﬁﬁé ggler?ll%[ltg)(g%%%as': (519 graltlotl eh ﬁ&f ﬁ% n&aﬁ?lﬂalva%lﬂlé

e ren
capablﬁﬁesein@ﬁtedﬂﬁl tonihaﬂi]JelFl @Mhﬂ)ugh It}id ptﬁfé frothe $rans well membrane and

re roduc&1 ity of irzriglﬁﬁlance measur engnt .
reach tﬂﬂ? gHemghambers Somesy %F%t%ﬁmaraé%frpméhﬁ= f:?Pd?é@T“Q?F to the

botto nted Wil lﬁth fHoYt%m E@ §ft§t3 @Fﬁéfrﬁ cﬂ%éb&rls.’){]o(gn 5BRh the

ectroni c cel hi ps. ego ectrodes with
elect:rcdhes 120 amﬂoca@oami bécemeandogactestlaand adbates g dectioles 150
substrate is

.gl ass ,substrate., The s f e Ias
resultifl 357 gTeE SbBu*curear Hefindern S0 SRS uder ShiRedandsin be
used t& PARGH BE nlMbe! FCENd fideled HonPihelts) labitee Vi a

connection el ectrode pads |ocated on the sides of the

[0029] Fizyre disa sehematic dRgEIM 6 @lﬂrreiggatimlhys-’tiweatle?maitoring the
' ' 003
1mpcd%%%lcﬂ&g%g§ew?e‘8@h§ clﬂgm%reﬁtora%g%oﬂgﬁ'l %En%bgr% 2?_6 BHHE cg|l% going

ur e es real” time Nnoni tori

through Itlmd pdres mtth©meibrinee 28 @sThmgnpedawdeG:aSngeGe lﬂ(ﬁﬂlth&ﬁﬂéby the
. seeded onto the coated el ectrodes at different
1mPed%§P?Wé§26§ 000 cells and 1,000 cells). Resistance

[0032)?; ’g%?e B fshGE BeshiBan Q'Qrt?(fjgﬁ%?}w@ %cfaﬁ@&fo?@%‘fér@ﬁtty%es of

were measured a erent tinme interva
clectrodegattehediwith onwithowrNEhETE eélls. Jihelimpedaate mdicateiGn the Y

ndj.cat es .t ure diately after of .
direciph g B 30 T Sdpanume cragh sappaiahed fiesed i et dlfction
of Flgm*a@l@ﬂﬁa.?hvmgtl@ chiRithdIrbdcvlch OThd hifEfRbolHefistafdd and capacitive

seedi ng densities, indicating cell proliferation. e

reactangg|is Q). t h a hi gh seeding density proliferated much
[003&21% dgi% Itgﬁﬂtrg?l; qﬁantl\f\ﬂtfvlé n?easu?rmﬁl%ntsoef%gilsn 9519 ge iR 3tByel ec‘Qt'rodc

[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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[0038] Figure 11 illustrates quantitati ve neasurenent
of cells on the testing devices and by MIT assay.
Serially diluted NIH 3T3 cells (10,000 cells, 5,000
cells, 2,500 cells, 1,250 cells and 625 cells) wdrdune2005
cm x laeie dhe ppldelectrede pan bee@xlmﬁ@edjmlmc defaetion injerthce via
r For t assay using
conne%lokﬂ e‘f&?r%ﬁé ﬁ_p(f)sdogat d6?n e,31dre g 21[ &n 15§ SIfbgFraEehl s Figure)

1003@§1gmeasmsadteata ml&Ehhgisth S yabiiel t}ﬁ&s@éﬂmae détedts M.
cells were stained with MIT dye at |6 hours

I““—Hﬂ tFé$“f§ 48 diuslaten eral HIBg mogriss OBHAELqeémr@lfataéwn endles testing
deviced! CetOwRFl sebRod Y e icBatkd ectfr6 a?dl tggtyslltfﬁ% é§,@50 cells and

quantitatively measure ce er ang
1,000 c@lﬂn Resiftamn(Homvm infegire dsmmeelamter)mﬁd rdadi@antd @at shown) were

th t ch i b det ect, .
measufgiof iR iRl s iRt R e bd pebpibiratign ho
indicaf¥l ﬁleaﬁ%ﬂren{eﬁpﬁ%heﬁhtgljfﬁei geddiﬂg_liﬁttﬁ@&e@ﬁ ghd ﬁhb‘éﬂaﬁce (i. e]

el ectronic cell chip used for n1%rat|on assay.
resistappe) yiplie Iuereaspywith Micediltation sms & ythor@mse@hm@densnles mdwatmg

cell prg aﬁoggﬁg@g%ﬁwn%é&%@%e?d%l}esﬁ&é)mqu at 31?1;10 Ifgiteraﬂan cells

with ailosarseeding Bersityl Sdopediagdensi®ibr ane. Cel | s are seeded
into the Lﬂgert and then i ncubated. The i nvasive cells

[0038), Figyuei 11 Jhtrates Auanditntive measurementaf csllnerethedestiag dawkespnd
by Mﬁ;asgge &y Hﬁgt%dmﬁ]‘ﬂ% &Jﬂg? gm Séﬂscﬁﬂocb@eusdf%ﬁ%e@ﬂ 1,250

npedance anal yzer. shows’ @ cross’ Sect
cells apd 6251&8115}3W1em@dd©¢1 cidtiantmthe8estinpidewicéscoatedovith ﬁl@)onednm\m a 96-

welt i T I S G SRS, P RS s
measuf et €6 BBk tatieNse@ing € IFbr MITUT &kdy0 RE(1d N¥RSARIBASNITENBR at 16
devi ce, including, top chanber 10, trans-well nenbrane

hours glerypeding #rsktherneead paga LIS mlate g:ad@n a &t otfe sApghown in the

[ m er 3 t
Fure SHE 0B BRI Kl A Lol A RLERs P R E Gl
methodesrb rahmst aﬁntuﬁac Mt@echfeﬁ thoturcom clipribepn 3Gibld toRREkRNREs than

nal yzer ed asurenent circuits 60 are
600 Ceﬁ %FIFW f'e\‘lfl {IS/[TT]éSSéY -ectrodes 25 through

(000§ “Figéﬂré‘l?hﬁl%&étb&a ¢ORAR %Ieceame 20k ESHWSEERT %{igﬁhgﬁ bssay.

for nonitoring cel nunbefs on
[004@1 Em@ﬁbdlusfrates ampedeiay dchlaﬂ@:e Im@,ra‘tﬂwa asﬂagc(Absiﬁsvsaastest

a_ resul f adh on 8 une of ce
anit o4 pSiont R Shift by NG amrarirubret Firh Stiptaprous
membRhe I[85 Ged desded lﬁfoaﬁh@ thseft @ﬁmﬂehenmateahm‘%{vam&@ Q4] invaded
Figure 15 is a schematic rggresentatlon of el ectrode

and migerierbdqress she membian apd attashed fonthe rslegtywte athe ghip, which can be

detecmﬁq{yer glfﬂdﬁet%aﬁgédgn&g]ar ala(lﬁg (S)Hé | neg%le See((:: 1011 @-Igidie\él)?e C%%lplélg 8

units i h]emel g shode aVl/lSdtnIite cavicdend afr@edftlone\qiﬂtahn t9pedafice analyzer.
l.er than t el ectrode ga 15(B) . castel |l at ed,
10043} f Jugursidat ¢ sefemetie amr%ﬁeg@twasf el Bjeagtiongggasion measurement

devnce%h[l%@fn‘gr @)% Mhihber 1@' B LlEE W R 246 HRpddRc -bascd ccamtmg

el ectrode’li nes; 15(D) castel | at ed, stralg t electro
electrodes ercileptrode 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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15(E) sinusoidal electrode structures; 15(F)
concentric electrode structure. The characteristic
dlnEnS|on of the el ectrodes can be as small as |ess
han 10 njcrons, or as lar as over several hundrdane 2005
of cell ﬁntf@ﬁ b mrprased fpm the fap he Prer@tﬂﬁ@a thegpaber ghthgeelhs migrated
hapes such as regul ar shapes |ike
ﬁomt&%ﬁ%angub&f shapes (Fig. 15(A), 15(B), 15(E)), or
[0042])]) Feguee 115 keen schbimpis repFasgntatl&@( ﬁ)clec?orbﬁaghméthe@mhwm be used in
| ar or,iraggular shape ferab .. the t

. . al
Figuregiidr Mogiorngshmigraion o dathhdni #1514 gasalidl fine
electrdAk @6hy andese aRGILRBIHARGH RES B Riods] h&]u@i oCh’ SQI%I%L than the

covers nearly the conplete bottom surface of t
eledrﬂ@h&ﬁb?ér 15(B) eastallotid, sffycticleotrads siueturesp hH(€0 eledirode structures with

dise ol REAR TS TRLERTE: i 1S en b PREURS srvores
15(E) Fingsoidal tetiddeutthclibésB) J(F) RadceafirR ebddidags stidhae! e
linked to electrode elenents (Flﬂure 15(A), Figure
1B

CharaC!L@(Strs digpepsion i the el extroplys epn begis aig lsp thand Symistpas, or as large

o ov LT Rl B PRl 6 6L PRGN B gyc

such aaregulaEjhapeshkeciianpulpaseper FiallSOAY), hlSz(B) 15(E)), or circle-like

a cond ctl connectj on pat h onnect
shapesF Gt o i5cos 2R Lo B SR oGP BEE D Dbt tBS o
electrdd@Qé@bn il 'ﬁﬂh@ ated ihQuding ﬂ{éeérgétﬂoﬁd SRS Eﬁﬁsa}eh?é'én%e a@ct§0des)

apparatus that conprises nultiple top chanbers
coversgiedry tetcompdete hbttors sirfa3@ the tnp phmbezra%cmm strtpzlnses op

bonded h
conneqiE IS P En SRR i =4 MoudRes R Yeodonnection

pads (&8 i0tafatednin @ gdrél\lﬁﬁl)%d 1E6®)) thad @recdwmefocﬁfecﬂ? ligked th@lQabde
has a correspondi bott om chanber (e 1630a). For

elements figyrs d Sea FiBire 15(aped Btre] dEdssenasiiaddp ekegodscloments
throug}n QS(E}EBHI%T@CWJ aﬁﬁe&fon @@ge QH&? gfu?ézifﬂ )t hﬁ Fk?%}r%: qg‘EA),

I'n operation, rode struct res o
(C) andrglih camectiorepaio anedsedhe tel:ﬁctrtvally-rapm;ﬂmnng com@stion peghs that
For exanpl e,

t diff d
‘mnnmﬁFg%Fﬁgega@%&gg?%ﬁ eré?%r Sﬁ o@ﬁ@ﬂ vi a conducti ve
[0043!] relgh @@fleﬁﬁltﬁc Q@ré@%ﬂﬁﬁ@ﬂ 8f ait ﬁl)pﬁ%ﬁhe}ﬁﬁﬂ c%ﬂm?@gssmﬁﬁlple

es of nbranes. Connection pads can

the e
top charabrre eltﬁé &) al bqtt@ple@lumb@ra{é 630 ilmthis easermwitinte top Flhﬂ!{lﬁﬁ

(1610)%'55@ o {rf.%gzeéﬁlir d D 62BFmAPR %ngﬁSQﬁsO L;?H%éréa;%iées‘%??él

mlgratfmaﬁrumas@nl ALK topRhbmBEr @i, a6l 05 Haah coRespsadide bedom chamber
onded vi a_conduct.ive bonding to these connection

(e-g., 16%%@ F\Ph@%té iap £hamizes, thersarot) CENB SHPFHEHRS o1 s batieen fusfce of
the me efa%l T ?yﬁ)rﬁ PR e R ?Pcf!?% {dnl Ble®1dcBBdE £ ())/m

e |nd|V| separated a ecome connected on
membiaht ere Ct)hnqctaite thomgedatce méwummmsiﬁlrﬂ&lt\ifumdafﬁﬁﬁﬁmethods For

ran 620 I n anot her enhodj nent, iple top
exampliL BRENG SRiEr At CTEd Sif OROSCTAP G o (T Pat B daf membrane

to conﬁééggﬁ Bﬁfs at flféredﬁésaémhg meMbrddeR! EoliRRuiGhBARERS bBEEnnected to
plastics and manufactured by injectioh nolding). The

impedange npasgmegdhstiumesne thropehodi Hntset metheds. haronkeppimdclt, electrical

wires that are in operative connection with impedance measuring instrument or 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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the nmenbrane. [00441 Figure 17 is a schematic
representati on of an apparatus that conprises nultiple
sites for cell mgration and invasion neasurenents. A
bottom pl ate (1730) conprises nultiple bottom  17June2005
membggig » op empadiept, oyulplepen chasbery are ntercparasted and

t C f j rt . well

e SR A Bher (s 804 AL LR TupboB IR pERE b,
manuthéteredbgtitjeoiauntdie). The bngpieteofthtdeaop chwities is théh bonded to
h (%ﬁgration, the top plate (1710) is placed into the
the mauairagy, pl ate (1730). The el ectrode structures on the

[0043491 t BB RUF 186 cIRim £R TEprk fa8iibn WE b ap]%'eﬁuéz@lﬁp%tgﬁ%eg fhultiple

~~ the inpedance nmeasuring instruments via variou
sites foredeH aigratipn and irvagibe meagirguentads sttoulate €573 comeprises

- bottom surface t he ane can be .connected, t
multigER R FURRES, Rlop 1ifs 05710 SSpEH iR Toerorlisdfess). The
bottonPfurtdde of Bhlindsl well i Ameeihragd €T ®al hax efRFE itk ures on the

paths (1780) | ocated along the outside of the insert

bottorygirfage, faging Bisrhotiom damber. Ninepeerign)the apyplata (i HEY isidaced into
) t he

e o FAERL PP FRIABERLEOBRN, bt IR BE SRR gy

are cofufeetedod thermmpkddnee mehaurmgringainiants yiadsridus F&Ehodso Fat edhmple,

on the bottom plate y oper.atively connected to .
electrqdﬁétr}%@aaﬁél@erg%fagu ¢ eF e arambragg cag toRaRectedig eapRection

points ¢1 B0 [RIRI DhTMESHEERI B o £ RS iRALL AN R ﬁ%f%ct‘?ifcal?)hgonductive

menbi ane can be connécted to connection pads (‘not
paths (d A8nlochted aload therputside ofthb imng wellhe Ahe hennenser poims (1 290)

ane inserted. into the bot ate, suc onnecti gn
may i301%e bOGER i1 ClBede8h gt L2 DloBhE o B BREES WHen the
insertsOVdIBrarSMe@ed iSNAEBLtoM pRE. Mt dohd&fibn pagat1gds) 1Bedt&fon the
bott om chanbers. [0045] Figure 18 is a cross-sectiona

bottom, platg raay eeprerativgharonpentedipdhe brpedppraaeasyerg eifcuits duanother
exampieiz ele'cérl)da{esstnru@ﬁfr&%nt e bc{)tgﬁg'lg ?g@&% ﬁ@ﬁ&éﬂgﬁeﬂﬁgg 08{ bd ?0%85%‘[%(1 to

ectrode structures rane o
connedtivgguatls @t shown) dscated onehé menmipratel OWhdmthe itgbrt paille arcofserted

. t he nmenbrane (top anel , inpedance is Zo) and after
into thE BT 4G P ?ﬂ“&F%&%ﬂdﬁdﬁ fﬂx%q?n&&r@%m&ﬁte@ F&H?Péf?o?}éﬁ@ or
other sﬁlgﬁgdtd%ml&?iﬁﬁlpoin'tsnfﬂ?g@rlﬁ_@atécﬁinfzgé-%ttonq-g%ﬁ;erﬁ gure 19 is

a schematic representation of an apparatus that
[0045b npirigared 8w cross-sectivng) vidvambesl kmigt @iy invasiemapparituses of

T N ONE T R

membRBEBI it ifstR2M1 bHat tohRN enipeties tiebugARREDH ihatfenFhra®S(top
for cell mgration or invasion. Each top chanber

panel, frapggancerio Zphjndpdier gell inypsiesmigrationthpnicheeresioaribemembrane

) .. For, each bottom chamber, there are
(bouméﬁ%%??b %ﬁgg%F%%% res on the bottom surface of the

[0046pt tHipure N&be schefradt egprédantatiomp o tdroapparatusl that copgidéd @oltiple

t he el rode structyres in the bottom chanber are

top ch%h*fﬁﬁ%@t%ié)a ﬁfal_l%-wgl_rl iﬂﬁﬁﬁﬂ%ﬁ&le‘non%hﬂwowcf@mb@cﬁ_ {23Qr In this case,

multiplet8p ERURRRs Moo rk heh&ato FRNAAHErHOT1 7BREUL hAQ fofls!
attached and/or” 10

appropriate sizes for cell migration or invasion. Each 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

10



17 June 2005 adhered to the electrodes. The nonitored
i npedance can reflect the nunber of cells mgrated
fromthe top chanber to the bottom chanber. [00471
Figure 20 is a schematic representation of an 17 June 2005
adheredjp reatlectrodbat Theompnitaed impddaingd @n refl¢ce thefrombeebf cells
. L gration and i.nvasion neasurenents. A bottom plate
mlgatg‘%%ﬁ%t 86%&]@5’? %FSP%‘FIB CE‘?)‘PF%m chanbers. El ectrode
[004F) ' UCislifeC®) 18 bR cheditiicGabestntitioh RE @A ﬁ@ﬁz@&tﬁ@tﬂaﬂ&&n%ﬂ'&%s multiple
~ bottom surface of each bottom chanber, facing the top
sites fofteghiveigratian rad iprsiee mMeagrenents ofpatteasplatg(2038)) sompreast
. fac ' I
moltipfEbdyfonf Siibers. WFerRQ LA AR SPGBl i
bottonpsiataee of edoh bottembbiin@emn fyzlras the (303Qmbel he toeplact(cony

structures on the tom surface of each bottom .
COMPTISES, Y Pl%\’r“é“&&’ﬁﬁ%@%gé)-tﬁlql?%mm ?HS%‘G%H gachansersils a
membfdRe! HORRAonY iR YRplaRHS0 TBDBRSed HRPAB bofhd Wife 20305 Bhe

cross-sectional view of cell " mgration/invasion
electrodp pamettugs o8 thef boteimsurice 0f edchbogomahambert dre connpettd te the
imped TEASUL enent. of the el ect.rode t?lt ructures |ocated in the

PedRE I EH B TGS B REORIethads ot on t hrough pores

[0048] t FiguRFEXIHE aRevshseftioRaANGw of CEAPREBRER/inSastén apgbashtuses of
after cell invasion/mgration through pores on the

Figurendlugtiatineybe imapsdapegrapasuramral ahithe efestrodastiucturggiggaed in the
bront 13316 D01 SRR SR Bk K SRR Wbl

impedameas ¥ y)antliftei0&4l iaedsiey/mipratiinl thrsugh abies on desneabrank @cktom
the _ el e.c&frtode structures were incorporated onto the
panel, yup¢daRcsiSdedite of the | ower chanmber, as illustrated

[0049] FEigHe©21sho b 0o pariof ¥ §1v3S6Aknd BENSH NS S RAIR BEARRR
d mg bet ween

~ininvasion an ration activity be
noninvaeine MNIHsT Necelb bhBiiasivd HI 168 cdllywasicll enipfatios dededs whape the

el igration devi Fl.our 23 ere th
clectrogf sirpTisdts et PeRppiel b oo it sftBR o SBabrg.
illustrdﬁamlﬂrfag\.&le the insert (simlar to the structures
shown in Figure 16). [00511 Figure 24 shows results of
[0050¢ 5 Flgilrﬁéli"ﬁegmhoa&fsite@cmpqrﬁ@n ihiiv#sierbangd rafgraion agfivity between
. | 4-Re : s i i i .
nonim AEFEHE T3S oS C Rl BTAOONAE o Bl i3k BLAIER Chigure
23(B))sthicue therebsetroge striptirkd werttmilt hetonhemtpoesaos membraaaef ik
) Ehe,ins rt sim'lﬁr to the structures shown in Figure
msert f@j“.lar(t% eRIVLINELS SHOWR S ELeY dent inhibition of

[oos*r"!?[# f%@e ££ 5 Howsl reMAS 0P Real Afhe Th&HiRting a1 B iHRKH SN Triebof
(B) Re d

al-tinme nonitoring of the dynamc inhibitory

doxycwiihe on cadcet oxll/inyedipmaendoni geatic@8Girgedell migvaionalevigedwhere the the
Lgration using a_f hl .automated .instrpent wth,

etectrolfy 8wt B Puts e i e PP biiE of Tertprshatar o the

structubBS & 6w e Pigurd 8G). (AYAGaheshd dbskidgpélerdiaBbitidn e HT 1080 cell

) .mgratjon process was continuously nonitored everyl 5

invasiqy gd migration by doxycycline. (B) Real-time monitoring of the dynamiic inhibitory

effect of doxycycline on HT1080 cell invasion and migration using a fully automated

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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100521 Figure 25(A) shows typical frequency spectra of

nmeasured resistance for circle-on- line electrode

structures fabricated on glass substrates under two

conditions: (a), open synbol, shortly after (mntﬂﬁﬂun62005
substratg swifangp gl tisse |°§1f¢f§d“‘iﬁ1@{m spataimrtedHT LY8Q eeils peas added to a well

7
contaifin g AR Rrhdrk (00 S, SHAHERLR, QI PG Hhalil o e
clectrogld ded stistrateweltheesg mﬁtmahmcmgm hediahrecintasiag HTIDSD welds were
b) solid s nbol 40. mnutes (cells were attached .

added ) thegels Sp @ it S QU AT S QUPF AEUdp G o During the

2h 40rfidted ﬁa@na@dhé%m: 3t BlaBiGitd 1 O30 chRhrk SnBE®r (RG89t 37° €
the wells containing the el ectrode structures on %

and 5%@@2 lpesilt dhe slaﬁtfrtaiﬁestrumura ingf BRalesizgh wiknd thalies upé:hu@aio
into a SSU cul tur |nc
microf, ffs S eol B RS0 B BNt e OB bye 0

microis Inr digrheter: IInSh@fexﬁBplde&b Gtaldies @viehd thé Ellect&‘édys And the3ps
ron, the gap between |lines is 80 mcron and the
betweql £ Elfgioeres SPrEResd ma eifde pf Aaun frdiemgtsr. frhe plgetrods structure

on the ﬁgr?ﬁtfs ate fBmtdY otﬁﬁ(ﬁagpi Ejbné{ V\eeﬁl[?g? ﬂJeellg{f ec ?ﬂ%ﬁ@é it tene‘l;‘ of the

ectro es an e gaps
well 1scztbnne&@«mﬂ i cblameteir wileza theDotmni diardetanistabout STiae. For the

structure, on e .gl ass_substrate forps
expﬂﬂﬁ]&{*‘e %q@g‘?’o iEBil o) %ftéE UF ChitE cnedipm o g PO 7000
HT 1096 ctiNSwad¥RIdkd tostha RRUE cOnpridie iHa e@écﬁﬁ@é ﬁf'uéfﬁ}@ bRA%e BdHOm of the

bottom di ameter is about” 5 nm For the experinent,
well. total 100 microliter volume of the tissue culture

b 700 HI. 1080 [l
1003 £ E8E SR By kbt S Gl ot B e
electrddestradtuet uhde twehrhe coiidds ok Bigare2If(R). No@WRatdhe absolute

frqu&@cy spectrum of neasured reactance for the sane
magniwde et thedeackines siag plosted Huloe seale (B Abesasrmuny aoths cuyes i Figures

16). EE(l: IR }%@( A e 8ot FR&H;E %}ﬁi ?A%ﬁ?#éﬂlfii{ ﬁf{?%}%&%c% Wis e Rive

ctanc otted 0g SscCa e Sane way
(capacithne:e(raa:ctzme] for Fhegalﬂcesde ﬂIﬁ)cIurEa(memuréchoi‘tI)g&fter (w1th1n 10

. f f 1 nd .ab th t
minurgsb S 5 S pedipcopmmiee FAAeREARE N et TRV °°
contaifihg e’ Derodt Eirsdne s SFORAS Ha8dn & YAk dshidedat bRUO Gl’ﬁhﬁt’%k HftérQ:eil

mnutes) the tissue culture medi um containing HT
suspengign|veas\iddedbigitiethie teelltdeptainang thesinstrailestrugpturhe thd lecfttmmctevas

negatl& gg&gﬁ % Egacuef]f}?rangs pe%ssulggdnﬁv\gé agg)e%t P’ﬁ!}%@ wel |

[005dp mgamrms@) tshewethe dicquely Shédtints Bifie ritheoNreaaimReee b d

% bﬁf throu hout the frequency range neasured
with ¢ b?‘\?@é Q50 Ui C %ﬁ‘i@’di syathees fts 49sistingg Measmedyvitbpeh aslls-
rati o of resistance
mnmh%@@%ﬁ%gg&maﬁ¥ﬁ ??ﬁﬁﬁ& ﬂ%@fonto the el ectrode
[00551 Figmoe25(0 shdwes the Siegtary apertasusiitie vatichdueactsick smreasured
strated in Figure 25( A

. tached for, the results ill
with efbBePSEonfihe JEHiofe SHORes (DS FOHER B SR PR BRVGRI
attachddBr ettt TR ACE ANERUFEBINY. €/ ote that for this calculation of reactance

ratio, the polarity of the reactance (i.e., 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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with cell-attached onto the electrode surfaces to the

resi stance neasured wi thout cells- attached for the
results illustrated in Figure 25(A). Note that for

this cal culation of reactance ratiq, the olar|t§76Fn°2005

symbo{ paoitlyaadien righip 1 Oaninuieasals hatheat abpgher nterthe lectrode and

b EARIRLN e WS OG0 A8 AR L 0P BBl 0 0 v

containiag itlst det®de etructinec (b9 solddisyming, 2 4rinfrades (sélisweérda@ached to the
fabréagged on | ass. supstrates under two, conditions:

electrocig)an fatepy epsh%ﬁfgt @g ure ccglitﬂyinpg >I,-IT(,J.}]{}'ﬂtgg ,cells were

added (OMhk W ells LOntAinY B8 elceBbd SsthRBirdn tﬁE LRA h)%?{o%%rﬁafk [ Bfring the
el ectrode and substrate surfaces) the tissue culture

2h 40maagies preeesh tld welh @awla@@bnaea tissupaslhad mbator thatvehs set at 37° C

o SR SRR S YELAS B Y

microm filgk gdpﬂfehﬁéﬁnehr&bl Esf aﬁlﬁﬁ:}oﬁiﬁc’ﬁthe thRiribhd tif@es B0y Mhes have 90
containing HT 1080 cells were added to the wells
micron @ igmetenh gnithis cxaraple; iha dotak af%@qy&&esi thorelefeodge prd Betmpim
betowedttho BfErroddcbiblE 10 £0AINE Sl BERERT, THORURde Mfrure
on the FlasCsubatrate F6MEBCRbdtewedt a ddndcad lslmpied adaé. wsltawtﬁeumeduaﬁlccefr of the
. 3B desLgn re the line wdth 30 m t he P
well i8R M HeGeieleh o hiaiens e bHam fameigs Phod Ssmp. e Bae
experifi@nt hﬁal' 1100 @i chAYE vARmdBAhO Assul cgﬂtlﬁ'@%e%[um E@nt!uhir% about 3200
exa the total area covered the el ectrodes and the
HT 10g@ pells ‘b@t&ﬂd@dﬂq the welle comprisag terelestrpdansinicoira og ﬂhet:b(étom of the
L 3 mmin dianeter. The el ectrode structure on the
gl ass substrate fornms a bottom of a conical shaped
wel |l where the top dianeter of the well is about 6.5

mm i n dianeter whereas the bottomdiameter is about 5
[0057nFigese 26(Ha Sh@&sp% HEgNSHEY SHe@fram of meeagyred sractagee {ps thegame

electro‘&g Ih8utl ﬁﬁ&lﬁ" &4 5 £t €o ?ﬂ{'e"ﬁ q aﬂgfétth%l%gg absblute
1080 ce s was a d tot e
magnieke of thedeactince stas pottod it lvg sba:le (mrrha)ﬁanteheay msethb cuvOOmHigures

Fi qur.e .2 shows ctrum of neasured
16). ExgehliSH et Fbpietnes ehhelTapRrun e h s realiivau neggive
(capacR@dPR r&RcE) BN thedPectBdEbBhG e BeAured\DbRIY 4TRE (\tvﬂﬁin 10
absolute magnitude of the reactance was plotted in

mlnuthb@ﬂeéJ@aJee:Uth mrbe@mtawalyg Hd'l 9$ﬂeceil; Wé@diit?d tpnbmwelé
contaugg% tllgﬁz)fgc?reﬁe st?técac g Elg:%rﬁgge%ne cetm asure cl\:/gglégﬁ %tgs aﬁer cell

suspenﬁﬁaﬁ&ia’s Rdédd ey the h&&:ll&ioﬁmm@@&w%ﬂd’cmﬂéﬁtﬁﬁ:ﬂl‘éﬁw 1@fktance was
after (wwthin 10 mnutes) the tissue culture

h
ﬂegatws%etgngyﬁ%% rbafrrIusge-ranep owasised betiigen Hibdeand] Midz.wel |
[0058f PEg%'r@m@)tsﬁkgw&Jh% @Eeﬁ%h%ﬁé%dﬁ%‘i% Frf QoG thRRHABGEd

neasur ed at 40 m ter ce suspensi on was
with cdHateghedomo tt}lnfeelmidde cuarfics i thg resiearek estasuwdd without cells-

ur es ance negati ve throughout the
att“h%rfr@aﬁ'g t?&!’rﬁ SR 30Reen 100 He and 1 M.

[0059] Figure 26(D) shows The frequency spectrum of the ratio of reactance measured

wel

with cell-attached onto the electrode surfaces to the resistance measured without cells-
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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[ 00581 Figure 26(C) shows the frequency spectrum of
the ratio of resistance neasured wth cell-attached
onto the el ectrode surfaces to the resistance neasured
without cells- attached for the results illustratéd i 2005
100659} gufiguEe i) S}[OG‘GGMC%%QP@CZ@PEMSWGWWQ resiggfiseiescircle-

on- lméﬂﬁﬁfddd@rgﬁtu{flg SatfrRhie 091 456 8%s g'gfé uHESIH5 %GHdlplhltéJ.] (a), open

attac onto t ectro surfaces t
symbot,sboslyaafice(witas uf adnuﬁes; lvellit hagleddt attackictl getwedhd eecttdie and

ts .i]lustrat n .Figure 26 te that fo
substrdi 3 FacBp s HRh A Gie PRt 1 B B ey o well
contaifif@ tHe&A€ddAE Stridtur®; (b) SARPGIMEINCA fﬂﬂ%du’ﬂéiggéllsvv@ere attached to the
react ance) was taken into account. 13 17 June

clectrogg gad sutriratg ﬁérfm)oaﬁeg ﬁm@lm;ﬂpm@umf qoatpireng Y119 f8e Wllas vodre
added 3 Wefd c&ﬁ? ?leét?dde Slhl;.lgt Fes O, gl? ?vg{l %@E%&g%g?Wudng the

FuUct ur es on gl ass™s “Tu
2h 401'61@0(?1:5 peﬁms Ihe(\ﬁéll wa@plﬁcedaymfb@ﬂlssué Beltirk )hoﬁf)it@f thﬁWvEshSeﬂ at 37° C

I'l's, had t, attached y
and SRR EBUPShe oot TS STREVE s oF PAdESEn herahe bogidh it
microdTRH éﬁﬁ‘ﬁé%eﬁ'lﬁ‘lbg dd%lcgﬁpangqhé éod‘éﬁﬁo%sﬁlec@es a C}ﬁe Yiﬁn%d l}ave %0

containing the el ectrode structure;
microRin di@netem Undlsis exahple, the tatal ar¢aamivertdtioe ¢lbarodes ami the geps

betwe il SHRFHE ERSHOREETS L ES i G P bt srvcrue
on the GRS AibRIrME iR FBRGh SEconi dal SHapk® S e HeREMWehd dIQﬁ’luePHTthe

surface. During the 2h 40m nutes period, the well was
well ispbgete® e @ampt@swéer@eﬁ tha bettpmclidsaeteris shait Swam. sf@tr theet

T
el O R AT L8 GG s

HT IOSGDelbeirasﬂldded fortes wicHs SdinprisiniOthe altdtrbdkestﬁmmre Bl €HeShottom of the
circles on the lines have 90 mcron in dianeter. In
well. ¢hjg exanpl e, the total area covered the el ectrodes

[00@[“#1%94 2R §hovpsfsd )h%re@{rﬁr&torf as rE@TERRON Dy HR: Bme

circle of mm i n trode structure
electroda strimgurgd asder Swd smnatcmditmnmas i BigiteAA(4]. Notedhatelad absolute

wh t t di t f th IS, ..
magni S BE g eloptt Roplaftet brBafedelh Sadmeotom e sirbein Fisures
16). Ek8ep? ROUHigtbfrédlen&ied oft NRTHARSIbLIEIHO kKHA 1R red@fhce was negative

mcroliter volume of the tissue culture medi um
(capacii@ive apastange)dboiie cBgtode-srucdBes medstredimderiidle donditierse

iSi he bott
oS e R S e s A
with cdpsttichedwad theedsitiode suréaes anbhe réstitarich encaaed wﬁh@zﬁtden@le
tures ynder two same conditions as in Figure
attacheﬁﬁ%w% f“%l {1 tpted HeFigBeA7dk  magni tude of the
[0063EP@1?€‘?RD‘]‘@1§0V@ Bid ﬁglueﬂ%gj éf}gcﬁﬁﬁ Io?t rgtlc{;]ﬂf;ﬁﬁé\gﬁce\’iﬁé[as&%d

e curves'in Figures Except
with cdl qubﬂbwlﬁs thef el¢ctiokiz swﬁd:esihndht réS8Mnktimeatited wethoitanlie

e RSB S BPBC BB RS bl i escance
ratio, the polarity of the reactance (i.e., capacitance and inductive reactance) was taken 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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[0062] Figure 27(C) shows the frequency spectrum of

the ratio of resistance neasured wth cell-attached

onto the el ectrode surfaces to the resi stance neasur.ed

without cells- attached for the results illustratédJHpe 2005
such frexpency speqiigof respiere rafiepvelintaatyrminipgthemaximuayvalneyf the

BB B T8 0 SIS TR e

indices e @ At thiseas for adding chibud§ difftdest numitischietD0DEF200M@d 500 are

resul Ilustra ed_i e 25(A te that for
>17, k-ﬁf@ndtc@ﬂlédﬁm% >bfEYIBQElyaﬁtﬂéar%me&u%ﬁ@owlarth@ {prgr the
cell ndniler (iRRGt ance (i.e., capacitance and inductive

reactance) was taken into account. 100641 Fi gure
(00658 Frgure A8UD shéres thedpquersy Ssp@r,at crfaearﬂamesalts:t fan ddfferattinombers

of cellg gc.rldeg.lﬁl,fo%ee {Qf%llg] gonn?n@s?%tgfg s%rfele bzplegp mgﬂe PP 8e S]eegté'?#e@ de
. (electr&dflr gabhwn@ssB)( i@t 28CYH 98 eiminayy 1B frefhc@ly SpedBh AhowS in

of the frequency spectra shown in Fi gure
F‘g‘“eﬁéa 26@&@287&9) -27(C). One nmethod to calcul ate "cel |
nunber index" is based on 14 17 June 2005 such
frequency spectra of resistance ratios by first
determ n| ng the maxi mum val ue of the resistance ratio
e df € hes (it ftiza 1dhone fromthe maxi nrum val ue. The
ceI I nurrber i ndi ces” calculated this way for adding
[0066¢ [Fosclafitydiffdistsnie, mudiarhs vady (ﬁﬂﬁﬁltﬂtﬁﬂpﬂie dodiled@esafiption of
. 5.17,.1.82 and 0.17, respectively. Evidently, the
the1nqegp%p]aﬂﬁéecﬁ% S‘d’?seﬁté?qgéhatt S’War ger the cell number
' | el @g%
[0067? qﬁggglg g%%g arssi;? ?Agﬁﬁor dfﬁ%cfegr ent %&g@b‘éﬁ?@df effand
systemsgaexdd¢ anen-irtvesive messm'@npmsg |tlmg thehells amrebe ppsi¢ored in real-time,

Comm‘f_?u&f}’p %mggke ne eI ect r ﬂb“& o t%ﬁeﬁi?%’says after

the impdianEe-baded Eérﬂiﬂge 1215 (d@clos&ﬁﬁ eﬁ\ﬁ%s 317(( @stenﬁ\mgﬁ)r&ﬁde kinetic
Carrying Qut the Invention [0066] For clarity of

mfonnan%re:%@a the, celmambe, cBY bighgeient stafusilinatudans theinattarbment watus,
siatus RO Rl P BB PofeY LT B 3atlB ge. s

savmg\mhet i‘Dst fipéaelicg rengass myl aisé sayiightbe tboe tifsie ﬁw@h@aﬁﬁhm&ﬂﬁng and
lens rovide, a non-jinvasi ve neasurenent so

addinggficie IEINE BraBP G FORRETTRORS, (25 5oy FepBRI T REsoess can be
compu?éi‘%hﬂ%’l%sin}d ful‘rl’f‘ Qutbﬂﬁteﬁemhé r%@ﬁ}cp&s Hé&fjonfl? fo &E@ €&11s and to add

-based or nol ecul ar-based assays after
appromﬁws@anmemﬂfmreue@aaﬁmth@reqﬂ‘m@ mCproses. Hmaﬁy,ahmmssmmlent

e RSO O LTI Wb e
expres&ddtia elnRRbes batheTells &rdﬁﬂ%reaV(le%bldbbﬁtYS celsGnm?). | N

addi tion, the measurenent process can be | abel -reagent
[006B} ééarg_em@entage of the cells added into the wells of the disclosed embodiments

are monitored for their contribution to the impedance change between the electrodes in the
apparatuses of the present application. This is achieved by a large ratio of the electrode
width to the electrode gap and also by, in one embodiment 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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saving the cost for |abeling reagents and al so saving

the | abor effort involved in handling and adding

those | abeling reagents. Furthernore, the entire

nmeasur enent process can be conputer-controlled anddJune 2005
improyas|thgmgaruemaens dccurdry and sensitbribrgheieesmahnymbey of eelds are used in
theas%ﬁlls and to add appropriate conpounds or nedia for

Yhe requi red assay process. Finally, the nmeasurenent

[0069y She Riccsodecwidtiataap witth ahd glite ¢lectprdedlemidat Histribuéibg are chosen

repeat abi | .. It can.al be very sensitive, o
50 thatéﬁgﬁlgg%lé@ #Fqﬁg SRl i e velNdoSs & Sppangarm. Rk exgpwle, it is

t
designd U ol B o e g e G P RSt E 2 gihac
electrc’dn‘ﬂtm‘rtmntl‘s sugrd thepele¢toed dedi sanceh bétweem eohidftitd o dlements to
thei t he iq?edance ghan bet.ween.t he ﬁyﬁgtrodes in ths
Il AP PEP AT IS 8P “i"h%f%g FEUEROCHLSEOTSIANT &3y 20y g enjtyo adjacent
electrode Rleavath. Mhud, thefrffedandd @neHbukibe fRnEaty ead;abehit éTerhéhts is
the el ectrode gap. and al so by, in one enbodi nent of

about thESamPpEP A MHET wherelee enlls sEtandadatsiniconibugems) g impedance
dmng§%ﬁ%&gq&%gﬂknﬁhmcover the entire area of a well in the

hese ~enbodi ments resulting in nore cells
[007063 ﬂmgvtmmtmmtle:ﬂﬂ foo thetdieitode osrinettio altowstfor the@asy scale up of
edance bet ween the el ectrodes have the
m“hmkggﬂﬁF%@%aéwg id&i ng experinental variation between
[007‘1'] @Bﬁ&ﬁﬁﬁn %ﬁ&cﬁm@hﬂ&f‘ the %le%ir?@és%s&i i Be RhpRBLUELASNE! thre is a
ferent plates. This a 17 June 2005
non- umfmmml@smtah §ekisbgubwimmntThaciasheey damhmwmand whdwn whany

ity ARS8 e S8R 0ERA.

cells well eRBeenel Sk ¢dllRd it trapRorediO &R fes 258 bk Mddvelt BRher towards or away
electrical field distributionis relatively |ess

from theseilageif thershectiode elemgnis For pramne, fglbawigediteratyzas ciaylan
demon?‘l%(tca \ﬂﬁs@gﬁﬁ%?sef% eccﬁﬁtegﬁ% é?;t eg@ﬁEﬁ‘veetﬂgllgctﬁgﬁh\é?ét]?éohﬁnemmt

on a separate ruc ure
of bioelrtédés inpatentielsinstggneds” iat Waag XeBehalol. Rilye, lev(Appl Phys. Vol.
el e t i r. correspondi g connect i on_pa
26: bagesria iy 1S 1|995 hg’ﬁékﬂaﬁﬁn Brealiig &!%ﬂ&%ﬂl%ﬂaﬂa@&ﬂ of colloidal
particl & Bfld R6Ldi 8l AR Blstellatfd Yicrde R erb MR AANEELIG R ef hlb!f‘tlih% D:

fromany two adjacent elenents is about "t he sane.
Appl. Plysmatal 615: phgns 8811383 cEIN s Fartbermumelghie ol logiimg theoret1cal paper

providfiohdl R GesBo e5 B Gt HE RO Bl HEoB TR ggueied

electrodeyimaahéstrial hewwdiod Elebﬁﬁ:aﬁﬁﬁ& aBgl i fotRlidMctropHbretiPbRctrode
sSensors on a S|n |l e slide. 0071éhFor certain

arrays upe GireRants tbffor%m by Wang Sdleaf alidebhysnDt Heprl ifugayed 29: pages

) S there is a non-uniformelectrical field
164913?21?%%ut|0n Thi s has been denonstrated and shown in
[0072hAYybledishbee b coppat@aibetw dehaliatesiles offaar R TUNdedy arlrdedli n
el ectrical and cell_suspension conditi cells wll

impedangp arisHigReasBegient- okprdiia CERI ARG garssTidehedas hhalcgode
units (SR 88 elRbi ORI unkO N 458 YeoRURY, see Table 2 below) was used. A plastic

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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fromthe edge of the electrode el ements. For exanple,
followng literatures clearly denonstrated these
effects for various el ectrodes: "Selective

di el ectrophoretic confinement of bioparticles inl7June2005
the eleﬁgfxéenqqr%lpesé MEFGPHreniopted: Wlt}bi}b%%m)bygog_ﬂgmg fibropectpmsedution of a

conce&ggéﬁ?lk 3(()5 g}r{]’nz[ (mYQIJOt %;relé%g g%? e éfsjf%lg Fhm}l‘ 91356 telxgwrg?nts

phoreti c col lI'ec
were sappbdhidhb h apar lhleaﬂnﬁsdamse gasunérreédi glhé aélwnalﬁksiaﬁid dived were

m croel ect es", Pethig R _at al
used KT Sprigdor g compaisagab 0 gha Migatsin 3 ol pt MTcenge,
solutldrnﬁasfeﬁlldb@w &eh LRAOTRL feﬁ@tkomﬁ)sqﬁcuﬂﬁ'féavﬁ) oﬁq di ﬁ'l’b%howcd by
information as for the non-uniformf di stribution

adding H0uHwel glogisphtied. Aftrasidingdsesy sdlmlcmhémrreatcrtloahwanenﬂ[mmously

mcuba?%d f%t‘ ¥ (rélllrg gﬁ%’; yeto %g aﬁglzé?l'éeelﬁgo gblg hﬁﬁ%ﬁﬂg—%%r oL a ;@rgled
_ during&he MTT rbactRity STheRoloV@RhsityRf Yife dVe wa3hePR88%red on a Molecular
. 1649- 1660, 1996. 100721 Table | shows a conpari son

Devicg, @tﬁmkﬁe Iteﬁ@ﬂrraéé thapelength f SRrmma Aggierense absarbance (at a

ass sI | ﬁ%%?%&q??éﬁﬁﬁgﬁﬂﬁs ebi experi nent,

.
%ﬁrﬁ%"{&ég(g each of

eI ectrode unlts has a 3B geonetry, see Table 2 bel ow)

was used. A plastic

bottom di ameter of 5 mm was nounted onto the gl ass

Wavelé a

stripakaving 16 wells with a

slides By using The riquid adhesive: [HT 1080 cefll s
with dififeend numbergemer e gegdamhnknt aviehi addpt
wells in the I16xI deylhﬁl%e];T e celde nurrtler i ndi ces |were
1 Mo ecal el tina thao rmviMI r ]
der ved loy-ggf oul at oo jrayl [, 1 olabiyesghange i1
't Table g shops 108 Otodi - IR0, jnal dE-de
Un! t. e UI,\CFUTL\D”:J VDQ_LI$E+03L, : : 3THEE LNI I::lj E+C.0IL 1 e
pol nt of ZoFq T al c?-QéE'I'%abtl 5309 ”1”61%‘4"%0'
sur f aceg—(T Tt udi 05 APE+hE Uy 24P Lllcgqﬂ)E\O rode
surfaceq) WeI€ PrE-59m®Y W [ B 760§ Tl i7lgoE%hS0akKi ng
fibronedUin Ol U] OR2fE+08 |CORGBEIJgAt I[ON 6%5@41 g/ m
(i cro- gr ai PHper L) 47EvoBNE Werldos-oh O |1 B@BE-01 The

experi megnt s gaver e

siopp@d at Z.dachwiaf

er stspe-ghnpedance

nmeasur enent .F2The cel 4xE+#0B t he 75aE®1deVi ca.2eene Used
for MIT |assd2 for| t he3exaapari $SEIE-0T0 do BIBEENAT assay,
10 ul of PZ eagend.68E@R ut|i 013.60891added 3t30E®ach iwel | .
The reactio2nas | ne6HOAd |f 0R2.62E8buUr § ai3.137C1f ol|| owed
by addilng B20ul | Web.156408p [solli$OESH . Aft @48BAdi ng st op
sol uti or : s |codtlBlbusly 2i5AE0hat ed for
12 hour s—at-A7C tlo ORI il 70 938B-02nsal LBIBEERNr pll e

formazan crystals fornmed during the MIT reaction. The

color density in the device was then neasured on a
A. MoDefiviteons Devi ce, 96x pl ate reader at a wavel ength of

0073 S LRSS Brn B FLSDRE e hotion of
the invéaitingis HiWdd inloRh&ehdseéRInk i fRyw MI'T readout

[0074] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as 1s commonly understood by one of ordinary skill in the art to which this
invention belongs. All patents, applications, published applications and other publications
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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nunber index B 1 1.54E+04 4. 74E+00 1.43E+00 C1

1. 19E+04 4.71 E+00 1.43E+00 DI 9. 13E+03 3. 73E+00

1. 18E+00 El 7.03E+03 5.80E+00 1_01E+00 F1 5.41 E+03

4.41 E+00 9.40E-01 G 4.17E+03 2. 79E+00 7.62E- 01 17{gne 2005
referenpepthe definition sgtfextl insthgercigon prepails wpEthgglefinibion ot is

. _ 01 +03 6. 94E- 01 5. 39E-01 FE2 1.47E+03
mcorpf;gag%eg%n R%%féfeggg E2 1.13E+03 5. 89E-01 3.83E-01 D2
[0075) 6OmEBR h@chi] “F-@Tal’ DOm0kt 166R dheBOFHOR o2 nRE=01
E- E+02 -01 A2 3.97FE+02
10079) i Gsehersins e Tt ) er RGeS B bniaEe G3aree Blaie ithe pubstrate”
mcansﬁ’ﬁfft' e lﬁﬂﬁatﬁ@%ﬁggﬂtrdf@ﬁas%ﬁ'ﬁlbﬁe)ﬂaférs hS A IORVESS el ﬁvcféghre

g limtation, the detailed description
ﬁ$nc$ﬂh@ﬁ ¢ &g lyeli ofitiieshbisinate. t he subsections that fol | ow,

074 SS defln d other al | .technical and
1007720 ks PR EREG R SRt 166 MREot Bkt S e apant ng as
[00783 C omgadmerml ebﬁica@lgawe aihtRined mebaRak Ynetdtirhie thik ddaenot
to which this invention bel ongs. All patents,

art
have dgletariopa eitesison prllsi inghdinedhoviabidiy, GHachamatoprrading, motility

referred to herein are incorporated by
gﬂ“ﬂ?%$g§g§%gﬁﬁﬁ their entirety. If a definition set forth

[0079%h Whdni sssuspatsioarofiviabig nhnwaweﬂ,o:pdlhelm be El\mi(ﬁleehal cells is added to

|ncon |st with.a de 'n'ti se ogt in the
a vessdjns Sities of s yselie aEapldar, eolLabi st e Bt
percenPidR@F HUtRI1 GalddREnd ke ﬁfrﬁ‘ae@%fﬁﬂe%bé&l:%tﬁﬁ’nrt%ﬁ}é%ﬁrs 17
17 June 2005 reference, the definition set forth

Preferaty, st krasit i08hobthe eelld are odtesringlie theehurface dfthe vémael w1$hm twelve

I }Cor no d _her A e 075 used .
hours. JISEE EIeRIY. ARVl RGO Bt kol 83fsegroeties
so thatiR least 7000 OF Gk cliis 418 @dhdiip@d the sudfacd Rk theRePbBRIITRURRg

. fabricated to a _sane plane of the substrate”
(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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means that, if the insulating substrate has nultiple

| ayers, the at least two electrodes are fabricated to

t he same | ayer of the substrate. [0077] As used

herein, "nmenmbrane" is a sheet of material. [0078] 1AJune 2005
the sugfaceqmaencesidro cheshisalbyrraated (e eestment vithrmscasid andfenbitlembase),
and/or. }ﬂlg’%w%?)ﬁ T%eatt o {e.g. h fettmdegywngtp:laggﬁpfgaﬁg%rbkﬂpg%icﬁg freated (e.g.
coatedWith bind o mogr m&%fulemr Hi&hblethivd SaOfromlotB ¢81l aMi@medt). In the

suspensi on of viable, uninpaired, ithelial or
preseng HyStied), piocompag ble surfareguehons aan@ag@ep) prefesably ewitale for

the attﬁaﬁnéﬁfﬁﬁgélls of ?hcstg%é a8t Se't Be fejdlm ?+ td?s%? Eﬂﬁ estERo mpatible
significant percentage o eri ng
surface freg smefnbcamep fand h@sk/ms%ibly\/l eﬂllowa thatackmbetwitat least 90% of the

Pref er .at least 5 W f th cells are adhering to
CCHSt]i‘%gogtaafqg%réwfi?mf’ﬂ@ﬁ?/ f Wi“l‘% 2% ve hours. More

[008] ef eAaBldmoldcutacha® i akoditheIn 4 RPfaSe fHAf C(ﬁﬁ[!zIIlSCS a molecule
attachment has surface properties so that at |east
that is aowsusallst ersuering omelsceld lve bionbemisak hea bigchemiealletived from or

based GABhY S A8 BRI bR ikl R bithien S g et e o

b10m0£tfcul&r ssutingeen céhplisd 4 itaballl® riffix e@hboint CH MEtbnectin,
results in at | east 90% of the cells adhering to the

collaggfisy.fos ddleriypti s theteole PU E20HOSISe A bistchemig! sugB s polylysine or
r ol
plso AT AL 68 PLOREES b3y L8, Bl
lysine @domithinee Pobintaicandlecil exgbased vinaatsrailfy aceurming bioohemicals such
eight, six, .four ours af plating. To have .
as i 4 e st et o o iPperaring Rochamicsts.
[0081yine 2Q05xtrdcBRulatthhRikofipinafe élﬂofé@ﬂmﬂ%u}%rﬁ; &t ed
(e.g. treatnment with an acid and/or with a base),
extracgl jligrapatyn ps pe allurryﬂl tlt esmtbech qomppnentradan wistrecelliztan matrix from any

specw? ‘lnf}lﬁﬂg%lean Elgéurr%:t onﬁmllt %J l)c\énmq e%tg%dtéécieggla{ H]élﬁ'lx components

includp tapibing scotlagdns Eﬂbh&&bﬁﬁﬁ biher blycbpieteid| geptides, ichNesHmMiAlg]ycans,
a bi oconpati bl e surface (such as a nenbrane)
proteoglygansy g1 Fxtragelinlpn mping copiponeiscan alsrnpude st Adtas.of

[oos2]e t)(ﬁ’eellé.lé\ﬁ}d el %tﬁlcﬁﬁ" H§\§iﬁig h i negz":)b()ﬁéé 1tg,2@5t r%g,éategbnhﬂgnvity

bi oconpat i surface
much lpghdréhaiduyrouadingwetdring attachrrent of at |east 90% of

e eII hat coni act, the bi qcoppati bl.e .surfac .
10083])7, &S el riatel 8 RlsEsle KOS rrRIRto el alep . partigularly
one wiP2tohgle? Btr@ct&lér(ﬁsa‘f& éxﬁﬁblecggﬁ[‘dl %?e‘étr@dé@hﬁﬁh‘é)eor 4 B&fection of
is a naturally occurring bi omol ecul e or bi ochemi cal ,

at leastfwozel¢sitiodp elemeats thasrare elgetfi cedkn @mnecﬁqt@getber ol therelgvtnode
elemeﬂ@ %B%l “c?c%g tbid ét?u%tuqF’og% eFec gél}{]b é%ﬁ];em cals. For

ar coa rrse an

[0086](t r a@@hdeti |hafelr[IH‘HethOdHHmﬁmT’l fefér@ t@a sinfleBOBRE] ifdhture of an
col | agens), or a derivative thereof, or can conprise a
electrogg %%Fgﬁﬁeo%‘lch ShdAr S i fingeiike proregionyden |11@tﬁﬁd#@tated electrode

structuli ch are polyneric nol ecul es based on the naturally
occurring biochem cal s
[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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| ysine and ornithine. Polymeric nol ecul es based on
naturally occurring biochem cals such as am no acids
can use isonmers or enantiomers of the
naturg%%y-occuri g bi ochemicals. [0081] An I?JQQGZOOS
measurg JNpeHApts elagpes ety selt atashment to anclectipde serface. Nowdimiting
it . ) . (i .
exam e Rl Ao R bR T Il BT o Bl Ml TR phd
concergpeeleegodndruktupenisitsy ti ssue type. Nonliniting exanples
extracel lular matrix, co nents .include |am njns,
10088, hgenE RISt He S SEREE GryRprorshnat Sep das,
electrcdley 608l 8¢t dae @lyicalsor el RBlERalVGa BwaRl bne At drdoEhdd 8F a
matri x conponents can al so include growth factors.

device| qy@gpgratap foreoareatiog dre ¢lectrpdss erialeatrode kkewients ca ehichde

E Vi th ] uct.i Vi t. much _hi gher
struenf UG tobmed, e bR oo ARG BE p Uit oY SRerrerht fagpe
connettingatls onltheslevite bongarated. ers to a single el ectrode

ne with a conplex structure (as, for

. ¥
0ogf} g?b%%gé ﬁ?:f%’pi“ga pt lepst b slestrades (elegirade arrgys)dave substantially
same suPhtEath Ol thitthd &Rk s &F ﬁ?teﬁ&%g% (%{EEH&? fI‘rtbS'ts) e not
I her. ectr

are electrically connected toge e e ode
substaptidlyehifferens fitrhwacinothed ssahatabeingpedamdewhetigeadue to cell attachment
el,ectrically, conpected. .[ 0084] . used herein,
or oWl b ERecr GRBNE gt g oG harclpr i sl detecable
changd @dinpe@arRb i sard GCdimASked il deUS the Bapeahttde cAsingd Rfe to cell
exanpl e, a fingerlike projection of an interdigitated
attachigpnt o geyeth ostthe gnalles .ele[cm@é;s](elp@rng@dram@r dn athemwords, both

. LEq re el ectrod
targer gERIcS PRk A Bndl Shlier ool (icoBAE P ET blute o
overalbdtan gpmdinpgdaice hpdhedll dtheymeddr pydieh onahateeleeod®. Ordinarily,
source, oper ai e as a unjt to generate an

si gnal
the ratd) QI SHFPGEATSH sV ER e {8t elgremticgrlesipitecsman) andire smaliest
electro@k BQEL AL afthfU6 ik BSn 167 S{&EREH, BleSGid ?&%ﬁ%&% Hl%%gét%veen the

units of the ’present invention“can 19
largestredentode (dlegodaatey) chd tigesnaige dectodt [elatitode hnmeyitis teas éran 5,

3, 20 Pl B £ oiorE ey, b e BRI Reu-Slerteviave
nearly iUnti8al dP ienfiO 6B TAdei aBese| ectrode structure units.
0086] "Electrode traces" are electrically conductive

[0083h { nserdigitatedk means Havion prefeetians saesngmealirgstiowthet interlace with

: 3 I ) Structur ne_en
e SUE TSR B A RLRSHE M Gob 856 SR £ e
(with tht enfesatistdnterdigiteat ¢lodmde lekmmmtsSpreferabledd hexd@ntact one another).

ructures to _a signal source, The end or boundary of .
(oos] %W%@T%&}’ abs FRraRbvhas @ supface iablsden ¢si aaetynet of Bewt

means S8 el QiroAP RAT/ET ﬂb?lael%cgﬁ)gz %ré%i:of 'ﬂ?@&g&%ﬁ' Has appiBfriAt physical,

least two el ectrodes ctrode ar have
chemiabibshialogical propersiasrethstutckiaaide aelsalan vabhsattachon ttheesurface and

can ke%)g{tfa% & g,avrvﬁi?éc' gr%]:vir? gr%n %ees% agg &f thg %{aﬁa‘%ﬁtﬁgdﬁo@ge&}}/ i?)m n%rt ©
necessary for the apparatus, or the surface thereof, contains any substances necessary for cell
viability or growth. These necessary substances, e.g., nutrients or growth factors, can be
supplied in a medium. . Preferably, when a suspension of viable, unimpaired, epithelial or
endothelial cells is added to the “surface suitable for cell attachment™ when at least 50% of

the cells are adhering to the surface within twelve hours. More preferably, a surtace that is
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substantially different fromeach other so that the
i npedance change due to cell attachnment or growh on
the | arger el ectrode (el ectrode array) will contribute
to the overall detectable change in inpedance to ldJune2005
suitablefppcelly atiarhmeny hag siyface peepertigs sp it ahises 7@%a¢1fgtbe aells aro
s
adherifE}d the SicRE R 16 DROS AL BRGRB RgUE coff b hoer o
well thek earhprisbe she( sl deddvi @dle E agrt myjﬁa)praﬁhfhbﬂ;ﬂmhé airfaet PRPEAEE of a
overal I change in

e R o i G5 e o o
surfac€ Wkt Qe thEsddfriﬁﬁtlﬂ Mo§t yothg ﬁH{ef Jﬂ&g r?ése(‘f’f § surface

bet ween the | argest ectr ectro
that IStShléabéfnﬁa‘r lcelé attachingot m&d@ inet J@e.tt @O&I’eoi%thc esl)s ddbetirsts thhiantace

P e.ratio of surface area between the
wﬂhm%g téi g%%% ?E?%%?gode array) and the snallest

- _[mmu escstusaﬂi Ber(eﬁﬂ Bd‘dtéc@ﬂﬂie eHanady In infpell KR Yelddtn or amfng the 2,
) .2 or 1.1. Mre preferably, the at |east %
electr()é?% c‘PF‘%’él dhat elaﬂ lgmeﬁlm bghragy oy amane therrlestioges Werldihewd a
Lcal i.gitated"
signiihny CHAHE (5 ot e JAEGREHE i iR Bl PP,
measurenient Cinast whérhcellp nachadrigomns oa Gmfﬁt@s bf tappalufik eMBOimpedance

direction in the nmanne he fingers_ of folded hands
changq {gf4rh tg 15 ditliyence if fape aﬂ%ﬁ‘e\wﬁj Sithen@suepesettheapparatus has cells

attaché&d &%S‘&/ﬁ oR%R4 %@@hﬁuﬁ&er&ﬁtthéé;ﬂgtaﬁﬂs d&@?ﬁ&r}ﬁ(ﬂ@ eils; attached or
used herein par at us surfa
gr Ownsml thﬂlnenl‘yo thecrdahﬂlgeanumpbdmm 1sdarggr tdam A!1% ttvelaermetetdtm:ﬂe

e and/ or. el ec
Preferdpls (. BGC A8 RSe BhTEamss Lresin® BRciiockio . More
preferdbiy |ﬂ(itgdf§t@;|tal:ﬂ)é SRREE Yh Bpetinade 1§jﬁz§%<dra_rb*yﬁ Iﬁﬁ}eﬂﬁlc@ %@tv)@eﬁ Qk ¥mong
attach on the surface and can

eep attachin

electrogesiityricallyrn fupetion efithe Begreneyaf @s@nplmd@ec%a@débr it

T ) ce
measuldheAB -DAEGRAE kol A it ARARN RSy aonk I GHIRGEP docs nor
require/tha Innpedaylcmhagge)mt il fr&jmeﬁ@emleahe@wwatﬂel bﬂbamﬁﬂe cBane in

nut ients or g h factors, can be (gﬁggﬁled in a
impedaheg PEiveen oprrapag Wsicfectipfien oalyisepesisy Igshapgein
1mpedéﬂ&b @pﬁi}r Sitble BRI bf"h‘mﬁfple ﬁ'@{ﬂ%ﬁ@l@é | B adﬁﬁl&n%ﬁ%ﬁl%% two
'surface suitab for cell attachment’ at

Compon@astreﬁﬂ%@fand répstanet (rsacaem@e aakhb,tr dintlet] anto reo satefaris,

copafd DA RS0 PS5 B e B SR B o
among&ﬂé tlaeeodRE ORGlirésashl P that Eider 8he bLRSIbtak oAl reddice Bhd £
are adhering to the surface within twelve hours of
detectableghapge §tjang singlefipqugneeen sultipletfipguencigsber or  wel |
c F.&.p ram
I009tlﬂgxrs élu rénﬁgrsthoé %rq?ac'sggvg% %@é’t%od%g h?w% %B§tnﬁ%a?lly drlﬁ“ 1‘%{1 5
areas” freanscthhtl thebiréeh et of asudledrddes ade doEﬁﬁillaBQ)%a@lﬁ othlR€so that the
cells adhering to the surface within twelve hours of

impedagice ehange dip CeHraét@%brawr stoeh of theslaesep plspiaede veid nsm a

0 mbﬁterraaﬁeeovempaete& BiéHrhRb e 187 saflklor 8ldiBER { & hbed
con in at |east 90@6%f tﬂggce ghepfnglto ?ﬁgé%ur ance
changejuelip pelbattpehmesti or, gréwiliron ﬂlmnhltbﬂlreiaecu'bdq:sl Rréforpbly, any
impedance change due to cell attachment 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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_ [0090] As used herein, "detectable change in
i npedance between or anong the el ectrodes" neans that
the i npedance between or anong the el ectrodes woul d
ve a significant change that can be detected byl 7ayue 2005

el ectr?dfsﬁé sane hap g1 Frederably, ihepatinelcarfapearsnbelvwert the larggstrelectrode
and th%ﬁﬁllgs@ leie%tr@{?]ete glﬁﬂaﬁg thadBVs R oS50 I)ra of the

appar at us ance’  Cchanhge retérs to the
[0092]f f ernerUsed hﬂlfeli*:m)‘élﬁg]mpmbtlbulhtg,eaf cohecting shielkae®ieaflerhdif” means
s cells . attached or gro on. and when a

at us
ar, i€ B Bty Bosijbonsd Y Hhin fseSnisrernf e desice or aprashvel the
preqelﬁ 'inveﬂﬁ@[’{\ﬂh@ﬁob@iﬁﬂyrtﬁfa' deM s éont ﬁh?tlél@)ad&ﬁichﬂ% %)ﬁrﬁﬁ g%@ﬁ:@d%e?ement,

er than 0.1 %to be detectable erab
Lﬂlculélfetl gf@naﬂib eveRghdiemeetsr phip e@lhuﬂ?«é onor lima device traappidfusafithe

ol et er abl e n
preser i, Y Soos R8Tl lelBn bl bR E ol Ui s by een
electr(ﬁ:leeatém@lﬂfﬁ% g:‘éatémmhﬁ} ahduy SQ‘VJ Hived preferstily hQtdr HRMUMDBEY6 R, vet
%@pl ied electric f| eld for neasurenent.
more Pregef Y grspter gheambeuti 19%, ﬁﬁéamleomrméqblbgreatﬁﬁﬁ@ntah@t 80%,

o id<e, t he | edance change at
greate?r]‘f%ﬁ%iﬁ&ﬂ%k de {tl:?than élg?M Js /cbl e mp 9

requenci e el ng cta "Det ect abl e change
[0093] | Apédemng ¢rapeisveestrucoire thiroagniirises eheat hodeRpressibiys, or wells

e AT, B R BT Bk PSS 0F B o cmprics

multtplé"ﬁﬁé’f@d" GRINAS fLMLonEAHEBORS i lti el Stk aéih%ﬁ tlﬁ't‘ the one or more
react ance (react ance can be divided into

insertoefttbeyinsere gay %&p%ll@mbmemﬂeadtedimé camtalmcnmmllme“ a multiwell

hange in . edance
plate. P BRAARRERs P SLR I Fnf Mo s P RRARER TR B or
the présest ifvémion fandng ﬂ@@o&ﬁﬁﬁ)ﬂhﬁ'ﬁeaﬁ ondehRal akhehf fia@Rndtr formed
any single frequency or nultlﬁle frequenC|es [ 0091]

by the gaseriouhenigisglgeed 1  Buidkconiainsr hasas it lé%‘toflbﬂté’@ch apenconducting
substr&H%fatt ﬂéésﬁt Q?.J:t ohb @fé?:tr&térf ace areas" neans that the

surtace reas of any electrodes are not simlar to
[00%440%s wid eredn “ddsairesphase dunpedasne tehiepgededte dtionstap bf

s R o Rt 8PS Eh e b s can e
measuSI®, @tnyBdiffctAf pﬁsﬁeeﬁs For %ﬂﬁn%lﬁpﬁﬁ':@trh%ﬁlpoﬁﬂ@&%sﬁ&%dttg have
e small er el ectrodes

cell" attachnment or gro on t
cytotomcy endBaups celhgeatl n%m@ eespomsngEodicanbeaitabured by percentage

of nona\'tlalﬁg ?cmérg% 1 ceﬂ [ gﬁ\%rplé £ C tf]i‘f::e ttr%rtgie%@a g“ﬁ& égl’gﬁ%Ll}? & due

[0095(]) Acsejsbd hérb:‘alc Pummiple "qefegy m\mhthmg Whigh S8/ dofifain a moiety to be
el ectrode.. Ordinaril y, the ratio of surface area

isolatefl ggpigRlated empasupds guantified rdstrstes atlﬁlézwngewa@ftusw
mlcroplkt@§01219%od§ Qhd ﬁl%gt%t'a 116 t le Efa @%%@el}f%laﬁlgﬁmple

rati o of surface area etvveen t rges el'ectr
such agpdiddgcd Mamid @st bielogxhl tsdee. | Examprles tfdolo2Ral 3dds #@ludb@rine,

s Sy i R o S R s
amniof€hbidl ¢ thAMEOBi¥1oRRA1 ésgékecﬁle ﬁgér@geﬂest $RcRENSI A 8 GhaRicular

a device or apparatus of
kind to gether with their intercellular substance that form one of the structural materials of a

human, animal, plant, bacterial, fungal or viral structure, including 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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present invention, the probability of a cell (or

particle) contacting on an el ectrode el enent,

cal cul ated fromthe average dianeter of a cel | used on

or in a device or apparatus of the present inventli’dyne2005
SUSPERSHES STORRIONS LORtAIRING té%llog’c?é]em@]eé\‘ﬂﬁﬁ(fss PAMEINS Razwhese nugleic

(| er than

wcids, LSRR 5 ShABRA Bl Bk, BB R E PRI el Rlflhf® S00s e

nore preferably greater than about 70% and even nore

eferabl reater.th out QW reater t han about
100855, °87 Selafir i + s COLE) Sole” rblstrde sAnDDIa g manrally oxist
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her el n, ers to an contai n
elecmodnmoésgadﬂcmd:re:hambeﬁ tatgenbramruhpmgeatfempedtmas béteﬂcn or among

uant.i f i et ected or. anal yzed usi ng appa ses,
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bi ol ogi cal fluid or a biological tlssue anpl es oF

sepapites] ige grembiangi haginghelagdlerough which rhigowidg Ophra@smsa cells can
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loweg Bl kR SOMg e mENBO bheserfDEs. ia TPBPToAREERPRIS 0Bg of

moré@mo|UiEB 1t§‘ﬂi s%rfzweQRatt ﬁf@%ﬁﬁs%@il 3 tach%téﬂ?alNogrln}{ tmglexamplc
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i ncl ud t
embodiiel i PR rer Bﬁfacgafrl ﬁp@% Rl Of her
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cont ai hi ng bi ol ogi cal nolecul es (e.d. prote@ins,
coatiggy ghigmolegules) s that the lower surface of the membrane prevents cell

attachment and has minimized cell attachment effects. 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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aci ds, carbohydrates, chem cal nolecules binding to
bi ol ogi cal nol ecul es). [00961 As used herein, a
liquid (fluid) sanple” refers to a sanple that 17 Tune 2005
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oy ol odtente P it iedk® 2B s v affmelet s idrivs 6 ths agparatuses
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in the%ﬁaﬂech%béﬂmg CERRS W Jan@érﬂﬁgsurﬁg %1r§iu‘lascc§r 119 ent via
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t hat , .conpr i nd | ower, chanber rated by
attachgd gudigy ﬂﬁl&reﬁie ﬁ}?gelf PdeS Wﬁ@hﬂ}&ﬁl&ﬂﬂw fnale%%@ceoqan be'used to
derivd dIafimtRr fiRlek &r%ﬂed MR grétfbnviﬁéléil‘? NS 1‘1@1‘6@%%‘%8#1%@1 ects) the

conprises at |l east two electrodes, the at | east

numbey efeHpeigrated fromethe tepeehasthanisethe petedm chisherar e on the
v 0" HEAPER, Bl KpTRBLUARESL: 4 OF e URLABIRRE . e o

plate (@mqo chspasaitultple ingRiev¢RI (2015 S TAA bbftsm lsomite oTehR@Sert well
that prevents cell attachnment. Non-|imting exanple

is 2 megbigt 11 HPQOER aiedgOHY cemprisgsrmelyplabiote frs. Electrode
structu?& n%'@ EIbCERE of %Sggra‘téﬂﬁﬂ} g %ottmwmeﬁch b&Hom chamber,
ne y (e.g., acid

rane Is treat chem ca
facmgtthleemsmwel)l Ohe cqifigaratiahlof tHechoftom darbatsrconadisailzi ebstrode

structi s 4 sale gy TR0 HD PGS 5L HERecTRG B, v for
monitdiitel AAQr AfeabilimgMRNRLBARIPIPEAM SR, Rl th@@és@ﬁﬁl‘ffﬁﬁtof and

has mnimzed cell attachment effects. In these
apparafiises ciuti-vealk atesnalr methodeis| qosstmmwltawllmwwwtth thewddrtrode-

Y I AT N e -
measusing tiaagts desdribed iinswetio Bastee, 168 Ay todBe lofvel WRAMRA9Bnd the
bottom plate here for monitoring cell migration/invasion. In operation, the top plate (2010),
which has been loaded with cells for migration/invasion assay in appropriate buffer or
medium is placed into the bottom plate (2030), which has been loaded with buffers or media

comprising appropriate reagents. The electrode structures on the bottom surface of each
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Figure 19 and Figure 20 show two exenplary enbodi ments
of the apparatuses conprising nultiple sites for cell
mgration and invasion. In Figure 19, the apparatuses
conprise nmultiple top chambers (1910), a trans-welf June2005
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the uge ? { z} & ng' (93' oe}“tagpfgr%t?% %}' the g.%sletaa iny 4 1&1} 1? Hregeﬁ%ggg}chpgatlble.
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g2030 whi ch has been | oaded wth buffers or nedi
attachment or ‘growth. Substrate materials that are not biocompatible or do not allow cell

25



conprising appropriate reagents. The el ectrode
structures on the bottom surface of each 24 17 June
2005 bottom chanber can be connected to the inpe
truments via various Cﬁr]unezoos
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pl asaﬁl tilth oswesne ob ﬁﬂb@bwﬁ‘foﬁﬁn&:@ oh o frahoreWRER 8 ves ¥ 8fi@éd fBre
invasive cells nmpve through the one or nore holes
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thereof), |1m1a@ngx,rbu0flolﬂhmt¢1btbl selatiin) GibShEctim lgminnamolimn a

aspect .of the i nvention e a u ofth
ey PRBERb SR, AprR R o Nt PREh ST PucotioPly
covéi'ellé &itir® durback QNG Vsulfsﬂ@féttﬁitqs EdpRedioQr QAR BE b ifete PRy Méﬁ%rdunng

mbrane conprising nultiple pores of a suitable size
the laﬁel%wdmglce,h@cm@ngﬁiweqmég surfdees| y or partially
th LR ra t he upper

IOIRAF e Wing SR €4 Rk o TRV RO TR CERE BN e B,
additivnalebepbriatesichias bos aet 1pRitdde, Fowdl flersM ARbating dag be a

| ower chanber, such that the active surface of the

simple gk eqrpRiex i qfieme ke lesnndisen sipgate o1 tepfigate a naturally

o
s BRRUBLEIBATEENS) LAY TRl
Matgk (BB&3inB¢iendes) is A nclubidized)basmepemgnbraga ardparagiba sstracted from

e b5 RO B 0 Rk 2B g v

protaiw Phé f@jor RbAPEAHS s mﬁmp %Ndl‘ﬁécﬁby &mgerpnefr@famﬂ sulfate
pol yners are polyimde . g. Kapton, :{%lmde

proteqabysiang ¢niggtipgmbiitygenp di §1§Q Wréms Tﬁ& H;ﬂ@fa evdase growth factor,
| e h

s e 468100 85 88 551 ROMER A g o e i

tumd}iol ymers such as pol ycarbonate, polyester and

et hyl ene terephthal ate (PET) are_ especially
gler r é’*dcoaﬁfﬁ%e*@ %Stqrtsmél%@%ﬂ?wﬁa@p@@%wﬂbﬁ@chmem

A ccfagh% KAE Sifd gz[t%r&}g%lwﬁ{eg an@%l\ﬁla%‘%.lsg 381{19 Qﬁjec{s%f A% present

e as a m crons er'a
invehiigy pnpadd Hbarenibrbelhmégratiorgdinsdasiorc & hﬁfﬁbﬂiﬂﬁ ofxedls empenetrate an

BN Rocrigh (puit, P8 DEEER S o DBl St B sebisfgs dvatien assays

using @ deieé eNspphaktitkof the present invention.

[00106] The biocompatible membrane of the present apparatuses can comprise one or
more holes (preferably multiple holes) of any suitable sizes that allow cells whose migratory
or invasive behavior is to be investigated to go through. The biocompatible membrane can

comprise multiplc holes of a same size. Altematively, the biocompatible membrane can
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[ 001021 Any surface of the nonconducting substrate

that can be exposed to cells during the use of a

devi ce or apparatus of the present invention is

preferably bioconpatible. Preferably, at |east ohé/une2005

comprisg afudidrle bples pEdibtsrrns niaes Freferablyp rersieerfitiee iale prlboles Kwits the
t l.s tha
numbe? %% ktar%lostqﬁ%%%q %agéciu%fy oﬁ’ﬁ‘ .D thr§u kfls liqcﬁ% \%} fggvler g ﬂ%?e 3rﬂcngore

prefcra’lﬂ);@ﬁ) oratcdeHC lﬁﬂﬁébtanq:ﬂe gh@mteimbﬁﬁe che compisestultipl) ®1dsaif a same
cel | attach nt and growth by coating with another _
size thteprgfpmamgadian gancar seithstial o endnthihsl eells betweenahaug ! micron
and abbtHUR) mickéhsSH Ul AGRerOfnofe prifePBTBERAE, AqR %\étoaﬁ afd i€ 10
present invention can conprlse a naterla such as a
microrglindidmetert hat i s SU|tabIe for cell attachnent and
wth, .or te i n_addj t|o
0096w prel ] Aibodieta B et iny Sioarn 8P e or e pores
ofa blﬁwrﬁp%ﬁﬁle(iﬁeﬂlﬁﬁn@hm hRBRr tHaP@JLQ bt ﬂ_é’rﬁubth@?ﬁ’ﬂﬁ’@et_é@eﬂs used
menbr ane can optionally conprise a coatin hat ™ can
in meagyriigpl ectii¢rd impedsn prvsesistice oRTecapici typeeco fed lésubsm@e interface
o000 IR0, TR maB et BLARAD iyl by o
preferabinvelesy tham aleout binvkmine dulkese awh odishesd Htfnbﬁkﬂlhlehtsmhh @de bPmore

nmer, such ol yornith |ne or poI l ysi ne,
elecﬁﬂﬁ@'g%é%e%?n ﬁtﬁétf‘étl an i b3S KeME4imE DerkRaqes in impedance
when &ﬁ?&%?%@ﬂssg&% Aahé }ff%f'db zﬁ‘% i¥ Ellsﬁg)ﬁ%docg}'ﬁﬁ%sﬁ{h%ﬁgofr) other aspects

I ncluding, but not Iimt at’in ronect

of thesk gmbndimentso gtcaghmttaahmgttydmm:nent; ghorplanipgyg or motility of cells on
tido can,, et.c. Such coatings can preferably but
et Y TR’

the m e entire surface of a substrate

[oomt;]at Ba2h RKRAEESIpdiPis AecHRAIID QotiReteatd a8l imyedaftd matlBtd. Mle
the use of a device, including the electrode surfaces.

impedqngg f@mhe mabyyad ion Qleé%tﬁecb’é‘ @Y§éﬁ¢b1% ERUUEneY rapeEr, e andl freqwency
range t%b% I.t 'Eﬁﬁ 'aﬁ&t 16%{11&& tu?e%HH @an % a%H&trB
ut no e

factors. ing can o a
[00189hpl Mot rprefelmblye At lmtsl( b electfodeiin Emilﬁﬂedtl@ﬂe @Ell(ﬂ icaapted to bind

imylate or. r i cate turall occurr
cells Wi hage Prar SRl Rarialisioueh the ot embeie | Theftpirodes of
the preSa9 ﬁgﬁd'r‘ﬁtué\é%Q‘Qx’tﬂﬂﬁtorﬁ@éell’im%ﬁ@oﬁ'c%sﬁé Z%)ntéb?e &irface areas.

sol ubi | 1 zed basenent “nenbrane preparati on extracted
For exdmplm, the hbtclEm,@ Ibistvesteh oFainmm Swhkan thRiEk S anis meamrecbtmnomtor
xtra ar rot |ns
cett miggbilF B afibmseo v it Sae heiosg B ety iy
anotheN@RAIPAE) ea¢l SRAhE elePir@ic8 Qath ¥H@NSsurRBé aeh biXfienrdt Ml d@8Pent of
It also contains TG beta, fibroblast growh factor,

least 19 pdlsye pl asni nogen activator, and other growth factors

ooty =y e TG4

0010 £G4 oSy TR AR e

fabricaprdamoine soleldf adtié@etpatble. menfbranat Preferibiaht Isasiub@bLthe @fo or

I|c?tes n ECM c% al so, in sone aspects of the

more e[ﬁcg’g ave su stantlally e same area. At least two electrodes having

substantially the same area are preferably part of the same electrode structure unit.
[00111] The electrodes or electrode elements within an electrode structure in the

present apparatuses can have any suitable shape, e.g., a rectangular, circular, a circle on a

rectangular line (“circle-on-line™), a square on a rectangular line or a sinusoidal line. They

can also take the form of curved lines such as, but not limited to spirals or arcs. Some
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i nvention, provide a barrier for cell

m gration/invasion. The ability of cells to penetrate

an ECMIlike barrier (such as, but not limted to,

Matrigel TM) can be tested in invasion assays usildduge 2005
examples\if ebecpdespplaetardgstrgeturds or pleetseds stivgwanmaitsnfor heelEO®BE of the

l QC ti bl e..menbg an f the present apparatuses
presengghﬁelgt%)o?rlp%ggeo%snlg%égure?r%%‘ﬁ%l es (preferably multiple
[0011Q] eshh sofnegityfertd tabbdinehges tid@bseat Infenttel bRcibRSEructures
m gr at or or invasive behavior is to be investigated

! ory )
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' ' e of ize. r nat, ,
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my AL o 50081551 by, SRR T e,
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. m craons in dianeter. 15.;&,)01071 In other preferred )
its edggnpryHprmdte thyy diaqonplibaetibe patharthonectiade clsment Exgaples of
s 10 o b AP TR LBl B o i
electrode atsuntiney sledvecinrFigares ilfe dasteldated esétaidantactums as shown in

. c Ci e of a cell/substrate interfac t hr ough the
FigurS PAESHQ FBB Bbeimde R B i e B g1 S 4 ezt
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mcron. In sone aspects of these embodi ments, the one
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d to neasure the change in inpedance when a |ayer
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el ectrically connected to an 1| npedarice anal yzer.
contac bppeddlanceoverad with elpctiordee (bretecrods eementsharalngaps bethwabh e

f.r eguenc ange . Q. freguenc range hetween
clectrogs (9F clectfple §ierensL it RistersdZIevines BEibBERegrygTigehe sensor
area cadlRbilipybat Mgt 594001 Hood/bso, P0es, 808DbYys, 88% R@%En PR/, of the
el ectrode in each electrode pair is adapted to bi nd

entire pafargragiingd thadevigeavbegingrsh isyrtase rpgipn issgxipysadie onytill be
r n The el ect.r 0 t he esent
exposd 16 AR e P ARSEOR e R810 BAPGr gl R R By
inventisi, 4t ddaktes % U c3areas 7054 0L RV &% drheerel @BL bodRSUrface
. ﬁ%&v\een or am)n% whi ch th& i npedance is neasured to
region thahisPosedr Wikhbg eXpaseh tothe seifieundsnithe apsapay eovered with

electrodéiet BRLI e YerS B Rl gfhd Bl & el SHYOHBER T BleBRodd dlermbiil)

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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anot her exanpl e, each of the electrodes can have a

surface area sufficient for attachnent of |[|east 10

cells. [00110] In preferred aspects of the present

|nv?nt|on or no el ectrodes are fabri cat ed |gfune 2005
Whereppeelegtypde a%enﬁnbw@é ﬁé@ﬁ%ﬂﬂg@w%rare clestrorle paghhypr glectrode

| Ok- .

elemcrllte\%gfhatr-]r%‘fl'%gﬁ% tﬁ@ﬁveerréégécr:lm c§1g1reg§5§ B\tﬂhl%‘(:eéglés ?'G?g‘ elgﬁn}é P?toeé(teeélds in the
plane hfathe mlg)strauatist thatiradtion rtonaaktartee ma'ﬁm agis ©f greafl@tralit ylement)

sane. el ectrode str re unit. [001111 The
trom ¥ it POilet i RURLT b i0at Bt HIGTAes i esiroly Bt oikeopposite
side. SVHed€ htlElRctkdtlct AP is RSRT e tarARA LB HSPS “CRBrfRVZPA R ers to the
sui tabl e shape, e.g., a rectangular, circular, a
averagefl dgmensign of the gapt thatgxtends i1 the P?an@mrf thecsubstrate e Tl)e diggction

w085, 3D Lo Bord DU b e

borderd ltlte crth)ér dledmoﬂe dletrensgii itadiosite 8¢ SForaePredont Infedtidle the
f electrodes, electrode structures or

2005. exanpl es

substrigp gl Gy hear A &Pévfu?h the efesirodereareiiabricaied s Ferpxample, if the

1 |

RS 48 T Tk A2 PR B e s st
i nvention, electrode structures can be |nterd|g|tated

l.ectro structures, (| DESs ce c el ectrode
o0 Ly O 8y op R bbirmtoral Bl SEGERD e i Reiifog Flegtrode
elemeth&o@l’iﬁJt iffstantiglly EXRBPIR siRMe 8! KLt OFl€:]ls SHeH ety Préadnd
nprise two or _nore el ectrodes configured as one or

attach g i) ﬁl@ Jubgtede)sH cehewbese hebpdogekshe moniterieduging heedpvice. This
esuc ALt ERE B BT 37 M G TRl S

contaceihg aElRAs atpafnte)nl Hrag elq@&bdm@t @ectdb graient.  Figther, theea it gf the
t hat i ewed from above, superinposed on the |inear

gnp belspGaislsshade FSmERts SO HABERS 20! # MBS BBV less than the
size oftdel€ Ear a%ﬂﬂ‘@(ﬁ"an aQge E&fﬂh@}ﬂgg adsta!ﬁﬁrétt &feﬁﬁfﬁ%e sﬁl;s‘fra)e)

are nches outcropplngs I'ges,
whose @aeluawg is hrebd mnemre@ hgng thedlevizat te redica Itlgieposplbrlltymf grell

¢ E an | |ts e?r@n[forrrted ‘atﬁ}?%%e dlrectlonallt f
contactigd %Oa?ﬂ ST Sl PR TS e et Yk AE Fiss tOg 5O
dlspmt@ﬁa@ma? NirgBlpedahddiGinal 68 cathparisoflitaaend c&ﬁadting%nly one

| ectrode structures, circle-on-line electrodé

electrc’ét: elerrent eThistipparticwlarty gupce@nn,sﬁhe clestredq mdélulsenmla@ste(e-g-
r 15B and ect rod
ten tlm%%)itﬁc glreggze\;%m‘cf { %lt%qgﬂosg %eléﬁl(%lé o be mgge%rﬁ% sm% Enea leyice JOn the
other Hahdliif the eletrbdos&ithl mn&bﬁx@aﬂabreamgl ﬂﬁﬁ&e@?ﬁelhﬁefgﬁ@hﬂtﬁbf an
or ir ul ar, both the perjodicity q
averagg GB‘(SE’EHH‘%FFP@%“%%‘ AChGRAO gfwa';ﬁégr%?)s thigavidihisy dsrgaprhegyeen
electro(i@ chi'f'féﬁts cARYL SSmewhdt %hﬁﬁer tﬁ%ﬁé@ @9%8 o }:ellst RehRe l)t‘ﬁ@tsgap
[00113] Electrodes or electro enents are
d1menspm§frea)ab¢ gtsed; ieferdnly, dhic gaparety b dettiode elegenfsad ¢her eﬂg:ltmde

structugci;rr%ugéeé :-IgbcgJH 52%51%5\%11 btlrj‘lggsat’Eg gmt?tﬂ of Yangce?altg% cSéH used in an

assay using the device. Preferably, the width of a gap between electrodes or electrode
elements of a device of the present invention used for monitoring 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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exposed to contact by cells. In another word, the
surface region that is or will be exposed to contact
by cells is covered with el ectrodes (or el ectrode
| ement s) and gaps between el ectrodes (or el ectrddédune 2005
lﬁﬂleliﬁérreﬁf h§)Wldﬁ}w @ff‘@?rp%ela@@mdéﬁre&rablm@opw@s@mw since the

T .
decreasert | The istredsad eesisegico nloat thdeedmide e&rnegfsewﬂl cmu§d.la3d hltrgoe electrical
potentl ) BB ara IHBSRY Poks Hes e rcaskipg clermeps, smalcineds
dlfferé#l%é’ hﬁg&iaﬁé 1968 8R! and el WEHhH ARackRb 14 g@i‘?n? (ly%%lél'g%f the

0% 70% 80% 90% 95% or even
eleCTf(Siﬁreﬂfalth rleingefetrbdithat sellsslpulsd dnand \aitzidhe&l)ea axpegied ohdhe

bSR3 6 B P52 e SPURL B al aBh R s pr
of an iprEdigit2ed élocteodelsa BBt conBneieéladode stri@usl, Shbdeliid H1QNce is
of _electrodes or el ectrode el enents over the sensor

to be ugpd ForingoniigHng SRkATRLICHS S GReihes mppmakad ells suycb@s caricer gells,
endotl'ﬁ:Fng& eggﬂélﬁd Eéils%'e%ibcﬂo?tﬁ&ic@‘?15%9%1:%%}?&6?{& {h%%ﬁout\gpmlcrons,

tructures or nore-e
and medeqrefatabl yagreatpor thie ateduk Y0 aticrang €The widih e ddoddrhitaliey the

o G St M RoE e SR
part of¥udh B vBr Y Wide elcbReR wﬂ'ﬂ RRNh a‘@n%hg?e%f&% n%ngl ﬁfﬂﬁ] compared

aver aged di mension of the electro
with thag pem @I@l that is pesitiphedryenthetedge sﬁmlccatode( Wwhert b field strength

n oA SR B 2258 4y S50 gt

times Miﬁleibeuﬂ 10 raechhe sizt (g etheciiads aﬁalpe@@e béleB&Dﬁ’% fe@ds and
Where an el ectrode gap iis not of recta

attachﬁé%ﬁ'tﬁtwstrat@ of celloened dmpr assay hasuses therflevicgy é’r%gr@bly, for an
electrodk @Eﬂfehpﬂla%s LS IRPDES B C@E‘Seﬂrﬂére'tﬂfi %élff%egs ?r@ajﬁ% ?seg;frrs

substrate the direction hornal
momtcn‘fngtdmkarg'ap() cdllspsuchiae maninbalian ey, sudins oahmtceldml endothelial or
et S Rt § RS B b OB wide, aa i
preferdlﬂl‘}V%@:i theR abdd @50 BHBRhS MR, frﬁgoﬁfesprﬁfén{e@ %m'%éhﬁ{én?sl of‘?fl?e present

whi ch the el ectrodes are fabricated. For exanple
inventiohean e¢asiode gteenbisdefvadsniabatdd mivransiond abery 250 plierons wide.

n mr.ane t e 01151

100 T3 306 reoES abalE-GER IV B e B B iRl Teamit e
electrog@ Blc’ﬁﬁhmﬁﬂulﬂ Ibe @k gﬁa wﬂil’a RRBY S teeRkcitde widis! WHille ke

exceed the size (e.g. width of cells when they spread

ratios rtbe elgetroderploment hadtl (e san mex be gtilized) prefexphixahpeatigafstectrode
elemeﬂt il tQ ?aMtﬁ wl?eqwé‘e?f aﬂ)%u{)rl? aﬁi& ib (ie Pr%hfaﬁlr}ld Ehee ll'é:c?r%dé hl%ment

possi bi at contact ween
width lsdvbsatereatlé amlcllfrtﬁnw thigap widile M&n‘elprefémblﬁdtd eﬂ@:t@ﬁe eRafht

. a. porti n f an e|lectrode o ec e] ene
wideh i BRfesn 33l iescthS B ¥ D o BN e Elcgpacith s 90
micror8laii@ Wﬂh&esﬁ ?61n¥ beca9R RS irdf) tf@ﬁ&:%lam \i/od1§ b@ %out 20 mlcré)nlgl at
substanti a less than the size of cel

the widgst lanntaxféh%@c@ besy ¢envadimseitiel esprodesd Somthe peﬂStladpphcdtlonI the
electroﬁéja‘?&tﬁ e gange 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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whose behavior is to be nonitored using the device, to

reduce the possibility of a cell contacting two

nei ghbori ng el ectrode el ements and thereby giving rise

to a somewhat disproportionately |arge inpedance 17June2005
[00 18} naNon-limitingrpreampeyofiraatgride far ei@ﬁ’@d%ﬁt drredectnily cloments are

L - I L Thirs i articularly inportant, jf

o LT, M5 DU B A MG TR

alumidunanElebifodis zeén edmpidd iforshiegeodeanaetigll Chsicé 6f fropriate materials
npni oreg giing the device. On the other hand, if the

for magngel¢chgdes,gepends Q senciabinsiors hethir the mpferialiiy gongluctive enough,

o oFBE i e B SR LEUL R pRRAGECS o

reliabliy esedeton perddravng owéecalae detattsoncasaybe thomepdm inventidd. er

t.han e sjze of cells il e other di nensi ons, .
100187 o iedls" sProbfestyioes Wiy dieb v it Srdeet ampaicctically
condu€@h@RittSal OFF of Bean§1€ Gold@ayr), Slhfidish E!I!’t? Sad BNGRE. WM substrates
about 0.2 tines and 3 tines the w dth of an average
such ag plaptis s golymes membsangy arpsised. anrashasion byer hmaétak aigh ps Cr and
.t i t 0 el 0 r ct rode :
a8 008 BRSNS oA O PLEC i i
conducrbrithiarfilmg asadairytale tehoel deftainghicknas. AsafRllinifing ekdrsple,

uch as capcer, ¢ s, endothelial or epithelia] cells,
electragS F B 390 ARERRERS _iiwar seetldby A0 fppsgrom Au. Such
electrode &4yRF AR Vb PHARIB AR i sparelii. CAQ&ﬁat%ﬁg %gtri]éﬁllgg%%ar@ﬁd

nost” preferably between about 8 mcro
electrodet eapirhs, usgd in ¥ dMieeeof2BO Bres¢rd diveBtiorT hExamm et fafptian y

el ectrode el nt s prefe ngt..t 00 _naryow since
tansp RS Y4B TpnEIRE ind IS G5 Rl e agro
layer, &8 tiaRemitafiédofQfght iRogihamt ITONRINe LIeERIHe caflB6 LERTRSs 98AE In

i ncreased resistance along the electrode elenments wl|

other casgysfHcipahydintedietedilmsdegenyeryithigigotdfilencen be vogseas
T . o _

ovicaff P8 A0S, ALAIR P poR A A9 8L AR e o

dependsamdrederainfaatocs: athitheh e meaerdti fif kiveninpagibicand isafot the-toxic, the

.el.ectrode elenments. |t _is preferred that cells |anded
materig) S EoRGRSRuE g sl OGRS SiabHaRY on A membranc
substra3éll faces give simlar inpedance signals. Thus, for an

el ectrode elenent that is part of an interdigitated

[00128PE ctin@de aspectiefi the present coreotion, theeledtaeies ofitie presanttderizes or
ere e. deyice . .s to.. used for nmoni.tarin .
spparafifie o e AR o G BidouirRuiBR ERirh  for R Bhg i migration or
invasidha¢dous eliti®fabrie ekl ethbdd cAarbeaRigleRMi fat mekihl Such d)sctrodes on
el ectrode width is preferably greater than about

a biocompatiplesmembizge.nbne eprraple islgluje § pbatolifhograahy sasbuigug.ofn one
. Theod . g t _ _
exemp B DM RlPal o g n R G i Frormips embrane i

first depbsleed vaitlcethin tayat metal filns (fot exwachlawegoldfite ot aedut 0RaIh over a
result in a snal

. of such a very wide electrode wll
seeding frp Byerielel (g afn thoRE S8 3P deROT e angforpe@iming.
Photorb{1@ ! fdr 3x RAFle! SIRAGEsi QAR 36 BBnLEAB1c9] isPinlBETAUS th
whegertﬁe ield st?ength can bgcgfgnp¥ﬁcantly Fd%%?qﬁhn
to certéon dfigmmhd e, 2. dminel andithedexpebale ATV dight ttdugh s nvskwestaining an
image gpr%&&irgd el‘:fectrode array. The exposed resist is developed using a corresponding
devetoper for the photoresist (e.g., MF351 developer from Shipley), and the gold and

chrome layers are etched subsequently with KI/I; and K3Fe(CN)o/NaOH, respectively.
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times and about 10 tinmes the size (e.g., the width of

an average cell when it spreads and attaches to the

substrate) of cells used in an assay that uses the

devi ce. Preferabl for an electrode el enent thatl7iJgne 2005
Masksyge progiucesheanneercisily asing, claghrendepheviging teehnigies onlolra-high

r tQII gukar oF cel suc

resolal3 e DR e el JER R bR CititeR s mey ged o be
taken @piriérabirglrodelibls andpcdtaely hode neitroel@ebdOdriclrén@Nthei S

| ess t han ggout 500 mcrons wde, and is preferably
membaoe using poHINeT 2PEY mAtlkadsn n pirtieular ar shenld befaken sefensure
o SRR Sy O RGHESEIL p LRNERRLOL RS ERLLNE e
photo-miasking pravieste . In[a00itidid Jas|the tibmbpme denht 1azmn bnef:h?dile ofiapprbpriate

) is preferred that t | ectrode, ga etween el ectrode
size fos R R EU LR B ob Al REls RPcle? ATt BTt ectrode
fabric#loag tdro diyuld Bé fakeWotlt8 afibdi@hose hBlds AriRg tﬁer}@bl‘f»’éaﬁeﬁ 5%@33 In

element width to gap may be utilized, preferably,
the altgrgative, gpresceths afiqr slpsirodenfabirivation, yting fmbdmnmmr

AP ol iy BSLALML 8 el

photolvthdgrhlphy\afab&cqmbﬁfaﬁdl athley midrbfabgteinraad enielogRinin gWthths can
ﬁlbetmeen 2 and 6 tinmes the gap width; for exanple
readily ¢hoopeand yse apprgarigie drateriads 4 pravednes Jorfebrignsingjnatesoelcctrodes
andﬁﬂ%%dﬁhgggﬁgaCh el ectrode, the gap width would be about
m crons at the w dest point of the gap between
ad j acsnethed reethpddEfbrifaington paqberamgmmca:;emctmsdml iot usehsser

| ect.raode can ran e fr n1 es ons. to
ablafiufchdlaer MShioh. 537 stEph = Bt depestted WithorfhindSyer
metdl HlihGorlea R@pleD L by eNmls aﬂbﬁfcpﬂ Fﬁf@e?—a JERdidC Llayer of 10 nm)

preferably, the electrode wdth is in the range

using gehasty 89@1 #i ‘@peindepaeitisn endnfp@p@ﬁenw Tt thimreetabfsa is then

-
PR ]P0, Besbl BRATREE ol TRRF e ftinidle smine
throﬁghTeO)n,aleJ:Urmmmman gmh@l: ofeequirsd,clavtolebirayp! At the blé'glons where the

Edﬁ‘yer st ege [I l.i g‘ ectrodes can co

mashis Erapiparent rio the s e lasen Bitt andgptesasi wph fetrectal film and the
I; r

AR M R TR S 5k REE SRS £ 1 fhr

mentpoyned refafctscmﬂ'f@rent!y with thorlagga fioer thie mgetai Ui, itas possible t(on:haose

aporPRFERL SR omgh A5 et i Bt et adiay el R asP & abtac

the rétQISFIA arldhas Mbieffact dr@i%ibdd] eEe&Q?Inrtﬁg ﬁleﬁibrane At the regions where
m croel ectrodes of the present invention can be of any

the raaskds Yhlpghing” the kaser, the metalfiimsrempin qnghe aveabsans, Msks are
fae c
8RRV BT
platdsayme tcmthcﬁ‘ﬂeﬂibleS’urahlran tBin medbrahe, $atiabere!f@y neddio be taken
rder to uce. the electric resjstance of the

in or; ?fetetr%a@@ﬁ&ae% pryEptely Raky migrslFGEPISEIICRICE 91 3 FgmiFage
using RS ér B0IRn hRtRRE 16 BAtighiEr, Q:Eye(‘sg&ﬁa Pe tﬁ%n E! th# tht N9

exanpl e, electrodes can gstrom
poly@er maynbrangvesttesthed Bt AOOG; tha g&isk-bnseAl]aseSabihltlon process. Those

who are skilled in laser ablation and thin film patterning with laser ablation can readily

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

electrodes on the polymer membranes.
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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
clecteadl ek b oL AP AR RS paudl OO B RE T i e
the posad ffbd iienieghatiohhhvisangeiRichtée af telpiths COrr&poRdiMe kytht Riddtrode
old film, can be used as optically transparent o
S“rfacgﬁa Erther dharsin ths,gans betyteen slrclpdesar lashipds elaments.oAlthewghgis is
not a reqBFIREESa lifQRENISE QL p YR iR enfiBg ity r%ﬁ%@%b&&lﬁgﬂt ofa
~material is bio-conpatible and Is 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.
subsecBh Ao Res PR Cftod Uy TRYL BB B (gD 16 pion,
the celixhiattindit appoayragphyiedia abin Euguceu Hinto e tgp kﬁ!fil’ﬁb@'raﬁd apPhe@itdted
of phot oli f hogr aph thods, 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 in good contact
electrogl ptRuqtyre switage aaeh saaPerprdfigthwith 2 el adhgsign semetion mgiety.
it L1 t ne. > !
Aoy B S BT ORRRA 500 | S0k AL g
(SAM} lhger{oge allandthiobmesamegabd exskaikylsildxaned en BiGBak 1800, 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 & thY BlecROIES SRBoBE aTRAGIALE Sleaft h9RhiiRAG <., poly-L-
~ fabrication, using fabrication or
lysine), a polymer layer and a charged group, can be used in the present apparatuses.

[00123]  Preferably, the electrodes, electrode structures, and electrode clements 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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m cromachi ni ng nmet hods such as laser drilling. Those
who are skilled in the art of photolithography
fabrication and other mcrofabrication and
ni cromachi ni ng met hods can readily choose and usd? June 2005
connegfisdh wiihrd litedTora g impgdanemR cIpERa FiSeULT ¢ra Fignal sewes.ndlere the
' I f ' i t.hod
el O O T ot A AP B O EE CERBl TE iEC
connettaggrads ab tlat substraté-on prefeaed alpleatsiofthe j@oensindtentdn, ehe trace or
menbrane js first deposited with a thin |ayer netal
traces FOPHIEq G et eot HOGEHORS HCBRE BisqLIHSd Hamoeitages from
electrciRRUMGt<H T dndHRF elebtrob@ st} turd! Thdge fﬁem%aﬁ%knﬁ%ﬂcctrode
vapor deposition and/or sputtering.” The thin neta
traces fird lapated pmesparatsasgivesl of e aubsaratersugle thpt thegloat Corgact cach

8 51 n at _approprj ate intensit
other YRS I el Sttt B en RN Bt Sty nocd to ross
each oelleg,cinrinslfatarprmateriAM ayich €arl 109ia00%1HBE berweb® the & roll8 traces.
_"traanaéent" to the | aser, the laser hits and

Fabricpiprupluch apparHuses &F Aetieq may reki¢dnylidayeranigtofgh ication
proces3®y ated of f fromthe nenbrane. Since the nenbrane

e.g. a polyner nenbrane) reacts differently with the
[00224% er The presenh eppaedtades Carl farthiet cansprize 9at bl motoingledmse® analyzers

e i SEFb AR shny e
connedtidnBadWh&dtheyofhd @t a Bhe FbAI aﬂfﬂtnﬁ@(ﬁdcn%g Enﬂﬁze&.gﬁocg&l}l%céipn pad

_ menbrane. At the regions where e mask 1's
is preferqblyl a4 gheredge eperimeter 6fid dayicemidlioprovent inventimmbbuatrthis is not a

. 0. c rciall sing .el ectron: beam .
requir B BBl re AR BT R EDGieRig b6 R8P Fr RS BRL EGection
pad caboptibmallye vid b extinebns sl thaecf bet16&d1izB® FDABERY, ofIREGibarate,

d to be taken, in_order to reproduci bl

In an %ﬁ%gﬁengﬁpggfﬁwnﬁ%@ PRCESTH 1 VEBHh dhe Wpsamanatiblesorotihis
electrddBSTRE Qﬂﬁ—ica%ﬁ'ﬁlﬁ e a8 A ddq0, Mlﬁﬁﬁia glalt@mf)fﬁﬁi'dccldhﬁfﬂer that
oul pol ymer

care s be taken to ensure that t
can conitbvaapde sadutsinse trethest dnhiatdirdents agotrieetiompid tmdedithasdbn a
ation .process.. Those who,are skilled in | aser

. bl
fluid oGgfaler gplAs OMANSNg PREPHRPIGIHT AR, | aser abl ati on

[00123] rB&sthnlig cRROSRs ARPHRBEH! abRarRLAS Y UEF AN R 3L hiny
. . wave length, intensity, masks for producing
suitablgsiggt Hoelescxgmplth hepuesgrdevinenbrmhars.a B2 t0 be Fampatte bith
1 fabrj cation pr for fabricating the
owom il AA baddie o B Ee B R aRER o Pl BPRLERy e
incorphiiatbdantpai single plarintFoa BesmpleS ifiFigured 16 PAYedeh appa&efub kémpRses
ensure the pores for cell mgration/ invasion are

16 megsgeatcatiuaits ViR Grd ek sy aston b ecdpErd: ode
[00136] T aBRS owkAHRTbetsFMhd [%Ie%%glg %&g%%ﬁﬁ&ﬁ%ﬁ gﬁiﬁa%qj@&rface

or el ectrode el enents.
areas. [Feyenangrigribe bweachdnmher atn baveafbottom qutsemtea snffieieht fom,

it is a prefer e? egﬁ [ t. of deyj ce for sone
aachniiysaf o Bouf e 40 S RE S0 flgn oo UMK ST RS, 000,
3,000-6.808 @000k 10,6 119861010000 cells. In another example, the electrode(s) covers
at least 5% of the bottom surface area of the lower chamber. In still another example, the
bottom surface area of the lower chamber is less than 10 mm?, or less than 3 mm?, or less

than 1 mm?, or less than 300 i m’, or less than 100 i m?.
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i nvention, the bioconpatible nenbrane attached to the
bottom of a top chanber (or an upper chanber. has

el ectrode structures on the surface facing a bottaom
chanber (or |ower chanber), The details of such !7June2005
U273 The eectenda(s) K be sy sHiteble &gy angecaniba legated in any suitable

' Lon t .Sl U r
plackPbf R ARcnHBRENS lor FREADR) 418 ERFBIRG 17 B Bfamper can
be onnhd hetiom aypfice pf itetlewardiamber. én prf rosiuaeshbdimbs tth€sdn@f area

chanber. and ar nitored for their mgration . .
can GERBY EbIE SHp o e b dEH AR B B hnl Ries g 90%. 95%
999 BABNA HOht PRGELDBEEM GIENOSE (RS 1Avdr Sﬁéﬁlﬁerpfm%‘ﬁbiher exam le, the
n1£%at|on to the bottom chanber and attachnent to t @
elecpdafs)ras gtectrade stotcturels) wrthe hovarshimberaan Fhen dthvsidd walés of the

low ik shAREL" In SR aRAB el Fasl B efPerdRs e chambers.
In yetambespenthple thhele@lield) eslecatfiga® an%ldchidlie ¥WhRMure ﬁﬁﬁb@ at least

nkgra e through a pore, they cone_ into contact wt
two glegtroge eements et anqtherexgmple, Hregdgetroge(s) ¢panhagg p shapeef a

rectBUES clrlle! DEirdEBR A0 andold1 108 ALACHAR el © L NE
el"ectrode surtaces to grating 1 rough pores by
[AHBB] Inatrcrmbodmesit,ahe tower chanbdr of shegfreeheaipan@e®s can comprise
ure%.tﬁat al.l the cells that, have m grated through
B 9t el RUETIERB PRRAIoh ccbrft TiemprlracEnhoR sthcptpagents that
may! STRRAMAOSLIBIRNGA nig#BAEhsiDRE £1&RLERALEh GBS, the Dfper
el ectrodes, the electrode structures and the
chamsbes of theduessnt anprratuses pant eommise hengubmenef @p peigatios es
invaSidh have any suitable configurations, surface areas
or ‘surface nodifications. In one exanple, at |east one
[00129 e petfestd aflBodiflehd O HicgFredilintamnah sys8as that Wenprises a

,eI&&%rode elements. In still another example, the

devigt @lihe grseniinvesfiar plse dcludes idetics ekaskrpaice ineluding impastance
el . . iy ; ot

meaf BB bt SRy (O TR B ARl k<l he

impsgizhfe mssardnient npnoivdd electrate stiaSAN uligyedetieegof, the present

inve%%igg(1 ?l;?rfepei]éa% étglteszﬁtﬁr% c%g}?egpr’aege%t g‘{l,vg rlétinlc z!tl?p?(ﬁl]g R g§o :i? ﬁo’sringtzteroﬁaving

soft6&k lpAbRdins thatka dhable &4l RinfSmELBFenftin® Hpﬁ’n%ﬁitoﬁﬂ‘%cdff inpe@ince
non-specific cell attachnent to the el ectrode or

betwgr theralrstrodesranelestipfastanctrenyt the aprapatiste of thegresent invention.
-]y ' | [ . d d .
o Btk S R U] o8 B

approprédte pabingterd (26, etiepimbatadexebecdlrhibeatohibddxy be® displaded on a
el ectrode elenments are configured such that the
moniptact r ode traces lead fromthe el ectrodes at the

[@;ﬂ?ﬂtf{ré‘lfeﬁab X Fﬁegs%guﬁgge O%I_gg{al?rg?z% oqnlé r(r)‘?) B0 g)f g ?oﬁso%l?% EL?/’}:GEOI}SZ

(for exanp e rane), where
(1) elsatromieal\38vitkching fioe c@OREtinLionrdaicednatstrn gcitduitdof amatgzar) to

one RSHERSE BRI ST b Rt b g "'

meaRr&fént @Ryl (AGRA y AR Rea QR EMBIRAMApE At Bctwe ANOEEH RN
pads on the substrate. In preferred aspects of the

electrdes ahelestrpdentrienres mhena grapeltiple frequencies; (3) processing the

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

number index, or cell migration index); (4) displaying the results on a menitor or storing
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traces fromel ectrode el ements of one el ectrode
structure are insulated fromthe traces from
el ectrode el ements of another el ectrode structure. In
one type of arrangenent, electrode traces are | odadeee 2005
resufipy @bﬁawaﬂfécaﬂégxea%@m@g aboree yneteans dtthrovgb 4 at regular beyrragolar
. tact each other where their paths cross. In
nn“ﬁﬁ%?%%? arrangenent, where electrode traces need to
cross each other, an insulating material |ayer can be
sandwi ched between the electrode traces. Fabrication
APPganset foORBHNIS é%aﬁfLQﬁﬁﬁ KRR i nvol ve nulti -1 ayer
|60181 Pf alpk be@hshest, the trp%%%%ﬁ%nti_[og WlaifkielNE aR 5@5&%5 for
appar at uses can further conprise one or mor |npeéénce
mongarny el migratommerdneaianp whith appamis eomprisesc) o eapbals. upper

can directly.or indirectly connect. to.a .
chargb S0 A5 SGrallgh SOLv iR el A ETE ipeiloR Beine Gilatine or
invakivpesankastamell T chafbeo BNERSpR e mbﬁlb%ﬁfo@ﬁa?akm gat

Hﬂe edge or_ggrineter of a device of the presen
multiplg Bkes gha syjtable sirecaliowinpgyaihimigrating eramessivestells ego through,
: i i -l ' ctrodes
G S R A e S R
changlgmped tdwey chatbertfiuan eadrvtine, dadtakmbedhetfortian cemgrisihg bhRast

bst L : l nbodi t of .th t
two FiIEHEF ifatce g B 55 Rpued BreDTReN crPcerudintasbape.
whefeabD§id A Qgtilm' Jl)Jﬂl igb@i%aéfe]ls flove BlrbAANGSH fQes S sald ﬁ%Pléaﬁe and

plate or a d container that ~can contain sanp
contags lapd/op pftach to saith elsetredes of said membaaredn pentritera ghagkzeoshn

e SIS O g LS AP Sl PR AP

invasise sf sdidheclRr esent apparatuses or devices can be in any
i table size. In one exanple, the present devices can
s (_g'daail =F_@%@Lﬂé6&%@1%1)@119\&?1hmlgavwa@npﬂeapéthe present
inveRAHHoOQ 1BL 8k @R 5ce hdh RFEhertt Q§1ea°ttacﬁﬂr{laﬁt'oﬁlgfovﬁﬁ%? WhEERE Cells.
units are 1ncorporated into a single p e. For
In orgxexapipte, therfluid gontaigert 6f iR preeatippappaeatamshave ARuifs@Sarea

soffigal 5P A ERER A bl ol sb SR et o B Jhmaaerghample,

eachtpaR of HRS@Etrod BPG ALk ?ﬁﬁ of @Bcthé §trattires Wilh@Ph Bre3sttafffatus
areas. For exanple, the | ower chanber can have a

that i spnraeied e padupedonee analizettaaritave o surfagetaaessuintierdffor

t o1z - 0-30 00- 700, 100 - 1000,
a“a"@%g&l‘?fclﬁ‘bgegstf,%%ﬁﬂ?pg%rﬁ%& at i‘fagfo%’?ﬁ?léoo, 6, 000- 10, 000 or
[0003H] - 106X emieddiment] o tienabohe apexauRtes bibban it hesiBls:
covers, at |east 5% qf }he bott om surface area of the
furtheriREIPTiSAR AP PT other copling layersondhe edafasing the Reper sbarplsn The
: ; - r kS lLess -
sels S1NoARE IS DrEYids §Bu e cch MAERETOn b BR° ThE B bRt
memBGOe camgymignisel cogtingswareith@oribokinddes3 duch s Jion ex 260418, a coating

oF o oA R F B B ORI hE PR side, snd poiSlysine on the

lower side.

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

migration or invasion.
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pl aces of the present apparatuses. For exanple, the
el ectrode(s) in the | ower chanber can be on the
bottom surface of the |lower chanber. In preferred
mbodi nents, the sensor area can occupy at |east 1Zdgne 2005

[@%3%% Fodpwesghgmbaof thsokssesbspparavses SEVhE GGy sb@%for
t
exa%ﬁl?h%lrn?igl?%ag %ﬁ&lﬁexgﬁ eba%'i:‘l toﬁlf@r %H{ egf rgolgévfr Sr}lan}ber ¢an be

madelod Gftmmdsena;tbmmlsinﬂleﬁmg polpm‘eheplbﬁm,r orgh@berloganchentn can be
In still another

t he si ﬂgis of tGF | ower chanber.
of vasiolsio m? BreSc vy Vs chambes of Hisquessst anpatagses can have any
sultﬁl@mﬁi&é arda§ HEIncARGMBRY &ﬁ%%ﬁ%mfa@@ar@é SthE @&@ér%aﬁﬂ& may

conprise an, el ectrode sfructur havi ng at [ east
be ag kel ol e, entnger thamﬁoynem ahoarfoghrer exan]pile,ethe bbigom surface area

orofl SEHEHGHR 580 R Aot G The ) SRS G g e

mmimmﬁrnieﬂﬁﬁﬁﬂmhmownﬁlenbodlnent the | ower chanber of
@@1 resent apparatuses can conprise a nodul ator of
M@Pﬁ?ﬁ%ﬁmbﬁr trilyeRresmt appagatuses cembanseany shanedfiot example,
1 A t. cel
cy 1ﬁ’c[er Qﬁz{b% angt Sglﬁ]t) %fdt Oetqu%a thﬁ{)/ m}?/”lngép%efn) Ehaal % Bl ! be made of

vanultmmatenaﬂh mdhehnplbolyﬂnerspplestms,t oradar AlnUfPsr cﬂﬁmbeﬂmrbe&ff
rat on OE |nvasion.,1001291 In
S

| at
"a“?s‘f iﬁ}l%a‘? F@Eﬁ?g"%f“{ A s upier chapabar iomadeof
biocophEHIE it br &R R4 c% res H9MsCEAHold Qﬁa{p?;hﬁ;?@m sizes for cell

invention al so includes interface elec
migfagiel/inyapigni rﬁi@d&m@mms be bmemt togippeitandecwsily. t Bteasea of

ds
e 0 LSRR Fadth ISR 8-58a0 SRR e o

haveua‘.nyt ﬁutﬁiﬂe diev If(ﬂ&ﬁmdnﬁctﬁl@% dett eﬁgfﬂtlonﬁnma@ﬁhla@ﬁy For example, the
Preferably a system of the gres%nt i nvention al so

areajmay hpssmallag rhiE‘PenrOT tagerthan Qrhala amtb@rreéﬁ@plehme hegtam
surfRaakpk CFEJ@J‘ itaniber I @%lfﬁ npromﬁ'tfugf R re less than T mm’,

I npeda e el ectrodes or
or less than 800 em’ ofr leslsehapmﬁ)nan?l.lses of the pr esent

e sured i edanc data can be
e AP PSRt P BB Forgriagy rpper chamber and
a lo@&%glﬂbéradeﬁarﬁ@ﬂ BYRLRK foe OF t1E: pres%h{ m%&m%rcah BE&ade 8% any
cel | gratl on i ndex) and displayed on a nonitor?

suitabyomeihe %Drféﬁ@mbply,, a ton@e:hsmbcm@rmetum cynpriRitee leastorgr tube or
bott(m?lre ﬁgll EJ}* ef aq acﬂé’& tgg.cfe%%tolfﬁl it ng&{,{%lgglﬁlreo%% n Ibr%gﬁﬁnt chamber

or connecting i rrpe
stmc(tm'e (fmrtbd: jtirmrc)f at teastome wzﬂl) dat bé ptRhelbBuetess @berbiBs attached) to

resent appar tuses (2) controlling inpedance
lwtﬁ% ﬁgﬁﬂné aghedgpembEng zer) for measurenent of

[doFRHdan ﬁ'ﬁarpﬁfe‘f’ﬁﬁf@e Y v 'ﬂﬁlcfl &k ?%e’ilqg %S‘strgfztu?é }%%l{gooq{:e or more

structures at one or multi requenc
wellprioviagsi hogtotrhwirfase i readed n:pﬁﬂamie a demae bbthel @fdsm& invention
et ers

ropriate biol Qgi call el evant
on ey WHBET U9 3 &G pleef4sermage i Gl sronss ar(dzﬂjiser drilling
of pd¥ess Ahalik Bekel 1he boRSM!stffa@iis n MRAbLPLT #bicebApat®lc3Rembrane. 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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17 June 2005 results; (5) automatically perform ng

above functions 1 through 4 at regular or irregular

time intervals. Apparatuses Conprising Upper and Lower

Chambers 1001311 In one aspect, the present inventli7dnne 2005
invangon icomnerieid amomepﬁda@pp anayzss of mnpedansi rheasimgg cieduit at at least one

whi ch t
conf B " Y B PR S5 ST B o ecion
pad, viNe6 theg coRhdcs todlines SlonSinghIRQe!RehsOfin DEHAGE JPisH @&dn@g
I nvasive; b) at |east one | ower chanber; c

or
analaf?%cwawmp@wwb%ﬁ@nb @repRnesting pacheant hqmlfelahvd Ioegl top chamber
strudlt @Ronfpiatef Eqtbi it B Ot She T BRI bRURRY o gr g e
edgmggmnnm’nd df ebveetrotoinasviics ofthe appmanuati ng sai d upper
@E@ﬂ?er and .| ower chanber |ilom each other, said
andd PIHETEY P} AGthe Prosenidpvenfigh, a1stent Bakeomprises
an a psam@eo@pnglﬂgﬁ V\ﬂ%r@ﬁmﬁ@ér%ﬂ'ﬁmé%aﬁ]t}@xts }E,é.%ﬁeab Sl d
ower chanb erein said mgrating or fnvasive
blocempa%blmmhrmmalmmslad@s intsirfase elfectamiics, inehivinienmdance

/ chto deec es of said
meaf BORBA P IR P b R bG8 antlo B i e
1mpa:lm0tgmbiimr@hf&ﬁ tiradeso Uitreft @lchBdIS ARG UABNGL1RE apparatuses of
gration or _invasion of said cells. [001321

the IéF-‘cﬁnhH\VPWn Faelsrablyy p dyHem Ok ithearessnt immentios) alsoringludes on
g Ty
of 1m1md1ancp:| tetwednl the elettnoden er ebectnqlesstruttoeesfolf utechp@mhabm@fr the

t he .pr a atuses can haye a surf
pres YR Bie TR AU RALRIEA 1o ot DR ationy igaly analszed and
proc@§s@ﬁﬁf@@iv§é r gagipaRbhd&s (Sg. el nﬁﬁﬁ%pﬁﬁe)«?)@@m atjon

air o e el ectrodes or each pair of el ect%ré
mde§1 1&1?1@§d\mnt5rﬁlﬁmﬁﬁpr esent appar atus that is
ct ne zer. can hay urface
Mt gg]esu? FCf%:r?ﬂél tthlp @Bﬁ@%—t "t ?%% > 8F°¢ rthIéGasﬁh‘iB’ RS
funcpors: gl ableytraticdllgasitchitg ded doﬁnec[tﬁ@ 138ddanbe QREsuring 01rcu1t (or
errbodl mentfff{}!ﬁ qihe above apparatus, the bioconpatib
FRsTHP A8 Of psitinle pnifsphihe aresent aprargpses: (e Forien mgq@npedance
meaélﬁ‘é’rﬁéﬁ Ruit [ aRhiYSerd BENNGsE thQHQEp%@ﬁf-twe&b &t a:g(?x]lgs
or coating layers provide a barrier‘to
electmidgs at ialcqtmdmaslpmS aTheee bri oclbipieeftédokrciesyéibp@besst@nhe

ris on either or bath si such as
acq S Babfipr s RGP aBProBRocs Riot G calyeles it saane i k. cel
numB&tihdex, Gﬂwﬂﬂ?ﬂitﬁ)nQHdéxUQ4?‘ Bﬁﬁfayfnﬁ‘ﬂl@e rc@dﬂ% R0l Hb¥Rd e s&:‘?mb
the |ower sj [00134] I n anot her enbodi ment of the
resuliy; beruggpmicall v gerferreng ehave furstiand b thrpught hatrregdangrirrsgelar
timei§@4eAt s that can pronote or inhibit cell mgration or
invasion. Alternatively or in addition, the upper
chanber can conpri se reagents that can pronote or

i bit cel
Dewce membrane) wth Multiple 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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m gration or invasion. 36 17 June 2005 [00135] A

| ower chanber of the present apparatuses can have any
shape for exanple, cylinder shape, rectangul ar shape

and ot her shapes. A |ower chanber can be nade of 17 June 2005

eleciradesoare prederebly arangadcnadictagtrpde ymer ©r apkrstrodessiruoture array)
| ass. A lower c er be .of varjous volu and
tharoBpEsesioioRiTor IFFRER CEESREaci wotfiEh Sttt aledtig

elech@i&. any suitable surface areas. In one exanple, the

bottom surface area of the | ower chanber may be as
[20443] The devieghaving twoprgagre {RERS of GRESH garbropriferably be part of

: © ; chanber
N e
strugtures2hat providessplutdhian o BidGljatedFuidcontings b Hch caifcomprise
one QRS S) Rhiaie SHOr A BIOESM RS REBPRRABRTacs the fluid
confaffet AR Per ShaRraid 16hBehaiibeRes. An upper chanber

can be made of various materials including polyners, ™
(1441 i c Figwre 1§ shews apaxample of ehapisestucthat enmises multiple top

' ' bot.t f th
chaf B 1 o LR AN RS oS B B BB B Rl 1610
are lsonpd tshs nedmbramstl 60Mehitas E@Ifes 3PRFROPriad §i2& 6L8ell Mlgration

.cell magration/jinvasion. The nenbrane may be bound to
orinyasjep. Epghtorchiypberde.gTralQy das arorreshending beftame gharakes (c.g.,
redatTpen) I £ ' rea of
R R S o A e Y L e
menchyack,) ¢4cingpthe botdrh chiugbat ilwopéranas itlernelessdy strinéires on the
be as small, as 1 mm 2

xanmpl e, the .area.mn __or
merfbIFe EAEcis s imPRIsGe AiteREREdRTEont Ms diferepimethods.
For 8xiink26 @1&trol O QrieRRes are Q@ﬁﬁé%gerc]l' \f{a ﬁ%ﬂ%cﬁ%%&@o hs &M th

| ess than 3 mm2, or less th , ess an 300
membrage togpnpestign pidsrpt igoedgenef th oerdTinesn Cappatian padsafan be

Lhventi.on.that c ri an u r, chanber
comedfdRE T RentAIHERHL i s O RIR B0 SERGHasC fE0ne
appioads eRttricaMeints it £ath QRrdBd olyecady withUinpadinle measuring

net hods. For exanple, a top chanber structure

i |
ISUUBIERF PriThithtan Reastdesdeorbgpeedyia cortuctng banslingstolthessn
conRBidH bRE NG HedeQrdaldS ViniShs %Ifkbbﬁﬁn@gse@? file thf xgewe%? @%%ea

bott om chanmber structure (i1 n't ormo east one
embydiiient, cantiple tept ¢hmotbers risubhindsvidielie sepdnitgd atid babed)coh@ected

the t.o tructure, having the attached nenprane. .
oniyja85s Y i Potfied bt mipf etmbirpLEED B Feha erpodispntor
mult8p18 topUshkibers Add/ infGcHBeted aftPAr® maBkdchired R%EME, (gmb&ra}n%m,

e

surface can be used to fabricate a device of t
multite gprhambos grg plastics and manplctumd ytinfestien widing). flde one piece

of iAot B8 R AR R e Benr R Bot tom curf ace

(00445 ] n @i turinglth@bibt@apAdd ineRbRndBIBFARA] sebsor areas can
cover a larger area than will be encompasses by a well or chamber structure. This can
ensure that, even in the absence of precise alignment, when an upper chamber structure
and a lower chamber structure are attached to the membrane, the wells encompass a
portion of the membrane that is essentially entirely sensor area.

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

that all wells comprise electrodes or electrode structures. For cxample, in some preferred
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bott om chanber structure can then be attached to the

top chanber structure. [00134] An apparatus of the

present invention can be part of a system which

i ncl udes an i npedance anal yzer or inpedance neasudidgne 2005
embodmanis, otoameoteadeltsaanoinpa st attlewst a pbrioh b d &t comphtide

aratus. Preferably, the el ectrodes of an apparatus
mmﬂggw MSH08E aﬂ&m%'vga?leatm@_s SbBISCrqdR EHEVER: OBRAPTe wells that
lack 3ectriBRARRERBAAINZ R e QEan WRRHRRAC St ASHdr-B eI Uidd in the

at at |east one connection pad. Electrodes can
assapjicaplg mycregcopivdily ebseryedcomised forthoochiemiiesd stsapmeuch as gene
ANeck | D where.tk connect to lines fr.om
xS Ebb Bk Bl Y oSROT Fsbuteton AR ey

exaraple eabeomhadeyor et R} thaitcat OPHSRLlIyaAaRAGe ©8PlakEreaders or
si,tuated on a top chanber structure (a top plate)

othe detBei Qi AFNSne or nore fl ui d containers, preferably
(0088%] OF IRforhdSspe&dGLHQ" g&@fﬂdgg%glgc_motﬁ'ne Hégtfrg&tst abricated on

surface of the apparat 1n preferre
the uppbosideretthe neinbirire. pr thserispeaty ¢hnt poves ofths ivtemnpititas

onpr,i ses ,.an .a rat.us co i sing an upper chanber
mﬂ%ﬁ%ﬁ‘%vswﬂ%apﬁﬁ@ SS@E&&&&&%WO , Pﬁf?ig‘g‘_bfﬁ%ﬁﬁ hneabout 1
micrGB/dNIaREuFes Side BE tHédBSmbihEplef& fb1§ LEAbF QRIa08yer of epithelial or
i ncl udi ng i npedance neasurenent circuit and swtches

endqtieligl cdlsete psehlish gniepithmdia) or endothehalresll laped, epithelh ot he
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tissue regions is a fundamental feature in inflammation. Such migration is characterized
as chemotactic and is initiated and enhanced in the presence of external chemical stimuli
called chemoattractants. Vigorous research efforts have been focused on understanding
molecular mechanisms underlying intrinsic characteristics of migration-active leukocytes

and discovering novel anti-inflammatory therapeutics with capacity to inhibit pathologic

leukocyte migration. Cytokines such as IL-1, IL-6, IL-8, 1L-12, IL-153, IL-18, GM-CSF,
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Devi ce (menbrane) wth Miltiple El ectrodes or

El ectrode Structure Units [001421 In sone preferred

enbodi ments of the present invention, a device for

measuring the el ectrical inpedance, resistance, orn7June2005
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o e e e L L A v
mighRINhRNBe Ivas wWills b e pRitd Ql@lﬁmﬁ fand bOURRLHRd Py ch&%pe
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connec Vi a con

devmﬁiﬂﬂﬂﬁmﬁeﬁﬁlt fremest dRwvsFadRbeaing i £dged-tihe 88eetion of
anes. Caonnectign pads can be connected to

leukp%e arreadorbals AYigigtiohaid imfvesien. t Hrcaugpose Flestremie device will
keepmﬁE hedSronly st stag RREQREPthe %Ilt%lc Eﬂdénglﬁelé 4h oS Hgiano%ra%paratus

I n operati've connection wth e neasur
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. duct bondj th tion pads. . There
micGRBG SaPS L DR T R FEPOTHS TGP RERBAMILT Gt ehich

alloW'dr cab@sdtraRNnpedahct hih@rb At CTRIRES R4 @B‘)éof%ewﬂl detect cells

I ndi vi dual | 'y separated and becone connected
that aghtbr anh?@y thgreteconid sensors Wik as and]l menblageres (\mm@ elld that

S T TN -
transexdm‘m:lﬁd migration, the device will also monitor the integrity of a cell monolayer in
a given insert before applying testing leukocytes, which increases the accuracy, and
reproducibility of the assay. The devices, apparatuses, and systems of the present
invention can be used to perform similar assays with other cell types (for example, assays

of cancer cell invasiveness through ECM or cell layers).

41



mul tiple top chanbers are plastics and manufactured by
injection nolding). The one piece of these top
chanbers is then bonded to the nenbrane. [00145] In
nmanuf act uri ng the bi oconpati bl e menbrane, indivi dbafune 2005
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.cel | n. be added.to heto_cha er, he o
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n
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b
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mteg?i%dﬁf feki lnoﬁglasa' (b'ﬁ@d h %!311 ¥a§'¥1§ ' FOf SIICH% é@fuﬁca‘ﬁHﬁ F}ﬁg telpegtrodes

ave t I nvade’ 1 nt
are f@nidetel @hithd upper eide bﬁéiemdmltraxy@ rInahﬁe asigtet, the pohs of dig:

B P BEA T B e T R

about FRREBAE r even less than 1 micron. For example, the pore diameter can be about

1 micron, or 0.5 micron. The electrodes-containing 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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change that can be nonitored using a system of the

present invention. Optionally, one or nore conpounds

that can affect the invasive behavior of cells can be

provided in the upper or |ower chanbers of the  17June2005
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The cell physiological status is monitored or measured by monitoring the impedance or

Il plate).
8} well plate)
resistance between the electrodes fabricated in the multiple-well plate. Thus, if the drug

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

the membrane arc toxic to the cells in the bottom chamber, such compound molecules or
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nore efficient and cost-effective assay systens for

anal yzi ng | eukocyte mgration. The devices of the

present invention allows for |abeling free and

real -time detection of |eukocyte transendotheli all7 June 2005
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mul tiple-well plate with 1ndividua
membpangcan phmprsepit aasicbnierextracellular matrix component and preferably

comprises more than one extracellular matrix component that can form a matrix, such as,
for example, Matrigel™. For example, Matrigel ™ Basement Membrane Matrix (BD

BioSciences) is a solubilized basement membrane preparation extracted from the

44



corresponding wells on the nultiple-well plate. Caco-2
cells are cultured in individual wells of the filter
plate for certain nunber of days to achieve a
differentiated cell nonolayer that approxi mates tlAdune 2005
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or mB‘@r%’H? %t K areRlecsddn ap ppRer chamber of an apparatus. In using a device

of the present invention, a device will be part of, attached to, or within a plate or a fluid
container that can contain cells and media, such that, in the presence of an 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.
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assay, certain cells are cultured onto the nenbranes

of the insert plate, simlar to the Caco-2 assay

descri bed above. For exanple, cells that can be used

for in vitro sinulating the nmetabolic process of ldduge 2005
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comgg%% gﬂgeynelWIe e%ch%ﬁgsp elfr% era% langpggc{?gaggﬁiac hE rdlélipgdance
meaﬁﬂ[rﬁmleﬁty@fcult)’lisagdbl peratidesn cbrh%cfeﬂh&m the@lecird8esTEIHY idfpedance can

ve reached certain, confluence or tightness, drug
be ae ISR ANSRSYISE i &Y il fisAuesy asrRsde-Er e dregnencydargetbetween

abothI 1% and ﬂ?ﬁ? ?O(ﬂﬁ/ﬁgz ggﬁgﬁ@g (Vﬁ& ahd hg(ﬁlt Wi, D ggc connectlon of

"processed" ranes.
an impedabot aralyret Em]id:cé@dm‘ ofen apbaat:hs wgn be tive e mdafeet For

roc S th [l's on anes ar.e r.el eased
exaf B ISR S et art Pnd T n o RftstiPep R E P RS Wi jteamec
ana]!pﬁﬂat the cﬂﬂlhffél?lon baR. iR sRsthertxainpRe, lcriled 6L ecttie e?éiﬁ&ts can
toxicity assay, the cells (for exanple cul tured cel

conngge epIReGionpeg Vi elpatiealy avathiative |cgmgecbem path.

0 [ und .
ALY i T S b B o SRET A s
a deailct of t}beplrdﬁ;gntpnmﬁﬁ albo bxycluddsﬁﬁsﬁftdbéﬂlec@bnﬁb Haclugidkli®pedance
are cultured(?nto the multipl e-wel] ?Iate (the bottom

meagsppeRlcifey and Shieheg .2 SIRFEPBICYTEAFS) dp PRIl ad switch the
impd@Aéd AERArHenBRSHH;8E dHYeré}R RlebQbdd Unichge hr‘ﬁ&‘gﬂ‘QH& ﬁw%atuses of

resi stance between the el ectrodes fabric
the pregent ywiventioal IPreferbly, a Fimten of fhetpresedr ingentmorpoundudes a

aving toxic,eff r nmetaboljte
comfileERH B2 AL Phob Pl il af EhihlCeals e Trl PR b drponitgring
of inhfedai@ Uedwédn théleleedde® Bt SBAFHIR strustfel of Bidtuses of the
nmol ecul es or 43 17 June 2005 their netabolite

presegi|ipcntion. Fagmpesurgddmpedance daigrcan be @atgmatlcaib@ma}yeed and
oS gy L 0 R PR T,
index)nand dza:ia)aetlloommémabove applicati on the ceI s in the
Il s ca ecificall englneered for
[@iéir}pl el feé%ﬂlé‘tya t@s ‘}W%tp tpéff?é%f??‘%gnff PRSI iy foHewing
funcE&RS| (‘1{ Mbétbbiﬁ&lly qhitehina fsH Qah& AR ifheHRse ﬁ%astun.gj]ﬁ% cir u1t (or

nmet abol i ¢ nol ecul es fromthe drug candi date
analyzagr)doene af mbmle vikits of e present alrp@rametes,c(ﬁ) vmittoﬂlrglmpcdmnbe

th d t
ey B B b TR oo S e
electagdes or ﬂéﬁﬁﬁﬁ%ﬁdctuﬁéj at b &thhlﬁplérfrdqb&d'@“@) aAPBeesdig the
cells in the bottomwells can be of an type of cells

acquitrd uRfdanes il Brflcsss Pﬁpmﬁéfﬁ? piodegi¢ally rpleyant paricters (e.g., cell
numngf'?ﬁ?chogyéeﬁz%}lg;rﬁfoﬁ indet (4?111 flﬁgg? A% el bﬁ% 190ftOH storing

I's can georretr ‘s’ su e for neasurl
resules; €Dtanaientically performing above functions 1 through 4 at regular or irregular

time intervals.
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i npedance so that cell status can be nonitored. The

el ectrodes in the bottomwells can al so have

geonEtries suitabl e for nmeasuring other paraneters

for exanple for perform ng extracellular recordlﬁaj%ﬁ32005
Mulggley {wp aevéfffr @S(%rwé&%@ﬁr@e negwy @tescel |'s, heart

6t F e ThEp Rt en B oo WA R SR Rt 1B pE RRR LRl

impafanaee, r&éﬂt{ﬁmag)r m&pﬁm&m&mf@rceﬁﬁhﬁﬂdﬁtd iDitatane to@fnphhﬂtg a platc that

met abol i ¢ nol ecyl es fro the wells in the insert
compiises iwo PR EOFH KRS epgh fiyehigh pompries gmgmbrapghakepmprises at least

two SleBRRleS af® oG SR Dokdd, Ghblkthe icABrand QBB O] well jnto upper
frequency spectrumnmay be used for an 1 ndicator #

and lomer chgmebesh @nd the membrane camprises efsudpeacivitalgle fet caﬂcalttadlment
ami%@ %gules after the drug candi date nol ecul es are
tabol i zed. Sone exanpl es of using excitable cells
[L0) 63]ms aiich agpandssSeas be Qsdday laGsa@lthe MOftati@XdrGnvasiveness of ope
ules are descriped in "Portable cell-cased
or msr%e@ﬁ ¥ben pyessplaesd ingRupperghembes ¢frin appyrafisn &t nsingan

appaé%ttls]%ﬁptﬁg fl)re"é‘ént un\?ﬂ?&s é@ej APLLACHURT Fa%hjﬁem%%g 31‘ moyocl.ells on

netical Iy engi neered
the Sii@l df themenibizine 8 vdnetssaidat lepetid tlectagientre fabricated due to
assificati Busscher e

migBoER R SRevREST FIEhapP oAt 4 dcls Suhcddinioghe uoper

hanmel mﬁwé&@éc@écsb Bl 2128 NE Ruped IRANSIPIGERSe, 3 Pesistaidal |
‘ 5 o 599) :m301551 I'n ot her ggpects of

E@ June 7- 10,
e eﬁb@@nmw%o thmreé@ﬁm\fem@scm@ matmfacmteédty@ny

apprB é% lng fanq letlﬂgmgﬁﬂ@g l%nn,gn lga;ll,lore}est %a 1§€ gﬁ%? ot

electﬂfdeg heat mn Iﬁktﬁm‘amb Qi bé atfdchedd, boadehleys Qifeﬂélrs@’@lbwrésﬁﬁ $orm top
d the upper side of the

t.h bout 30
Chan?%?ﬁg&g%égﬁrl m i 3*” Mﬁﬂé%é sEpctpkefompsm eSS tha can form
bott(Inlf' @I‘iam%rré) r@ﬁ&ﬁatw%u d@glgé‘sséa?m)e%stta@lﬁ% A6 sthd6reont rphﬁmé,

mbor ane. The upper sid rane can compri
Wellathal @as%rrmhettmphan@rs uingd sutrsaudnkly dloniop péete compeising tube-like

o] BB SR 57 B4 B R TSRS B kS i e
lowee plamb erre\Whilsly @@hchieito fRmEeRERd, And VRl Bl ML RRS IR Rhtire
Membrane Matrix (BD BioScienccs) is a sol ubilized

uppep aéace AT thedoprarrhapmben sprae meanseblen example, hptsmin the sule wals of
the IJ\U&%h%QBé's) %Bgf& By Btﬁdg& chlfﬁ‘p@fu %?1%:3%1 2 g%)(%él)st%ngl [ §t?1gra

tunor richine rac ul ar ma
reagenm into the hposrehtmbears.| Ehis ﬁzm”be ddﬂellfhﬂ&emdﬁymﬁ ahd AgA0y bdkn added
cans, entactin and ni dogen.

into &‘{? g{t%g C %‘HE’ 5 2@ oo eog rat?g}blls &ppagtam aliegt\mc}q:sp%fq;m pores on
the bbitSr UBr fRled SFvRRIEM: fi‘n‘&lti wafl Mlate ﬁseh o *B&Iexgﬁ]g g 8%11"1‘&—%\%'[15131&0

whi ch occur naturally int t anor
having ﬂlmmqavlmnytconembraa@@h thie bnttomh end pgeeqendy athcht hisottom

stroc BT S TR oS o VB at i on 1 nvast on

[00163) TYb pares end tleetkddek c@ be fabricated on a membrane by any suitable
means, depending on the material of the membrane and electrodes. The methods used for
fabricating pores and the electrodes may also depend on the procedures used to form top
and bottom chambers. For example, pores can be made by ion bombardment followed by

etching, or by laser drilling. Fabrication of electrodes on substrates has been described
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endot helial cell layer can be nonitored using the
apparatus of the present invention. QOptionally, one

or nore conpounds that can affect the

|nva5|on/n1grat|on behavi or _of cells can be provilddgnre 2005

aboyeg apdyor | Wﬁl@h@@ﬁé@b@ttam uHacupray el 641 inclyde sy teghniques as

laseLO[%ﬁteH{m 1 Fasel TR Ietcﬁaaes b@ff{i tatehlzl a membrane gefore
invasi on/ migration behavior of cells can be provi

pores ard thede inghemenbeambeorsaliefnatiney appes @nus. middi 5 feniirene and

ese ent.i on |ncI des .a ratuse f or, measur
thenfIGEORFLN be| HEGRIAHGE F BFPAhERIoR ! i HEodRs B forgs on
the 1B6thblass hfawﬁc@ab&tr@sﬁgaﬁ(ﬁﬁg l‘él'atmlsl‘ﬁﬁ Pe. th RERAIdALA on the
menbr ane conpri si wo or nore electrodes is
Iﬂ@@@wbﬂspbﬁyxmdﬂ?ﬂmégéhgd%ﬂyﬁwaitached to a first plate
co i t. r hat ~provi de
10188 cr T8 it o T80 Gyl SR P e e

impédaney edssdtdncy, c&tchpﬁdﬂaﬂcd(ﬁ" aceH8abAthtPintdrfact bahprifi@iHedes

t ube stru%ﬁares t hat provide quer chanbers of cel
appaRItysesde hetsin thaigempgisgs 2 pigta tha wawngecryltiply wells, each of
whid¥ (ﬁ‘)hﬁ)nsesgé‘ﬁi%c&ﬂﬁ&tlb@@ﬁﬁcrgﬁdrl)uﬂngﬁﬁ{éng tha @%ﬁlpﬁ&'m[ 1e§§t§w@

si ngl'e S. I'n sone aspects,
elecadesipad i pm elvmpm ﬂ.ﬁrgs, and atimmtdam;etdnelylzm/\‘bat canbk Iconnected to the

multb@ % Q,CE 5 ?Bel alaltyl o o h %%caesaﬁg yagégf 1hn?pe mngrﬁga%m%?n%nt
circtit) b@al@@ Qip@taﬁ*vélg &Jnﬁé&ed fahe EREHNGIE NThY Rﬁﬁ‘édaﬁm@e%nalyzed
In cases in which the menbrane has been irreversibly
or mgpuhiadny suitabde freqisncyraage e sonBequsansrange betigen about 1 Hz
| nts or
wa 850 S00EL PRARR ), LSOOt 0BG RGO
impguiaow ahetyze focel ecenodespd fean apbﬁafu@\cm bebiaedver ldirac. IFay example,
ni ngs on, their side for the addition of

0
eleclifes 51 CH B S CoBnIRtioA RS Fﬁ fmeciouth g Imredangenglygs at the
contleBforhak At HbtRy ekﬂﬁﬁl%' MBARRIEs & elQé?ﬁ)deQ crﬂ@[s%aﬁ%bhr?ect toa

when they are placed in an upper chanb
conngpfieir paduda an alegisicaldy eondudtivweconndctioh @aﬂar esent
nt i devi ge i | | art of, attached to, or .
BT B orelris s TGobhdnte A teBAfehind v oPhied S et Gomrises
a muteiwedl [ﬂitd apfdthtas oShe ?résb@ttmvdnﬁoh BRo PSR &R ei@iceectronics,
appropriate nediumfor cells, the attachnent or

inclifeReiammedanice sheagiement skl apdpyviichss (¢.Beelegipaicgmvitches), to
con agpd AEcHOfe b%dﬁngﬁaﬁgas%}egln%@%ﬁcﬁ 4] ﬁlfﬁe%rft %%%ﬁ'o@ &ructure

I cat ed can t ect y ac ange in
unitsophe ajipardeses of the @sessntanmtmm Bepferaklyde vysaen oﬂﬁle :bYesent
June ,2005 .1001591 The pres i nventi on al so incl udes
e B R A GO PetR PP IRBETD i s enable resl-me

measulSihért AP ARNItHHin £ FNBPHANRE BeRfce IEEILIRMBS b AL &rode structures of
interface conprising the apparatuses describ 8 herein

the aphﬁtltue@srqfrth%lere@pnﬁmmm Tfmmwguwdllmppdam@ﬂm taobe
auto%%tru?a‘lll"l%e andl g %il'rlgcgeggedqeg gm'” t?,PD 5 r}calteuparal%gtre];s Icgecr:esﬂ number
index, or cell migratlon mdex) and displayed on a monitor,

[00168]  Preferably, 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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connected to the nmultiple electrodes. Preferably, an
i npedance anal yzer (or inpedance neasurenment circuit)
is also, operatively, connected to the electrodespgéFE?2005
| mpedance can be anal yzed or, neasured in_any sui
elecFE@ﬁd’é ﬁ%“?%ﬁ%‘,cnﬁ?sg‘?t ,0}4% of P’@[{H’é%gﬁqqe&ﬁlﬁéi (Bb PhRsssping the
1ARAYpdddite 809 13281 HPRpMER biflbaREl dém g
acqaﬁ%utPS N+E. The conﬁégtﬁon o# %ngﬁﬁﬁﬁﬁgﬁg% an??%é%ﬁ’cc”
number pllex tor odbmigritiemindgpatdatdisplayarg the rebulteon a oronitor or storing
.ndi.yect. Fo e | e, el ectrode an tend to a,
resuls St L Rty pE TR bR e RS el flafar yrmapter
timeAhtebii®s. connect i on pads. | n anot her exanple, el ectrodes
or electrode el enents can connect to a connection pad
via a electrically conductive connection path. [001601
. I di ments of the present invention, a
ﬂﬁdé@%?gﬁ%ﬁﬁg§9§§%%§ises a device of the present
{00168t | dhe plsentiimadntide also vbwpfissapphirenkenidt fkasuring electrical
. __inpcluding i npedance ne urﬁnegt circuiit and swtches
impReQige. TP (i P ARG ) ol UORTSR IMIAF o8 FOBRFIN A gt tray
that CHMBARR ©Re DEADLY BEBNEhatibeflbich Jf%l‘gélﬁ écﬁﬁfﬁdges AL RGhpRHAReable
structure units of the apparatuses o t'he presen?
walls aem pprons bivcempatitile nembrangsomprisingtwe opmeseelectrodes forming
' ' | so ingludes a co ter havi sqf.t war e
the UgRORPSS e, of e Pron PR iy Py g pporarus
also iuhi:ded biphge thaf cdmpedasteohabmaedls; ARhehfGh IRERIra9 of the
el ectrode structures of the apparatuses of the

presgitdawtion fitdhe Plfe: Prafrabbadhs @eert Wpeerinprieses axudtinda spre
charAbr-ONER] 4 %ésg%%%ﬂéé%oggmﬁa?ﬂ%g@?ﬁﬁg%t O PE st dray is

appropriate ers ér | ndex,
desigreddisuch thabthi amserticherakgrs aligh dithphd fie thte theavdtBrifagilate. Fach

) 001611 Pref erabl the.sqf tware program has one or
inseif SPANR (PG RORTs G » Fare g B5t B el of e sl form
lower\WhBhérd nd B IERRDBEL dert TRE ARRCEHPREARMIURG G defui t
~ (or analyzer) to one of nultiple units of the present
invagippayighatigenit.( 2) control | i ng i npedance neasur enent
RgUI t : : nent. of | npedance
TG 58 breSRhelidn g BE AR Forde ERE R e
impaknen eesgstqnntl,lciricp;haaitgmﬁoﬂﬂemeg;@ﬁbsu@&) infetfacemSyigh b thsert tray
acqui red i npedance data to_derive appropriate _
comp; ebocampi emewhrmnen g Be doitemyof upper hanhenvier
revetsitfi§ Xitte®fo £tst pRChAoRPris@AS0 or riétd v%’ll§ ma?étﬁgiet (Ber
results on a nbnitor or storing results;
chansherootetell cailgtapiop enftg sutnthatdaok eclf tigmitiomsnil ptcfarahig bodprises

regular gor irregular time intervals. 46 17 June
ml@%%grngStqnbtr ex Two Chanber Systenms with Separate

[ooR " angsch @?Qﬁajseér 08 RN BT askAV BB 1LiBAiBh SPinvAG IS one

appar at uses for nmeasuring el ectrical |ngedance,
or mpgesiels whee thegarepipendiin an eepafchamber (insstilsbambergof an apparatus

suchitﬂét?ﬁlftﬁé:ﬁrese%gggf ﬁé Jlﬂi)gorﬁ'ia% I%te&lu&h%'f 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.,
[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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conprises two or nore wells, each of which conprises a

menbrane that conprises at |east two el ectrodes and

one or nore pores, where the nenbrane separates a 1

into upper _and |ower chanbers, and the nmenbrane 17 June 2005
tray apchsfti el plate, prpaEuss and Bther sRPTEINg angtpedpngefnalygpighat can

be c:tgan%WeH 10 &Q%ﬁﬁ Ie%%t}oa&%{tﬁé H@ﬁ?ra‘ﬁ@ MR, W&qgrabgréﬁi? gﬂéfedance

e mgration or Invasiveness of one or nore
analydee (ortitnpydance npaaradentiviranit Lip pse, aieaatively, ofnnented to the

apparatus. In using an , apparatus aqf the ent
cleofiliin dhe ApedicS e et b Heasiet iefn sheBidrgrensange,
e.g., a8ty rah ot etdr Dout NEZFRIBEANG 00 MM Betiell 18tHZ and

| east two electrodes are fabricated due to mnigratory

abougp MH@QFE]?WHBW‘W!%T an gmpedangeanalyzar fsofedtiodesodf antapparatus can
be thg@%%lg oé.gé%f&quggﬂlobﬁ&? oh B8 iHRREL,, Chamber can be

ange I n 1 npedancé, capacitance, or
[00d33]st aFigtre 10QH6G#sa Idhematip espddsettatdn bfeh ¢detMiy embodiment
i nvention can be manufactured by an appropriate
of thigppatup at EXERRHICE A0 SR AN Sop ol Aél Papea md-wsil bottom

platéém ). AN ttoRlste (pﬂs@%&ﬁg&gﬁ%ﬁ AN Ep10 B6torh %H&hg&g.e@h&%

e attached to bottonless structures to formtop
platecil @ hpenosprises mokipl ssiobsegeléntl 75 o dhathbttomeurface ef each insert

structure i,Si I.ls, that can form_ bottom ;
well§f 4 HERPESCTP TR (e P e s Rk el B P Rsop i B forimg e
bottdrd cRarblbdr Ut bifc@atehBieltsh Plite W&l 0)Ss bladéd @aNtht BbmAMAeM730),
chanbers, and subsequently the top piece conprising
The glgpteade; stactusssondhe bettong patace of each ingsrt wyll argsopeected to the

. . | R, cases. i i
RN LTS8 R Bl S bl S s
on therbdttbhvesunfande the membesrs: dahée eotinaced to pPpRiccted haies @790)

s BT R e 58 R S5 e

located Qong @Kk hitsidé BE theshieh REENTE tha cac ARt pARRII 309§ further be
reggents into the | ower chanbers. This can be don

conngegled Heelinnastivapads (1§24yobeied on dbdwttommplatetwhenitin inserts wells

o AR HRE BHF sThRb SR B RYF R chsbrom i

may be bp&raifel @ cohtlcbied t@ite ipadadicé Slesdurdg cirb@its. € ARBHEr exdmple,
multi-well plate having thin polycarbonate nenbrane

electgpderstactpigs g e bafiven sube glidsmgnirpaet be depnec to
connSfpS SroR ARG 196he Fort B8 InchRa APk BN VTR G pserted
into the ettomaniee yclaoynnectidngizide cameaasitactleparedicd go aeedidrghaped or
terjal of.the. e and. el ectrodes. The met hods
othel Biid Gnigh boirkt | 19O HOF L inite HEBIBETh Btles.
[081 ) depsiiefeAtd ERBoMHRABDIMIGSpre&Rdink entd @Y g‘s?s@%}n tl% ggl)rgﬁrises

. bottom chanbers. For exanple, pores can he made
an inprghisay anvempltitGell olsbchppyratustafithamresent inygnticesaso includes
ion.of electrodes.on.su stﬁa&g%egas

. r. Liing.. F | €at
mter%cé elec rcgncs, @1%{ dﬁt‘%
SeRCHEZNEY HISH'UE TPiing Moy ement circuit and swi
electronic switches), to control and switch the impedance measurement circuits to
different electrode structure units of the apparatuses of the present invention.
[00175]  The present invention also includes methods for monitoring cell migration

or invasion, comprising providing an apparatus as described above for cell migration or
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above, and for fabrication on the bottom surface of a
wel | can include such techniques as |aser patterning
(or laser ablation). Electrodes can be fabricated on a

~ nenbrane before pores are made in the nmembrane, &f June 2005
invagipp.arlaring sedlsyn thsawpper dambseohmibanparausrandhmgpdoritga change of

. then .el ectrodes ¢ e fapricated on. the surface. .

mp g3 TRt R e Pt OB SRieon T AR o el

[001maY Na\ee, ahEprcke:s RLBATDis diteatd @ns ethodifoemohif@ir@asetls

. are located on the regions that correspond to the
migratines ihggiensyhich meshodipmpsises: phargyibas e ahaygelserind gpraatus
e 0 B RO B B L b PR s
suspectadtod bEmgenigratipng ios invgsivéien tieppaeathasder fheshe agpechtizemdi n

.that conprises a plate that conpri.ses nmultiple wells,
alowigy B oFfS B0 i Rt AL Tl S P BB G e dres of
the poVBRPHRABrdneindOMHi @SR g AlchhBRIf ifPBlan8s B&WeOEESarAth the

one or nore pores, and an inpedance anal yzer that can
clectrodes toanerstor gdgmation peinvasion plthe cellsect r odes. Preferabl y,

100137} o Pgoa PERe G PR SCRRF oty ST parameters

that ar€le@td @URHE mifheioh WP atlanes. Banexagpid)dhemetiod 04n Feeasdted
in any suitable freqluenc range, e.g., a_frequency

monitqr et Rearmbg obcelis thpt migade apbtyadeligte Wrgoweschamber based

ihQedcand about 5 MHz. The connection of an
Onme?%‘é@%ﬁéegana yzer to el ectrodes of an apparatus can

[00108] di Tleqgireseni meihpndctan Heorsed kadgpérenine whethér odatscoamound can
extend to a cqnnection pad and connect wth_an
modulfig i dPETERSS 95 AGFERC R REHIPR T GRASER: G0 SN 19 ughh pgplator.
For exg%elgpéh% pr&EAGEERIRTaR be BbRAIIQAAGhELS mFeirwl ARt AN Rhitored

connection pad via an electrically conducti ve
in the prosemee eidabspaternf a[te0 teTpound gaddhemetd énbreditordetegnioé whether

he present, | nvention, a.syste hat ..conprises a
the tesf gy fSa Frodpl AT gt oF (SS PR O B S oG E reple. the
presenfdnSotiHednideninit&l ¥ inethe 6l RidrSon or iNGAsua iB §timulated by a
i npedance neasurenent circuit and switches (e.g

migrationey AREHion SEIUaTEsY the wethed it vsefl tasraeanie tt gomepound for an
mtagoh{g‘pgﬂﬁgg&nﬂﬁp&ur ement circuits to different el ectrode
stru

cture "units of the apparatuses of the present
[001778) erThieaneth&isafaaabbIbeg, used ®ymbErorofigianion pr asesivn of normal cells.

I nvention al so includes a conputer having software
Alternggiyglye ecpreseal Mo Fratosed i MPRHR MigLISH o8 Huidpion of abnormal

cells, %g?,%&@gthﬁgo%ﬂO%?%e%ehgt WELfpekiiR e‘?ﬁlﬁﬁhﬁ&ﬂ,tetﬁg Bfesent

ectrode structures of the apparatuses of
methog g datus¢diveneriion mifiadomenmyanen phpedaneds, datothaiahcdbls,

oAUt i cal | d_and d to deri
oSSR, ORGS0 BRI, T o
[00188] | THeJoRSWRA illites afRdardpisRIf @qdcht SpaRiths £ its operation.

1001681 Pref erabl ﬁn the software program has one or
The apppyiatis der mpitaring ceimgratipnieapion Sompiyeseanappeiowiagdet gr an

. e . : . . :
T N
micropapa PATUPe Biethylne catphthdlhte NGembrued aThe 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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measurenent circuit (or analyzer) for neasurenent of
i npedance between or anong 48 17 June 2005
el ectrodes or electrode structures at one or nultiple
frequenci es; (3) processing the acquired inpedancé’June 2005
appropgiateageotnetie s vieat awn spily are @tmd@p@bar%amathdetp éaglectrode plane,
. ar ter I '
imped % BRI Eh W echooe e TERE e St fit efpoupoe arrs
includérmmintedi ghtted] il (ef elec@sdd driiy, § byo-paitallaledpirabtlbstrode array and a
. perform ng abgve functions | through 4 at regular or
circular elegiiederiay; | Ths apparatuy é«?fg!ﬂowtﬂ%ﬁpﬁﬁnsw%@?/ﬂmﬁlap may further
compris¥ 3h Wﬁed]aggél 7EPaPls %ﬁﬁzﬁ‘)tl(i bYRHMIiARe MShpeQRE bsGfen two
appar atuses for  nmeasuring el ectrical “inpedance,
sets ofmaisiostesirodss. or capacit ance of a cell/substrate

' ace, ..co ising an inert. tr t hat conpri ses
BT oy els B Bfesieed Sednipfed iif e it GRBERCos
Apphdptiat reiRERADLA] miEhtih/iabshich RONNHSLIhACRimRAE BF Bihibit celt
~nmenbrane conprising two or nore el ectrodes formng
migrafien/iyesigmobreagents eupecteshis, begtellngratine/ iwasipp meoduipsensy may be
- Pr . C

add GIARREE T FRELE Aok o 1BARESLPAN o Flo e LifGEr Trpe
bottbm Shiithbérrigjoadéd with appopsasbuffaveant dellrcuftifeanédi@npTat duffer or

Preferably, the insert tray conprises nmultiple insert
medgim FEPd i thedolewy eqTiITHNTRY CpMRTIES BERpleirsagsus- &4 pl e
cheiiEisfatplt (B oeliBEkooh Blocbuort AR RS CuTRER: by bl ey
migatiah er regents suspeed ofdieangxet! rhigtaiopfiefasioabhgdulaivs. &hen the

Il of a plate such that th Ils.of the plate form
cells Giim i nR BPbs Tt O tRe R S5 8F ol e nliey micGiiine
and HABE theWoaBRehamBEr, Fan@flg on dA\GREERRE 1D B Bleb@Bd ihiubiures located

[001701 The present invention includes apparatuses for

on thadpdiem ehpmbien dhe dlteaed impedantgietveendls eeeirnsies isgreasured and
capacj_t.an f el |, str interf i n..whij.c n
el §BET RGOSl B IS LALS ABLFEL AL AN Burtc

areafo@ k8 bagtohh&irfacé bOMe bofiod Rhenhbeh Prdleradly, the suffued bbb the
fitted to a first plate that conprises two or nore _
bottopayedl is pemephatvednsed gbat theredpar paprgyed-sempitiyityyr he coyer a wide
SHI¢ r :
Ayndffl e Sk Opls a0 ol uRFALY BBl FRDBMUN serics
so thmp pacharcsesgoarvebea asgdoft wllasadgrst big., i gy 40 600,300 — 1000,
loo'ﬁégi;veness of one or nore cells when they are
%’ d%n an upper chanber (insert chanber) of an

[00182ParBieillowighdiAtes ahBthbfEx BIpRS SMEE pREe@Apparatus and its
appropriate nediumfor cells, the attachnment or

operatigat dbh pppAratys conerisss apnypeer sbimberand phettginghagber, keparated by a
porsm ARG B0, LGB P AP B AR 05 o
polymé&apaabiadd 6@mpr@des multiple pores that are of appropriate sizes permitting the
invasive cells to go through. The size and the number of 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



resi stance using the device. 1001721 The present

i nvention also includes systens for neasuring

el ectrical inpedance, resistance, or capacitance of a

cel | /substrate interface conprising the insert 487 dune 2005
monitod tiveetr@80Bembrang ingpedamas dré used|th pphadectha pfaradtios, fommdgration

further conprising an i npedance anal yzer that can be
ProCeSEonnected to the nultiple el ectrodes of the nenbrane

insert. Preferably, an inpedance analyzer (or

|npedance neasurenent circuit) |s al so, operatively,

£ R el : oA SsSa¥edance can be

analyzed or neasured in any SU|tabIe frequency range,

e.g., a frequency range between about 1 Hz and about

[00083]\Higure 25 (Aeshoas mypiéhl iRqadidy sphmtatof mdiblzred Tdtance for circle-

connpection of an t npedance anagyzer to el ectrodes of

on-ligg elegtragegtstures fabmgated proglats subHéestndrr tagondigions:da). open
3G V88 Hvithin@0 mi@ L 7&% s Fhd@ HStedttll? hedl Wﬁ) ﬁ’le electrode and

henatlc representatlon of an exenpl a mbodi nent

substrhtetshefageppthe sisuie quliate oatymicept@immg HA'S @8& Cfﬂ]lS anas (@tldgl to a well

| ate, 1710) an mul ti - wel | tto late, (1730). The
con e PR e b kb b R b e Pl el
the GEHIRE RS subbRatk @ﬁkfao@!;)adff%r (b ChfhreGRETHIM TR Atalithd HIN €80 cells
insert wells (1715). The bottom surface of each insert

werggsdded tasthg wﬁlﬂﬁﬁﬁﬁ@ur(gltw electroder stiygiires| ancthe wigH bottom surface.

B I T
not havt endupd thod focmaph tthe elbéB6es. Thizevsl cﬁﬁﬁﬂﬂdﬁby that the measured

. structures on the bottom surface of each insert well
impegagee s ?ﬁlﬁé@c@ané tragtqnce); aﬁgesﬁe@%%%ww Hm%eurﬁ@ﬁf%mng

med}éin? ﬁ?fl’l’g%%e r@'tamgi Eléé: %?n > ﬁiﬂ‘ﬁ% érﬁragalﬁ!e@ﬁ)trrt 1St EMGEHIAS dded

ot t om sur rane can be connecte
to theovetloriioe ttei condipion mthen (Hie7@ll) fred anttatcadedinmt wies iotodirced over the

f. th t l1s th
cleeGoige e e e S TS T Fues gt i Sfegges butthe

cellst 1@ n@UWaSt d8oh trhketo AMBEK to HE kleStroddRrueRRRES Klpi@Ny ARE Rish
(1790) may further be connected to connection pads

freqyenze 632 sounel Midz epbatisyel r@meémmeérammce pid jepetarqed is mainly

dete%ﬁ(;i:q:e]cz I& Iﬁ{oeneleﬁ:a 85 %%%Agﬁv q%o n?ﬁ hf%?ﬁ‘qi’ EI‘ ?‘t e!?ﬁ]\.m t(electrical
condmuwt}eamlpﬁélatm\z @kymietdiityeof &hd sblatibi ehat fﬁpﬁﬁlah&ed over the

suring C|rCU|t§ I n anot her exanp el ectrode
I

eieceq* uGuEs Ahlopreirggiensiss.dosre a@étsefsomgedmﬂ%@ﬁ@ pelgrzation”
C

cfte@ IR fRR RAE frehBencf ABRGALIIUN AR il Rup RANY) (LQERE Elample,

Schwat, 6L.E. h&MemTaudmphlateer elecieddeqmiamahmromqj:adbgmahnbterlals” i

Annc oL :Elg%) iié?ﬁ%d}lg‘)céﬁ @}é le tSﬁléxg%g daé)eselownz

“A rﬁehﬁéfﬁzﬁfc‘é} m&@& 1"314t11e bolaRE&fRrinpddarbedLaBRt %a&fmzﬂ(@ﬁel ectrodes”,

resent inventi on, a sy st em t hat CO[TpI‘I Ses an | nsert
f.aiohdagmy ol @\ne|5f791c5|961 e apwaeanditipnoft 2hiHé mingtes piter the cell-

CO]ltilllH}{‘leg%é(P fum %&lfass (%ntlroncﬁlcecij fhe well which was placed into a tissue culture

symf‘?(g

incubator for over 2h 40minutes, the cells were given enough time to attach and spread (as
confirmed by microscope examination of the cells in the region not covered by the
electrodes). Because of the non-conducting nature of the cell membrane, the frequency

spectrum of the resistance of the electrode structures was altered. Typically, there was an

53



interface el ectronics, including inpedance neasurenent
circuit and switches (e.g. electronic switches), to
control and switch the inpedance neasurenent circuits
to different electrode structure units of the  17June2005
incrensp &y the lilstelsm@diaterfecqyr:@s@&{tl kHnted 00 &hlz).10lpere 578s all change in
'the,gr esentr grt |l(1)en alrso i.ncl udes nethods for nonitoring
“ é?‘i"errﬁ F SRV THRIAST on, conpri sing providing an
B4y at lF$gu@é5 25(B9 ehibhed fraipmﬁey fgdctra@l df nidagiiret] r@idtadte fdv@he
17 June 2005 1 nvasion, placing cells.in the upper
same plgpipRAe STMCRESPNARIFAI0ANS CORFH OO if &iFUE Zé(Aeh&ﬁg@eeﬁmbol
I
L M T L L S
surfmdee) the eéswmatcuiture emgdion costaghinged T B0t aplla wiae added t6 arwell

coniiis e el BTl SabOle 26 4B BrinHE RIS Hphached to

the é1&rtro@9 Bhd QitsheteGOHhced) At iheOfulRbe MBYAHI RRiaidide PTAORN Sells
rating or invasive cells or cells suspected of

wertb deg torthgrvealls wgnf@rnlmg]klhagleamdmstm@@r@w@he eted rh@f@tpw syrface.
Sho}tg/ afép gen%z)%rﬂﬁmal@&amtﬁkesfﬁol\?\%ﬁ% ﬁlngﬁl&ldﬁms %agg&’cﬁed the Wefl I'lﬁe

cellst die npohmhomﬂaﬂemtaamb m): elmﬂbdlesr s \aas:ﬂmfigﬁecbﬁy that the
npedance between or anong t el ectrodes to nonjtor

meaﬁwreql HRpesanes, (resinfance apd Eﬁact@ﬂ%e) é%q the eleptaesieatpctppaw b theg@ll-
contgfmﬁgﬁedﬂ?ﬁe\pﬁ thE8 4! op Qllnlrb%? etSQm 'tﬁER .rob@médsf&l ﬁ]@%l@-free

ters at aré relate mgration or
mednm addedrto theowelb xAsr}:léﬁnbemﬂame,t ﬂonthewandmen whenl tHeacell-free

noni t or the.anpunt, or f ceI hat rate or
cult TR PieiOion hs Qs er PP s S B o e Ll et Bidium
was 'nﬂﬁft‘ﬂ@&F&fer E}Qoérg&ﬂodgﬂﬁlt RRESHR Gid Rt mgﬁée&ﬁgh Bfheus @fadiOo the
ul )

determ ne whet her a test conpound can ate, i.e

elecirpds wrustirestypisell dehighiigreancs fe-ur atonudbMliz art ahaye)

resifiitf o Bl BB TR e Bl Chreg el B oo g o BRRG of

the mllﬂithha&ds intiddtided dyveche RietradiktalkarRe CAt Rived fle@Sdncies, there
onpound and the nethod is used to determ ne whet her

eXIStSWéOt“é'élPd celegiengda drolppgaiion ebfeph pading dhtherdrqanencyidspengtent
I'eSlSI[J}l%e %ﬁJl l: 1|té}1c§ g&te hek | SechuIaF &1 PR Rt alEh R Sar

can be conduct e vvhere In m gration or
electrm&ea;mlmatxsn and hnmlc@@drria;erlals”,rmghat Boomat. Enpy &ei. @0, pp 269-

288, lgligg“ e S glanohy gﬁ% SBH ¢ s MR lﬁi“dPQ‘?ﬁ[‘g‘Mi}@]

polafib@idrEhipedmce @Fcﬁ'lﬂfa@ pQ@en&h‘k@ﬂelE&rd@l@B‘ 'irPMeH‘ BioRtHARN VL. 6, pp
i nvasion of normal cells. Alternatively, the present

579384 h difs ﬂ@fawnldélousxf ¢htg mipntes @ﬁenfhg eelb-canteininginsdagh oras
ta

mtro% e&P BUIH Fll’ W 1(:!1 w’ag Blage 1n a tlS Sé a ﬁ{ure {ncuﬁ%cr)mfrgr € 4(%[{11nutes,

cer ce
the dﬂﬂb ReasgitanciiRigh $1aﬂ: th @ttammﬁdcsprdau gaisaiohﬁﬁnéﬂ by MY&@6c0Pe

of tunor cells, endothelial cells
examination of the cells in the region not covered by the electrodes). Under such a
condition, because of the non-conducting nature of the cell membrane, the frequency
spectrum of the reactance of the electrode structures was altered. Different 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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epithelia cells, fibroblasts, nyoblasts, neurons and

gliacytes, etc. [00180] The follow ng illustrates an

exanpl e of the present apparatus and its operation.

The apparatus for nonitoring cell migration/invasidhmne2005
[00d8FIr | sHSvanke fipaatic bfmbistancy mamsuradngith telbatthchedtt them

resm?@gg%n%g;pégédegﬁégu\é\%glﬂﬁ%%bgf 7 ar o $ls(r5 9 6‘@?%{ éﬁlétlve change in
resmta%ﬁ@@bsteﬂai 1%51@9&[15@ 0L &Rtion BE tRGt TR cy TR aAY e observe a peak-

onpri ses i pI'e pores that are of "appropiiate sizes
shappde curive (Flggret 2ﬁ10))1 vaislower ﬁequescy,ahfgg is snlbergte. chiihge in the

ot t om chanber, or t pports
o< BT Sfer] ErtsBARG. BE i BPRR i Ry gngy Wi
increédbifg tregakénco! BNBBGS irlcheales, untiR relcBEd 4 HER-AUQYW)th quﬂ&asm g the

el ectrode array is of 51 17 June 2005 appropria

trequpaeyrfirthpr.dlae takigdecusesss exatoyt apcatibigh Berneaeeant skioud be

t I
poinfif REEE 1 b oo R R B1aR0F hanp ERPE AREE YPGBaciance
value ket tiseabeclanpaitsthe reactandetoanoitirand veflecathe dell pagchhieeat to the

el risese(cat AR D o GO BFRYe. RESHEpAl QERaRcsh tets of

paralTQEG QAAdRGnG Blactalit OE R 41 QY ﬁk‘éé%r%s&l%fné ﬂ'l%tch%ge in impedance
conprise an | npedance anal yzer that is capabl e of

duemeﬁmnﬁmm@ttm@eﬁ}vp@ddﬂmfabﬁt ween two sets of

s CHC TN, T IENER -

cell-ApRhePio tﬁé elef:t@(ﬁ:&@'tﬁ the (résiflance &b HenMoYetlt dt@BHddNY &sd dEctrodes)
nmodul ators that stinulate or inhibit cell

and thie dreguensy/af Whichithmpesk veBggeryrs deprid o amorpother thigigs, how
w1 L LA LN B8 R 1 A
cellst whatﬁhaﬁhﬁb pro'[ubﬂles ot detiohaveafob dreir jdasmeadedbant bnd intracellular

approprlate ffer or a cell culture, medju
compglienty T & RBHFR A MoSLRPRTY 6 Mt e oBEh n%ﬁ%@@rwys

attac‘ﬁ@cﬁmf the @leéﬁ‘b&easm'ﬁcé RAGETH lﬁ gh& plale valGORIFURA dafif Gh@ HethiGer

her cell mgration nodul ators that may stinulate or
freqluamhy ilte e@lvhlch thiegreak bosurs for thagelh of theispectype and uislsr pignilar

e R R kP rRaie B ERBSSN  he hol s of

[G0RE7]t I anScohiHRET with dikd RBEts 18 Figurea e A)NE5(BYhAODPF(C), Figure
chanber, |anding on and attaching to the el ectrode

26(A9t 26(B.4665) shomatibrifreqienenepastse pbhcaprasitse, reasiance|andr ed

reswkarxm %‘338 % f'rF #IQ-%nﬂ{n%%IJcﬁgt?@ wﬁtﬁ m@%%ﬁe&gpﬁ&dto the wells
an yze era y, eléectrode regions (I.¢€e. sSensor

comﬁmﬂmgme(cmzkerori he: ¢lejtonde syuatret be tisbdtaaeweld rFiguas 20(4),

bot, urf ce of the bottom cha Pref era t he
27(Byy, ?%’ aw& egpsults gor lgssraunhenaf ng?s@%m?ém&%e q?@ﬁ@é

[0d@sihat thm 88 A ShéWs ﬂﬁﬁfeﬂﬁ&ﬂ:y%ﬁé&%atdf%sﬁManc-EQaG@Ycﬁrdﬁercnt
wide dynamc range, it i's possible to have multiple

numbla:rs pécadistaddédzioth thottedscempriding thesamedyrds of cirgdo-onHate
elect?qad%g ?érgeaxa%)%geg eﬁglvgee{bﬁ»agﬁ(?&ceglg reos{ﬂté: & l"nlaxerl?:lq RE 706 chgnge 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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1000- 10000, etc. 1001821 The following illustrates

anot her exanpl e of the present apparatus and its

operation. The apparatus conprises an upper chanber

and a bottom chamber, separated by a pol ymer menb? dve 2005
for ee&a@plmthmrgaatﬁmc @@@6@@1250@1%@2@ esed to dhusphtehelhbenship

bersBEp B R e Bk PR TR SRR LR RRpRE o Birmore, i

paralléllwaﬁstmeceamhlpardnel @ﬁcthﬂi‘trtelﬂ@ Bsedth exm@ahaﬁﬁam& mfrederice, it is
of the pores in th ynmer nmenbrane have to

be
also passdyle demopsists e IdéEPHfi@‘Ft relgrionsbpohy et the celf F‘F’QP@WC‘ the
a ect rode
e A APl or P e, 0 The
bott om chanber When the cells invade and go through
Derivatiopof ed]l nmmbbeindexbr anes separati ng two chanbers,
the electrical i rrpedance between the two el ectrodes

 [1BP] be Basedearnctde depasdentadlagonshin betweenghe meagnipdinpggsnce, cell
numﬁ@%& gé a%%?atélkatﬂé v%[g)écﬂ%n{b%p %‘1‘j ﬁ\?&%ea gll H&ggers @nd cell
provi de e 1 I ocess:

formation for m’g
attadhmd statns, iFisegssbleyo Speeta maﬂled “eal ﬂunﬁhﬁ ayﬁx’l &91:813 index)

ure 25(A ws_ typical fre ency
SHfAdY© gé?‘é’?ﬁ??c%e ”GPCYC%PF@F% HHSi ‘ﬁ‘gh‘écf éﬁ gt ‘f%‘&l%atmg such a

cell ﬁﬁrﬁH&HH&&%aﬁ%‘Bﬂﬂs&?t I%Qhé)fbllgl)@:?gs wRlURS{tFAd &9 edNARholRY
conditions: (a), open synbol, shortly after (wthin

calcdlotimg suchesll nombesindedbased Omth'eaﬂ:lhw 1;1eesmmcteh)e reactance when

cell R MRS I B FIoF ORI DS B SRR 1 e BOIcp o 1 e
elecﬁ@dH AhubhRd TREInRe8§ide PRI siiht sl ldetitande) oSOk isfbcG¥ID R uctures
40 minutes (cells were attached to the el ectrode

w1thame§@ltig@hedtbét vithpame syl ayltuse mediantoyer theel prtigidg siructures is

somGEHHCRY oF RAH: ifpodneat P HEARE ihfedalfe M) b ghipasg by

one Gmlf)ﬂ:(xef the ﬁﬂhlomﬁg/way‘rst €n) themntﬂudmdh@nmsmneﬂ dsr)the electrode
cel | - nta ed . the well 6 the cells

di
Strugiprgs Wh 'uralwﬁ?%o phivp ths wellecoarainipg hsedectrode
struc;mf'e§ Wikreift Wdﬂtﬁ?@m@&iuﬁ]nﬂh ﬁﬁle'ﬁg At ﬁ?e‘ill fot gg%il B&fce

(resistance and reactance) For the el ectro ructure
meawrelherttkl éorah¢ torgldmnaiinre ghe qﬂmtawhmmwtmmlgmtb {2)othe impedance

meafHgE i erel 1CHIoE RS SBF ° Gelreh R RBRIPRP LR icy ot

well§ 8bthpridi d@t}félﬂldcﬁf)@e sEaR Mﬁﬁlelvﬂillrmt@ﬁﬁ@uﬁﬁg fhetshBrt period after
electro or when the cell-containing nmedi um was

cell- p@ﬂtalamgcr@%dlw@dmﬁ@, eells dp motiaaye @g@ughrfene toeattash ) e glectrode
surf&@él eT?ur o otfltl'H‘sasﬁ eé’rl t%hcina*&)egp‘tjeﬁg ]Qr &3 ué{qg qg(zfor surface treatment

struc typi cal
or m@dﬂiﬂ:ﬁtﬂoﬂoﬂ\ﬁﬂk e&tﬁt&o&tbmrﬁx):es)méé d&nﬁ@edms nsdagured f(ﬁmlﬁie electrode

r eact nce]i‘ | nly eter c;gg) by the el ectrode
Struchw e Fnya H’ttth o W%Eé Y GFTHRA &repgng k- & high-
temﬂelet tféaﬁ-{i’ént) eﬁﬂﬂglfgz;ée}{ﬂst(?{ g dber L&) g6t ﬁls%ﬁ%mot B el Yhe

e sol ution that ced over
treatment and/or reagents should not affect the dielectric property of the medium which is

over the electrodes).
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el ectrode structure. At |ower frequencies, there
exists a so-called "electrode polarization" effect,
| eading to the frequency dependent resistance and
aci tance ((see, for exanple, Schwan, " L hégpe 2005

| e, H. P.
ltgﬁ Ohon i preexasIngs theoed nyeIbsr dax cembasricuated byi cal

ial st Bi . 2 .
B4R Rppubd rssy. St Upg Wit 1oy BRddipe sre
" Antaadbedibistaaite (Witkal ceflotretaachedltaiiezaddtoded) iy altabuseline
of cardi ac pacenmaker electrodes", in Med. Biol. Eng.,
VofeSIsgAncn 579-594) . For the condition of 2h 40

o - I.

R S Bl (G e e B LA e T M oyer e
culfegquemcy spestibat or f or over 2h 40m nutes, the cells

re,gihven.enou tiy;te. ta attach a spread (as
A Fab e e e Buiin R Brihe FRIFES BRRs 1
[60191F18Ghi0 Bae0h z&6\be hed-AYo +d2l nuBlbeEindedemlicalds a6 c&fs or
t he_non-conducting nature of the cell nenbrane, the

veryispead eimbpr obgslls ara pressnt emar attashed tertbeclgetradssudhenst Adeigher
l .

o LR 00,1 pRURE LISl DERE IR LR e

simifat pkiftolb@icdlQOnditishs, midie cellswas atsavhkd tocthas@etrode suefatdser

| ower or higher frequency. regjons, 1001841 Fi gure
l%?% s HbWé’%éFfFF%HEﬂ@n & celhapmpsrindax sends srisHlarddut ance
{19 ki mé&%ﬁi%d?ﬁe%ﬁér{c%j&d&ﬁétﬁﬁgwé RSisHhde Fatﬂ)"tﬁ_rbcﬁ@iﬂﬁg the
conditions as in Figure 25(A): (a), open symnbol,
s horeasuredifesigtan¢ejwhen wellOamiattathed to theldactrndel) hpthe baseline
attached yet to the el ectrode and substrate surfaces)
t hE*t1%8S%e cul ture medi um cont ai ni ng HT1080 cel | s was
(Qgﬁﬁdin Qr detéRhiningGRO kMg vAINE itihe GéiNER e FAtT ST er IR
(b) solid synbol, 2h 40 mnutes (cells were attached
toﬁ?W#@Céﬁﬁﬁﬁﬂm@de and substrate surfaces) after the
. [ _ S . .
et R ERdLETARRILE, B8 R S E T L R A BRI Fh in e
weldsistate eadosur f ace.  Shortly after (e.g., within 10
I putes) cell-containing medjum was, gdded .t he wel |,
(D881 15 Bhi 6o HZABET H%?J@%@?&&B RORIORRInGEY ingigees gt phgells or
veryShRARRIRP of s Sre/fiSsehPO b’ dBEhroiheLlelifle STRASNS %gig%her

i npedance (resistance and reactance) for the electr
valug pf trstlummber index’hiadiceles that dot saimi tpipe aistte aellswad celeunder

simi B PR BB TR RS a0 B e & AL Sl s
[0®94]e, fiDénd SxBmpRI tHeldeD MuiiBeFintiBiecdd calduffed Bl ture

medi um was introduced over the el ectrodes, or ‘when the
(&b Al eachrinensnied greqpencinsal dgingrihe racieees retie by dheding the

| ¢ . .
o PRl Pef Pl Rl Y Ao ERRUI Rl e
hi glhacthneguency (e.g., around 1 MHz and above)

resi stance i s nain det erm ned, by the el ectrode

(gb Elﬁi‘flg or §ﬁ'a§1@n@'§t¢%/ REKIEH HEE i1, ihe yeastance RECSYFPLDF on
thabqiepc) Yecdiiced over the el ectrode structure. At

| ower frequencies, there
(3) and subtracting one from the maximum value in the resistance ratio.

[00195] In this case, a zero or near-zero “cell number index” indicates that no cells or

very small number of cells are present on or attached to the electrode surfaces. A higher
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exi sts a so-called "el ectrode pol arization" effect,

| eading to the frequency dependent resistance and

capaci tance (see, for exanple, Schwan, H P., "Linear

and nonlinear electrode polarization and bi ol ogi &&Fune 2005
valuergf ‘&ell giugtber u\de;bihmdlcgtegﬁm foesagne typopf thg@ellwdg@ﬁs under

92: Ja
simi i Pl Pt Splan magr BRI affer O FERR-AMM ptoeed
magdp ac [ippa andtker ex@hptd, tiedadex canrbeMattuldiiddy Eng. ,
Vol . 6, pp 579-594). For the condition of 2h 40
] iireach mepwred fieauehey, colspetngthe gesisencamtiply dividing the
ORI ERS (When Pllage MSHCY iR Bl-BFRY ) Rebiaie
rgsivtemcegnough tinme to attach and spread (as confirned

A RGH R BERE|reABELY it ey SaCrie oy Rosncd fEhetcy by

Cc 0Bt @l oRREGEH 3K Rbistah&: AQH- conducting nature of the
cel | menbrane, the frequency spectrum of the

(B thenantegrating alhthearlotive-carngs veluet ur es was al t er ed.
ST s SO O IR 6650 W

poinfs; Qtead of ﬁﬁgle\pbﬂ{-&eq&@cpﬁbé ﬂidvem&@ﬁpkudﬁgﬁﬁl 4 P&o or near-zero
reactance was al so increased significantly because of

“eelk unbeg mdsx aindigatre dhas pp sl hare gresentosdag clegrodes. Aypgher value of
i t f
celf ier E1%S Phels i, EESRISPE O LG LR BT sl
physielbgioaltcondikibss, mdracéilschramhcpbcbto theelectradeso (nanel y,

ti change.in resist or serial resistance) .
(FOR) | 1S MOMRBRIE PR Rsn BRCT 1 hg ety b RNl § geell

numBer 8k f‘éﬂﬁﬂﬁ%§tﬁé Yrﬁpéd:ahg@fnﬁ)raﬁﬁ@ Yor tf¥nilo®i E:ell conditions over
freq ueng%d?there is small or no change int

the glegiredem ally, ppe mag gheose théiresdlyivgs lmleeﬂ«as@eaw&lee)s (e.gheta
I OXj n
singledigf eBu ARG, G TR oY Lol PRORREL S ot utple

freqmak:s)/aal zme_antbhoﬂ Rtirceaditings.t he frequency further,
atiq decreases_to about one at high frequen0|es

lqﬂtl 9%lh ouPHllgeisguetemed fos the prszant mvemoriaqogienp% Sesilpgjugnbeep index”
and ﬁ’ge%hc indek & dfnﬁﬁ‘lt@l%ﬁ Q&SII}]dlﬂor]iJ1 e['l{e?lﬁ&% QRGEal AlvArRRAE LE ARES“cell

ue and use the change in the reactance to
nwn‘m:mndlem” tannitef Atechmemtend @l Mishilitachmididnst o t he

trode surfaces (see Fl re 25( Fur t.her
(B2fficcof 3 B¢ fhsenaens RHARRESGPY diffiet figfode eeometris
by ufi®Shs hahCRldhbeemabance can al so be used for
descri bing the change in inpedance due to cel

(0820 Hc hBerondly, fcﬁ@ svectlecigde sermheitedt is poBiE6L cpnstrpsak
“ca.h‘é%h%g CSItVGL ?or ﬁ%ﬁ]n rg]ta 5:111 19 dlSeitwgfirheEg legﬁnbege ];1 tlgehgell

resistance

numbétencﬂeﬁﬂj)slieafdﬂﬁm@”{ﬁf}bemﬂrce eldasiabihanh éd diferetthumber of cells added
el ectrodes) and the frequency at which the peak val ue

to the glegiraded éiseah ah eXReRBIE! ot I &Rpetng smakfowre thghlieseqded cells
have%él?&t%ﬁed){b thd gleﬁtlr&fét srupfggeiﬁt ﬂféﬁ‘lcs%ch B QY he it eurE Khen anew

tachnment is, e size
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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cells, what dielectric properties the cells have for
their plasma nmenbrane and intracellular conponents.
For a nunmber of the cell types we have tested, we
found that nore cells attached to the el ectrode 17 June2005
treatﬁ‘u:nf gicen 4 bsgdricell nuimbgﬁﬁde)piﬁdicateaIalbettélmttatﬂrraem db1i the aelth to the
h| her frequenc | ue_at Cgﬂ}fch the peak occurs,
eleCtIr eI/ bstien ywefaeeing cel it Nfnder simlar
phyS| ol ogi cal conditions (e.g. in exponential growh
phase). [001871 In conparison with the results in
C. Fi gurksan@és®) , 25(B) and 25(C), Figure 26(A), 26(B),
26(C) shows the frequency spectra of the resistance,
reactance and resistance ratio for a simlar
[0020B C| EredBHbWIHR c&hiplek e nibhidl W@OTIEst&Ed it ndPRl 1i8# tHelnvention.
the wells conprising the circle-on-1line el ectrode
structures on the bottomwell, Figures 27(A), 27(B),
27(C) shows the results Eﬂ[mﬁ]sss nunber of cells
attached to the el ectrodes _1001881 Fi gure 28A shows
Meg@fi.a&moﬂwa rgactance atirpesrodielestrodas attached with or
di fferent nunbers of c dinto the wells
conpr|S| ng the sane t pgvtlhollﬁ%ﬂrscle on-1ine
o02B G55 e BB Se BRSSO RER T § et s of
electrot @SAtBLBRICRItR 6EWIthoRNIRL 3T céﬂs HZhe Whinlebdr oF @RI QG0 B8 2AA,
and 7000 cells resulted 182% and 517% change in
2AB, By.i 2D raadidet iaicemo deuliamelgr eftthe glegtr%dﬁofors@BEsk&B and 3Cis 3
mm. fh%sf? ek ¥BLAh & H-béi‘ Eé“a%g%p?‘é?&g ah@a}e*bef BEMHTa le 2. The
reac ance can a dPlise or denonst
surfacdsalf @lecnodRiviere bc&ttmie\enh thamicall dndmtbgbalaﬂﬁie&dles In this

experimgi HOIF oo oGS, i hal B e BiPareisd oglo the
surface?sQQ 4 edﬁ%&ﬂe? el'"kﬂasi%gsttaﬂcé Add%é&diﬁk@ (&d ?Eélhlz@fkﬁahﬁ’ce? etdeen

he cell nunmber and the magnitude of the change’in
measumdalt:ﬂ anme()mmédxatdmeaﬁnms%dmg thepallglahé lat tvashairanie thaxteding.

rall el r act ance are used e the nme
(A, B ah BB BCE L RE bS8 BRe SRR GO T Righ! Sfferent
types d@&@ﬂd@a@t Tn6leadd iARENtidaahivEdHedsBen 68Jabitivy d¥RTanad @efet@en in
magni tude of the changes in parallel resistance and/or

all ﬁvqﬂecaqoriétmeé aléached withpEH VB (2dpust aftes seedinmibe eclipygegnpared
with tl'%}%%aﬁgémﬁﬁ’lﬁg %181%8%:9&0&@ %ﬁqﬂ'ﬁgﬁ cé'lﬁlwééré gﬂsnéﬂgaée?gh\ﬁg? zllfter

seeding the cellghis endieﬂtebd (B)TiThe ,balograpﬂi h&ﬁllﬁ&ldzesehé registhey andadmﬂacmve
ceIE attachnent st atus, ossible to._.derive a ,
reactangg chajgee af & HX¢ TRANGASY 2 1ﬁé’é§ted( ree 819 capdiaye reagtpngg value is
the absblife (RAS UrRobiPELaRGRcS e[n%%ﬁﬁk‘fﬂvé@gﬁﬁr{c% weY@bhiQYSen in the

nmet hods for gal cul ati ng such nunber 1 ndex can
electrofjes aiwelted with NI 3fI8Icebdsv ng, we i | I ust rate several

nmet hods for cal cul ating such cell nunber index based

on the change in resistance or reactance when cells

are attached to the electrode structure with respect

to the cells not attached to the
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el ectrode structure. The inpedance (resistance and

reactance) of the electrode structures wth no cel

attached but with sane cell culture medi umover the

el ectrode structures is sonetines referred as 17 June 2005
Tabls&s efuimeary wpedanekthe Theetrpdasdhdt havé bgsadestese may be

obtai ned by one or nore of the follow ng ways: (1)
Eledidade i npsdbnee: MEBRstiodd f o Dikengbect | Dignet&toruct ur es

Strudtubd) a | GRdtbridir EStredthieUr € MeghiddoR) Nt r pglysedrdant|o t he
Nani¥e! | contai ni ngT{ e el ectrode structures, wherein the

JCcFeurture dffsgi U trﬁerﬁ&‘ﬁaﬁ:ﬂ 4§;‘28t hat usggmflor the

2BEI III[.)IBUdII:(ﬁaSLsIIb‘d hl'llt l]taf)eﬂl UI4§}1I /Eqi,U:Il';l 3 UIIALVI"IiLg t he

2A LaCI Al oimrcectt I U1

Eor « | TGIETATG 0 | RO130; o)
2AB.q| | - rmﬁ #FBnin fl}ﬁﬁfﬂlgiltﬁﬁe@@< 89’1§| ied tol MR welll s
2AG onpri $iHesst he| biterdipited ¢ 6P36t ur es ohmuhe wel|l bott om
2AI¥ duri ng Gldms shphterpmitaed 45080  cel | - tomtai ni Ng medi um
addition, cells do not haye enough tjine to attlach to

3¢ the el edlizde | sEfeanOfine [86/166180N 03 ninhil S
38 STOTT- PRIAQT TTRY i igReNth I 36Rb/o0T YPe ARt or sur face
3A U T CA TR0 0T BRI GEIOM3BRolEE_©f BFLIpde surfaces);

nnnnnnn a ¥ a ol ot v ndA
\O) UTl 11 cual u 1 LIIC CJIr TOUU 1T UUCT
struct Egyg? H@Vﬁqﬁﬂ@dce§ Oin thel wel | were killed
I atnent (e gl high- tenperature
treatnment) and/or reagents (e.g. detergent) (for this
[002861 h oﬁlectoodye 20edAR, BAC, PAEREBEMNd R0 o interdigitated electrodes

and g it b RO Sy s £ Bfbnf 43St e i ogmp
width, 1&1@&&%1}In one exanpl e, the cell nunber index can be
cal cul ate at each neasured frequency,

100208] cuFlattrargs Fite B B@@ﬂé@aﬁﬁ%@r@wn@tl@ly(qmcwlmqngﬂlurreéelectrodes

R e

gap, cloctradietcache diametet, haspaaivielyum val ue in the resi stance
rati o over the frequency spectrum (3) and subtracting
one fromthe naxinun1value in the resistance ratio.
[00191] In this case, a EgsfpleR near-zero "cell nunber
I ndex" indicates that no ceIIs or ver snall nunber
of cel | s ‘antitarixe et of cellscusinng Bielecpdet r ode

surfaces. A _higher value of "cel | nunber i ndex"
lﬂﬂZi“ﬁh i dHgws 4iHustiatgsgpuantitadve peesuginenh ef eddisusingtle 3R elestrode.
[ [ i 4400

Serial VB Ny T 8l ARG 570l ARG A 0, 15505 S pFo2s cetts)

were addwal dige thexarfpdeof thd 2B eldctirodeicdaesd witld Bxroaadtind Resistance and
.cal cul at ed by: t each neasyred frequen

capacityg r&a?ta@qeﬁgerg mehitded G Ehed (imgprdately it P ¥taﬂe at 16 hours

afier sCBAAY "ed iRRh SERAGR &%ﬁﬂcéﬁh'cﬁpﬂﬁ&eﬂ%ﬁ&&ﬁ% dafaGrddiG given
el ectrodes) by the baseline

frequency as indicated. TO curve indicates the baseline resistance and capacitive reactance

W

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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resi stance, (2) finding or determ ning the maxi mum

value in the resistance ratio over the frequency
spectrum (3) and taking a |og-value (e.g., based on 10

or e-2.718) of the maxi numvalue in the resistanééJune2005
ratio. [00193] I'n thIS cﬁsﬁnga_zero or near-zero "cel

electrode surfaces A hlgm mkgalue of "ceII nunber
i ndex" indicates that, for sane type of the cells and

mms | spivnderilustiafds! rekl tﬁliB/l%lelt&ﬂngﬁ"Nl@-pm aﬁcp,sb%cmma&%c
| s are attached to the el ectrode surfaces. [00194

endothrsha gHeE keoeH mppleferatine usiag thenifrred 3B ghisirodesn Ty thousand five
hundre%%ﬁy%'ﬁ% geqlsl%%é 2(5%32) P%E 9e&h% n??eeld § 9%“ Ltﬁ%?{}e{ige%%/ﬂ%ctrodes. For

calcu e reactance ra

NIH 3Tkadly ta dleeaoﬂawagcc(mwemﬂ@ ﬁbfcﬁleatrﬁ fet L AE Relth, e didterode was
el ectrodes b t he paseline reactance, (2) finding or
coated ifieg oAt cfald FAPAFIINF [RaCtapce eremasaswisd daily iy penitor the

cell pr@lYi%fanEH% %(5 ﬁﬂlﬂ:ect% eslﬁl@é:su nt Fhm@didte ﬁgﬁé%@gédlﬁhgoﬂﬂg cells.

fromthe X|nun1va ue In the resistarice ratio
Here, t[_h@ @a;ﬁs[twb medchinse vaseshaawrriarthe Hgumdathe absadutt weluk. Mhabsistance

3 di cat th nber
and capgtitis e Mot e aRE oibop ondimed ishin Bot el sse
1nd1cat$d—§' Jeﬂ(iﬁ&ifeﬁtlbh 9PRE NIA A TS Zefl YRS R PReanta |aH§a)pi wlﬁﬁzl PAE cell

unber i ndex" indicates that, for sanme typé
growﬂtléaﬂeéueémﬂ dewh)wegesting thesVH BEF cellsynrplofergg uer than PAE
conditions, nore cells are attached to the el ectrode
surfaces. 1001961 In yet another exanple, the index
can be cal cul ated by (1)J§mnﬂadh measured frequency,

Caﬁesyslta%tgégggthere&ﬁ iffe .‘, Ly sifg tht ectrode

ct ode t he basellne reS|stanc
10“25516 igyte gllv%@t%?%%twg CORRAGOD, wqftgsfe pug %ﬁ)e@nr ¢ellypes using

the 3CTRRFHAE IR & R4HeE @@ryfo&yceu&ypésrve&te kﬂeas&é@uilﬁgmetsheelemde The
resi st ance ratlo g(t en |ntegrat|n

four cellellpsi wese iedigk3 Tabells. (nfooge Bmvblasts), IthesHEB@Z cells (human
hepato%)‘i}%)1 g ‘!eeélﬁ Z& )éndopt%elgecréﬂls) aﬁlg{{g g%\%l% p’hﬂélilaél endothelia cells).

For theSBK 311‘3 amweiacryER Gggtlatemé&oee(arwb@ﬁed WIR fiBrondctiit F6r thé PAE
near-zero " mber i ndex" indicates that on cel

and H%YE%%%@FO%W%@&W@W? geleldn. Tweelgrepdes arqreuwsd for cach cell
type as indicated. For NIH 3T3 and HEP-G2, 10,000 cells were seeded onto each electrode;

for HUVEC and PAE, 20000 cells were seeded onto each electrode. The resistance and

capacitive reactance were measured (only resistance data were shown here ) at time 0 and 3
or 4 hours after seeding. For HEP-G2, resistance was measured at 119 hours after seeding.
Significant increases in resistance were seen in NIH 3T3 cells, HUVEC and PAE cells at 3
or 4 hours. In contrast, subtle increase in resistance was seen in HEP-G2 at 4 hours after
seeding, indicating the slow attachment of hepatocytes to the electrodes. The resistance for
HEP-G2 increased steadily after overnight incubation (data not shown) and reached a plateau

at 119 hour after seeding.
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"“cell nunber index" indicates that, for sane type of

the cells and cells under simlar physiologica
conditions, nore cells are attached to the el ectrodes.
[001981 It is worthwhile to point out that it is hédune2005
necessary to derive suchExamplely nunber index" for

utilizing the ga [ forgﬁtion f or %ﬂnitoring
cell condltlod' iy oF Sul ally, one

o direct edance val ues
00O g Rt ol ek P B rmatedipment fhe °
reprodu@baity Was GRRASA sti@Iees GB)atedilHMEVEC. The electrodes
frequencies) as an indicator of cell conditions.

were cpgled 99t sitinjandjseeded “pﬂ’elf-“eQQOeIﬂUV@lC ¢eihle ppr dlearnde. The reslstance
for ea%hrlezg&?c[t][to%lg Qfﬁa% ﬁle ﬁfre Yrﬁ F&l tely d%?ggerdlﬁgr@@xe a?‘gﬁiosuer% gr}dz mmutes

after smﬂmt&g@ﬁcmﬁ nusezmg il esistancenpdden iafieled0 hdud iBatidd indicating
ttachment and/ or VH@@I|Ity condi tigns, 1002001 First,

the celf pac i sicetredse T ehaga rsistagee frd s wehskndade

dev1atﬂ;ﬁ%@‘§t9f ﬁ?rstZO}@()lﬂ" hd dvtddg r&iGdhcE & JgAMIERERT, tah@&@ Beviation of
[ 002011 Secondly, for & given electrode geonetry, It

17.2. The qoeﬁ"@ldm ef YasiapomBir tQist8. 3% caidi for R0hdom ¢us.ve" f or
depicting the rel ati onship between the cell nunber and
the cell nunber index by perform ng i npedance
measurenments for differebBkamplgiber of cells added to
the el ectrodes (in such an experinent, it is inportant

Coniparismkia ifvisint dadtmikigios aetithddesCiadilen doausyavied NTH T3 cdelsl and

. to the elec}rode surfaces) VVth such a callbratlon
LVasLVE 10 n e cd o= Aaray Ra] a_\d) Edend

struétﬁre's ﬁlcbﬁ)%?at&i)&'ftb %@b&tﬁnﬁﬁﬁa@@B?th@ ?%% g%%ﬁé fromthe
Wy-measured cellT nunber 1 ndex. irdly,
ceII nunber index can al so be used to conpare
[a21 1 Efigmte 22ushbws eompaisdh fin drvssioframd migatsanatieities betoden

eonet.r nunber of a surface 58 17
noni u??éV%ﬁ‘s?P? Fég%%?éﬁlevewéﬁf 1:9%5§F on | lecgpigerll ipgrakion
appdrﬁgéé?s JitRTe theRRLcir8de ARICAREREE id@pdrited %ﬁﬂoltﬁe B&t&nli] Surface of

el ectrode surface and/or better surface f
the lawen@tamber, as Gluseatgdm E@umonzm%pmmtothle@all nggletelalmpl es
ar.e nten ed to trate,but not to i.t the,.
appﬁr%‘%eﬁtlﬁe% ¢ N %P’é"ﬂ%mﬁ%&‘egtf%lﬁ%aémgﬁapa&%‘ﬂgt‘magé”h”e an
elech&RCIeANE @hipQl.c 8a Giakd albeftite bl RaScOdlc@t RIS kir@dlB%s Alct@fBABated)
with or without cells [002041 Figure 3 illustrates

was mepeegrele e dotepaeifeceat cpetulotgnelanbsy. When eqllsmeigrate across

the rfﬁ’éF(ﬁl% (Q.IFh g.ltlg (agorelas 1‘?&5 %ﬁ% ng‘éh‘é‘t% p% gé e%‘iur,e\! lt_h &ﬁ

substrate impedance is detected and quantified by an 1mpedance 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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2AB, 2AC, 2AD, and 3Ais 1 nmm the dianeter of the
electrode for 2BE, 3B and 3Cis 3 mm The features of
each electrode types are different and are prowdﬁtl L 2005

Tabl e 2. The _ surfaces of electro es wer e coat ed
into dniy o birangritel bmégraieaaparabise Hi sndardrirang veell migration assay was

perf X é]lrEF.Etelec{rblgE ea?ﬁ“ﬁ%rgté a}éf ﬁ%ﬁﬁfdrr 1bADdle 's\%#gor in the

were then s aces o
lowa|chambadad mittogoroas nﬁmimmm EHrille meac tvarecirs{ aapsicvith we

react ance) were asured_at i,medi ately .after
extracgiiah At iePreten: :1}3 %T‘PSF“’F%QH‘E&HT?‘%# é@s?ﬁé’néi%‘d‘i"ﬁﬁmus
menfbfaneRerBe8ited ARES0ARINEAPRGELUINR rbGRLANG SR uRSFoRone hour. After

function of frequency for eight different types of

waske vatbtphospdiste bulffed salawe célhcul s medmad éo%rﬁiBiﬁEMFé\ds wmemdded into
capagi tive reactance were s i
the 155 BEGiaiERoHERE BRRCIE RIS T08e 1o wers P SuBugiiey Bhigsert
was pRIckS in 2 10ONIHANBEr. INVeAdR 1h4ed, D xCIOP LEISNSMhBONTH 3T3 or HT1080
i croel ectrodes on which cells were not attached (0

cellsnwere addedeThe gleptodegtiupereserars fheagonpagiadde da: inRylanpganalyzer
via &%ec?foﬂgygd% el e%&?dé &gsgrecﬂpﬁ 'gﬂ ﬁlvgsrlgn &rﬂfr?lgénlitkciﬁ activities

reac Iven
werdaessurddie red }t)lﬁﬁ:l \tzuthtmt ﬂsaﬁ:bmgmles ea@bumens In thb€igaks CHelJ‘f axis

val ue. Changes. of resistance citive reactance
repregepis cghh Fyg@g%lqdﬁx,twf@c @’rﬁ%ew@ Q%a%egyenlé%ﬁsweg Fesgtggee of

elecg‘gtﬁet %gﬂlce es ap Qiffefent ies 29@)%%|t EncPat tﬁém@%?]g C%’gbagéelﬁﬁ

ectrodes t een tested
resisBuise tnoatells Blescattaockiel, Dif tsnsipenment aediéferant fre@tanvies. uThe cell

mlgrg 190 gld%lgnwgtﬁé Ct utrgﬁ M ﬁi%}{l%él\lélymhvag dglé%aécuq'stlngy cg'll number

indekNb&ded iofl |tﬁ@ﬁ1@ﬂn‘ﬂ1§{ fafio 3f I meAhredragsarcetaeh @h&h tidtead the
80/50 1 mm 2AB d ass Interdi itated 80/ 15 mm  2AC

baseting sesistance r Bhggalanismtmoyindexiconlatesarpligvidh éhe number of cells

O e e R L S

actidesCIrBsS X d4xig iehesants thee mlfmeﬁﬁfeﬁﬂﬂ% caclimmeadtiranéntCAs indicated, the
Interglgltated 50/ 50 Ka ton gOZOS El ect rodes 2AA,.
invasigp ang migraborpactiyeiies gf 6 13 8RO sells Wt sieadilyi ingieagpd with time. In

contPls€ i RGN asive NIH 3T3 cells have shown undetectable invasion activity during
the entire experiment. This result is consistent with previous reports lines using the
conventional transwell apparatus. Moreover, the cell migration apparatuses of the present
invention and used here provide real time, continuous and labeling free measurement of

cancer cell invasion and migration activities.

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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and have val ues 80/50, 80/15, 80/30, 50/10, 48/18 and

48/ 28 for electrode width and gap w dth,
respectively. [00206] El ectrodes 3A, 3B and 3C ar
ircle-on-stic Eor circle on a line). electrodes 17 June 2005

40(113&%5@ thofigeyruls, Saean /M gue BRd B DEaM ERpOrds mamdrang efithe
insel(é :(siﬁrilaH Nfié St\aﬁc?ﬁljas mﬁwlﬁguré 7§ Inlthi3 leczell q&%gﬁ%? gppzaratus, an

ectrode circle di anet er, respectlve Y.
clect@ubrtivtard wat wesabuittemendn afttooesitls ofidic mgpett{BigdBe 23(B)).

el.ectrode [.0020 Figure 4 il lustrates. quantitative
TheRREE Gl B bt s sl i ER 14 B av Gt s the
micréhdroti&theMblhnd Tihe GBtadsd EAR. dHBHE gdch .onky BOQlee@bdSstructures, and
2,500 cells, 1,250 cells and 625 cells wer e added

suchiiellceleatreds interaetionpire sensedmidsthe snpesaceloriveen thicelectrode
sl G055 SRR ARARASR o FARAEL T ST ACR LS

. HT1080 hiaejrveere afddefor el sugh cdlhenigrative Sppacitises aH 3T3 cell line is a
resist ag e and capacitive r.eaﬁlt@ggce data froma_ given
DONHIY BN FeS f)mas“’bﬁaffsclﬂ PO eebhling hpebeenay dbghesactssiged as an invasive

cell RASGlowise & ﬁ@hsﬁ\aa@fb%caﬁﬂ grg%fagﬁﬁ iggﬁo{ﬁesr@@g LARGSro ﬁ,g%r_a&&?assays

el ectro es onto whi not n attac
and PG T migratiev assaysd Botht ME1 82 celtsdpishased droand TESP and HTES0

react ance ch after. .cell. ed to.the
ool FREh PR S AL e S Rl MG hing fooerns Jaes
migla86® extaithedt) Boteddls weldRyshyan mddamba fTHealkel] QOspeAN B8 was
of the current 3B el ectrode is between 10,000 and 500

made.qyingq 1picRoppreus membrgpesyitly fabacatod slectruderpnetuges Resgg bonded to

nsl 0 SRNAA L 19l T80 R0 b LA GO0 b
migriatibnadshpivas peréaretlionmuproell indgrhtieh ffpaflhided Hieflydthe

. porcine aortic dothelia (PAE) cell proliferation .
MICIGRQIRYS mﬁ@%gﬁéeéﬁ %@t-@mea’&@.e Og 35S gray jof dhe insert

werd WREEREbdNth A7 é(tfa%ahamarﬁgtri%m’i&@m%ﬁh?seéx?érggﬁtgb&ﬁ Geebrane

onto the coated el ectrodes. For N H 3T t he
electeddecensdeandasiccopirad membrafiesoroneotted withdo (ARl fildohsctin in

the el ectrode was cpated with gel atin. si st.ance_and
fOO%%}P&rW\?@fr%&m{%&h Iehetashing yd trvesehats vﬁfe& SHor C6H culture
medfal180%48d DRI t&%f@édd?@ intPe 18wk d6ARS i  the é)lr‘]ecsoated

measurenent infredi ately after seeding of the c
electrglesensonewepaeinteds d hem aotissecevasgilared shalww clamtiee. In each

inser DRAG oels oF S M3 b oA MERABUET | Py o in Fisure
23(B)) dTectfiekd Yapes wbrdBéiile @ thelcR@Stion Ak dhathé BRntbedde with

d;roliferation. The NIH 3T3 cell growth plateaued at
condygijvesadhggive andthey werq theyegmeptcsd tathe dmperaace enalyzsr. The area

whc%i%@(ﬁﬁie&%nt ]ngs Bhided 13 elresﬂr%cﬁl @fr@g \‘v&% rci%e?‘e(i %ﬁh%rioctopn%gtible

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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Exanpl e 4 Resi stance conpari son anong four different
cell types using the 3C el ectrode 1002091 Figure 6
illustrates resistance conpari son anong four difff; nt
cell types using .the 3C el ectrocz‘%._ Resi st ance fof / june 2005
strugherg ot ferept aes Qeracpanianddt thsieginnHig (Beselineessisbies, no

T r.yC : [ .cel ! .
e shRUEA b APERMIELR el SLaLiice s G pRyion e
is caldudatéNE acseiniler Wy © thadstd&ricalcoltihg ) calndim bee inddvERased on the

human. endot helia gells). For. the NIH 373 and the
Max[gHEN E310 ‘?’ﬂge BIeaRi ehgaisiRace 4oATR Wt fp the LF%%EE{ Gstpiancgy, The

cell ki@ aRAFind@0SortAMEGy el Retheherlmhpde rvaits £AEER the bttom
gelatin. Two el ectrodes were used for each cell type
charglecrjapd ceragletgs weB wit qqll3m@sipndnliBRgERon 30006 ciel X axis
e wLafaor H C_and. PAE,. ...
ol R ERAP 0018 081 8L SHERRHE Ay ARGV R v o
HT1088 cellsande imehsed i tintd. The heQation aRi i e tieasuivasive NIH
ly resist anégtgata were shown here), at tinme 0 and 3

0 i

373 T i Ly Gt S e 0o P hingef YiemigEatahesis on
; e [

the (R BSLEGR sBhoot HEaiU e Bb{ e SREN T migRh AR idfrane. As
indiddtddEQ thnbiguPéBhe edlbsdeasiti of the HIT 1080wss miuch bightrthsit that of the

uhtl e increase in, resis ce seen.in HEP-& at 4
NIl ERT S e ils PSP GO PR BN e faschigHent of the
imp&RIan ERM/8GYI8SrollO strit@urh 8f HeQARRpoINR thGshiab AN REikE He

HEP- & increased steadily after overnight incubation

appafafutes degsribshisvihy Figide 2badieeeithg cfsictipdasiruchiresidgedteithe cells

miect b BEFRET o e ol BFLRR AP e AR BBy gt her

can ddtguard hehduréithiercall e gradpn ofldeciells hiifnteicrdse ShesthRAGRrous
asurenment. The reproducibility was tested on seven

mengyrane: Theelore. s cdbuirration ampapovaavingrleciode strgdss fabricated
h : . ’ c
on W FnbiARt n BLED (BLAL R ASRARC b oD Rabtie™
appaedtesss desbeibed Bigoea®ir e i mmedi ately after seeding (t0),
and 20 hours and 30 mnutes after seeding.
Significant increase in resistance was seen after 20
hour incubation indicating the cell attachnment onto
el ectrode. The average rgsi s; agce for tOis 47.4 with
standard deviation of t 20h30m the average
is 284.8 wit h st andard dlevi ation of 17.2.
. ehhech OF dpX gling on canger seld

i AN b1 fickaricE ARl E Y %rejb«gab i clpvas

magration activitres between noni asive NI’ sTs

micrapatous membiane oHfhtAB@rtcel | s as determined in a cell

m gration apparatus with el ectrode

{00213] Figure 24 shows results of real time monitoring of the inhibitory effect of
doxycycline on cancer cell invasion and migration using cell migration devices where the
the clectrode structures were built onto the microporous membrane of the insert (similar to
the structures shown n Figure 17). (A) A time and dose-dependent inhibition of HT1080
ccll invasion 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
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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 noninvasive

NIH 3T3 cells and invasive HT1080 cells on our 17 June 2005
meagirewtntodis indiedied mi kjgarei2d(B), Hspaigstivsesocthewes tdnginuously

GRS I  h RR  hl 2

elecrb@idtfictured AbRXAQT biBNropdrbs ©embraftgsaht Gdert well was used to

. apparatuses keep the cgnventional trans-well mgration
kinetig b meRitoridsygriahibitgry effech an cencst eqlbgsasiemanskmigrgtipn. A dose

. . r )

o lneSipacl AR SR O SRR LU 580 e
migofior &k neaswred oh drelvel]l migfation appdrstusn Briefly themassporbine

mégcrqﬁgrous nbr ane, qhgp onto and attach to the
memAr F W gpetep) ead thefletiodp stragipres patecqatpdadinadug/al

fibrdtEh i 0@ EmBARKS [drSfe Ru RIS TRPERB6E SORNGhate Blffed
saline HE'108@ ckItsovere syypdihieec mid a hi’grAy/ind sugpensicewas iNade. 13T
cell line i,s_.a noninvasive . .cell. . line, whereas 080 .
IOW%IeﬁLﬁFmF?fni nf o cyltg W co 'apaéttjéqr?%an%cgtraﬁaonsﬁrr[ §§¥wcl ine
was @8ddd. DMISO Sthe Wb 10entFo Bl cl v Wl Mis@Neh AW B E@firol. In each
activities both in in vitro mgration assays and in

insextj 39 whs gf HITi1 680 eedbsuppensivot(d XN 01 @if9 cvetaimng pither daxyycline or
from ATCQO), ,and, HTI 080 cel rchased from ATCO .
the Vit B 0BT CAD IO RBRT ALY IO Egee oy Rlepianically

switBhedl t3 el @Ro@XARICHIBY U f diFBehSIn&rt WA ARBLSnWBERg the electrode
trypsinized and counted. The cell suspension was

strugitige to &illiaeasidneand| raigrativdactdtisoin thhpygsence oethe agsaass of
whi ch.el ectrod LI [ es;. Were .
con PR S5 il BB B SRR et
The 261@ftion iidex dorZet Weiltatioh andex )k cdltgitad irothe 3ppanal us those
the standard trans-well mgration assay was perforned
shovyhindi{iguig| 22@0fddi ¢ cel | migration apparatuses. Briefly,
the el ectrode sensor in the |ower chanber and
m croporous nmenbrane of the insert were first coated
with an extracel lul ar neEramplefotein. In this
experi ment, Rojd Bleeoh bRt SeRRN I alllifOPOr 0US
menbrane were coa O p.g/m ftrpronectin in
roomtenperature for one hour. After wash with
phosphate buffed saline, cell culture nedia (10% FBS
DMVEM wahe ebdtiedid dilichip Aasigipwer chanbers where the
precoat ed el ectrode sensors were nounted. Then, an
[0021 4 o rK1gurg dllpsteates an eleciropisysell Khipstesigny The Sgnreshews five 2
represehtatde d@ﬁ%ﬁssofcﬁle BleLdRGic %lﬂlﬁ%ss e d3la 408D de§ HithiMELS:
added. The el ectrode structures re then connected to
geometrive aidrpigckoare ecipatl ppele glassaubgrate cTheizepadbe glass fubstrate is 1
el ectrode, sensor chips. The invasjon and mgration
om x 155t Ghq Fod SRETAE ShE omEFeted 1 Rt GrirpE Higifece via
connectiod elHeRbMp4ds $o QR tHE Rltes dMhé BRsS uBMEfe. The Y axis
represents cell mgration index, which was cal cul at ed
based on neasured resistance of

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

66



el ectrode structures at different tinmes of experinent

and at the beginning (baseline resistance, no cells

were attached, of the experinent) at different

frequenci es. The cell mgration index was cal cul &7 dane 2005
cells (Figuze Qi th namenigs) valyeoh & ¢icthel cwm%@m@aﬂl%mq@gs ﬂlmly equal to

of

the sy MBS volh e RADEHoP O M RS AHEIAbE e ©'20h T pistance
or impeé®ics iscaimest idhicakeldol cetl @eatl earoden d@xed:@nh ehaﬁﬁsls\me bloteins

i h ) f cell he b
(Coongif o8y McKREOR @rsh LMGRITAES Riage prd ﬁﬁ&agltﬁé??ra%d{%onitoﬁng
motilith ﬂfr@&d‘lﬁ‘andalﬁ&ﬂtéﬂ@ bE&therdABinSe@%kiEs ﬁs‘ﬁ% an%%?eﬁéoﬁ%\nal.

interval's of each” measurenent. ,
Chem. v 4844 h848nd Imicomteast, Glre lamequelvahlemff ahl'Elec@&ﬁb inetehses

t eadi cre w t.h tine. a t he
sign lﬁﬁ%nﬁllyr?\%tgg? veél %fﬂﬁﬂ %i efrq gr(ﬂg\?@d §W8?75"?n(én de%‘ét %F gicrease in
_ 1mpedaﬂl:‘éa@.ltﬁ§11sa!ét‘ﬂeMtddywﬂUﬂllel%ﬁll eldd@o@NidHeSioR %RE tHeBNtred THaDf the
is consistent with ‘pr evi ous reports lines using

clecirodie AC%ﬁ%m fQriregivern eplstvies (adhergatroatlsls chaneseiseeH nutribers can be

represéiﬁ!—gl W‘g{ﬁéﬁﬂl fh; %&tlﬂﬂﬁﬁ cﬁa}ncé {,Eﬁu‘%r esent invention

e rea conti nuous and
| abeling free neasurenent of cancer cell invasion and
n1 ration activities. | e 7 Conparison in invasion

+ mi gPetsesian of cells an %@ctmé(nn?ﬁsﬁrlngaméaWH 373
[002‘1@’ | sA@Rn8asid oY 8shd&atile v\%e %%&t ﬁéwg@w AEESheli Nwhich

m gration appar at us ctrode structures
containgeaneeléntriontc agh tebipt (Fegum 8); apoleotmmm"ammfmaebmrt oh tmqmmtmleantcmt-

o L8 N 0L BB SRR 50 LS B

only ofi€lektsun@nd i nvasi ve HT1080 cells on ceI I m gration
devi ces (Figu 63 17 June 2005 40(B)) where the
[002d7bct Toe ehlﬁ%ﬁﬂg@w@h different gaemetrignwere fifat tasted o pls drsign 1
I
contaifiEMANRARLe | B i ML bl e dBfigh b 4R URBERS amm in
diametan Tied detdcting@reatis dmfﬂeternebd:rwieén mmdmgdsl MHtﬁ3mllbmﬁtzﬁH&d
Theref ore, when

of the r | gure 23
from ALYV ?fﬁ@é@e%"f ?ne& ahea@h tt‘?ség‘é’PldﬁYlﬁ?S wererissds logg & media and
the oth@} ﬂﬁ HoehS! PR3O on%&feﬁﬂ%&'&%e'@é@ Fgﬂ(}@d with Sibkdheafe Bso

s directly attach ont he el ect e structures,
i/ml) f@ndj h a rsin. teeiferasiire c rfted eodtingeritiet 1O bofdN H‘beEfbdelhsuﬂpenswn

(10,008 B PR B B T a8 GBS o BT B e 5 et
at diffdrén €reqtichcidd Gveréhic@iPed hyE zﬁmEem&dAﬁQFzér eSé 1M IHE UK)

cell nmigration apparatuses 3T3 cell line is a

immedgasely aftaisiepding ¢0) and ¢ h plirsthaaseeding (G30AE &), resistanse had
capacnki\ﬁeergaé%ce vﬁé?@%ﬁﬁlta?f)ét&fggn i éi%{?mesnwf} 4% a cC‘i(;{w liou!t Q‘SE b m 12, a

I nNvasi on an on ac
signifidant indredid inQedistgicatvahies asdiffycent ﬁ@(ﬂimﬂl ey ivd® sd’éhgﬂi el d@Rice with
ays. ot h NIH 3T3. CE| | s (purﬁhased from ATCC? and
cells, »aﬁercfé 88 c anges were seen in the device without cells, indicating cell attaching and

spreading on the electrodes. Both designs showed a similar result (data not shown).
4. Detecting different cell types on the testing devices

[00218]  The device was further tested using four cell types including two primary
human cell types, HUVEC (obtained from ATCC) and primary human hepatocytes (obtained
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cells (purchased from ATCC) were cultivated in DVEM
containing 10%BS. In the mgration experinent, both
cells were trypsinized and counted. The cell

suspensi on was nade. Since m crQporous menbr anes L e 2005

from Seignf ekl dnce ar Diegos bakifosniplandimescelidings. St 84 318 linp agéihe PAE
_ < aui : ol ' migration. ‘
ine (offSeaofit SAAPNR1 PR, DL BRI ATCEY. ‘YRR resistance
was sca@ forpadirdeti typed a0B ool hoarlalfteniegdiaiz] rshappan Aiguses..

Briefly, the m croporous nenbrane and the built-in

menbr ane el ectrode sensor array of the insert were

figst cogligfoeriiap extracellular matrix protein. In

this experinment, both nenbrane electrode sensors and

[0024PL r oPesr eell protifierntion esis westad anghe adting dévigOousiigthe PAE cells. In

e I T AT
continii®@R]yombAieHocEBPrdIivEMionei & aadtdlert REIQ sdddthgl d¥EIkies. Resistance

chanbers where the precoated electrode sensors were
was thepmepayed apylifferenttimeinggrvalgdthoptestoying e cylinieh Axsgslipwn in
P SRRy hORSIn Btk O3afEd s Sl SRR TER o
deviceg|inditatingahcrenseds celbnembeanded dultivalieg dmen &tibdy reddsncen

. t he rane Wi th, conductive adhesjve and th wer .
increaie GHEORHOD ABF 453 4G Mgk S SO MRS Do NP el seeding
densityViiiGatinBeh S QMY %%Hf@ﬂateﬂaﬁ@chbfﬁggﬁxditg ﬁilgﬁkle&lnwgg[glé% Weds®S. This

were covered with bioconpatible sillcone-
was coatitraed e observatipn yndirarlighhhierpgnoge (date s tshown). Sheveeresults

o ed in. L. tinme  wthout. di st,urhi the X
indicaffPRE el dd iL 86 1 bdfBmuS g A8h h N AAGHITy real fime,and no
labelingglreqbiréd for seotp@edsiBsMent.t he cells mgrate across the

menbr ane and attached onto the el ectrode sensors on
the m croporous nmenbrane were fixed with 100% net hanol

96, R e P R, SHRTPEASI i

[00220) asThemuaatitdting capatityomdasehsitivity efSthe HleMbdfoa T3l arhdwsement

and .HT1080.cel | s§. Y axi.s.represents cell L
were (i PR M ch ha il 1 B STRE DS ol auantitation”
SeriallF8AGMH SIH B &lIanete Klde8hehbiQd8g Gdvides ob i ®-2OPRicrotiter plate

structures at different tines of experinent and at the

(Figurg bl rifiemeagizament was doas iafenensmightancubetivns atder e, 5% CO; either

o e BRSPS TSR L S s

from bédyméthodshat vergeamiparabhal £ Uhédrighgntitgedn can beekictdid)Xthe
based on the maximumrati o of the neasured resistance

resistange maeagpsgaent ehibedsvicheligaed thardeviceglisplagied @ senievitydlevel
] ' i I [l with the nunber of
Compa?g%r@%g%vg%@%&n@%é@gﬁ@}% hamber and correl ates
well with cell invasion and migration activities. The

X gxis _repres n|t,s the time intervals of each
medsur eReptedugibifity of the tegting devigs gr ati on activities of

(002l 08Qpe&dueibill§ e tﬂeﬂ@ﬁﬁﬁﬁ&qnashﬁn{eh% thER&tiR); AEAES @4 tested

~activity of thé noninvasive N
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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3T3 cells is weaker than that of the HT1080. (B) G nsa
staining of the mgrated cells on the the el ectrode
sensor arrays on the opposite side of the m croporous
nmembr ane. As icated. in the figure, the color 7 une2005
represgpis, diepigrighion ?féhm‘o%wabﬂ%ﬂ@rc Yhitd I*i@frfef‘teﬁﬁﬁh? Wtation of Havices
plus od §dix¥id 664 teadthl. ORs YRRAERTSESE O e difladddSndoEiUhbnt on the
tal ne rom-t measur enent~ o I npedance
testingxkivmemvebfeepmdmbd)ls withdbwr(@és loath ht® anid ¢4.0Phe G¥scan be further
rane. Unl. t.he tu es described in the
reduceg%é&sg‘gfzmo ng‘flﬁ%asecfeggcg%%dng ®¥ructures detected the
cells mgrated and dropped onto the bottom surface of
the | ower chanber, the apparatus here can detect and
medbur e Méthodsl | nigration once cells migrate across

LCIr o ane; Theref ore his cell
002228 SRR o ROy BT BB el Pifoucre pre-ia
with bhfflar sioo.ﬁioﬁd corﬁﬁlntrige:hﬂiﬁﬂhfraﬂ@nt@ an teekesdmibrage well bontaining
atign mpre directly and rapidly than the

Plastlcaﬂésﬁw}élég fr&@?s*éP. Bjeyrincginethen mseitedininibe plase aelltaf the

measuPBiHnk Ofa el Berisl gﬁ&{ It EC4ns %enﬂ%@ ?(/%ilé, Uecflde
cancer cell invasion and mgration using ce

impedancgs artei noonimp@lhindhefepenteraage baotew tl &Hztand d tMHe s Toehure no

o i i CRRL A TR 551 14 S B o e

electrdﬂ@i"ﬁé%leﬁgar&f)cdlh@dés@n‘%éﬂ'ﬂeﬂw effect of doxycycline on
cancer cell invasion and m gration using cell

Profacefifat ﬁhQWIQWPE esainkie pe thehvdecttond ddviet r ode struct ures
[ onto the m croporous nenbrane of the insert
L E%%{rgdq(:%ahé% the structures shown in Figure 17). (A A
[OOZIZB]TE @¢ltladhesien depentie ate wsehifl dokoie, OF orhilbrdi228n, salilof 50
vasi on and m gration, by doxycycline. (B) Real -ti me
ugml i Vigp asided Heeagh waitia roonh PpFRagiy fast iy ke fojlowed by wash
(0] r o
with ng)ﬁﬁf:%géeftu Olto éig%tﬁg llog g %Ealrt]{ﬁ W@s{hﬁdg% té%h QBit at 37°C for
30 mim; and 6@ bl mi:[) ﬁﬁt@uta«aﬁiehgdd warnadded farrSadimrut eodb telnheddtne to fix

ur.enent i.ndjcated in Fi ur 24 the |
the coff el F T oRBOHEL v BrHIS Ol A oR o 5P SOk 4 Ny B ine for
30 mumt@eon'{ m&nﬁe%érhrerrb BiRkiIROrAPRAEIRLLS wgis@.ﬁfgrm@ AR dsi fEHbAned
23) el ectrode structures fabricated on
agalnfhraﬂmp@; Buesoztedriedersanayf altehetivelydetprevdtiéd. was used to
iheti.cally nonitor drug inhibitory effect on cancer
2 E&W? ahggasi on and m gration. A dose and

[00224)e- St M solofbpivhoidled fid 8F insert aflDHGYAEd H&right at room
gma) on HT10SO cell invasion and njgration was

tmpef(ﬁ@é% HPEnERS PhEecsay TRIlGFeatanEn E&Dh aratarials usgiil & thy assaie
mcludéTPBrl’QQ%{'fd%ll‘ ﬁlatlgﬂﬁrﬁlg&lén]cgs)umn'oﬂe Jna(gﬁér%g) %oﬁl%gel{sqgi gma or BD

el ectr structures were ‘toate
Biosciérichs)omelChinmia(BDRimsdierper dhaieft ovas erghdtbwith PBS| ;vedated

inserts%aymzﬁs?o eV\{:I»rE)Ed c{‘_osphat e buffed

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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saline. HTIO80 cells were trypsinized and a 106

cells/mM suspension was made. In the |ower chanber,

m of culture nedia containing different

concentrations of doxycycline was added. DVSO, t héJune 2005
The deyidewenstingubated ax § 86 SPn€0nas audeth lasnidity ehimshar. Mogratial was

.In. each .insert, 200 .41s, of 0 cell suspension (2
monitg2d BEERIMERS Fishrking RESLiTeR B TERPE et TS, ¢ b
4, D¥@hicghisitivgr € added. An inpedance anal yzer was
automatically and electronically swtched to
IﬂﬂﬁﬁbctD%evaéﬁ%\a@t iregd apelyaedrysereehtofiwase proguasn (125508 &mlot)
: [ - i nvasi on
bund GAHREE PR (260 ThpREGer AMpEbS Rt B oD
absence of doxycycline were nonitored at different
ti ingﬁrvals W t hout disturbing the experinent. The
nigfati CrMYE% (or cell migration index) was
o22ep! atrpd fhibwihe refddRe t LRinfth Ose
CrRunE) Exarrp? v ‘?Eedfag?%%gﬁ%?@%@%%ﬂh on
refefepcqieal tinme 1. The electronic cell chip design

2 Fi il ustrat l.ec ni.c cel.l chi .
1002380Z fpek ] f Uo O aBbE i T B AR G ctpstityfign using
gene eRpretsich wtRatsIRith DN hlicrobir§8. MU@ub® Mbdelife TéNgdePetdmtier,
different geonetries and sizes are centered on the

67-72.91 ass substrate. The size of the glass substrate is |

h d
[0022?]1 Xz.M&I?&Agaﬁi. gﬁh{%ﬁ%ﬁ?&&?ﬁ%&%d% A .%@1]. Iﬁv%lxéegéent of
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el ectrode. Accordingly, for a given cell type

(adherent cells), changes in cell nunbers can be
represented by correspondi ng changes in inpedance

val ues, 3. Detection of cells on electrodes b L7 June 2005
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was then neasured at different tine intervals w thout
destroying the culture. As showmn in Figure 10, a

steady increase in resistance val ues was seen with

cul tivat n% time fromboth devices, indicating |7June2005
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plastic plate (available from BD Bi osci ences) is then
inserted into the plastic well of the neasurenent
cartridge. After cells are | oaded onto the

trans-nenbrane wells, electrode inpedances are 17 June2005
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and spri®adi ncg)nw:cttimn\m@hs Erestablighidg ﬂbcdﬁcal.l:omﬁma;hcaaf)n
Innunologlc N@thg 127 1990 71-77. % 691 41. Lo,
Chun M n, tw %elsﬁ“dl%l Y eqrauciiye trapgband apimnedincRg’

not i on of C@ﬁf}lzbllent cell in tissue culture.
Experinental cell research 204,102-109. [00270] 42.
Lo, Chun Mn, C. R Keese and |I. G aever. 1994. pH

C odi
(STRRRRAG, PR S OB 5y SAMRE By SRR Bl
213¢tBOd codPrlsing:00271] 43. Lo, Chun-Mn, C R Keese,
and |. G aever. 1995. Inpedance analysis of MDCK

cel | s npasurgevidihpe®l ®§ideiatcdiBink 18§ el @t e i npedance
sen3|nqﬂ Bi ophysi cal Jour nal 9: 2800- 2807. 1002721
thha,

44. M palradﬁqra thecglls inweabe upirad chamigrader devike9dnd,
o fach ﬁrﬁgéghe&an‘l &aggf? ?“d‘ | o &l’reg“’eceﬂl"{ apgng the

attach nt an Spreading o

Bi ot echni quesﬂ;ectrbiléﬂéccﬁﬁ4w5ibﬂ a ch@@égiﬁ lmﬁédan&: B&seth oMmong
L., G S SaKI er em n(% and B. Fl egat e.
2001. Whol df %%‘Fth%leé&dHﬁl&ﬁf@ﬁ dhe vasien af, gr migration of cells

Bi ot echnol ogy , E.
Ann. Phys. 19t81°,]f%%m§ f 2pe .?%%.%@5}]04 g‘lr%g J.H

T., M Habi bi - Rezaei, J. Meghrous, C X| ao, and A

TS S RODAEPAGAEE ot 1 TR e s o

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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i npedance sensor. Anal. Chem 73, 1844-1848. 73 17
June 2005 1002761 48. Berg, K, MB. Hansen, S. E
Ni el sen. 1990. A new sensitive bioassay for precise
quantification of interferon activity as measured7i& 2005
the mtochondrial dehydrogenase function in cells

od) | |
13 Weﬁ@dgar V’%hf%ﬁ@t?ié@ aéc%?dm% [Eboél \7;& ! 49v§h§%ﬁ tféé'%fg “}@3’}‘5{‘ cells
etare kihowrl 888 orBasrenedtof reink meakignadnpl exes with
bi ol ogi cal activity. Biochem stry 25:312-8. 1002781
50. Bums, A. R, D. C Walker, E. S. Brown, L. T.
Thurman, and R A Bowden. 1997. Neutrophi
16'r(ameﬁn3d¢t hefteahetbdaabidiy ioSClafif @ ponkiesh 1B miingtitian cells
hj uncti on nd Qccurs preferentlally at Tricellular
CdVﬁ%Wgomiﬁ@EUournal of | nmunol ogy. 2893-2903.
1002791 51. Xiao, C., B. Lachance, O Sunahara, and
J.H T. Luong. 2002. An in-depth analysis of electrlc

lf’; ?Ellne%&gait ' g ﬂlém&g%ﬁ&edu’?%@%ln 0 § FI Slf;]er%lé tlileseellmldde one

attac t and spreadi
Chee mord Aicrd3i3Anitdis9. 100280] The above exanples are
included for illustrative purposes only and are not

intended to limt the scope of the invention. Many
variations to those descri bed above are possible.

18 (AsendEasli T igRldeoRs a@éb‘?dlﬁg'id el s weioseﬁggﬂekfﬁmpnse

descri bed above w | pparent ‘'to t
t momwde pmlwstwnﬁmOémdwnahapolyhnsl ¢hinrate; palpedte and
d onk% the scope of the appended claims. 74
AVERDED CLAI MBS What is clained is: 1.
(orlglnal). A device for nmonitoring the mgration or
i nvasi on of a biological particle such as a cel

i ch Vi ce conpri ses: an upper chanber adapted to
% ’\‘Fgﬁhnd Thedsyige éCC@&PPg &hﬁiﬁlﬂ“@ % whyrer the Riscompatitier

C YRIus Shdhrate R Athickis ﬁlat%f%t:ﬁ E%ﬁron@% 56 ni@ons.

bi"oconpati bl e porous nenbrane having a porosity
sufficient to allowcells to mgrate therethrough,
wherei n said nenbrane is disposed in the device so as

h
20 TR RRRIP, e P GrcaRPn O Bl 1 PR AR B P PR b us
MpERSuS Aenkt@Ai® dosnpiRBS &déast 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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between the mgrating cells and one or nore el ectrodes
of said |ower chanber, and wherein fiirther said
contact provides a detectable change in inpedance

bet ween or anong the el ectrodes. 75 17 June 2005 172une 2005
(amended): The device according to Caim1, wherein

2i N@nRh&&h T 0dR SeRLe fHHnRes®th Qbcthibg iRpbdate, stuidtace, &f
the | ower chanmber. 3. (anended): The device according

t ocagpeitant@of ardlysubsirate mtéréamer compaivtig twieans naore blsctrodns

S ea Suftfici or.. at n f a groupin

ot ebffe b e Hd BBort o B b ARBTRS nad oo el 4PISH one
1-pdde, wifbreid 4id d&0i0e BAs sudfdQe ftbIcIP cell A1@RBmerdO}-crowth.
1, 000, 1, 000-3,000, 3,000-6, 000, 6,000-10,000 anf

1000- 10000 cells. 4. (anended): The devi ce according

to Caim?2, wherein the electrodes cover at |east 5%

28¢(amgadasdt t ohhesdevicssecardiag toflaimad, slieicinsradbiesompatible
{ RO corkpffsedlse SRR ARG, | Rich HidRide o URLSH, Bug or

t haorelplasns, ob ond anaocta)ymere devi ce according to
Caim1, further conprising an inpedance analyzer in
el ectrical communication with the at |east two

el ectrodes. 7. (anended): The device according to

26] @h@hded)WheriRl vRBiabeRiing @R akin5e whERI:P4sd BRIBEIEble
conprjses glass, sapphire, silicon, silicon dioxide on
si merabiiane epmprises pelyimwecrdtaghamate, ogpolyestasnded) : The
devi ce according to Claim?7, wherein the bioconpatible
porous nenbrane has a thickness between 2 m crons and

00 m ¢rons....76, 17 June, 2005 . 9. .(anended): .The device

27 AR ol 2OSHBRES i B e TS R

MefBhBRAke fsUrdi @bout QMictsH8 $o AP 800 RBcrbRY. Pronoting the
attachnent of one or nore cells thereto. 10.

(anmended): The device according to Caim1, further
conprising a) electrically conductive traces extending

z?.r(%%n@éa LT iRl RO1E LCR)ding PYFHRALGAL LRBreW Lkl biB@c?rnO}?attible
east t el 'ectrodes; ang: connécti on neans
e sheabbraghagpridee @ toatial thaabhows tleadtiachmertetf \oee or inbee cells.

electrically conductive traces and an i npedance

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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anal yzer. 11. (anmended): A nethod for nonitoring the
mgration or invasion of a cell, the nethod

conprising: a) providing a device according to Caim

1; b) introducing the cells into the upper chanbar jafe 2005
the device; and, c) determ ning whether a change in
31.NpRdanEs: DETMRRRI@RhcdiTRng tb 0%aimel 4L GhERELSI P&AUSE one pore
whi ch a change in i npedance between or anong the

elhse adiecien o less dhasiatbioviel Blictehe i nvasi on of, or

mgration of cells into or through, the bioconpatible
porous nenbrane. 12. (anmended): The nethod according

{11, further compri si the step of
32 Tl g Tl s e e e ol hu Rl gt pre pore
Mgk atdiafetérahitiRrhivnele paghdpebes mpdratifieordavist® cellJised in the
(anmended) :. The nethod according to Claim1l1l, further

c dRsRsIEn g gleeteal dmppdasee, rpsistansgyen gagacitaneronlia esll/substrate
_sqﬁﬁggg (g%ﬂ_ ~of cell mgration to the upper
cha efgg¥ gkﬁggéce. 14. (anmended): The net hod

according to Caim1ll, wherein the cells are
manmal i an cells. 77 17 June 2005 15. (anended): The

3 wetinotledy:c oridienigvics abloadify 14 Claene ivierteliesatteldi® bha fore has
ce“{s are_known to be or s;gfected of bei ng
el JigyRelRt of besweqnabaRbmjcromard ahauk 8 MHETEBY-di ng t 0
Claim14, wherein the nmanmalian cells are neurona
cells. 17. (amended): The nmethod according to O aim

S S AERRN I T —

M Croor gani sns.
Clehdctrodes ovhrgprisé goldhsilved) Ipyatiniusm, CRrdRTi s ealuddiu, opgsr, indium
pol ystyrene, pol ycarbonate, polyvinyl chloride,
p&n¢€§%éﬁf§nﬂr“%%wybthylene or urea resin. 19.
(anmended): The device according to Caim8, wherein
t he bi oconpati bl e porous nenbrane has a thickness
between 5 mcrons and 50 microns. 20. (anmended): The

3 éwmended)s c orldielgvice agioading to Clakre 24 wherkia spiddu onpataiblle

por&Hf nenbrqge comprl ses . at. | east e .hol e having a
Nisl rane has. a thickiiess betwesn
di anetr &y %et WeBH aBoutt ef 5nicrons and %]mlcrons.

36. (amended):  The device according to Claim 24, wherein at least two of said two

or more electrodes have substantially the same surface area.

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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m cron and about 25 microns. 21. (anended): The device
according to Claiml, wherein the electrodes are

di sposed on the bottom surface of the nenbrane. 22.
(amended): The device according to Caim 21, wherl€ilane 2005
the bi oconpati bl e porous nenbrane further conprises a
40 ayenddd).epi THealevitk 20¢or@inded W8liindd 7, Gékletn B8 gap BetwéRREr
side of the nmenbrane. 23. éanended): The device =
acHgrn glemsniinpevecn giowf dinHcions aid ehauf SR axcreBm iy Wisih.
gold, silver, platinum chrom um alum num copper
indiumtin oxide, or titanium 78 17 June 2005 24.

4( damaoed).:: A'ldalevce atcording &s Glding 7e wbeteir thalgap between

i npedance, resi.stance, .or pacitance of a .
TR Sieriar it hituprLet BERaPAGBes Bresibe aidth ofcenls
ehred frofle sneabidipl StRdl BpRfces tdRtALe drkhpcamatjhl e
menbrane that conprises at |east one pore, wherein

s gicll/salesfiateainigsiice surface suitable for cell attachnent
or growth. 25. (anended): The device according to
Claim 24, wherein said bioconpatible nenbrane
4z.qapenddd gl AssSdeviaprebirding t8iG1AGORT, viictdif it diO3T @8 gap
sili,con, one or. nore plastics, or one or nore

o oY o ahe electrds ekt widyran s frere bt dr-dorig abestds . m
25, wherein said bioconpatible nenbrane conprises
pol yi m de, pol ycarbonate, or polyester. 27. (anended):
4Pheurdedede AddeciedicngedondiGh & Gladd 36witested in 4 fleid container.

t hi ckness of said nenbrane is fromabout 2 mcrons to
about 500 m crons. 28. (anended): The device according
440(atenlldd)25 THotIRVRE Becodiflg i ORAATB! fibther cosHMANG
conprises a coating that allows the attachnent "of one
orimpggagce anglyzer commecied tethgatileasttive elstrpdes. according to
Claim 28, wherein said coating conprises an

extracel lular matrix conponent. 30. (anended): The
ddefanadat)c orftherigvice aédoading RAClanh@n eiwhersial th 8k ptefasde of a
one pore has a dianeter that does not permt the

p&8ediyding polutpn, ¢he attaghmantqs detrabiasntioh gne et mere gedlapn the

i mdﬁmeﬁl&%héba%gh 1Rk aﬂ%&@%ﬂvﬁ @{éﬁﬁo&é@ aft fabricafed can be

cell/substrate intertace roug e pore.
2@@%cted by a change in impedance using the device.

46. (amended):  The device according to Claim 45, wherein the exposed surface
arca of the side of the biocompatible membrane on which said electrodes are

fabricated comprises an approximately uniform distribution 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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31. (anended): The device according to Caim 24,
wherein said at | east one pore has a dianeter of |ess
than about | mcron. 32. (amended): The device
according to Claim24, wherein said at |east one PaL& 2005
has a dianeter that permts the passage of a mgrating
O (dnrasdy e AR devieedcdrBinkhs CLARAEL WHRRIELES td §8hore
|nrpedance resi stance, or capacitance o%
cefléctrodiseanarise at hﬁ@rf@ao?éeqtﬂ@dough the pore. 33.
(amended): The device according to Caim 24, wherein
said | east one pore has a dianeter of betvveen about 1
50 piesnded)d  aftRudevidh aBidii@RSe ChAm 49ammBRarthe aflgstdsyi ce
according to Caim 24, wherein said two or nore
el eqtiogereare amaRgerdl ap legtrods stipsture W@t ofrtwmor amreni um

al |
£ e ARARIe s Nt i R85 o CoonBlril leBiade spugorg
24nieMECER R eae’-h mf ohiole oorppitiseb laeleastewb ekogod®s a

t hi ckness between 5 microns and 50 m crons. 36.
(anmended): The device according to Caim 24, wherein

At (dneAdéd)t WA @évis@bdinthe Bk JERELLCRGR rSQdQﬁerQ% sg
substantially the sanme surface area. . (anende

rbéowmnabblea@mbranmg reeradblyi omieyersibly raEtmheti hea alrud:tmaslhat

st anti
Pl LANE o Db BN SHEARY Mt At B pheguia
camﬁtagmseddnmmse%smglarrmmmﬂbCESmrﬁwé ghitaccording to
Claim 36, wherein the at |least two el ectrodes have

circle-on-line, di armnd on-1li ne, castellated or

sgib 3 Pn lto RO MR Cieo Vﬁi?n Q@rqq m@@&f&eﬁ) Cch of said
elpétuahuydﬁfsswlstcﬂrfbm adnnanherzahan cmmm.est o salgtuIDRPHOr CCES, the
mcrons. 80 17 Ju 005 . 40. nded) ;.. The devi ce
B syt Grap hsaid OneAidE Of At O B eHiBEROrans on which
elepetrb@sie a! RBBBASd 'c‘érr%%%&e en @Bﬁiﬁmg’tem Ghi#dken <'i'llﬂs‘iinbutlon of
about 80 microns in (anmended): The device

actstradespricleepds eeBIntswher ei n the gap betvveen
el ectrode elenments i s between about 0.2 tines and
about 6 tines the width of cells wused in the

Ser@sichdiy): ellecdysienlfor AGRBASE, clé@Gtt BMSR@and] resistance, or
capacitance_of a cell/substrate interface. 42.

( SARITHERPE: off eceiiétpbeteaty dalsFiarh Gompriging; the Itevioghed Elaim s2,
t hgiRt binHisidd' @I FRpedance analyzer connected 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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width to the electrode structure width ranges from

about 1 : 20 to about 1 : 1. 43. (anended): The

devi ce according to Claim36 situated in a fluid
container. 44. (anended): The device accordi ng tX¥ June 2003
G aim43, further conprising an inpedance anal yzer
connected to the at | east two el ectrodes. 45.

§anended): The devjce according to C aim44, wherein,
Tn(ampndedes ehlece device acserfdgttp nfladwl §6i orhereinesaid membrane

at t f1. 0 : .cells on the

o1 TR RErh e A AR Pl iaPBf Bug e

el ectrodes are fabricated can be detected by a change

in i dance_using the device. 46. (apended): The
éc?;\(ﬁ‘%r%%s Cor engielglse dcﬁP‘Eﬂ‘%,tomﬁgf@i A+ AECES owé membrane
SUWonifrRes @l 89erObf btheBhidsr @hddihgiaPicQle . i " sai
menbrane on a%ichhgaid eI%ctrode? §re %Pg%kﬁggfégum of said
conpnpeee an approxi mately uniformdistribution of

el ectrode el enments. 47. (anended): The devi ces

according to Claim46, wherein said el ectrodes are

. einidnided)ed Theededite | Ra61di0% oflatie 58X pAsREn Sdafd af8nbrane
area of the side of the bioconpatible nenbrane on
WHROBIPTISGioatdgasb prechipBglasular eodtiagor extreqslulps magrisreerdeeiient on
The ' - agkpg o Caim47, wherein said
epe%?@%%§§§§?g£9 1'S r?khted over at |east 90% of the
exposed surface area of the side of the bioconpatiblc

rane,.on ich.two or,. nore_el ectrodes. are L
@gg%??e&_ﬁ?@d. i %rl%elﬂ%éméﬁt%w_ Glgim (5t§né‘g@'§6‘) thergfyicgeigiused to
aCQydihB tnipPatioh air ThedkivetBar & SheS& FhotdVBelfy Qe said layer of
el ectrodes conprise at |east four electrodes. 50.

( withelead eell phendpshslind celéscanddihadower ciaaiber 40mpuibesratilenst one

[ | des.. d i
telrlg)gﬁvﬁagégg E@éwﬁ Pu{nodi?lgge?tgé %'ggrsaflaﬁ)%léfr{vhgl?%%ss of'sd one or more

ructure
| el cirghtt ddagd oAb eeniad S$uspédied ®f UinbdGafid rferation or
concentric el ectrode structure wunits (CCES), each of

whitesveBess of said opg oy waracellyn el ect rodes. 51.

(anmended): A device conprising the device of Caimb50,
wherein said bioconpatible nmenbrane is reversibly or

6ilr aeneadeld)bl yThatdeaseescirding totClath B8e whbmin ther devicdes wsed to

lural ity .of isolated.fluid containers ch that at
P S5’ e GFatioh & ety oSS REc e o ath S B s ager of
| [2pPhélfal CEHEST Shddilsdlidl Belliirld: the ZppéradRRRA bomfi&s 9& YdaSCone

according to Claim51, wherein, Foy each of said
plcamapiad kigtwn wonadwatefthe indgreden af mvasvertess otwn pisesmore

ST S P Bpe Smpoh D CounBARRERE MSRER e hilge o

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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el ectrodes are fabricated conprises an approxi mately

uni formdistribution of electrodes or el ectrode

el enents. 53. (anended): A system for neasuring

el ectrical inpedance, resistance, or capacitancq7gfine200s
cell/substrate interface conprising the device of

64 @nfBnadd): el RB%ics PRb IR do 015 HPES ANARr AN AN T Shembrane
connected to the at |east four electrodes, 54.

( @oumpdiech)at 1qastonkenibsanex ot piomptesocell] adhentaBon edpwienside of

tg% qgwk&enseparates an upper chanber froma | ower
chafber of "f'he fluid container. 55, (anmended) : The

devi ce according to Claimb54, wherein the at |east two
el ectrqodes are fabricated on the upper side of said

OretiBicafed): selhe dpvpricgrordinge teeviala abcahereiy seisl anemnbrane
5 R i . ' f
 SomHRES Iy, bmbRETr f0pR%% Sxl13hyBr RbBRPLShpdhent on
( dhewpted yide Shisidlmenbearmccor di ng to C ai m 55, wherein
said menbrane conprises a layer of Caco-2 cells on
the upper side of said nenbrane. 58, (anended): The
68einfeRd@NC OrmthieNdetife @cdbidim2d to WIRRRT &2, S dihdrelfE Nl brane
conprises a layer of epithelia] or endothelial cells
orFommEsespp ARy afecritheliali of envothpliahecllson thampperesle of said
TQE]H@%ﬁée according to Caim55, wherein said
menbr ane conprises at | east one bionol ecul ar coating
or extracellular matrix conmponent on the upper side
of saigﬂfenbrane._GO. (amended): The device, according

)58 Thelevice reeqrdingdgiCdaim 62, xhereingaidydeyige is yged to

5/ olapyen
m ' O ' e cells through
oS ORI AR KERASR b Bmbe ARED EFL1S LT 01

and the | ower chanber conprises at |east one conpound

nown to, nodyl afe.the mgrati .0r i nvasiyvene of
o§ PRI, M bvicsereaie i Cluee? GHEEBmpGuRper chamber
susRpab@d aof lefRdohat dddghbdule RhOr@t !oorimgfu_laté MRS IMERASS or

of said one or nore cells. 61. (anended): The device
adEpiaenRys t llai a1 38 leagh eneicamphundi svipsetefl ofumedulpigng the

a : 1.QL:al i [ nvasi veness of one or nore
cé@%éh%ﬂggg%ﬁ&g%#%g?g%%%‘of epithelial cell or
endothelial cells and the upper chanber conprises at

| east one conpound known to nodul ate the m gration or
69.(](@5@{1&@‘).'65 Jdhgfdeyice pogprding tonglaam 67, wherein said upper 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.

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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cells or at |east one conmpound suspected of nodul ating
the mgration or invasiveness of said one or nore

cells. 62. (amended): The device according to Caim

54, wherein said at |least two electrodes are ]7me2mﬁ
fabricated on the | ower side of said nenbrane.

fampndaddy TRE HpNhes BF Q%agﬁ bRcfHA %[@féianw %ﬁktgnce or
said at Ieast one pore has a |aneter of

ab@u@m&mm clr astl/sabgirabmtrtr {26 cmnpmang the8RvicE of lﬁh\ﬁmZﬁZD Svherein

anende The devi ce accordi.n
ooy SRRBREREE anE Ry R el Bihefing srsatare
t haht @nBtesve of moadheRl et providilonRharSh&§ oPlell $AbGtion
menbhrane. 65. (anended): The device according to C aim
6 2nitiad & feversivly orcmsyenibly @thed oessesend plattthgmeovides tube

bi onen
s?rrﬁth e&%% r‘c}\glﬁ% gﬂ&r%égﬁgééngggélgﬁi e@"e%(g? mﬁﬁsﬁélh 51t C&Clll cell

Thangdaimnamltawrxmndesmgsinglg ODEBmr GLESMer ei n sai d

menbrane conprises a |ayer of epithelial or

endot helial cells on the upper side of said nenbrane.

AT anfedaBhdeddie IRGiralY 68 @REOtH IS @30k %aid electrode

mhereln said device is used to assay the mgration or

i rpjasiuyesTeaysis of thenlewer sidepbsapkbiosomB8ibld mmmbrhad) : The

devi ce according to Caim67, wherein said | oner

chanber conprises at |east one conpound known to

0 etied)t NeTHE G fuirdtON adkordinBV RS ICIARESS, HFhebsh ! S%ld Qlectrode

at | east one conmpound suspected of nDduiatlng t he

i UG OHTATS Ph issinpentde olbRidkippempaible membriged) : The

devi ce according to Claim&67, wherein said upper

chanber conprises at | east one conpound known to

Fsotmieatied)t hel'lri appatat racosrdingrte d3bine ABswhatincald Bioc@fpatible

at | east one conpound su of nndulatlng t he
HREEETEn ARG JOIbes! GRced) Cells 78, theaihgiodyle ah said
apedodipasbleQheriBiasd!r i ng el ectrical inpedance,
resi stance, or capacitance of a cell/substrate
i nterface, conprising a plate that conprises two or

e | l.s, qat Ieas ses the device
a3 s Thxrop@blyeifrting 0 nt EvhEED aiChiofamdione
| Hh@nbiRReconapibel 9B er ﬁh%ﬂb@hﬂ or chdothalie ﬁglq?éjc)m thENSper side of

apparatus according to m 70, wherein the two or
mSid 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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el ectrodes are on the | ower side of the nenbrane. 72.

(anmended): The apparatus according to Caim 70,

wherein the two or nore electrodes are on the upper

side of the nenbrane. 84 17 June 2005 73. (anendeQlue 2005

An apparatus for neasuring electrical inpedance,

r g, ; [ ./ I .t

e R ARG B Y SHEPLLRUFIE!GER % the

bivetlomp shd hte foremb l@mer dhembevadshe inseid fornrsraavgipst EHaynber of

attached to,a first plate that conprises two or nore

\Mﬁﬁe'W$%W”%P' tﬁ@1P§MBr chanbers of cell mgration

units and is reversibly or irreversibly attached to a

second plate that provides tube structures that
ged)ppdhecapamisbissacsprding fo flama?s.onherpint sid stifdast two

gy
sy RS bl 8.0 S O PG

_Qaim73, wherein said electrode structure array is
wer_.side of said bioconpatible nenbrane. 75

n the.l : . .
Sgaﬁ?ﬁwa@ L TiNe AppRFus arsoringo iy (i & cpBgrain7sgid at least one
WhRFERA aShifet8! STALSARG abuf VREiMLR, array is on the
upper side of said bioconpatible nenbrane. 76.

(amended): The apparatus according to Caim?75,

er ej i d.hi oconpat i bl e. r.ane, c rises a |layer.
S8t Cliehos i oBERARR e chufine TERAARDFo. S5 em SaR Bloecifiivte
bi aaefpaht deenpiBedraalger of. CaeNBNEEE) on The BRRATARIUST said
according to daim?75, wherein said bioconpatible
nentipeomapatiBlegneabiane, | ayer of epithelial or
endothelial cells on the upper side of said
bi oconpati bl e nenbrane. 78. (anmended): An appar atus
82 or(anendad)i Mhe edppatattisc adcotdifne dantlaim rss iviioatia esaid nembrane

capaci tance of a cell|/substrate jnterface, conprising: .
. EPIPHISES, £ dayen of e@&hﬂﬁf%sﬂlﬁa@e@ R A
an Hidsemigatibleaerthht@he fits said plate, wherein said
insert tray conprises one or nore insert chanbers,

each of which conprises: i) fluid inperneable walls;

SHt >, B D R A e

comprises at least one biomolecular coating or extracellular matrix component on

the upper side of said biocompatible membrane.,

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

86



17 June 2005 further wherein each insert chanber fits
into a well of said plate such that the wells of the
plate forma | ower chanber and the insert forms an

upper chanber of a cell invasion/mgration unit.;749ne 2005
(anended) The apparatus according to Caim 78,

\ng [ t bg.i.c

o e e %] o Spmpal SRpREk A" RhahE Mk A ion or
( ameargiaxipss oflvec apparadalls. according to Caim 79,

wherein said at | east one pore has a dianeter of |ess
than about 1 mcron. 81. (anended): The apparatus

S CnEided): t OTKd appghrafSs a&%@dhﬁ% n;os@l'aﬁln b?SOQ’&H@éﬁ'tﬁé Gt least two

menbrane conprises a |ayer Caco-2 cells on the
uppedirodegiare dibricated ontihe site bf ecidrbivispmpatiblgmembrane.
(anmended): The apparatus according to Caim 79,

wherein said nenbrane conprises a |ayer of epithelial

{5, (annahalbdie| | Fihe &;qiai‘zﬁuwﬁlcd:»hﬁnglm@@lalﬁi de, oheied 6hid at least one
bi ocoppat éble mepbr ane. (amended): The appar at us
adeBe ipgeler gf Rty een W@F bimicren jand ke 24 meicrons.
conprises at | east one bionol ecul ar coating or

extracel lular matrix conponent on the upper side of
&alandsdodlonplte bpreraresriocamding 84. Claanestedhereifingaid membrane

appar at us cordin 0 m 82, wh n.sai d _devi ce
RRR R s JEER A Mhsleles AL Poaiss ol b S G pR L T S of
omannﬁangﬁ&ks through said | ayer of epithelial or

endothelial cells and said | ower chanber conprises at
Ieast one conpound known to nndulate t he nigration or

es f 0 r_at ast
ga?r?énﬁgdgu - Zl“hg:u 5%)%} ques X g(g %m | n q %q: A ralin afE\“g rp‘uapbrane
i mmagmmeznz&sl&soéneslabﬂhotmﬁlaﬂbo amg ear eetrd@luBb matr@ediagdhknt on

Tés ﬁf tug according to Claim82, wherein said
¥ BRPS SIGOLHAIC PETERYRy the migration or invasiveness

of one or nore cells through said | ayer of epithelial
or endothelial cells and said upper chanber conprises
9§t (ameaded }on elhecapmpotird akqwﬂ/ing tto (ool 86, evhdreinniadd ahéndbrane

|nvaS|v ness r, I 86 17 June 2Q05
B IR o R SErieTeL Spbt et poper S0 of said
magethhihddg the mgration or invasiveness of one or
nore cells. 86. (anended): The apparatus according to

Claim 78, wherein the at |east two
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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el ectrodes are fabricated on the | ower side of said

bi oconpati bl e nenbrane. 87. (anmended): The apparatus
according to Cl aim 86, wherein said at |east one pore
has a di aneter of between about 1 m cron and aboyt ;2R 2005
m crons. 88. (amended): The apparatus according to

' . Whg.el [ r - [ .east ...

S Enthidy: [ 18e 3 8nS8 oL B BNt LSRR SBhpHERS addine o
sikdewafor sapeattaemodalngr @9%ell( mngraiad pr cdlhdnappar @t hs lower
ac orgi gg %}8 Cl ai m 86, wherein said nenbrane
c&ﬁﬁ? T8 sg PRYEWMSone bi onol ecul ar coating or
extracel lular matrix conponent on the upper side of

said nenbrane. 90. (anended): The apparatus according
96 ol atieadled) 86, Thatraetbpd asenrdinggaiitlame 93¢ 6rihelr sewmpesingyedding a

of, Lthelial.ar endothel.ial, cells on the. upper. sid
ofn8h 7 Sy mBAGHo Bt Bl R o0eE Sl 1 SAE upper
achanbérng shid appats.86, wherein said device is used to
assay the mgration or invasiveness of one or nore
cells. . 92. (anmended): The apparatus according to
P Qe T oh e R iop R TRALOE RoBbrisine

i nvasi agnes proidioghkh sppavatuadt ¢tleast73pne conmpound
suspected of . nodul ating the 1 gration or invasiveness
of col L. OBl ETET bt RSP HG o S GHPEBR P AETGe) |

M graticpn OlinduéAfk OF. cHMBP bSiinGedarRe BERXEST BY Aldng the
apparatus of claim53; h) placing cells in the upper
chanber of skcHodgspameniter migratiprc)r invasianaafisaid cgllshange
of i npedance between or anong the electrodes to

nonitor mgration or invasion of said cells. 87 17

93 uameR@d): The meh&hdemyding he ORihod, Acter dbmpridife adding a
Claim93, further caonprising adding a known or

s FEPEE 1% FusRsstdapgfulaor of|qell ppratianopr sl éwfapion fo db¢ dewer

t QnidiSerlo2WGY 4 lgg}g[qﬁer of said apparatus. 95.
(anmended) : Thg nmet hod according to Claim 93, further

conprising adding a known or suspected nodul at or of

ell mgration or,cell invasi to_sald upper .cha r
ofeingMey S 18 s SEaccor e T Lyt a8 nbirEh b Bprisot 2dding o
NRAGWA o REspeelell MbAIAbF 81 cOll nkiBM&Sh AR cefl ONPAsicH RDsaid upper

chamber of said apparatus.

)

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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a) providing an apparatus of claim 73; b) placing
cells in the upper chanber of said apparatus ; and c)
nmonitoring a change of inpedance between or anong the
el ectrodes to nonitor migration or invasion of sakd,n. 2005
cells. 97. (amended): The nmethod according to C aim
| .
28GR SRRl Aa RS, Claidt IR Py ler SRS pccine «
I dwewn @haspetedimotdalathraffpeilahigsatid8or (dikndad) ‘to Ba@ upper
d% ac ordlng to Caim96, further conprising

PRGeLT SRIFARR ‘GM3suspect ed nmodul ator of cell
m gration or cell invasion to said upper chanber of
sai d apparatus. 99. (amended): A nmethod for nonitoring
1@@! (amendeddt i An apparkiey afot omonioimprdedli mggratiar) opripvasdinngvhich

grp%ﬁat us 1(S)f claim78; b) placing cells in the
upaé’g ABBF*St - sai d apparatus ; and c) nonitoring a
change ®f | mpagpaCcAahBENREBlainganRATinke m@b&@bémd&sceus
to nonitor mgration or invasion of said cells. 10
(anended) : THEPSRIEE IS BCIAE dYEWEIRG Of BrvErisg, ﬁmdglppﬁmhaﬁ@pr
conpri si ng r suspected nodul at or of
cell nlgrat?%ﬁm%%nggp%ﬁ?ﬁ@églon to the | ower chanber
of sai d)apparlaweaschagbed Fondprivén2@08ectiddt; (anended) :
The nmethod according to Caim99, further conprising

addi ng @ knawpvlgherstiapBahe comprikih@inltiphé haled of a suitable size
mgration or cell |nvaS| on to said upper chanber of

sai d appar atdeWingppid migrgingaynvaayessihniogasraugh, said
noni tori ng
%éﬂlbtgheg&ﬁﬁlbagd R satdW, d%r%k %E]ha r(r)bwe% E]?a(r)?b aC| ng

apparatus conprises: . an up
m grati ng orseparstas saal umiet ghamibec ehd Bwes uhqmbnrérbnoéach other,
being mgrating or invasive, said upper chanber

covharéisi sagd amigmtimgt modle\zashr)a ecllsommive Chegughr sﬁi@mﬁﬂé§ ol said
an el ectrode; m%rrbr ane coppri si

miP PR R r%srealfltsams% Phage of s frppedageq BeiPisEn séiflFlectrodes in

MisgidalppBPaRy loweY 8RdniSer 84t ciin 1@ &4 E(ﬁﬁl@Hﬂ&- mggﬁétﬁ)n or invasion
menbr ane connected to said upper and | ower

ard said cells.

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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separating said upper chanber and | ower chanber from
each other, wherein said mgrating or invasive cells
nove through said holes of said nenbrane which
results in a change of inpedance between said 17 June 2005
el ectrodes in said upper and | ower chanber that can

. i . . vashen sai d
02 {ERAH: "R AR hie B CIBNEIDR b igE B electrodets
Clhabs mshaR;, seldeerdeiom thegloopeondhmghdra rebtasgle, Deitdl@m circle on
surface ?rga sufficient, for attachnment of about 1-10,
107 reqtgpeulargine agd g siygeideliéne. 100 - 1000, 700- 1, 000,
1, 000- 3, 000, 3, 000-6, 000, 6,000-10,000 or 1000-10000
cells. 104. (anended): The apparatus according to

i . rej 0 - t

SRSy IR S0P B R R (bl 0% (P H i potymer
c hagrhlenane d@bpriseamentdde holedhea sympasiad. us according to
Claim 102, wherein the electrode(s) in the |ower
chanber is or are on the side of the |ower chanber.
1008 amkpd@nderhe: agfieataPRAEAIMS BF QUhid] N@2! Quierdh Mhd Ofolymer
wherein the el ectrode(s) conprises an el ectrode array
hanemrang canepises mudtinde beles obidiffereatsipess. 89 17 June
2005 107. (amended): The apparatus according to Caim
106, wherein the el ectrode(s) has a shape sel ected

fromth r consisting.of arectangle, a circle, .a
11D Gl R SBPARE parr RS SImLTEY kit 19y ffeshamber
1@8mptissranged)latod becelinniAldhor agagiofdl Ng to Caim 102,
wherein the polynmer nenbrane conprises nultiple holes

of a sane size. 109. (anended): The apparatus

according to Claim 102, wherein the polymer nenbrane

18 bripmiendasl) milheiapparatis lreeording do Claimel2, wheres the LPper chamber
( ). tus according to Caim 102,

\/\/?1C Fe)r?l gﬁggt%%g(ﬂga\/\tgg&g%ar%lglra%ogooﬁﬁ?\fag'é’g' a nodul at or of

cell mgration or invasion. 111. (anended): The
apparatus according to Claim 102, wherein_ the upper

(¥ dapendedyo bRy s Aeudiag o CHImAAR) Wik uthasomprises an
| BVAS]9Re (amended): The apparatus according to

Claim 102, I ch further conprises an inpedance

anal yzer. 113. (anended): A nethod for nonitoring cel

m gration or invasion, which nethod conprises:

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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a) providing an apparatus of claim 102; b) placing
mgrating or invasive cells or cells suspected of

being mgrating or invasive on the upper chanber for
said apparatus and allowing said cells to nove fiI7Qahe 2005
sai d upper chanber into said |ower chanber via said

N3l @eAliedal ThLYER bcdBBMRE 38 €1aiRANd 3¢ WhBRM fherck iBration or
change of ‘i npedance between or anong the el ectrocf

t dnvasidn wrlnﬁmlg:rrad o theopresanga sind rabsﬁncs a>rf G s ¢f8np(m114 and the

( d net hod rdi
¢ PEEHOE R goed 6 R vBRORE Ml % SopPly L Pttt Rl Eigbon oo
|nh0asid3ﬁ)ﬂtﬂy\eaflls_charrber is nonitored based on the
noni t ored i npedance, 90 17 June 2005 1 15. (anended):
The method according to Caim 113, wherein the cell

g or . n i
Ry © S AR e RarRE ) RREA 15 b S E B B a0 or
demeasmms stinetifted bsai dligresdm oofrpasing stipaildtat @&l the method is

mgrati on o nvasi on the cells (anmended) :
THECR I s PO 4 i eanis,gf P i el |
mgration or invasion is stinulated by a mgrati on or

i nvasion stinmulator and the nmethod is used to screen
ki elameadeddo rihwitsdicr of Clasmaidt a@mirsﬁhe obres aif gaid biocompatible

f d
e ik fhave r S BTBICR by OB SRR nemor ane have

a di anmeter of | ess than about 3 m crons. 118.
l1&nfameedid): The ddeick o€ CtlimQ 18] frthérconfiptisinpein i@gepsicei ng
an |]&Eedance anal yzer. 119. (anended): A nethod of
‘?ng the integrity of a cell nonol ayer,
conprising: culturing cells in the upper chanber of

1t beatRMics: A nftRldBf Hdsurdiidhe It P b A8ell BBnbia n%@rg rit y

of the cell nonolayer in said at 1east one cha
MSAMPSEINEY t he i npedance bet ween sai d el ectrodes
fabricated on said nenbrane using said i npedance

anal yz %ﬁlturi%&'lls g@fﬂémﬁgggr)c 31-1[13 & JEhY 8&19&(&%&1& %1 § and

Claim119, erein sa are |1 ntes
epi t helmeditodeg the: integfity (fahecdidpnoldyee immedit adieat oo didhgber

to Caiim 120, wher aid. cells are Cac
by mon(?tormg ?he 1mpe§ance between sz%d electrogcs 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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cells. 122. (amended): A system for neasuring

el ectrical inpedance, resistance, or capacitance of
cell/substrate interface, conprising: a) the apparatus

of Aaim73; b) an inpedance anal yzer; 91 17 Jung june 2005
2005 «¢) interface el ectronics conprising el ectronic

sw t cheg g&f%ﬁ@éle@t%ﬁsvﬂ &gﬁx ﬁ‘%‘t tﬁc%nic%ﬁféﬂ%@ coPtrol and

analyzer to er ent ect ructure unit
sai d appar atargtchk2@. at (rapeiadedinal yrhetosdiferem eiemimddlsnrgcture
to Caim122 furthgr co%§r|3|ng software that can

enabl e real YOI VHA2APEMIN or nonitoring of

i npedance between the electrodes or el ectrode

123 r(hebadedy OfheSHb@madtRaidaidts Cldiad i 24, Fnreid @6hpridiig software
system of claim 123, wherein said softmare has at

| é&%ttcaa gBakle real HEempapwRINER! runRTiosiAg of Rpedaner heswEdnige
e'&féu%ﬁéﬁ&éé@n%ﬁ@?t%r{ﬂo NEGatAe sai d inpedance

analyzer to one o tiple e trode structure units
of the pr esent apparatuses ~(b) controlling inpedance

ze neasu t of edance et ween or
o legl DSR2t WBRELTO Aot B o Leest one of
f rige BRRWIRS funcliés: proceSS|ng t he acquired i npedance
data to derive approprlate bi ol ogi cal ly rel evant

paraneters (e.g., cell nunber |ndex) (d) dlsplaying

;Bteo tslljlcgtfqtronlm rTDCQIOI‘i c sw1 c f]l;) regtirggl, stfécl RS g@#

at regul aanadyzer ito I’oﬁ@ Uf @Ultiﬁlfﬂﬁeﬂfﬁd& lsiadtire Wkdtd of the present
(anmended): The apparatus according to C aim 78,

wher ei n sﬁmﬁ“%ﬂ%ﬁor nore insert chanbers are two or

DT €(H)NS efdn Mg aﬁc%ggalgmndﬁgasure%leﬂ' St ﬁ?ﬂedgﬁce

measuring eIectrlc I mpeda resi stance,
capaci t anbgweén cleammgﬁjecttrode strucrties htame, oraautpple Sfeqgencies;

a) t ap aratus of C a 125 edance
anal [Jer  BRFSeiTRdt sl bibsansd R s e pag opriae
el ectr Onl BiofoMidafiesle bt ﬁﬁﬁiﬂetﬂrs @, 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

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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switch said at inpedance anal yzer to different

el ectrode structure wunits of said apparatus. 92 17

June 2005 127. (amended): The system of O aim 126,
further conprising software that can enabl e real it7iJo®e 2005
measurenent or nonitoring of inpedance between the

127 qaheQRay  THe syalesh FNALRY 26 furlied co ?Hﬁﬂg e6bhwart @t can
system of Claim 127, wherein said software has at

| ecgble gend tigre measaremsf exmagtdringatilonedance betisen theldlcigdes
e'o‘?‘é&d%?b&raﬁl‘é" tching for connecting said i npedance
anal'yzer ' to one of nultiple electrode structure units

of the present apparatuses; (b) controlling inpedance

RIESET, LUy S anplySa).t o, MESSUSTENL O e of
rrqhéfcmoemfléﬁ&g@&@ es; (c) processing the acquired
i npedance data to derive appropriate biologically

rel efent  penteodiingeelsctoniqgswitavi gefor bemeetgrrsaibimpedatee,

2 oni t or VG g BHESt mubibe ARGl R theary o

per f or m ngpmbawgesf unctions 1 through 4 at regul ar or
[ rr?:&‘lil ar time intervals. 129. (anmended): The device
of i m sontighléneintpedacy Wwa@emmﬂarﬁ@rm pofes  of

a di anet ef,.Q nﬂgﬁi g%geuﬁ &

(anmended) : © {1Mérg§€tloge d ?[‘!2;}9 a?[[bntgr]?gér%trgges art O8¥ Hrg
an mpedanmhﬁplafradlqeneues 13 1. (anmended): A net hod for
performng a

C\ oxi clty.assay, conprising: a),
cul t ¥¥i ngP'OEFS® gl M i"Wé“rﬁ%BBP dgﬁ%%é?ng’d;ferkvﬁgpﬂgwgé of
G aim 130b101c¥g)canylrélwdmgmﬁﬁie{e§s (ek. trhael:ﬂm&a&ﬁﬁnfg@x, 8f cell
sai d device; ) di ng one or nore conpounds to be

tested fonumbmlnfﬂftxy to said upper chamber;

nmoni rin edance between the el ect ode on the
Dot (! oisifinl TREEAIR OGRS & 16 Re PRUIS IR (e
physiedl Oghmathlaﬁdaalylp‘érfoﬁmng 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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a) culturing cells in the upper chamber of the device of Clalm 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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