DEVI CE AND METHOD FOR DETECTI ON OF ANALYTE FROVA SAMPLE FI ELD OF THE
| NVENTI ON [ 0001] The present invention relates to devices and nethods for

det ect i ngwbheigwsegence of a particul ar anal yte parti cl epgirisgiovomossadp! €,
i ncluding the presence of a particular cell type within a sanple.
BACKGROUNDOF THE | NVENTI ON [0002] In various clinical applications, it is

of ten desir apEVICE AND NIETFFROD FORBEIEECTION OF ANAEYTE/pPe in a
sanple, and to quantify the n%g P that cell type that are
present in the sanple. [0003] }1 cul ati ng endot hel i al
progenitor cells (EPC) are circulating stemcells fromthe bone marrow t hat

are i nvol FEELID OFRSEKHERAINVENTIEONr epai r (endot hel i al damage repair). Their:
nunmber in blood is a bionmarker of clinical interest, |linked to the

assessmenipoedi] M i The bRSER idvenfof AALONARGIEQinFine®BaSor aBdcdY thehoi ce of
certain therapeutic approaches. [0004] For patients suffering froma

bl ocked quessnes 9f aparteular apakytepartitie withima sameplenpoluding shespresence aphant . There
are differentlt%}%ﬁﬁ of stents. Genous(tn) stent (Orbusneich, HK) is a new
type of dreEfqulargril iypewiiin g SIMple; ¢ at i ng EPCs to promote vascul ar heal i ng.
Clinical trials have denonstrated reduction in side effects conpared to

ot her ki g CKGROWND OF THRMNVENSTON ency is often directly

correlated to a patient's EPC | evel. However, there is currently no sinple

and robu ho : : LEcUkatl i G t ek ' '
t her ef or gbgmn ai%gﬂ%%ﬁ?%%&kﬁ%&%@%?{ﬁq S gﬁ%figﬁ%&ﬁ@%g itzl%iﬁeég?%‘ifeﬁer t han
know edgefafpattivalaa cetllitipe BPEsamples and]t0 @0arti fCdrmmibanfitelSREC tidceltt | on rel i es

on flow cytopetry analysi.s (FACS), which is a quantitative measurenent
t echni qué%%é?{es?‘ﬁi%@ééwﬁﬁue usual ly requires off-site analysis and
therefore is not an efficient aid when deciding on the type of stent to
depl oy i 70003} paFdned&hmﬁlé? tieulatiNpSendethdRAl§r d%ﬁoE&ﬂJsQEBO)aﬂefﬁ/r@bMﬁﬁ%t WO aj.or
ti me-consum ngi steps that are typically performed by a skilled | aboratory
t echni ci &tfm glisdom H@rh%ﬁ@?aaqo“b%ewe Hiybied dn sasculas FrECePBPRIC) are purifi ed
froma (endothelial damage repair). Their number in blood is a biomarker of clinical interest,

linked to the assessment of risk factors in cardiovascular diseases and for choice of

certain therapeutic approaches.

[0004]  For patients suffering from a blocked coronary artery, one of the main
treatments is stent implant. There are different types of stents. Genous™ stent
(Orbusneich, HK) is a new type of stent, which captures circulating EPCs to promote
vascular healing. Clinical trials have demonstrated reduction in side effects compared
to other kinds of stents. The treatment efficiency is often directly correlated to a
patient’s EPC level. However, there is currently no simple and robust method to
detect circulating EPCs and stent selection is therefore often based on the individual

physician’s experience rather than knowledge of the actual EPC count.

[0005] Conventional EPC detection relies on flow-cytometry analysis (FACS),
which is a quantitative measurement technique. However, this technique usually
requires off-site analysis and therefore is not an efficient aid when deciding on the
type of stent to deploy in the patient. Using FACS to determine EPC count involves
two major time-consuming steps that are typically performed by a skilled laboratory
technician. First, peripheral blood mononuclear cells (PBMNC) are purified from a
blood sample (typically an hour to complete). Next, the actual FACS is performed,



bl ood sanple (typically an hour to conplete). Next, the actual FACS is
performed, which typically takes 4 to 5 hours to conplete. FACS al so

requi r es wel2atoosedoy | ar ge sanpl e vol unes to achi eve t hepogseas@oyoagCcUr acy
toreliably detect rare circulating cells in a m xture of PBMN\C. [0006]

Havi ng  avghilR Blpfcaly %&%w@s%F’Qrsqstc ?le&ﬂ FSAGS GI¥b WejHlitds FRaHGSy | anal ysi s

time in situations Wnere know edge of the EPC count is require If t he
sensi t i visaypld vidumehte achisee theinercessarfy aBR@acyetb eclidbbyngetedt renecircalatieg ect i on

system were w t hi cal rel evant range (EPC |l evel in blood: 0.01% -
1% PBMNC; *© ﬁ@ﬁbami’%ﬁ’i%’?lggwg fm bl ood), such a systemwould have the

potential to assist when a physician is deciding on the type of stent to

depl oy i 10606R! i EaVingAvaitdid ab@ishﬁ@(ﬂ@et&?ﬁn@?ﬁte&tvv&ﬂd saduatetstaloul d provi de
a tool for nonitoring of patients' health and would be useful in clinical

di agnosi smakysis siseedasiaations wherrknom edegof ther ERfy Ggufttri%@ﬂ%?ﬁ fths007]
Recently, eﬁgu‘fwgf e gL ?mrgeertlﬁxl(f\l%]bf)glr’@zdg i?_:!@%%‘f?ﬁ 1S &&éﬂﬁ%}x r&‘%ﬁé has been

devel ope(fu5| ng -a e analysis 1n e cells are
st ai ned \Amﬂﬁnﬂ'le&ﬂmﬁjaftdkevﬁﬁﬂﬂﬁﬁge@ﬂdllehﬂ mrdoerons‘yahmmmcg 4abkn a

m crof | ui di c chi Yao-Nan Wang, et al. Anal Chem Acta. 2006 626(1):
97-103). HEORYE }\fNémlsblgwf%Bﬁsgﬁth%# have thepotential do assist whenat hod t hat

i s highl G i It to

i nt egr at gl nce t(??wﬂ#? |%h$q?pé)@i# gtoe&?icé}t:% tugmw%h‘:”ﬁu gngelmlrrgge can be
cunber solPC wemhlsystemanwt pragldémmsmnHMg/ef patlentts healthendssary to
properly e flul | ow,. necessit at i C,_Systens.
AR Y oAb hasin e Bt 8L pacishent Adbh eBRCE PEAPREE I, Co ¢ ha

is useful for identifying the presence of a partl cul ar type of analyte

particl e[0007) N Re&atlp) RicrdMididdeeticiedf 16w-10vd citilatingy tdllsh@sbeddr ot €i ns,
nucl ei ¢ acids, and m cro- and nano- beads havi {:%1‘ anal yte particles
i mobi | i develepedupiag Belategy punlas o BAGS palysis ih the,Cellsargsiaiped Wb anal yte

particlegq @Eclﬁ@ﬁ{aﬂ&?%d 'rﬁ{rk%r 19%1er%%'¢&}0§%£%1§? %g(%ntlﬁ%s the

present i nventl on prOV| evice t ng the
presence Wa’mgaeipaimﬁailﬂham Awt12009 ;6@66/1,1) tgmrosa shaweiver, &nsjamﬁw@h sttﬁy be used

for quant cel .t hat arilcul r . cell type within the
sample. daaened tatisgrety i onSihigmd ret feeton
di el ectr Qﬂﬁ'&h@ %iﬁcﬁlpﬁﬁlltegrate since the ability to differentiate data within an image can

be cumbersome. As well, when using FACS-based analysis, it is necessary to

properly control the fluid flow, necessitating complex fluidic systems.

SUMMARY OF THE INVENTION

[0008] The present invention provides a device that is useful for identifying the
presence of a particular type of analyte particle within a sample, including cells,
bacteria, viruses, proteins, nucleic acids, and micro- and nano-beads having analyte
particles immobilised on the bead surface, and for quantifying the number of analyte
particles of that particular type within the sample.

[0009] Thus, the present invention provides a device that is useful for identifying
the presence of a particular cell type within a sample and which may be used for

quantifying the number of cells of that particular cell type within the sample.

[0010] The device is designed to use a combination of dielectrophoresis (DEP)

and immobilised capﬁxre molecules, such as antibodies, to trap the desired analyte
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and i nmmobi |l i sed capture nol ecul es, such as antibodies, to trap the desired
anal yteparticle type, in conbination with i npedance neasurenents to

gquanti fy wbeornunshss of trapped anal yte particles. [0011pCTise20i00a389
conprises a chanber having an interior surface upon which is |ocated an

el ectrode array. The el ectrode_array conprises pairs of. el ectrodes, each
pai r haviﬁ?@tl%lﬁ¥mn’érm€}bé‘@ﬂlPBd‘6fh nyim%aéurama 1§ fo gyantify fgdumbtohn out er
el ectrode, @&aﬁaﬂ?% {dl |y surrounds the inner electrode, for exanple a
hor se- shoe "el ectrode. Each inner electrode (and optionally each outer

el ectrode[) is coated with a capture nolecule, for exanple a cell-specific
ant i body,[08ANEh Jdhpdaviec eyhprisgs a chamberhagimgrndetenomsupfageupdiewhigh iyt e

particle, far,ex l e, a cellssurface marker on a cel| e, th is to be
Peent 11 Jatdi & At dgs, TREShASE B ShnsethaliS F stolbiuss Bhn, T
surface Glaith@idphathedr eldctrbde, fhreexafipld HBisOtlebiicdes wiid &Coutbhdéctiodenot covered
by an el ectrode) may be coated with an anal yte-repellent material, for

exanpl e dhafeubstaidly|semeunds s inaer elertiode for cxnsmnle pberseistonrladiodg: of cel | s
to the i rﬁa%fl'ix%{ %fea&&?e (%g@ggt%naﬁf}ga%hoo&aeﬁlgéu%ﬁé i9g§%[ead Lvﬂgja%]aﬂt-urf@ el ectrodes

wi thin thé el'ectrode ar re efectrically connec I'n such a manner that
t hey may rheleculk tfohexhnipté sveehspecifio itibody] evidctdcaptive amietuboowlidl rep@ihise3] |1 n t he
first node, the inner el ectrodes toget hei,(rﬁqerléte?as a collegtive, el.ectrode and

t he out eraﬂélbéftd(‘ih@&@%}yfted’égiﬂ‘f'eform HocHM F\?EkeEBB_rartCS -théE"l‘trl%de in
order to tS%@?&&hﬁe@f%%aidﬂFE&rm@h&{zel@%&&' kibrt $¥8the GrdifR sia@ JfO

di el ectrophoresis. n the second node, each inner electrode
f unct i onghé cldimbied Gizd. khe mstien efith& surdpcetist is mdeowdred by ah eleotnods) maydet r odes

function together as reference/ co er electrade for inpedance
reasur o G PR CPEIET SIS EIAF b e TSI S RELt B
conveni enbducedoh APecifi@biniii@ ofzellPlo the fitétthr ®f R AhmBBSAfdNg thy 0ocess when
manuf acturing the device, which is nore cost- and tinme-efficient as

conpar ed elgctrRdes her devi ces that invol ve separate el ectrode systens for
anal yte particle trapping and detection nmethods and which therefore require

two met agoa?ffi "hPEROERRE admhp&%%le&a@e 48 ar@ @r%e?fycmtm% cSREERd iPsuchhe

el ectrode array provi arge el ectrodes.to supp e electric field for
t he di el aohamehtaetheg ntaydepwitghat betwadnya firsp arode ehd s ssaool mslecel | s, with the
electric field mnimumoccurring at the centres of the inner

[0013] In the first mode, the inner electrodes together act as a collective electrode
and the outer electrodes together act as a collective counter-electrode in order to

generate a non-uniform electric field that gives rise to dielectrophoresis.

[0014] In the second mode, each inner electrode functions individually as a
working electrode while the outer electrodes function together as a reference/counter
electrode for impedance measurement at each individual working electrode. Such a
design conveniently allows for the use of a single metal masking process when
manufacturing the device, which is more cost- and time-efficient as compared with
other devices that involve separate electrode systems for analyte particle trapping and

detection methods and which therefore require two metal masking processes.

[0015] The dual operating modes for the electrode array provides large electrodes
to supply the electric field for the dielectrophoretic trapping of analyte particles such
as cells, with the electric field minimum occurring at the centres of the inner

electrodes, thus efficiently directing analyte partiéles towards the immobilised capture
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el ectrodes, thus efficiently directing analyte particles towards the

i mmobi | i sed capt urenol ecul es, and individual working el ectrodes for

i npedanceyorafsesyent s to provide a nore sensitive and etiis¢26091000309
guantification of trapped analyte particles. [001 6] Optionally, the
chanber may inclqu i and/.or outlet ports.in fluid connection with a

/ inlet
mi cr of | uitBPleceimpnd indiadal toridpg glgetredes RISAIRGEARSE MRSIEMEABE POXIE t he
target ed AR MERGRA ddGS oAt faRPERHoR Bf IfhddRgitep£elEQde surface via the
i mobi | i sagg anst?%gfiél es. fFOSl qe75] The 8evfc§ﬁpof thgt‘f)é esent invention nmay be
designed to allow for nultiplexing of analyte particle detection. [0018]
The devi {80461 nOptiourlyothewbambenrhay ielude inletfantlfox optesponts in flvidnt i on
therefore nmay provide a fast., efficient, a | abel -f.ree proach to
det ect i ng BRFUHRANT FEHK lﬁalﬁé’mpcsé'fstgp’ f@%@%ﬁrtw&s@gg Ogﬁglcgp‘?’_é‘%ﬁrarti cleina
sanpl e. AncéBieltargéied GRalifeafla £ PEOKdUY tHE RSt ElBEtrdlicsafthée/vin e t he
chanber rather than using a flowthrough system small sanple vol unes may
be used amgmpiliged antdhagigsnti al bat ch | oadi ng, avoi ding | arge dead vol unes
within the device and the resulting | oss of target analyte particles.
t hr ough pecifd g..adhasi 'g&p&&' rticles. [0019]
The net hgggilglf t#éé%er esent ?&\?g‘{]nttﬁgﬁhuse BQtﬁgs‘?%r}eggégg ;{5’12 particles
cont ai nednultiplexing olfienal pephrticld detdatidhng negati ve DEP, which may al | ow for
the use of a buffer solution for sanple preparation that can al so serve as

a conduct} medium for exanpl hosphat e buffered saline (PBS) solution
f or trap#%ga]andjnb"en%eé(b‘ﬁ I‘&%ﬁ‘?‘@"%\ﬁﬁ’lﬂgﬁh% l‘iﬁ’é)fﬁléeeﬂef???mtvﬁ%t%ll t r appi ng
step ( DER)eréfoft hbgpottde dRbtestiicidt SdRbdlLTaR)pRAMEN IPdtstmeRnd) . [ 0020] The
use of negative results in trapping of target analyte particles at

el ect ri cqparitifging amiartiquiar typei afifargetcanelysq partiele seasamples Astyecll, simee thel ect r odes
rather than along the electraode. edge i.th YWY 5 | eading to
the concé&f .Ir’gtﬂllac?%oeo PP #ee%t&érreat& mgonaefg %mﬁlzgrr 'fh?:f)ﬁelgﬁ glylr%%g&rdf gﬂbﬁ%e i npedance
det ect i 0Byt CénliBlkpidvblatbs 8@y balubsd stodpwith sequentidl datvhdoatihgct i on

sensitivity without the need for |abelling of the sanpl g As well, the use
of i ndi viwidinglgerdeyyl wlemes wiba the,deyi ¢ FRsuiing dess of tgestRidYicevel s of
target a 2 i 2 i i Ji chion net hod as the
ot P paP RS B85 Aol R & AR ek ol R e

[0019] The methods of the present invention use DEP to trap analyte particles
contained within the sample, including negative DEP, which may allow for the use of
a buffer solution for sample preparation that can also serve as a conductive medium,
for example phosphate buffered saline (PBS) solution for trapping and detecting cells,
which can be used for the cell trapping step (DEP) and the cell detecting step

(impedance measurement).

[0020] The use of negative DEP results in trapping of target analyte particles at
electrical field minima, which occur at the centre of the inner electrodes rather than
along the electrode edge as with positive DEP, thus leading to the concentration of the
target analyte particles directly on the impedance detection electrodes and
subsequently enhancing impedance detection sensitivity without the need for labelling
of the sample. As well, the use of individual working electrodes to measure
impedance, and thus levels of target analyte particles, provides a more sensitive
detection method as the ratio between the area of each inner electrode and that of the

combined reference/counter outer electrode is quite high.
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conbi ned reference/counter outer electrode is quite high.[0021 ] The use of
anal yte-repell ent coating on the device surface not covered by el ectrodes
reduces mnwo-28pasddosCc adhesi on of anal yte particles and ipoeseas®osgeci fic
detection of the target analyte particles. This may be hel pful when the
concentrati of target_an articles | than t
concentrgl{qogﬂl of T@Fﬁé?oﬁﬂa}g‘tt%}f@’@ e’ﬁé_’P‘Etir%ﬂQé’s £ H&Y1C %ﬂﬁ%&nﬁk@aswpayn t he
sanpl e, 84 Rlacedinof-s @Jﬁéﬁ&ﬁ’ef QWaidlghe Ye%' didrBedeheciiRshi ng

st eps. [8%1%2“]%%%1 Cé|gllr€l on allspect Sltohe prese nveagtl orrl p?ow cciles a device
for det ecddtegion af gEttaI@n'ailnﬁl}ée ]wnchesl Blsis 'maya‘)esmlp;ﬂllevh@dhp comdenigateonc hanber
havi ng an i nterior surf. ect arra nterior surface, the
el ect rode® ‘Jé?fﬁsgﬂ“é%w‘gff b‘sdﬂ‘éc {h g?"’é@f‘?%’&ég f%élereréoéhtafﬁét he one or
nore el eclaqdes Bad thdy 6OPREdn® i'he 38 3lé“ﬁ{d aek@etwlaﬂ@:aae flow didireoediect r ode

at | east 'substantially surrounding the inner electrode; one or nore capture
mol ecul esdurmgaby waskidg stepsr sur f ace of each of the inner electrodes for
capturing the target anal yte parti cles; and a controller operably

i ntercon I app! |tage to

t he out eﬂﬁngﬂt\ng %Sstnbgn %ﬁg&i nher ?é’teﬁt? e@ﬂo@?‘iké(%{?éw){%nerg)étg@téﬁ’go

di el ect r apiper fialyge pareicds irna ﬁdfl@llf/l(ﬁhmkiﬁg(afchhimbeﬁi@Mgmmembf sutfdcey
concentrating target analyte particles at.the electrode array for capture
by the caBtalgcrode paey e the nigHOT Surface dheelestrRde A3y SOWRHMYE NG PT BYEh | nner

el ectrodgy Ju%d@' &?s%a 3&%@&%& &etele%gaaeyﬁaﬁrs%mph@ing%n ih Q2R dle

di el ect rop oret c fie generat e a negative dielectrophoretic
fiel d. [CG@@4h outee clbetrodmeat east s‘ubshh@allymnpun@eg&wmmﬁr@ﬂecande ameout | et of the

chanmber, each of the inlet an t| et id c n| ca

m cr of | uiYE AR ’E‘%’P‘lﬂﬁﬁ IT¥RQ ‘eréaonoaf S"'t‘ﬁ@ ﬁ?a@Pl P & eé’ rﬂg‘fs tI{:”c')ver ed by
el ect r odegptiBivg AR 163t A1y bitieRs;dhal dodtrb BR&IpeRBly iftirédnndtted (M¥B25] The
devi ce may conprise two or nore el ectrode pairs and a first portlon of the

i nner el dbe electeadernsray do selectiveky\applyot valigae &t thewuter glegrodes apg
| mmobi 11 5 ?e%tr%&gsrtg gﬁ grgﬁ'&at% 5&&8{%@8&% #31 fn tﬁ@@lc S deﬂ%t%]txro(ag %ﬁa{ﬂas a

second type 0 ecu es | nmo Ilse ereon.” [ 0026]
The anal )tbecq@aértttanhgsargamnbleftqﬁrﬂxaes drald eedtendearmy fescapureobeiles, nucl ei c

capture molecules; and (ii) sense impedance changes at each inner electrode, to detect

captured target analyte particles.

[0023] The dielectrophoretic field generated may be a negative
dielectrophoretic field.
[0024] The device may further comprise an inlet and an outlet of the chamber,

each of the inlet and outlet in fluid communication with a microfluidic pump system.
The area of the interior surface not covered by electrodes may be coated with an

analyte-repellent material.

[0025] The device may comprise two or more electrode pairs and a first
portion of the inner electrodes has a first type of one or more capture molecules
immobilised thereon and a second portion of the inner electrodes has a second type of

one or more capture molecules immobilised thereon.

[0026] The analyte particles may be cells, bacteria, viruses, proteins, nucleic

acids, microbeads or nanobeads, and the one or more capture molecules may be
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aci ds, m crobeads or nanobeads, and the one or nore capture nol ecul es may
beanti bodies. In a particular enbodi nent, the capture nol ecules are
ant i - CD34wenvionsokees and the target anal yte particles arersodaiedsonl
progenitor cells. [0027] In another aspect, the present invention provides
a nmethod of determ ning concentration of target analyte particles in a

., d€l %Hﬁg g @ﬁ Y 9

sanpl e, cdwibediss.nip sjaremabodiment, e GaptukegneleeHeh¥e At CB34yevi ce, the
chanber haying: : ' ' urface of the
chanber , Ep8e8 g ek e iR S AR OBl b s, each
of the one or nore electrode pairs conprising an inner electrode and an
out er el ef@02@lle surincnothenaspettethiepnesentaheantioo pegvidesamethod he i nner

el ectrodes havi.ng one or.nore capture nol.ecul es i bi|lised thereon;

2Ppl y1 ng SETONAG o RIS e S s LSS PP AP SECHT BRGS 1 o
gener at e @rfhiElAthE aPReERABE of h 8bdicd, thd BRmMbeF havihy aPtlebthieqimRgt rode array,

t hereby concentrating target analyte particles present in the sanple vol une

at the ellecateboraminterior sergsewfithgchamber, tharlectendglagay comprising ene o

speci ficall i ndi.ng .t he target analyte particl with th ure

ol ecul oSt EHEPE Rt Coctr i o S i eEBh R et SR e i ng
sanpl e valévide ind Aeo@BAgIB@fodéistifto@iding e thaiRe elebtiddes Eachaiflié @Aert O t he
chanber suitable for conducting inpedance nmeasurenents; neasuring inpedance

at each isheriiodes kavingnne: or sere santrgrmolgeul epdmpmehilised dheraons ARRYEEA t h

| npedanc g/o'ﬁgi f;}rtgigg htdr L1DG RS G e Yined @ﬁécig@(ieg &b gé'r\%?%tﬁ ta?ﬁé?@(ftxtohﬁé)r%ﬁc and

correl ating erence 1 n 1 npedance obtal ne e concentration of
t ar get arfidld irethp &icinityl @fthé eletthmlesany) therepP 0@djenfritinginegeeatalygphoretic fiel d

may be a negative dielectrophoretic field. The nmet hod .nay, opti onal
"l ude. ITEHBSRrRISnt 18E SARBIE O BHs AL Bhe SClrof ATTEY AP UrELS BrEEbw ng
appl i cat i ggyaf ﬁ)ﬂ?ﬁeéjﬁ}%&gﬂc/glw&hﬁfrﬂ Ghé taBdetl afd] GreRattVlestvaith &E'cﬁ%ﬁfh@ t he

remai ni ng sanpl e vol ume and/ or washing the chanber with a wash buffer
sol ut i on meleotes andfduning atrpmainingsdmpteey duntaeploeing thowmajringginpley one

enbodi nent, the electrode.arra [ tWo. or . irs and a
first por“toalg’ﬁe lélftg? ﬁlganilbnerrug,vrlﬁlle ec (rég%}e%g 'bﬁ%%r,sg }o(r%st? rﬁ?{/‘%ﬁ (l))?? %)dri]%g%rfgﬁor e

capt ur e rhéwdting $mpedmnbé miesteerhdifs; tsas@iig itnpeaawedt pavhtihgd etdetrbde | Nner

el ectrodes has a_second type, of one or nore capture nol ecules i bilised

t her eon, 2 Gomparingths Mmearyed nprdanes Wity argdanch WFsUFSnthrAlente Med

| mpedanc Gn§ %@ét%glyté};articles and correlating any difference in impedance obtained with

the concentration of target analyte particles in the sample.

[0028] The dielectrophoretic field may be a negative dielectrophoretic field.
The method may optionally include incubating the sample volume for a period of time
following application of the dielectrophoretic field and prior to replacing the
remaining sample volume and/or washing the chamber with a wash buffer solution

prior to adding the impedance buffer solution.

[0029] In one embodiment, the electrode array comprises two or more
electrode pairs and a first portion of the inner electrodes has a first type of one or
more capture molecules immobilised thereon and a second portion of the inner
electrodes has a second type of one or more capture molecules immobilised thereon,
and the comparing is performed separately for the measured impedance obtained for
the first portion of inner electrodes and for the measured impedance obtained for the

second portion of inner electrodes.



the first portion of inner electrodes and for the neasured inpedance
obt ai ned for the second portion of inner el ectrodes.[0030] The anal yte
particl eswoayioso®el | s, bacteria, viruses, proteins, nueceisc2e/006309
m cr obeads or nanobeads, and the one or nore capture nol ecul es may be

ant i bodi a particular ephodinment, th ntibodi es are anti -.CD34

ant i bodi @Oéhﬂ theaf}éﬁ'adlély?%% ie ?{é@ﬁ&ﬂ_ﬁ%ﬁ?ﬁ%5}%@6@@?@6»%8%%@ [0031] In
one enbodjciiRNnicrbh@ds 8- RinBbaHAk W thé orfe brithére cBFHIR! MoNehlesmanBe t he met hod
further includes adding a second sanple volunme after the adding and before

t he neasuwntihgdiesini a papecl drregnbodinenspthe pritboding arhanti-€PP4 antiepdigsiasd t o
measuri ng, t he itrrglfdancée 0&{1?9%?249 Irrllloangltlsher enbodi nent, the sanple volune is
a first s ELIBT LU %l PREY E:(Sr?prl'si ng addi ng a second sanpl e vol une
after the neasuring and repeating the applying, the replacing and the
measur i nqooB89P33] 1A casembodiabnteid saniplevelameys £ fipasirhpleeslumiecandel | s, the

nmet hod further conprising, after the neasuring, i n&ubati ng the cells in the
chanber Uheigethod fuithsr dpedudes addiag o sgrangd sampl v efier theeddirgend epeati ng t he

O e i G R e o

first inphelammdanagend t he nmet hod further conprising incubating the captured
target analyte particles in the inpedance buffer for a pre-determ ned

period of . LLbe, negsuri a .second jnpedance, and. t hen caonpari,ng the second
measur ed [P%&ancea[waf‘%tﬂ?’heénﬁq%f@?&_ SHre Wom%ﬁﬁgﬁﬁasﬁﬂi %nglggti ng any
di f f er enGadifiticreempnsifs aldiak B estont shmple& ofilhad\afeerithe tB&usiagah® over the
pre-determ ned period o% time. [0035] 1n one enbodiment of the nethod, the

measur i ngersatinghedanbyingyrthe replaping sed theaBeasiARe.a second i npedance, and the
met hod further conprises, prior to neasuring the second inpedance neasuring

a first i nce I ggart i i furiapt ured
t ar get ar{gpg"?rei parti 8?%@?%%@ iﬁlﬁpe‘{e}%&ﬁc @%aefre%?g%@%é lgrg%lbget erm ned
peri od ofcomiprisingydfier diemédsering fimoubating tire @slls mdhe ohpaaten ordérsondibons r st

measured j npedance and cqrrelating further conpri.ses carrelating any
di fferenéféatiaﬁowﬁﬁ%@%%%ﬁﬁ&af%%% eiaﬂelnyg%s ©APUPARENE r at i on of
target angliydifs MR ipeddee biffér e measuring and the comparing.

[0034] Optionally, the measuring comprises measuring a first impedance, and
the method further comprising incubating the captured target analyte particles in the
impedance buffer for a pre-determined period of time, measuring a second impedance
and then comparing the second measured impedance with the first measured
impedance and correlating any difference in impedance obtained with the change in

the sample over the pre-determined period of time.

[0035] In one embodiment of the method, the measuring of impedance may
comprise measuring a second impedance, and the method further comprises, prior to
measuring the second impedance measuring a first impedance at each inner electrode;
and incubating the captured target analyte particles in the impedance buffer for a pre-
determined period of time; wherein the reference measured impedance is the first
measured impedance and correlating further comprises correlating any difference in
impedance obtained with an increase in concentration of target analyte particles in the

sample.

[0036] The incubating may be performed under conditions that allow for cell
7



sanpl e. [0036] The incubating may be perforned under conditions that allow

for cellgrowth. A supplenent nay be added prior to the incubating step. The
step of applwiogogske vol tage may be repeated prior to nmeas®sG2o0y/00ése9 second

i npedance. [0037] In another aspect, the present invention provides a

met hod of determ ning concentration of target agnalyte particles in a
sanpl e, 5 < PRPPIIRRTY §1ay be 2 ‘Fdep%lt?lm’?1P€ilb&t1€$lé%ﬁ'eﬂ'g6f‘te%°8evi ce, the
chamber ' gﬁ% £ Q{}in%rlhé RcBhd Rhp&tdhdeace of the
chanber, Q?ﬁtgﬂ%@gtvrs%%ggg rayﬁgorrpr r&frﬁ%ﬁ%ﬁe or nore el ecIt)rode pairs, each
of the one or nore el ectrode pairs conprising an inner el ectrode and an
outer el §803Tde surlneuotbemragpedtche present énveotiomprovidsaemeshod ¢fe | nner

el ectrod havi.ng one or. nor.e capture nolecul es i bilised thereon,;

appl yi ng%gt%}r{l ‘éontc‘é“tfa}?é’n_(%?aé%&@? ARSI wagm’) At ’“Séf‘%ﬁ(ﬁ}%%s to
gener at e sgmfleQloffthé RRNHafibeEof 4 &dvike, theldA@mBitabidg/antdledufd@e ahrggt rode array,

t hereby concentrating target anal i;te particles present in the sanple vol une
at the ellecatedoeandniegipr sustase of theghamber; theglactrad iyaecoraprising e diy
specificall inding.the t |yt e ticl ' . ure

nmol ecul egloégagf%?dﬁ %érsaeafféﬁg&%iogggg%? %18% dt?‘r?ea‘;&grcepi’g%ﬁggn ?ﬁglt remai ni ng
sanpl e velddtfedd dhd dheoutdratdeaodsbirfouadingnehaaceedtddeesack of thelimmert 0 t he
chanber suitable for conducting inpedance neasurenents; neasuring a first

i pedanc Elegtrodsadnving98p OB MOk $apHEe MORCYIsA AT OHEd Lt &8RP YEBget anal yte
particl e%oitggsettt} hd M%gaé(}%%dwd%e Lﬁer BeBi el /) gérng}d;gé;egdﬁferctr Fktid | Me;

measuring a second | npedance at each i nner elec and cohparing the
second niieklinghe vicindtytarf tde cledtdode hﬂay,itherebymmmtﬁnﬁngmgmabftand correl ating

any difference in i dance. obtained wifh an increase.in,concentration of
target aR3UGI8 PEESFRG! %é%ﬁamlet ung ahhg .e{efBB‘g"BTr%gaR%m%g’F?ﬂéetnay be

per f or mednP@artc Dyt dpeelBcdliMindihh W thidet &l Vte Pardioted with thelBapraent may be
added prior to the incubating step. [0039] The nethod may include repeating
t he appl yolerussiapd ferming e remasing spgpletyeluses; serlading heapmalningreapie Ot her
aspects fe ( f K ' | ] t to those
o "or ci nap ey e Wit aR 3R el AUER sbRp) IneRBERNE ARRGLES D ot
speci fi c comdwetdhginpelande héBufementst measuring @distingledanteat dthtileracconpanyi ng
figures.

electrode; incubating the captured target analyte particles in the impedance buffer for
a pre-determined period of time; measuring a secgnd impedance at each inner
electrode; and comparing the second measured impedance with the first measured
impedance and correlating any difference in impedance obtained with an increase in

concentration of target analyte particles in the sample.

[0038] The incubating may be performed under conditions that allow for cell
growth. A supplement may be added prior to the incubating step.

[0039] The method may include repeating the applying prior to the measuring

the second impedance.

[0040] Other aspects and features of the present invention will become apparent
to those of ordinary skill in the art upon review of the following description of

specific embodiments of the invention in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] The figures, which illustrate, by way of example only, embodiments of the
8



BRI EF DESCRI PTI ON OF THE DRAW NGS [0041 ] The figures, which illustrate, by
way of exanple only, enbodi nents of thepresent invention, depict the

f ol | ow ngwo[20043bs9ki gure 1 shows a side view of a chanmbecrsn@oessdodi ment
of the device. [0043] Figure 2 shows a top view of an el ectrode array of

one e”bOdeEQRHRzFE é@§%£&§ﬂﬂkg?ﬁ ] Figure 3 is a schematic view of an

el ectrodetarra Bf the device. [ 0045] Figure 4 shows
capture nDIecuIes i mmobi |l i sed on the el ectrodes in one enbodi mrent of the
device. [[I042] FiKjgwe bstohowside dehefaichambapifohe embodineneofthbodi ment  of

t he devicg .[0047] Figure 6 is a schematic depiction of a system

i hcor por a ?Vr‘l?f one enbodi nent of the device. [0048] Figure 7 is a

fl uorescent mcrograph showing an el ectrode pair; left panel: control wth

cell-r epetdoﬂ@ﬂ ”%ﬁx‘e@.' shdWs raQH;?'diergoftalﬂeelé‘dtr%ﬁé aﬁﬁiﬁoﬁwef@:mméﬂt@mhepanel
el ectrode pait treated with | uorescent protei'n bound by a chem cal

| i nker widdviee.free thiol group to react with the gold el ectrode surface and
a carboxyl -am ne | i nkage with the i mmobilised protein, show ng selective

cont 9. lou, RS T ROLE o TP BB GBI LASRTp e o

m cr ogr aptas device!l ectrodes in which the of el ectrodes have i mobili sed
anti-CD34 anti body on their surfaces and cell-repellent material on the
non- el ectrode_surfaces; p: specific attachnent, of CD34+ cells before and
after wash®OAg] (oﬁl‘g‘"’tel‘\‘éhegﬁ I°§Ptl-“r? raeleules inne i lisqdiandBe GleptERdedimge ar e

retai ned, .thiigeit of 1 advite. cel | -repel lent material are washed away);

bottom no attachment of CD34- cells under the sanme conditions. [0050]
Figure 9 is mcrographs of electrode surfaces show ng the extent of cell

trappi ng [90dAbut Figue)s showeiatschepiatictdgpiction ef erseerafadamentiof ghepkmicewi t h an
i ncubation period of 12 (left) or 20 (right) mnutes.[0051] Figure 10 is a

granh of 10837} S pilyrk SRS 30ESRABHLENROL Potlify hofildm@ihachrent on the

el ectrode surtace ogr a sur f ace
embodiment of the device.

[0048] Figure 7 is a fluorescent micrograph showing an electrode pair; left panel:
control with cell-repellent material surrounding the electrode surfaces; right panel:
electrode pair treated with a fluorescent protein bound by a chemical linker with a free
- thiol group to react with the gold electrode surface and a carboxyl-amine linkage with
the immobilised protein, showing selective coatir;g of the fluorescent protein on the

electrode surfaces and low non-specific binding on the rest of the surface.

[0049] Figure 8 is micrographs of electrodes in which the of electrodes have
immobilised anti-CD34 antibody on their surfaces and cell-repellent material on the
non-electrode surfaces; top: specific attachment of CD34+ cells before and after
washing (only the cells in contact with antibody (binding) are retained, the cells on
the cell-repellent material are washed away); bottom: no attachment of CD34- cells

under the same conditions.

[0050]  Figure 9 is micrographs of electrode surfaces showing the extent of cell
trapping without (top) or with (bottom) the use of negative DEP, with an incubation
period of 12 (left) or 20 (right) minutes.



foll ow ng capture of CD34+ cells and after washing (right). [0052] Figure
11 depicts sinmulation results of electrical field distribution across an
el ect r odewpabtoosp$d853] Figure 12 shows the results of tprersegatojovesoEP f or
CD34+cel | trapping on the el ectrode centre. [0054] Figure 13 is a graph of
i npedance rreiﬁur enment results defm)n trating determ nation of | ower

det ect i on[99]; | Kignreyl Gis@grapbeotgesults ok ynpedangesmegsprementsdiietagell t h known

quant i ti e g o (3" déﬁﬁgéé 1Ef frbgraph Of BB Blelh e’%‘?ﬁ ce

measur emsﬁttts tg&%ﬁl %lglgleéfﬁgac at gE P%g?ﬁ%roéa@i mul ti SI eOdbat c oadi ng of
a sanpl e &fllodwingedpture lof €D3@B3 49 amsipifice dvashing (kghv)an quantiti es of CD34+
cells on an electrode with i mobilised anti-CD34 anti body. [0056] Figure 15

is mcrog of_.el ectrode pairs with j ili.s J - 4 anti body taken
after eac %ch Kigurs; Hdepyet Slﬂ'ﬂ?aﬂoﬁF?ubgggae?%ﬁg%?%“@%g%ggs%f Jur kat
cells ( 4é1¥3c ekl W th known quantities of CD34+ cells. [0057] Figure 16
is a graph of 1 npedance neasurenents taken after each batch | oading of a
mul ti pl e batch | oading of a sanple of Jurkat cells (CD34-) w thout any
CD34+ cel [0053) arFigwrect2 shdws het desiltsod hd negetveaDEP fGEI3R3 4twellsmgping] 0058]
Figure 17 ia)&mlcro ra%g% of electrode pairs with imobilised anti-CD34

anti body PHKEFSHPES CECh pat ch | oading of a nultiple batch | oading of a
sanpl e of Jurkat cells (CD34-) w thout any CD34+ cells. [0059] Figure 18 is

a schenat [0p54] 29FAsR(139s BtdphRIf expelasysiemurérhént Sesthadbfsstuattg a si ngl e
el ectrode array having different capture nolecules imobilised | n different

porti ons déstemipatignrafjoentletaction limity pingrasamplest derkateslls (¢ Défrdspiked 1 has
i mobi | i s&ﬁ??{g%a%ﬂ@ﬂﬁggggﬁﬂpw (_)dy A, Chanber 2 has i mobilised capture

nol ecul e a anber has i mmobi |l i sed capture nol ecul e
anti bodies A and B. The inset panel shows a single electrode array with
di ff er ent [0885] ur Fignireddlies graphaif @dpatangameasnudnaents taklen/afthrahclebadt r ode

Chree. pai aTgE obs RN abEchipags byl Pl b DA I ik " ur f ace
of the i NARFwALRALHQIT CHIE- QBX bn b ERRrEdSFIth AeRDbIRYEanti-CD34
antibody.

[0056] Figure 15 is micrographs of electrode pairs with immobilised anti-CD34
antibody taken after each batch loading of a multiple batch loading of a sample of
Jurkat cells (CD34-) spiked with known quantities of CD34+ cells.

[0057] Figure 16 is a graph of impedance measurements taken after each batch
loading of a multiple batch loading of a sample of Jurkat cells (CD34-) without any
CD34+ cells on an electrode with immobilised anti-CD34 antibody.

[0058] Figure 17 is micrographs of electrode pairs with immobilised anti-CD34
antibody taken after each batch loading of a multiple batch loading of a sample of
Jurkat cells (CD34-) without any CD34+ cells.

[0059] Figure 18 is a schematic diagram of a multiplexed system with 3
chambers and a single electrode array having differenf capture molecules immobilised
in different portions of the array (inset). In the multiplexed system: Chamber 1 has
immobilised capture molecule antibody A; Chamber 2 has immobilised capture
molecule antibody B; and Chamber 3 has immobilised capture molecule antibodies A

and B. The inset panel shows a single electrode array with different capture
10



only antibody B i mobilised on the surface, the next four electrodes have

one m xture of antibodies A and B; the last two el ectrodes, as well as the
snmal | el ewbnoasoses bet ween the el ectrode pairs have a d@icfifsenentossoxt ur e of
i mmobi | i sed anti bodies A and B. [0060] Figure 19 is a schematic draw ng of

top, bottom and cross-sectjonal vi. of a chagber of .one enhodi ment of the
devi ce. [’@9’6’2‘;‘}3140@%}?@0’29@@“ H’é‘ﬁﬁ&\ﬁ elgrtEQdeyEiagss: asindisated di ments of

chanbers hgn; i [ i i [ iogl/i Ng one
R R L i o R T A S
anal yt e pAnimimobdisedor ttei sorfackeefi the irmadelectrosliehthe next these elgctradds havelevi ce to
detect target agnal yte rf.icles, wthin sa e. .The .det ecti on devi ce may
be desig fu&ﬁ’é’ayé\&“f“g‘?blfl?@éﬁ‘rtg? ?‘B'E?CFT@Sn WBJBH%%qﬁé’d%atv,e %P8r exanple a
hand- hel dnixRirt of RatbolRY APghdBafle 143t Bvddlbdtioaal, aQkwellQs hd shalb@bdtiodes f or use
at a patient bedside. [0064] Dielectrophoresis is a technique often used

f or separinbefwgenither derrode phisshava adliBerent miiergoé immobilisedjantdodies &y yi ng

el ectrical Iﬂej d that is spatially non-uniform Such an electric field
gener at esanﬂ equal electrical polarization dipoles in a neutral dielectric
particle, including for exanple a cell. The interaction of the induced

di pol es 00680} heFiguee 19 ia §cdhemdtic dmulingof top cootioal Al srophsectidnat vicosce.

[ 0065] The diel ectrophoretic force experienced by a particle is dependent
on a nunid@ chrmperaf one embpdimenh pf thsdevishid frequency of the appli ed

non-uni formelectric field will directly affect the dielectrophoretic force
experi enqagePy arRAke b6 iSschénPR drafidgs 9f Mowidnitolith@its échatiberi otal
properties wll also affect 1ts dielectric properties and thus its novenent
wi t hi n a thé ééveest r ophoretic field. For exanple, a biological cell's

nor phol ogy, structural architecture, conposition, cytoplasm cconductance,

% . , . Y Cr v o ff oot
col 1" 5 paP B8Rl LoFleRkE2F g BEH Aeh B SFpiiE G hiddptbicbeiiesmedba, 0 FCL 2
experienced by a particle are the dielectric properties of the surrounding

medi um WDETATWED DESCRIRTION i s

[0063] There is provided an analyte particle detection device and a method of

using such a device to detect target analyte particles within a sample. The detection
device may be designed to allow for integration into a portable unit, for example a
hand-held unit that may be used in a clinical or hospital setting for use at a patient

bedside.

[0064] Dielectrophoresis is a technique often used for separating microparticles.
A dielectrophoretic field is a varying electrical field that is spatially non-uniform.
Such an electric field generates unequal electrical polarization dipoles in a neutral
dielectric particle, including for example a cell. The interaction of the induced dipoles

with the electric field results in a dielectrophoretic force.

[0065] The dielectrophoretic force experienced by a particle is dependent on a
number of factors. The amplitude and frequency of the applied non-uniform electric
field will directly affect the dielectrophoretic force experienced by a particle. A
particle’s own structural and chemical properties will also affect its dielectric
properties and thus its movement within a dielectrophoretic field. For example, a

biological cell’s morphology, structural architecture, composition, cytoplasmic
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suspended. A particle that is nore polarisable than its suspendi ng nedi um
w Il experience a net force toward high electric field regions (positive
DEP), whiwe 2a10m0d98cl e that is | ess polarisable than itecssspandoesgo medi um
wi |l experience a net force toward |low electric field regions (negative
DEP). [0067] The device described herein is designed to concentrate target
anal yt e FeRewcanss, osH rarabrangErsistanes sapagitanceand pefmitavitywiligl #ist 2i ve or
negative djel esis. However, negative diel ectrophoresis has the
advant age(gg%p%?%g\nﬁﬁgifor the use of a conductive buffer solution for

sanpl e preparation that can be used as the dielectrophoretic buffer for
subsequerf0066) e dAisoafieetisg the disi¢ctrophoretie foror expeliynaedibyq paetid¢ aredhe

di el ectrophoresi s, the ntre of .the r ki el.ectrodes. exhibit field
i i e, CBRISHE PRbEAtES of S geromdng mel i ¥REn G EL B RB T € of
el ect 1 0dggepchR. ON:prgicfélﬁat'iEr%g@ SridIBRIHACHRAlspendify MeMukBSin i positive

di el ectrophoresis i's used, analyte particles are directed and trapped at
t he fi el @xpencnoeaa netsfordeltgwharddugleelecttic finkd regiges (nokitivedE)ewhilogles. At | east

the inner_ el ectrades have capture mol ecul e .immbilised on their surfaces
For capt BRHIRGE T Gos ARyl B th Sraendins meehE ST iadth i iorke °of
parti cl egowaRlsw bchit fidl® rdgioRFhédasieeiDER).get nol ecul es is determ ned by
nmeasuring the effect on the inpedance of the system at each working

el ectrode. [0068] The el ectrodes consjst of paired el ectrodes arranged

wi t hi n ak0@®Hct r Berdayideslpscritied haesin Balepigneftio) resntsly farest anahde out er
el ect rOdgﬁﬁ{cwg%h'eF&trB&’&qf)%éd (?rf% QuI‘Pé?:h,' &ﬁif Sﬁ’c%itﬁje%tn'éggﬁ/eand the inner
S may s

el ectrod el ectively ac oget her a counter electrode to generate
t he non- dikléaiophaksds.tHodeyef,inepativatdi¢lbarophofesis das theaddartageofatineerg r at e any

anal yte particles. containeq in the.s | e, .but also so.th each inner
electr odg‘.’%i’f ernofzf ‘iﬁ’&b‘rlal}'Fqﬁuﬁgﬁﬁ"é\tﬁH‘a@EWé‘?plg P’é"@?f%&&?"é ﬁ?flaéee\‘. #Pvel y
functi on gidwlbetiebibleticdntier 1R kibseguedt fipddane: MeAuRkhent.NBurtitiibReBy Out er
el ectrodes functioning as a collective reference el ectrode for inpedance
measur enmsing negatiyedéslentiopherssis.rtherbentreof theeworkinggleeiradgs exhibibfieldi | | sed
capture nmolecul.es on the surfa af.,: r ki ; However ,
for certérflﬁlnéapp ulséiér ?%nr%et?r%efanﬁa%}ae énléggltdrl@ﬁl%gﬁ?%gteggée&o@ %%8&2’?] Podes
connect ethd ifpetaite andaburements &t contiast; ifipositioé didhetioph@esielsased,odes function
t oget her or each_ inner el ectrode functjons individual J y agai ns&l t he outer
el ect r od@salyte particles are directed and trapped at the field maxima, usually located at the ,

edges of the electrodes. At least the inner electrodes have a capture molecule

immobilised on their surfaces for capturing target analyte particles from the sample.

The number of particles captured by the immobilised target molecules is determined

by measuring the effect on the impedance of the system at each working electrode.

[0068] The electrodes consist of paired electrodes arranged within an electrode
array. The device is designed so that the outer electrodes function together as a
collective electrode and the inner electrodes may selectively act together as a counter
electrode to generate the non-uniform electrode field at the surface in order to
concentrate any analyte particles contained in the sample, but also so that each inner
electrode within a pair of inner and outer electrodes can selectively function
individually as a working electrode against the combined outer electrodes functioning
as a collective reference electrode for impedance measurements to determine the
number of cells captured by immobilised capture molecules on the surface of the

working electrode.
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functioning together in the first node for application of the non-uniform
electric field. Also, in the second node for inpedance neasurenent, it may
be desir abeaotooshsse t he i nner el ectrodes functioni ng t egetskeeons/admough
this approach is |less sensitive than each inner working el ectrode
functioning individually. [0070] Al though the follow ng description is
provi ded [0069Fr nHowkveragburdertgina applicgtions; eit | may o slebitableortp bdve theal yte

ticl | yt ticle that i t hat beh tral
el ect r iecianes combedtaifin wich Bragmriss el A RoriahySk e diter SleRpIRAPEITo app! i ed
by a non+1yRifRrdP &kr Ghler Cldct@hé fuhdtiohd dhdididaalNe gdihst hélolef dctrbdds el d.  For

exanpl e, the analyte particle may be a cell, a bacterium a virus, a
prot ei n, fanatiooingjtogeshsrdy therfirst mpde for applicatiom obhgmonamifagn glecirienfbdtdd| | sed or
captured

i ol.ogical nolecule.or cell on its surface. .For I a
mer obeadut His Geqigante ToF msdefse purortent L 6ES Be dr RS TRE el
nol ecul e jinBddrioged fiddtibdife ed@sttier Osiehough fBiseappBdach €s U Ghensitige fiiamr obead
may al so have a capture nolecule specific for a target anal yte, which may

be” bound eedh inper werkingslecgrode Hingteming silividualye chamber or after the bead is
captured by the i mmbilised capture nol ecul e by addition of a sanple

cont ai ni et . . Wall . tured

m crobeagg‘.mpoo7‘%{%@‘?@%&%@?‘2“@%5?@?@32{?‘%@3Q’?SE as agchanber 12
for receitargetgel foanpdletioniwmnelytel particls neaysherdng@ealyte, paviicle that s dr dlzadit ed

w thin chanmber 12 so .to be in.confact with s le fluyi en a sanple is
added t oPg : e&ﬁ%ﬁﬁ@'}t‘fa? a’(?ie‘:@?é?‘?ﬁ“a? a%‘t&‘f"ﬁef@y&’ﬁ SP@%S&E& %glegeﬁ%%fgrqel oo?pof |
chamber 12njidy Hﬂlﬁ%&ﬁﬁiﬁf*&r&%lé‘dﬁb@é&l&?ﬁagxud{r%%?égaﬁ@&ﬁmmrﬁeﬁurmce 14 is

el ectrode ‘array 16, shown in Figure 2. El'ectrode array is nmade up of pairs
of el ect evainpleltbe andlytie padiste mybe p celb ajwictering, 8 yirys, APTAGITL A NUelGEr el ect r ode

20 and out.er el ectrode 22. Figure 3 .shows,.a.sche 14G. : | Cit | an
el ect rod8CI§r?ra ) lcf%'(?féﬂan??gﬁaedrlgﬂvfnﬁaqlﬁ %‘gﬁ%?egc({r?%‘g%} egg)lﬂgé C%Ielh@g c"gtﬁy shape
and out ebr edleed 1t9slefade For dxamphy aasicwbeal iamgsd ligdndidiatarkér thadst

substantially surrounds the perjineter of inner electrode 20. As depicted in
Fi gure 2recpgpised By &eantgganderylemmebilisedandthe elsgeods Wraee B2y Brd8sd ode 22 i s

a horseshge n‘ﬁ!:n%ﬁéaf&ﬂ&'y alB haveNEhufkt foldARS gﬁﬁm D&rdePhnalyte, which

exanpl e, trirangular, square, oval or rect angu ar and outer ‘el’ectrode 22 may
be a conplagibertoand tosthepead pratr te addivomthsthe kbamplearionefterthebeddiser el ect r ode
20.

captured by the immobilised capture molecule by addition of a sample containing the

target analyte to the chamber containing the captured microbeads.

[0071]  With reference to Figure 1, device 10 has a chamber 12 for receiving a
sample. Chamber 12 has a surface 14, which is located within chamber 12 so as to be
in contact with sample fluid when a sample is added to the chamber. For example,

surface 14 is located on the floor of chamber 12 in the depicted embodiment.

[0072] Located on surface 14 is electrode array 16, shown in Figure 2. Electrode
array is made up of pairs of electrodes 18, with eath electrode pair 18 consisting of
inner electrode 20 and outer electrode 22. Figure 3 shows a schematic depiction of an

electrode array.

[0073]  Generally, inner electrode 20 may be of any shape and outer electrode 22
is formed as a narrow strip that at least substantially surrounds the perimeter of inner
electrode 20. As depicted in Figure 2, inner electrode 20 is a disc electrode and outer

electrode 22 is a horseshoe electrode, but inner electrode 20 may be for example,
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[0074] The electric field has | ocal maxi ma that occur at the edges of both
the inner and outer electrodes and |ocal mnim that occur at the centre of
bot h t he wonerymogdsout er el ectrodes. Thus, the gradi ent pofi/schembesodri c
field, which is linked to the intensity of the dielectrophoretic force, is
nost intense towards the edges of the el ectrodes. The negatiyve

di el ect r dpRBSWAT, squaEs; e¥alios reqanguby prd ower QeRiTPIE MRS LeRFBRICERYART ds t he
centre of ' : ngth of the electric field
gener at efh%ggwlélfg%&ﬁ%%ﬁ% hgg[ggtg{;rg{)l@lro%%gggﬁect rodes within the array, as

wel | as the voltage used to generate the electric field. As wll be
appr eci at[6074] oo The glkctaic\fizld baydocah ynavanethat o@ygeast the edggs af bothrthe el | s.

However, in order to, direct d trap cells at the centr f the inner
el ect r ode" 3G 88?“?%%?‘8%?@?3&"@]2@}‘@%%!% OfRK ah e Fente %ﬁtozl? thedPRSTy at | east
subst ant i @lil ottt YecRoRd! T8l ke grﬁﬂi%ﬁt&{tﬁééléaﬁ@gﬁeid?%?ﬁ&fi§11ihk$HthoitHQ the field

mnima and maxima so as to result in a focussing of cells at the centre of
t he i nnerinehsitt ofcbiedieleodd@orgts forasyus most fFitense owards thetedges afdhecul e 24 is

i rmobi | ised on t surface. of inner.electrode 20 and opti onal |y on outer
el oot r odd5yotes, Iie AEEaF dictieo BTG ons 1 R el Pe Y ol e fainr e of
speci fi cabiwirdbikiddente 8f thalhistek eleeirbdecont ai ned in a sanple by specifically
binding to a cell surface marker present on the target cell. Capture

nol ecul e 24_nmay be for exaqﬁl a protein, an antibody includin
t

e, : _ a
monoc| ondPO%k i bbhe strengthuefithe elgsiric fglhesnerated 15 refafsd to ergQE'é‘EWP,?thﬁn
I nhi bi tor 0Bl i i ' %friél- or a
non- cl eave(isl C?“e)asubst %ﬁ%ﬁ%‘gﬁ@% %B/'?ll}?%é_‘%le){ﬂe)dc e a%eﬂft&ng;&ge a (si'i ngl e
speci fi ¢ Asapillisecappodotated, eocdttigh b vohiggehrrayphaverdriegati veoimpatt anaeellsr nor e
di fferent_ capture | ecules that will bind to different noJecul es on the
sur f ace (L)Ffo“( &5 JBREE B Y .tgngqrap[ .é§t€‘F°8‘?t¥ef ﬁfmfléaa‘étf(’d@éf’fya‘feypes.
Capt ure nRd §@k Qecttbds Reddsignbdhd ¥ tHth Bieip afldadlstBitailly. sufBaingthel t h t hat
capture nolecule 24 binds a target cell with greater affinity and

sel ect i viimger eleginode, thyis distributingthe B¢l mipjsessandyaaxipgpolss toresalémain t he
o 1| oa e pReR bR Sk it BEGodal. 50 And opt fonal Iy out er
el ectrodes 22 using standard nmethods known in the art. For exanple, a
coval ent [@078]s- | AsKlerwmimyFijpere ds eaptire norleste 24 iskmamdbuliset ioard sngaoelpi n
83{3 élr” © r(’r)?gn%%}“el%ctlzcﬁletz% a:[ng%ptslgrglﬁlco% oqlfterI eTeQ:?rI;)dg &E.C&ragtgl?esmggcﬁg 94 (r)x%[yl onal l'y

be any molecule that is capable of specifically binding a target cell contained in a

sample by specifically binding to a cell surface marker present on the target cell.

Capture molecule 24 may be for example, a protein, an antibody including a

monoclonal antibody, an antibody fragment, a ligand, a receptor, an inhibitor, a small

molecule, a nucleic acid molecule, a hormone or a non-cleavable substrate analogue.

Capture molecule 24 may be a single specific capture molecule or it may be a

combination of two or more different capture molecules that will bind to different

molecules on the surface of the same target cell types or different target cell types.

Capture molecule 24 specifically binds a target cell, meaning with that capture

molecule 24 binds a target cell with greater affinity and selectivity than it binds other

cell types that may be present in the sample along with the target cell.

[0077] Capture molecule 24 may be immobilised on the surface of inner
electrodes 20 and optionally outer electrodes 22 using standard methods known in the

art. For example, a covalent cross-linker may be used to cross-link a functional group
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el ectrodes 22. [0078] The remai nder of surface 14 that is not covered by

i nner el ectrodes 20 and outer electrodes 22 may be coated with a

cel | - repakvbento/osesoeri al to reduce non-specific adher encecofsGealolososn®
surface 14. Cell-repellent materials include poly-ethylene glycol,

pol ystyrene, bovine sera albumn, zwitterionic nolecul es such as betai ne,
as wel | ds capthermélgcule B# dbthe sudade afgunes gletrades 28fand wptiondilypottas- si | ane,
phosphol |(%|>C%§ sgﬂsydynet hyl si | oxane (PDVS). [0079] As seen in Figure 1,
chanmber T 96 0 be in fluid connection with inlet 26 and outl et 28.
Inlet 26 and outlet 28 are connected to mcrofluidic punp system 30 to

al | ow f or[opp8pi NYh&fentdidtied of iracand tiidlis it c6R@BOBY inkér elb@fode¥ 30BAE, punpPi ng
of wash solution. [0080] Each of inner electrodes 20 and outer el ectrodes
22 are elostarelestipdss 22onrcls exptadwish araelhespellenitmatenial j@ redyee Bart-grecifisn bet ween

a first 0 ' (1 : ' odes 20

functi on%%gﬁ%gorﬁgggg) Sg?fﬁg%)gfc%l}%%? }l'{:/ﬂé e*%@gbgydgﬂgfyéﬁggﬁél ectrodes 22
funct i on glyaggtpoBistyeeneabsiinghda albunts Ziwitterivpiineleceleesichad efaiite, 4he pur pose
of generating an electric' field for diel ectrophoresis. In ihe second node,

each of (YieP ot bydropbebio gogtings sudhrasi Tedlon oa duproysilage. phespliglipidior ki ng

el ectrod ctrodes 22 function together to as a
coIIecti?@B@g?ggéﬁg%f%%% F@géglectrode for each of inner electrodes 20, for
the purpose of neasuring inpedance at each inner electrode surface. [0081]
Ref er ri ng0OZAY} t cAFsepmrin Figure hechaimbet 1huniey alsp &y it Buidscopheationivat injet connect ed

to a controll.er that al or ection between the.first de f.or

i e ect r GiDR Bupe B, el 26 B GisT 78 8 Bl BN PR s YRS 300

control | e alle fd¥§uiripest GOMEH Stto lahd Butt\ch&@béi01 22 SorGRApIR, p@hpidb of [ 0082] When
in the first node, controller 36 directs an AC or DC voltage froma power

suppl y t &vashgolglierst rode array in order to generate the dielectrophoretic
field. The power supply may be incorporated into device 10 as power supply

32, or m"?ﬂ eXﬁfthﬁliﬁlﬁeQCfe o ?g%t‘ﬁg oiﬂwébed.r(%ershg a}aihéléct,trigﬁ , controller

36 dire e outer electrodes unction together as col l ective
out er el ecmreottd imAdnanner thatrediosls ot sebadtion Bétwieon h dimstitmarie andgesetmnd as a

col l'ecti \r/r%dle.n ?r?{he%lrgtcr;[ug(?e(,j ?nnlern elgétgoe({es 58 fithction cgg%thaer as a single collective

electrode and outer electrodes 22 function together as a single collective counter

electrode for the purpose of generating an electric'field for dielectrophoresis. In the
second mode, each of inner electrodes 20 function individually as a single working
electrode and all of outer electrodes 22 function together to as a collective
reference/counter electrode for each of inner electrodes 20, for the purpose of

measuring impedance at each inner electrode surface.

[0081] Referring now to Figure 5, the electrode array 16 is electrically connected
to a controller that allows for selection between the first mode for dielectrophoresis
and the second mode for impedance measurement. The controller may be

incorporated into device 10 as controller 36.

[0082] When in the first mode, controller 36 directs an AC or DC voltage from a
power supply to the electrode array in order to generate the dielectrophoretic field.
The power supply may be incorporated into device 10 as power supply 32, or may be
external to the device. Thus, in the first mode, controller 36 directs the outer

electrodes 22 to function together as a collective outer electrode and the inner

15



negative dielectrophoretic field in the vicinity of the electrode array 18
for concentrating target cells at electrode array 18 for capture by capture
nol ecul eswd4010/0308] When in the second node, control |l erc3Bcabdomossod or
sensi ng of inpedance at each individual inner electrode 20 by an

el ectrochem cal neasurenent unit or inpedance analyser. As with the power
supply, tdietedec2(r dhectionabgatiea s o eokdttive inrer sleytrdide in oedet pogaieexde ant 0
device 10 as.el ectrochenic easurenment unit 34 or may_he external to the
devi ce. TIFERUVE %elﬁﬁéf’@&?&‘ﬁ?ﬁle}?g‘g e Kigiity off ey elegirode aEay is ?‘He out er

el ect r 0degnéen gn%a?géékgﬁ a%&%&a&émﬁ.ﬁ, ﬁvgaghém k_aﬁﬂﬁ}@ﬁxofekﬁ‘l% ppde and the

i nner el ectrode unction as | i'ng electrodes referenced

agai nst the collective outer electrode in.order to neasure inpedance at
each of t[A883hdi Whitnah thesetindgnedes contadles 36 allowD{id 4¢nsiigpfrimpedanse a

schematic depi.ction of a t pncorpprati.ng.the device. |[0Q085] The above
descri be&tﬁ%‘@ilﬁ‘i“'@ﬁﬂgﬂc@%ﬁaﬁghb B?S %B%S&P(fhggn%féfréegﬂr%e%tf e than one

target CeinpedifB€ ahdl (et 2AS HiihltRe ?&ﬁertsagﬂgt 186 leleBtrbéHegtfital @RJaburbmB@ USi ng nore
t han one type of capture nol ecule. [008 ] Thus, the device may incorporate

mul ti pl e uoHapsychesingerparatadiintocievisn d @s elesicorhemacm sreasiament vaitsddr at e
el ect rodg, A4 Ak JRIS gigeucfe&icg.'r iy ?S&e%%gnzag%%ef, gorﬁ?q‘if%rﬁ libas glaaving a

di fferentm%'apture no mXture o nolecul es 1 nmobi | i sed on

t he surf aues clttrédes22a6 furickien topetier &d £edllcetesoltacelea@rbdeianditie inde chanber .
Such an arrangenent allows for detection of the Ievel of different target

cel I's wi elfcHodesdhip functign ag mdidual wogking gleciredesirefsrenced gpainstthe) s havi ng one
or nore RafiddeHbafer b Qﬁo&fifl%?delr %&ig‘l@%ﬁ%ﬁ@hﬁ%ﬁ&fem Thé shadhahsamy be

fluidically connected to allow fo rect” serial screening for different
cel | typewrkingdlecredas20. chanbers. [0087] Alternatively, the device may
i ncorporate nore than one type of capture nolecule within the sane chanber.

fi. ) f Le & be_ ihli.sed fi
por 1 on S0004e | Hible A BReRen8UeklsBoPBER S PRErmsfed IR BRISET o0 B ey

be i mobilised on a second portion of the inner electrodes. In a certain
enbodi meij0085] m Rhidubevetedchibed d¢vide maygbs desipetd ity ptew dér desgetion ef nol ecul es
may be imobilised on a third portion of inner el ectrolf Such an

es.
ar r angenBraapRge fa5ct get Sei e 8 ramRle; & tewdsteskdianget o PPSUSTEMOTE ur f ace
mar ker, @8kl che R E2aHAE Bolecule.

[0086] Thus, the device may incorporate multiple chambers as described above,
each chamber having a separate electrode array made up of electrode pairs, with each
chamber having a different capture molecule or mixture of capture molecules
immobilised on the surfaces of at least the inner electrodes located within the
chamber. Such an arrangement allows for detection of the level of different target
cells within a sample, or detection of the level of target cells having one or more
particular type of cell surface marker. The chambers may be fluidically connected to

allow for direct serial screening for different cell types in different chambers.

[0087] Alternatively, the device may incorporate more than one type of capture
molecule within the same chamber. For example, a first type of capture molecule
may be immobilised on a first portion of the inner electrodes and a second type of
capture molecules may be immobilised on a second portion of the inner electrodes. In
a certain embodiment, a mixture of the first and second types of capture molecules

may be immobilised on a third portion of inner electrodes. Such an arrangement
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second surface marker and cells expressing both the first and second cel
surface markers, while only requiring a single sanple volune. Such a

di st ri butwononfosospt ure nol ecul es nay be achi eved usi ngpetraadesomooso9
techni ques, including lithography controlled surface chem stry or robot

l'i quid handling st.ens deposi.t the relev tur nol ecul e on
parti cul OWFI% é%l%rf?f)‘ifg]é rte?ﬁ“?g%lg 9@*} aé% ‘uﬁﬁﬁispfe Y¥gB] The
devi ce agedRAGhIRRInIRECIHA dels BERE4IngS 4k dﬁtfﬁgtanageé@ag;@n sG@ades Wi thin a
sanple. Thus, there is provided a rret hod conprising contacting a fluid

sanpl e wintdrkerhevisleamly mgalrmgraeﬂyngle sarhpgle sleluiore; Sagh @aljgtalutioasicopties negati ve
DEP, capt ur| n tar cont ai t.hi N th h t he
i mobi |1 I8 eiﬁfgbec‘f HYng F}gg@aaﬁif%m aﬁ%dzgélpﬁlh?%}\%}’rpé capture of the

target cebhﬁo@aquﬁ@émehﬂgrymowmmmmm@@ fepiR0tdepbsitthé hetevarpedance
nmeasured in the absence of target cells to det erm ne the nunber of cells

wi t hi n t lseptyeermelecule ongarticyler aerelpstrpdes withinmpien electeedaasmayi thin a sanpl e,
a fluid sanple is contacted with the electrode array within the chanmber of
the devi 6?8&40099116 TV feelds Wedk ? L:L%inni@}ésclgﬁl Pietd tr ef‘céf‘l@'vﬁﬁuﬁg'e presence
and concen tion o arget cells i1s to be detecte nd may be suspended
in a buf kanplef Thus, ke & provided shreﬂm@tdon@midingmdtacﬁmg/a ﬂyldfsamptﬁegahl ve DEP,

which buffer is corrpa h intact cells. For t he sarrpl e may
be a bl o&?e%"é‘i"gm?y @9 F?C@ﬁ)ad deyiet @pxg],’y}ngtnggatf\f? lgégfﬁpapﬁlﬁ’ing Peft er such as
PBS. Al tgél tﬁ%e\ﬂ,wﬁ RAGRIFe WRY tREmAnGHRlided chpﬁ%a%o&amai endab@ingdhas been
suspended in a suitable buf (gr solution, for exanple PBS, so as to disperse
cel | s wi ithpedanéefoblowing caphute pﬁthsmrgetaceﬂamomg theimpedprreor prevent

| ysis of the cells. 091 The fluid s

el ectr odgleﬁ?‘}rﬁ?e’ﬁ))” THERE SPPYHYCE Wgasélé‘?gp’f’ atfsﬁnce ggﬁéeﬁg t(%ét'fm. % devi ce.

The sarrplt}féﬁmebgfg@@%ﬂ{l@qldsaﬁ@d he chanber di rectly for exanpl e by
pi pette or syringe (manually or using a robotic syster’r) or the device may

be configured to allow for punping_of th e us croflwdlc punp
system EQR/&Q] er , Tq deteppine thepumbst %ﬁcetuﬁﬁ‘t‘&h‘hﬁggppl&e"ph tSF“GH %df the sanple
al | ows T g &ﬁctécf'@tln%e é:iﬂ%d%aﬁ% iPfRE cRMAbG DI MLRvedEs associ ated with non

speci fi c adherence an ckage cells wt h| n mcrofluidic channels and

gates.[0092] If necessary, additional buffer be added to the chanber to
assi st wW{00@90] The fluid sample may be any sample in Wthh e presence and

p—t o

concentration of target cells is to be detected, and may be suspended in a buffer of
suitable ionic strength and conductivity for negative DEP, which buffer is compatible
with intact cells. For example, the sample may be a blood, serum or body fluid
sample diluted in a suitable buffer such as PBS. Altematively, the sample may be a
solid tissue sample that has been suspended in a suitable buffer solution, for example
PBS, so as to disperse cells within the buffer and in such a manner so as to avoid or

prevent lysis of the cells.

[0091]  The fluid sample is contacted with the electrode array by depositing the
sample within the chamber of the device. The sample may be deposited into the
chamber directly, for example by pipette or syringe (manually or using a robotic
system), or the device may be configured to allow for pumping of the sample using a
microfluidic pump system. However, it should be noted that manual deposition of the
sample allows for a smaller sample volume and avoids problems associated with non-

specific adherence and blockage of cells within microfluidic channels and gates.
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the trapping of the cells at the el ectrode surface using dielectrophoresis.
The additional buffer should be suitable for suspension of intact cells,
for exanpwe,2ommso®et oni c buffer. As well, the buffer sheurdcheormese

pol ari sabl e than the cells and able to conduct an electrical charge if it
IS to be used in the inpedance neasurenent. However, if positive DEP is
used, thef000RE buf fiezessatyoaddititreml beffar maybeiadded eo tHeavhamber toakdigt. wiflD093] Once

the cells are |oad in the c di el ec rophoretlc n-uni form
electric @Fé‘laﬁplpgogg’ﬁlcfe@ﬂat&@? Sth‘H% P%ﬂ“eeruséqgs ielegeRhorsstsc ti%6ni ng t oget her

as a si “gédﬁltﬁJnﬁPl%JfPé?%h&ﬂ@ bé E\ﬁta‘B}Ei%f s ba&?s%rf’&ﬁﬁtaw&@lk'ﬁpb{wnﬁle%t her as a
singl e counter ectrode di el ectfophoretic field is described here as
a negat i visotdnielbaéfer. o@hwek},tthcbﬁﬁfm stipuld|bemerg pokrisaid¢ thandhel¢abls @nd plphor et i ¢

field may be di cat ed. aboye ative dielectrophoretic field
functi ond® FBHME%H@ ﬁ’@edgllt Fssto\{’r‘? “FngmstgﬁE PRedaneE MEARURIGT e t ar get
cell's, atgghever iepsksitvdDER s Wel e e WuFfeAthdultEbSREY doddBétivieRarstue f ace of
the inner el ectrodes. Thus, the di el ectrophoresis step provides a nethod of

concentrakllaig all or nost cells within a sanple in the vicinity of the
I nner el ectrode surface, allomdng for nore efficient recognition and

capture gb 053 gebn%g(t)}{e ceﬁyar%hf eren lccé?xﬁg?rcga{e%c?ro ?&yﬁﬁfﬁxg%&end' ng on

trie poldrrsa |I|ty ypes prese sanple, it
may be pagaitid ﬁelﬁhﬁﬁppthb&u@ingﬂmhnﬁrﬂlmeﬂés:ﬁmwmgmgsmemgmnglar the target
cells than for the other cell types, resulting in, active ncentration

of the t dleispdeand hegpiar Rlecipdse insioaIERBRAT A BFNEIe OB S5l | s or
nont ar getTh%Eanl:hs,ctﬁfg?x?gegeJﬁgﬂlaiE @gschge@ﬁ&?%s a[nggzﬁﬂ/]e d-m@ctfb‘f)u)l%tl@mﬂdbe i ncubat ed

at the el ectrode r a period for exanple, from about 5
m nut es taithalgiud p@itive dieleetmphoretic Mictdasy be hmdpasnﬂudiwaledtabovdqa"fhﬁal | or nost

ncubat | GieRF dittecfongoiEoid oS ForcREs HsTR e gBFPER: i nol udi ng

cont i NUOYRAINAIAE (iR tatdt EdlNé 2dt $he fidl@ %hmaj GRhidHGtchRl dt heetr® bPthgRuUrfice t he
vicinity of the el ect rode’ array, the immobilised capture nol ecules wll

recogni s@fdrinperrleatgdesargus, téé dielecirphorgsis pepproyidssiamethed efce nar ker t hat
I's speci fobﬁ&!n'tr%tl}?é) o gr BXst cgﬁs &fﬁﬂﬁﬁ{ s%nfﬁ% ﬁlCtHL @ICII!JI}' mﬁgmhglaaectrode

surface, allowing for more efficient recognition and capture of target cells by the

immobilised capture molecules. Depending on the polarisability of the different cell
types present in the sample, it may be possible that the dielectrophoretic force be
stronger for the target cells than for the other cell types, resulting in more active
concentration of the target cells on the electrodes, especially if the target cells or non-

target cells are conjugated to beads.

[0094] The cells may be incubated at the electrode array for a period of time, for
example, from about 5 minutes to about 20 minutes, to increase the probability that all
or most of the cells will be brought to the electrode surface. During the incubation
period, the dielectrophoretic field may be applied, including continuously or at

intervals.

[0095] Once the cells are brought to the vicinity of the electrode array, the

immobilised capture molecules will recognise and bind to target cells that display a
cell surface marker that is specifically bound by the capture molecule. If more than
one type of capture molecule is used, target cells present in the fluid sample will be

specifically bound at an electrode upon which the capture molecule that specifically
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one type of capture nolecule is used, target cells present in the fluid
sanple will be specifically bound at an el ectrode upon which the capture
nol ecul e wbabioapesssf i cal | ybi nds that particul ar type of pcarsgeoomeddosi s

i mmobi i sed. [0096] Once the target cells have been captured by the capture
nol ecul es on the el ectrode surfaces, the renaining sanple and non: bound

cel | s ar ebinidsrthatgdrtichitur sypeaf tdrgetdelés insholgilifedt exanpl e a pipette, syringe or
syphon, or it nmay conveniently be perfornmed using a mcrofluidic punp
system t out the fluid s l.e fromt chanber . 09 Fol | owi ng
Cemoval dPOIRE  Oes e daesioelin iaa hser et By e Wﬂgfﬂﬁi{ﬂ(fwﬁ‘]@&aﬁl? if a

mi cr of | UiefliofroBbl MRERYS HR PemintSESmpld SnSRAHIDGINA0Ms HeSEhoALE Ffid Ay TBY
optionallycbg rﬁﬁgedﬁusing an |npégance buffer. T%e i npedance buftfer may be
t he sane beubhensing ut ealople a pipgiteg pyainge ioo syphon drat iayiconwarptlg beor it nmay be
a different, i dance buffer., and should be conpatihbl.e w i nt,act cells
2nd i ¢ h PP CETE e A PG ARG GH o SHBDEtaF iy

remai ni ngpaapsPeci fically bound cells and any ot her renaining sanple
conponents. [0098] | npedance buffer is added to the chanmber in order to
perform inpedance neasurenents. |npedance is neasured for each inner

el ect r odd009Tnct Fallawine remenvial elthe rgmainde ofthadiwidicspmple e agai nst t he
outer el Bt -0ni . _ [ ect rode.
[0099] A STAYIBHER /PR i ditic BAGh aiicrs el MOLRANE hE BRELGILT) | 205,

t aken i n afrapiifafy@ptiomltieainstdasingpe iapiandetadieng Thoimpdianssbysfee was

nmeasured. [Q01 00] hi grder to determne the cqoncentration of target cells
in the omayifsdhe wmgiuiier uped mfe&amarﬁ%%ﬁf%ﬁﬁmd BB QB4 B d%Ach

i ndi vi duglerd B $hpEdaREs bORG, Ald SouliAR!dohipaliblebitoiRtact &llsSint wih0TPar €d wi th

t he i npedance rregsured for the particular 1nner electrode in the absence of
bound t aimp¢daped insasufemnents dhipbiag atlones firfréreoel o€ ametemsamng npedance nmeasur ed
in wash buffer and i dance nmeasured.with cq tured target cells in the
wash but PRl Rund FelSAaY By CPBLET iR SETE PIPENSe i n i npedance may be
conpared with known differences cal cul ated usi ng known concentrations of
target c§0098] f ampedairpbaffesisaddawithatiembenid drdectoderfons ilpedance That is, a

standard curve of inpedance may be_cal cul at ed using ..
measurements. Impedance 1s measured for each inner electrode, functioning

individually as a working electrode against the outer electrodes functioning together

as a single reference electrode.

[0099] A reference impedance reading in the absence of target cells is taken in a

buffer in which the impedance reading for the sample was measured.

[00100] In order to determine the concentration of target cells in the original
sample, the impedance measurement obtained for each individual inner electrode after
capture of target cells is compared with the impedance measured for the particular
inner electrode in the absence of bound target cells. For example, the difference
between impedance measured in wash buffer and impedance measured with captured

target cells in the wash buffer may be calculated.

[00101] The difference in impedance may be compared with known differences
calculated using known concentrations of target c€lls, for example as demonstrated in
the examples below. That is, a standard curve of impedance may be calculated using
known concentrations of target cells may be created and used as a reference to

determine the concentration of target cells in a test sample in which the target cell
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known concentrations of target cells may be created and used as a reference
to determne the concentration of target cells in a test sanple in which

t he targewoeeldosossgentration is to be determ ned. [00102rT/RG200W000306 t he
difference in inpedance for all electrodes having a particul ar type of

| rmobi | i sed capture nol ecul e provides the total nunmber of a particular type
of tar getconedntratiapisito®d derermmedi ven sanple. Using the results obtained for
two or nore el ectrodes together nay provide a nore accurate determ nation

of target congentrati ,n.the sanple. [001 | f. the .concentration
of _target[oﬁ_ﬂ)#]s wi tHIS %éf-ﬁ%fl.‘gfefeélc?%ﬁ%pﬁaﬁ“a‘[? fgbalgé]eﬁté?dﬁlﬂ?ﬁﬁgaet ection
limt of J.RiS1drejpeashimmibilisel Saptaie $RScdE pAtaRk thd B4l REmBEdAd to the
chanber i'n order"to increase the total nunber of cells captured on each

el ect r odeartiduiar fipevd tagetpwll chptoredifor @ given sapplieo hisingthe resuits/oseined peat ed and

ol ume. hdbR BCa o AP e e AoV g 2 bere Ry aPR R0 e o2 O ©

capture, tgpki @NIbondértatiéHh th pce nmeasurenment nay be repeated for each
successi ve addition of sanple volune to the chanber until the inpedance

nmeasurenment is within the detection range for the nethod. If desired, a

| onger wd@P1@3lep, JEthsgoncantratien ofjarest ¢S withinAgampigRBtooflPs fabe may be
per f or ne%efbfvs; fhe d@@gﬁ&* Rﬁit%tf 'pﬁleﬁfoﬁallnuﬁg)rlé;bol%e§ éf%h{;ﬂ%/ f?xlag'gg aldbdb der to
p to I nal

ensure that non-specific cells are tenoved prior | npedance
nmeasur engld chapfbed inOstfer tb inleedse dd, totahpurdbeti afechimyapbheed oneavhra¢otrddé.or

subsequent use by renoving the captured target anal yte particles and
i mobi | i §i‘ﬂa§%‘fﬁ%‘?¥§ O%P@B%aé‘g,ol’%‘gaﬁé‘ﬁ?é]i‘rﬁaé{ feﬁ’@ﬁeﬁaf’)éfl@afﬁngol%_rubbi ng or using
bl each oy Nedarcs RlebdurQRent Thi&n SHES RFES eMERINRICORARPE WHhMe hhRORPY |

al cohol, de-ionised water and oxygen plasnma such as used when stripping a
phot or esiadded tayke chagtber,ior altematovely [taestense freaptvos optienal saslbask used. New

surface chem stry can then be appl| and,t he device.can be used again
For o nedPpdiapcd iR uedds el dor P e S AR oI RBIL o e st
i n vari owslufRtto ¢l clziidet GitilithdBupedatdetfi¢adgrehtent Batietinthu degection adngent

regi men and treatment efficacy. For_ exanple, when the device and nethod are
used to duithemethods If desired, a longer wash step, using a larger wash volume and higher

flow rate may be performed after addition of the final batch of sample volume in
order to ensure that non-specific cells are removed prior to a final impedance

measurement.

[00104] If desired, the device may be regenerated for subsequent use by
removing the captured target analyte particles and immobilised capture molecules, for
example by mechanical scrubbing or using bleach or NaOH solution. The surfaces
may be cleaned using isopropyl alcohol, de-ionised water and oxygen plasma such as
used when stripping a photoresist layer. Sterilization cleaning methods may also be
used. New surface chemistry can then be applied and the device can then be used

again for a new test.

[00105] The above-described methods and devices are useful in various
medical applications, including for determining treatment regimen and treatment
efficacy. For example, when the device and method are used to detect EPCs from a
blood sample, a physician may use the results to determine the effectiveness of a
given treatment, including medications to incréase levels of EPCs. As well, a

physician may use the results of EPC count to determine the type of stent to deploy in
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bl ood sanple, a physician may use the results to determ ne the

ef fecti veness of a given treatnent, including nedications to increase

| evel s ofwBPGayosfsswel |, a physician nmay use the result $cefscEiG/00amt t 0
determ ne the type of stent to deploy ina patient. [00106] The net hods and
devices may be used for real-tinme in situ nonitoring of cell growh.
[00107] Faopiteat.ng capture of target cells on the surface of the el ectrodes,
and optional washing, cells are allowed to fully attach to the el ectrode

rface i ttachnment .i ired f I h.. An initial
;Slrjrpedanc:afur?éﬁbtr 2rre je Tr’r‘g{}‘og%%i’f{ a%'g‘%sﬁﬁayeﬁéﬁiceﬁgjﬂﬁ%gwwg%Fg'élé‘?rg“\thgn%eI s are
al l'owed tgrdeNgbate under conditions that allow for cell division, and then

one or nore | nmpedance neasurenents are taken under the growth conditions.
The total nunber of cells at any given tine point can be cal cul ated based

on the chi®93871 n i npadlvavie captenn affargeheelisain thesatacrce! the glagiredesnand Thi s
approach ) used even wit | gacu i to
i Fect o roptoar sl Feehy aft wlwba fo FOE) Wil B biporrot®' P8k O

met hods adithchrawntGe Sedined for belEdrowah. rAaninifialithpedartt measireivient fop@ac dr ug

and toxicity effects on cells, or nonitaori ngdégf, cell culture processes, for
exanpl e c‘éPl?{mﬁﬁl%Cé’iﬁdﬁgs rgrerded nTheesils @re allasyedta incabate wndet qonditions thabns .

[ 00109] FRlduP L aRISHE B thell S8E o Shord bl ARindits hCwRLPC! rodes,

and opti onal shing an attachnent, real-tinme 1n situ I npedance can
be neasunedet thergpowthaonditibhs. gTlmtoal nAmbenof ¢edls at aypyegleeicEme poingécar bed at

each wor ki el ectrode, and a_ suppl.ement such as a drug,.a toxig test
corrpound,"é"i-]{g‘&f’rt tFF‘SF"gc?‘br alea cgﬁtfét r'at émpﬁffaﬂﬁff h&ﬂ%‘di"ﬁ?ﬂ ﬂ‘l‘tlagt Ff&?e{aﬂﬁfbl enent
may be adgefulethenheTRSaphehcH BhY B¥LEE dvBR withoht Abapiae hiledHd) usinkliBe cel | s
are allowed to incubate, includi ng under conditions that allow tor cell

di vi si on DEP tedirect the cgHsitot the gendreeofche elgeteodersyefdetaice neasurenents are taken
under the test conditions. The total number of cells at any given tine

poi nt Cagtoﬁ‘?oﬁﬁ' cul eerﬂ‘?tﬂgésegldo&vwéﬁ eli orl 2RE Qgr?sz%%%hhgﬁn. nitial

i npedance nmeasur emen I'S approac y be used even w thout a capture
nol ecul e,ofudruggandhexioll dffectdi o ctlld, e mehitariigoof kell calttreeprotessése fat ect r ode

surface. [00110]  Fol | owi f ot .
el ectr Odee[g(amg ell sgrea i\élmgr;gd %gt%u%;lge I(J?nder %érgagxtl gxgoe‘:xlrt{)%or?(ﬂtut)rbs? surface of the

[00109] Following capture of target cells on the surface of the electrodes, and
* optional washing and cell attachment, real-time iz situ impedance can be measured to
monitor cell growth. An initial impedance is recorded at each working electrode, and
a supplement such as a drug, a toxic test compound, a growth factor, a substrate,
growth medium or other supplement may be added to the chamber following the
initial measurement. The cells are allowed to {ncubate, including under conditions
that allow for cell division if desired, and then one or more impedance measurements
are taken under the test conditions. The total number of cells at any given time point
can be calculated based on the change in impedance from the initial impedance
measurement. This approach may be used even without a capture molecule, using the

DEP to direct the cells to the centre of the electrode surface.

[00110] Following capture of target cells on the surface of the electrodes, and
optional washing and cell attachment, real-time in sifu electrochemical signal can be
measured to monitor drug efflux, or the release of metabolites substrates from the

cells under certain drug or factor stimulation conditions.

21



optional washing and cell attachnent, real-tine in situ electrochem cal
signal can be neasured to nonitor drug efflux, or the rel ease of

met abol i twe 2810065089at es fromthe cells under certain dr ugCcersGRemioo6309
stinmulation conditions.[00111] The above-descri bed devi ces, nethods and

uses are rther e lified by .way of the f non-1imted. exanpl es.
EXAVPLES [{0@ ﬁﬁ L@qve[dﬁﬁ%‘b\%g deviged e nTe'Jé?fggws“%I oS8 c 8fft bs of the
ant i body é&ﬁ?ﬁ K& 8y Wy oTRYb16% RS RR-Hihigedd:Ghiplde areas of the m crochip,
which is sur olunde%I b3}/’0a sil |con%om de bioconpatible layer that has been
coated with a cell-repellent material to prevent non-specific adhesion of
anti - CD34EXAMBPHES prior to i mobilization and of cells during cell
trappi ng step. [001 14] The surface coating process and pol yet hyl ene gl ycol
(PEG page01a2] on vexamppeRtled from work done by M Zhang's group (Mandana,
V., Wckes, B. T., Castner, D.G, Zhang, M (2004) Biomaterials 25(16),
3315- 332 - Vélseh , Zhang 005) Blosensor and

Bi oel ect ﬁBHl'iQI 20( JjiguregFhows ﬁ@&efcenﬁxuﬁ?gﬁ’ﬁﬁ%é‘e@n t ed

al kanet hi;oloiidedQn i §9&&Hde%a%f anoT/cﬁ‘:“l\EgWh%% emaﬁme@eﬁsﬁfebﬂ (MJUA) /

mer capt o- propi oni ¢ aci In et re used to crea
sel f - assendhiedﬂommpaltihlpdaye(rsmvmmemrwatgdlﬁdthea etlitrepelbent tlateriat®n be furt her

nodified to bind to m.no i.d r.ot.eins. throu ctlvatlo W th
N (3 iRy RS IO B PR AT RTST Y BRGOHGHod A BPAC)
Nhydr oxnggaﬁﬂg&g&ayﬁg stdpe silicon oxide surface surroundi ng the

el ectrodes was passivated with a silane-PEG SAM that prevented protein

adsorption and cell attachnment. The process differed on the foll ow ng

steps: t HB0¥Mst r atThs suelpes cortingp@ceisand pebygthylsas &lyColdES) raﬁsavaéloal asma 2
treat men a Tt he

i ncubat i é‘r,]&?%g/%)ﬁ& ?é]wr %%5?}?}14 @%%Q%O%héw éf%*]ﬁ%(lfg sél f - assenbl ed
nonol ay erCastaédy)D.G ZthIaEg,gﬂJ ((20941)elﬁ‘bmdaeszlsvﬁﬁf(1$)em&5ed324; IGnh®yuveiselh0 nm of
CD34-flu ot h te (FITC i.n PBS) was

t hen i ncg\ﬂatzg ﬁéﬁ@%ﬁ’?ﬁ%@s%ﬂ%’ﬁggf"ﬁ Bn’r‘ff kﬁ&gésl%gﬁawhgggéﬂmé“ﬁenes)w th
PBS. The @ CtsiH S8 hiin NS alkhi¥tid1sqh 26 mMisbRioR RPN 110811 Rler@btot he PEG coati ng

and was not
undecanoic acid (MUA) / mercapto-propionic acid (MPA) in ethanol) were used to

create a self-assembled monolayer (SAM) on the gold electrodes that can be further
modified to bind to NH;-amino acids of proteins through activation with N-(3°-
dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride (EDAC) / N-
hydroxysuccinimide (NHS) The silicon oxide surface surrounding the electrodes was
passivated with a silane-PEG SAM that prevented protein adsorption and cell
attachment. The process differed on the following steps: the substrates were cleaned
with isopropanol, water and a plasma O, treatment (60% O,, 100W for 50s) instead of
piranha solution; the incubation in the thiol solution to form the COOH-terminated
self-assembled monolayer (SAM) on the gold eléctrodes was reduced to 6 hours. 50
ul of CD34-fluoroisothyocyanate (FITC) antibody solution (0.1 mg/ml in PBS) was
then incubated on one of the chips for 45 minutes and rinsed 3 times with PBS. The
other chip was stored at 4°C after application of the PEG coating and was not
activated. This is just one example of possible chemistries and patterning methods
that can be used to obtain an electrode array with appropriately immobilised capture

molecules.

[00115] - Figure 7 shows specific binding of the fluorescent antibody on the gold
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activated. This is just one exanple of possible chem stries and patterning
nmet hods that can be used to obtain an electrode array with appropriately

I mobi | i swo 208pise898 nol ecul es. [001 15] Figure 7 shows ep®siGRim/obézodi ng of

the fluorescent anti body on the gol dsurface and | ow non-specific binding on
the rest of the chip. [001 16] To denonstrate that the device is effective
at speci fyucfarce gnd lowppinrapeeific fandingon the rest glithe dBishows that both cel | types
(target (CD34+) cells that bind to the anti-CD34 anti body attached to the

i nner el sur R [ £ - 2d on the chi
surface %’Pﬁ 28’3 a cefcﬁgié%% g{éiqfcl:aﬁlgete%éﬁffl "1feh gtg ﬁ,lp‘%f}’gl)a\t/ g@c%%élé? %@ﬁP to - P
concent r ahgetedlls sFighret8shoads eledt botheceH uypea ¢asget A€ D4+ )ecefil dmp hatleo khef f er

saline (PBS) _sol ution wash, .the CD34+ cells re retained, on e i nner
el ect r odendicle P3¢ autibdy afached tpthe l’éléfﬁtekﬁﬁro%ﬁ%cﬁé? NORSACE Ca(\@l}’,“')

demonstr aéeg%gsﬁ{tﬁﬁ oﬁgﬁé:i:ﬂig ﬁntsfé’ce(?iﬁlrihp g ggfz grlcubﬁt?&pététgtha{ #0d1vdd hedBpE Oxi mat el y

1.2 X 104 + target c wer e I nsi de t'he chanber and observed
under t heDEP v anceapentd Edllgat the@Jectrbdé bwircasg) AfkR a(pbivsphatehufeypgline bot t om set

of pictur the sedinentatjion of the cells towards the innegx electrode
surface r(gg)épi sjuitop W%nﬁl?n&é#%e?e%ﬁ AY&e ﬁegmﬂ?‘ﬁ?ﬁ ﬁ”fm% e[ff‘f"?‘ier %’ﬁ%ﬁesf or the
sane el eGiEQER O1FM-8Rio1AT118 WeredwdhBY hRaP deRfdnbirdtitiz@hd Shabicagdf Brnel s,
botton) incubations and the el ectrode surfaces were alnost fully covered.

I n cont r astl trappi@g. no DEP was used to concentrate cells at the el ectrode
surfaces, the nunber of cells reaching the surface between 12 and 20

m nut es ed i | I t : t hat | d
ot foct i H00AERe” 8RR Smel el 28 10CEDSER Rk BOREIGAR ARG 1 121
accelb_elr atahémbek aﬂligl’dgﬁérvftggﬂdef gﬁpﬂﬂcftgc@p’e (gi@re Dﬁ@bﬁodﬁlgsmlEP @tz 1.5 I

I mobi | i zed anti body. 1 Figure 10 shqws e i npedance signal as
moni t or ed”RihT BRHM \?%/{rqutféurgﬁj)aé'éé cpiqtion, ng’éscgh’f Waga)sstﬁﬁ&ngr i nger

el ectr Od%léeﬁoag&rﬁa!& PeachEPEARAGS ARARAR (Phhirhutest NS sikREcRE: A% thd\@nRer cent age

of difference between the iInpedance signal measured at %ggi‘ven time point
and the slagtrade wensagnafient2 mimute orf 20 minute(enkargad panelst kgitogpiipgpbPBMsand pri or

| oadi ng 200t Gastipde autfes rRr e p ik coVet ARERRERE frR AUV E  Phoay
| mrobi | | s8€el ®toncentrate cells at the electrode surfaces, the number of cells reaching the

surface between 12 and 20 minutes (enlafged panels, top) is noticeably larger to an

extent that would effect impedance measurements. These results demonstrate that

DEP can accelerate and direct cell trapping on the electrode surface with immobilized

antibody.

[00118] Figure 10 shows the impedance signal as monitored through various
stages of the process for a single inner electrode on the chip. Impedance change (%)
is calculated as the percentage of difference between the impedance signal measured
at a given time point and the signal measured at the initial calibration step using PBS
and prior to cell loading (real, at log 5.58 Hz). The impedance measured after loading
12000 CD34+ cells in PBS inside the chamber with CD34+ antibody immobilised on
the inner electrode surface shows an increase of more than 20%. After 5 minutes
incubation the cells started to settle on the electrode surface, contributing to the
increasing impedance signal. Similar results are seen just prior to washing following
a 20 minutes incubation, when the cells have comialetely settled on the electrode
surface. Finally, after a washing step, the target CD34+ cells remain trépped on the

surface by the immobilised antibody and the impedance signal increases by more than
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the inner electrode surface shows an increase of nore than 20% After 5
m nutes i ncubation the cells started to settle on the el ectrode surface,

cont ri butwo@otomsbdde | ncreasi ng i npedance signal. Sim | apcrggdbdopodsoe seen
just prior to washing following a 20 m nutes incubation, when the cells
have conpletely settled on the electrode surface. Finally, after a washing

step, thesowr getortloBéxpetiatdnisla@y¥Bshowh iR VAR tROsdneprdbésh 38 apMiddhs a
i mmobi | i sed anti body and the i npedance signal increases by nore than50% A

control eXHBCPRaining enlyPBS (80 6¢ks)-iBesults dow insigaidieantsignabehangas applied to a
chi p cont gj.ni .cell Re S; Lnsi gni fi i. gnal
change thrﬁ%{iﬂ gﬂtﬁ H% %lﬁgg; ﬁ%ﬁ%r&%ﬁ’p@pmnéﬂé% ’??p\#ﬁd%‘g‘:%t%a getc%’gprl}bﬁgé%ance
change dedwx tolvel attschatvemt toothe ehtibodiytcaatedetifade0 t he anti body- coat ed surface.
[001 19] Figure 11 shows the simulation results for electrical field

di stribut} ross_the el ectrode.pajrs as shown, As en fromthe results,
the i nnerto&qégf r odeF &% Ktk OWééheaS“F‘B po é‘FSBﬁf ?%?&qcmaﬁgﬂa GRIRAIORI |1 di rect
cel l's t ovgseksitReelBBSITRAAS a $HOWAC A Ktkh REnt (A8 r&BRY ik&inhaNe1&irJaggat i ve DEP.
Figure 12 is a mcorograph showi ng CD34+ cells trapped on the el ectrode

centres fairfasohang losgaelevisicaifield,[vdodpe]ll dixeuvetls towpgithe tlectFodpuefades
denonstrates the resul.ts of testi he | r dectection lim t he

devi ce usclthﬁrbnga %%‘?%%1"84‘%%%? elgﬁﬁ%egb }gﬁ 1 g{g&re gzﬁﬁ?%@gﬁﬁl’l SE’OWI{%‘E]BE%kat cells
as non-t agedistrappdd ¢n B dlcciiodercengtd dllowidgigativeBEPS. As can be seen, at

| east a lower 1 mt of 150 CD34+ cells in a total of a m xed sanple

cont ai ni n& 52 i)OO cells can be detected in a single batch |oading. [001 22]
Fi gures 1 03281 15 JEXAMPEE: t he i nproved detection using nmultiple batch
| oadi ng of cells. For each batch, a m xture of Jurkat and CD34+ cells (for

a total ofgo321P00 cElli% BUMRNAE tﬂﬁ@es@@g’gf&ﬁmﬁs%e‘fﬁ& deaades c}hﬂﬁo the

chanmber. The results indicate that the CD34+ cells are retalned on the
i nner el eefithodevideupngasaniple cortsaining a totatipHity,0Qkedllstwithplvirey celischswas hi ng

procedures. resul tjng i verall incregse in %inpedance cgan . W th
i ncreasi N hF g?eﬂgfagg Q%:ﬁlg sceﬁfb S%I{@Eﬁet ‘f%ffs As ?an}egg‘ﬂ’g Iagleﬁséfi ?,W%gﬁ{llé, ns a
target cedfl150@BRAL dellk 04 tdtilAf afikd sdagle vorthigidgoMEuoodRlIecdd B i mit,
mul ti pl e batch | oading may be used to allow for |oading of sufficient cells
to exceedqt¢réediBpsingiobatemloadig) d.

[00122] Figures 14 and 15 demonstrate the improved detection using multiple

batch loading of cells. For each batch, a mixture of Jurkat and CD34+ cells (for a

total of 15,000 cells containing 750 CD34+cells) were loaded into the chamber. The

results indicate that the CD34+ cells are retained on the inner electrode from batch to

batch loading, cell trapping and washing procedures, resulting in overall increase in %

impedance change with increasing number of batches loaded. Thus, if a single batch

contains a target cell concentration that falls below the lower detection limit, multiple

batch loading may be used to allow for loading of sufficient cells to exceed the

detection threshold.

[00123] Figures 16 and 17 show the results for.a similar experiment using only
Jurkat cells. The results indicate that % impedance change does not increase with

increased loading of batches of negative control cells.
[00124] EXAMPLE 3

[00125] = The described method is performed on a device having three separate
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[00123] Figures 16 and 17 show the results for.a simlar experinment using
only Jurkat cells. The results indicate that % i npedance change does not

i ncr ease wtb1o/03egegased | oadi ng of batches of negative eomisGabosmedios.

[ 00124] EXAMPLE 3 [00125] The described nethod is perfornmed on a device
havi ng three separat echanbers each with a separate el ectrode array. Chanber
1 has ant bmmerséedcmmma@adtmedxﬂoeeeﬁeﬁtmﬁﬂbaurﬁaaaﬁ@bod@h@nber 2 has

anti body B i b| on the e]ectrode surfaces, and chanber 3 has
ant i bodi e¥MRO el detirigries; plandhes & thap aatibody Briswmobiisedihp i n
Figure 18ecffik sgﬁiice-ghéiﬁl b&h?ﬂg%tlgodlgse}xlaﬁd@(ﬁ{rﬁﬂﬁ]é% qnhEgen A
(specifically bound by antl ody A) and antigen A an together will be

det ect ed elndragieantfadeiseab; shownaﬂnE@al&, cells expressing antigen B
(specifically bound by anti body B) and antigen A and B together will be

det ect ed ant i d i n, chanber 3, cel antj.gen A,

anti gen Bﬁbd' §xt| get aglbf:{)b,ec[eﬂ%pqus ngt?@“ﬁ%‘léi? ﬁs&ﬂﬁgaﬂm ied. [001
27] hi OrﬁﬂiboHQA()lahdihﬁhgeJﬂ% h@VB ltGgcer AR bY ALictted af®hantifikd] iAlBaRBer, t he
foll owi ng cal culations are carried out on the signals obt ai ned fromthe

i mpedance2- s %@%ﬁl@sﬁnng@mwa@mﬁ@gﬂy beundrpyeapsihedy Brand antigen sandt ai ned
from chargtd: Liof 409z, 8l SURTRAL o A AUhIES (IF, SnESHLAtiansof target

cel |l s expr&ssing antigen actin afnce“nmeasSurenent s
obt ai ned efntngmBh&mh&gerQAfand tbgéthér\mﬂl bbhﬁtﬁ&wd a&idrqmmlﬁb‘as the concentration
of target cells expr essi ng antigen A only; subtracting the inpedance

3. fromthe sum of .the inpedance

t f h
xgiﬂ; :m@zzgt 2: fiérg%ﬁﬁf(ﬂfgg "é’% of the varigns gelisf interest Blecent rati on of
target cefoliswigtiaf®bdtiods BRIAmRAuIER theAi AR d%tmﬁ&pégxﬁ]thﬂ b&ﬁﬂ@ée' vely,

nmul ti pl e types and conbi nati ons of capture nol ecul es may I mobi |i sed on
differ entmeasémqaﬁesuwaphnmtmmpme mleayreetds abtamyd ﬁnrracl@milgt t chanber

(inset p Fol 1.0 cri bed t hod, using
ei t her s%(g ‘%‘gtoc %Hal?eb Ip[ro{)g?s 5 &en%%{olnooﬁqggg ¥t F’S’f%%f‘t%?é’ 8% ar get
cel | s expB eaBt Bgbtiabindthetiinpedante Mehduréhiditasitained kefmschaf®er B frdi®6se

speci fi cal IC% on the el ectrode(s) coated with the correspondi ng anti bodi es.

The si gndif hrBhschprvides thecgpeentrationeiiateticells gxpiesning aiigsAd epi | ed to

subtracting the impedance measurements obtained from chamber 3 from the sum of
the impedance measurements obtained from chambers 1 and 2 provides the

concentration of target cells expressing both antigens A and B.

[00128] Alternatively, multiple types and combinations of capture molecules
may be immobilised on different electrodes within the same electrode array in a single

chamber (inset panel of Figure 18).

[00129] Following the described method, using either single batch or multi-
batch application of sample volumes, target cells 'expressing the particular cell surface
markers are retained specifically on the electrode(s) coated with the corresponding
antibodies. The signal from each electrode is recorded individually and compiled to
assess the relative quantity of each cell type (cells that have a specific combination of
markers). Depending on the expected concentration of the target cells, the signals
from electrodes covered with the same antibody are summed together to increase the

sensitivity.
[00130] EXAMPLE 4

25



assess the relative quantity of each cell type (cells that have a specific
conbi nati on of markers). Depending on the expected concentration of the
t arget ceWbp1ddzesesi gnal s from el ectrodes covered with the/ssane/oassy body
are summed together to increase the sensitivity. [00130] EXAVPLE 4[ 001 31]
Various possible configurations of the chanber are shown in Figures 19 and
20. Fi gur 0081} hows Varens nessiblssonhgurationsof she-ehagbsr argishown m Rigukesy B-B'  of

a non-spl | f@d‘rbﬁ i S i i i Wi el ha Swf

connect i o%é ?‘rg I nl e%’“‘gﬁ% SoﬁY’f‘ gdtp’ g%?@%@%%ﬁ%cgg%lv%ép\ %.Bﬁsﬁgwgf bottom
and top vaawssplit ch@hberalesigh,ad® seoingnicte fuidiccthBariRls/foe vsnetti@antoHnkehaped
chanber. Panels B. ow t op Ei ews of H shaped ]iJ shaped and

C..and_D. s '
non- spl i t 2nGdEEPOrte dn igure %@@f@%f*ﬁkﬂw pitemEpg 0P eWERH IR 299ropsy
schemat i c.tf.J; dj n I Gl gpegﬁ; t t 1 34] In
panel a),sefgh‘SPHBV% ég{a%fﬁ %%@Q&sﬁﬂaﬁ?{eﬂﬁ‘?ﬁfo t eéggﬁgnnﬁgelra"laaﬁ’ arlljl %ﬂ?‘{vl[tgllp
i npedanceviawasfiHeshgred, Ushpgadf amd med-spbt chaanbler destignsi dual wor ki ng el ect r ode.
[001 35] In panel b), the PBS solution is punped out of the chanmber via the

outl et usj e m i dic punp system [001 36] In panel c) a sanple of
peri pher adoiaaf‘%ﬂd rmﬁ%ﬂégéccel | s containing EPCs is injected suspended in
a conductive nedium (PBS) into the chanber in a single batch. [00137] In

panel d) [00938] ve DHBuie®1dppdheitit Aowaiig@air dtbitiag bhs embodifiensefitht e to t he
bottom of the chanber where the electrode array is |ocated, and

speci fi calPP@io@o concentrate cells at the centre of the working el ectrodes,
the surfaces of which are covered by pre-imobilised EPC specific

anti bodi %nggfl Zurﬁl GRd a?,alqlssw_ﬁlkﬂhﬁ&l{sqﬁleﬁli%_ttﬁg R SnPiBiiuS! y coat ed

with cell™- nt ter e cells are incubated to allow the
ant i bodi esipedarsp ewasurembhtyis penfistntel doiFaCh individid8yorkingpdeveode) unat t ached
cells (non-EPC) are washed fromthe chanber by punping in wash sol ution

fromthe [bBll%] t hrlglf)ggeltb?,e(hg BEB sgﬁ%ggei}srpl?nrllgedo ol{& OH}A% c?lgrtn grtvia the

outlet using the microfluidic pump system.

[00136] In panel c) a sample of peripheral blood mononuclear cells containing
EPCs is injected suspended in a conductive medium (PBS) into the chamber in a

single batch.

[00137] In panel d) negative DEP is applied to concentrate cells in the sample
to the bottom of the chamber where the electrode array is located, and specifically to
concentrate cells at the centre of the working electrodes, the surfaces of which are
covered by pre-immobilised EPC-specific antibodies. The surfaces surrounding the
electrodes are previously coated with cell-repellent materials. The cells are incubated

to allow the antibodies to specifically bind the EPCs.

[00138] In panel e) unattached cells (non-EPC) are washed from the chamber
by pumping in wash solution from the inlet, through the open chamber and out the

outlet.

[00139] In panel f) the impedance of individual working electrodes is measured
and the change in impedance (from the initial impedance value measured in PBS) for
each working electrode is calculated. The individual working electrode impedance

change correlates with the number of EPCs on the particular electrode. The sum total
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[00139] In panel f ) the inpedance of individual working electrodes is
nmeasured and the change in inpedance (fromthe initial inpedance val ue
measur ed wo 20B%)sodoer each worki ng el ectrode is cal cul at edT/sGaensioneboyi dual
wor ki ng el ectrode i npedance change correlates with the nunber of EPCs on
the particular electrode. The sum totalinpedance change fromall of the

i ndi vi duaimpsdencerchags fUDnaéloéﬂmndthdhakﬂ@wﬂdmmﬂqwe% thelrambgep€ capt ur ed

by the sy nd can be .used to cal ulaet tatlon f..EPCs in
Che tni ¢ EREElE e BRyR A RE o et ot e b o o SRR R S bRReBHi B ci ¢ e
in this sgrrpddigakd PRiakk/npler e| n |ncor por ated by ref erence as if each

i ndi vidual publication or patent application were specifically and

i ndi vi dual | %ﬂl ndi cated to be incorporated by reference. The citation of any

publ i cat i [991A4Q] f or AH publicagipesandpagnt éPpltCétl‘?Wem‘FflMﬂ’gs PEEEICAlRN ARoul d not
b t L. t tled t
ant odat o han R AEE LT RBn o B (LR R TRER o MR ol B PR LS i 1
this specwéreepém@wall&radd fildvidpglbnidédated & mmcbﬂpemwdﬁmm*reﬂaerﬁhe a", "an"

and "the" include pl raI reference unl ess.the caq cl ea di ct at es
ot her i se"“aﬁgnﬂ %H’ Ruplicgtion 1§§‘§éfsfql¥ SPESPTigR &0 fh’?é{l FS{Q E‘Pﬁd the terms
" CONPri S&ye co das %.f‘l R8mission AR rthéﬁ%sen@ﬂgfeﬁﬁéﬁé nbPértRIeRfo hitESfe E@dhms are

|ntended|nt imting inclusive sense, that 1s, to iInclude
parti cul qaubhatloméxy‘ettweﬁprmr@mvammponent s without excl udi ng any ot her
el ement or conponent. Unless defined otherwi se all technical and scientific

terns us in have the,same nin n under st ood to one of
or di naryelggl?ﬁ]el n t@s ngitm %SW? érﬁelg‘iatt‘% %ld?tﬁ?/ &Y O%A%I 0|’lghse stirt%lgaf 42]
Al t hough fbhgs f#9] e@oiang “ihev aihideplirabreReaitedaiss ilkednicrt dedry dlefatds| by way

of illustration and exanple for purposes of clarity of understanding, it is
readily é’&f‘d}"@ﬁt §§Sqdr15§1§s specHicatipmand digappendgd chgns the teA$ | ght of the

teachi ngs« g, o Lilins«d t%gﬁfdgmc&, hgserah b&&ﬁﬁﬁﬂ%%mgt&agggelﬁ%ha% may be

made t her 6t 0P W t hou tin omt e spirit or scope e appended
cl ai ns. \Ama'ndISllfﬁhrmg\iEﬂuslse sdlse,Ahatesutc enchale pdeticatriremted akegaltsamal yte

particles in a sa risin cha er havin i nt.e surface; an
el ect rod@oﬁ’lpf’ﬁﬁpt%nPtb%‘ft(fXFﬁB’é‘IglaBV%EﬁfF %fa“roa‘Pf?P t i}‘ gFﬁ conpri si ng
one otherwise all technical and scientific terms used herein have the same meaning as

commonly understood to one of ordinary skill in the art to which this invention

belongs.

[00142] Although the foregoing invention has been described in some detail by
way of illustration and example for purposes of clarity of understanding, it is readily
apparent to those of ordinary skill in the art in light of the teachings of this invention
that certain changes and modifications may be made thereto without departing from

the spirit or scope of the appended claims.
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or nore electrode pairs, each of said one or nore electrode pairs
conprising an inner electrode and an outer electrode at |east substantially
sur roundiwg 20toesosyser el ectrode; one or nore capture nolPeTsiGeaovionsodi | i sed
on a surface of each of said inner electrodes for capturing said target
anal yte particles; and a controller operably interconnected with said

el ectrode array to selectively (i) apply a voltage to said outer electrodes
and sai d WHAdr [ISCEAIMEBIS: t 0 generate a diel ectrophoretic field in the
vicinity of the electrode array for concentrating target anal yte particles

at said glectrpode. (e B Ingﬁg ; and (ii)
sense irrgédané}ag%ﬁge{]%g)sﬁetg%{ngg%w%@e}?gg%@%ﬁ?g‘ﬁ%%éf{i@e’g%t ct lrl?aptured t ar get
anal yte particles. 2. The device of claim 1l wherein the dielectrophoretic

field is a negahamberchagimgctnriotehior atrface;f i el d. 3. The device of claim1 or
claim2 further conprising an inlet and an outlet of said chanber, each of

idinlet d out influd ication, wth ' fluidi
Systom 4. Théngliiode S AR A BAER Maea fhesp e RmpHnaond of (e
interior surfaggoRObleaR¥R TS, RACIEbLSGId OREST thereeRiBde PhifdtoRtprisin

anal yte-repel lent material. 5. The device of any one of clains to 4
conpri si ng twendamenpleetredecandrapaitss glectrodat logsbsubistantially susroupdingithen of t he

i nner el ectrodes hr’:\S adti rst type of one or nore capture nol ecul es

i mobi i sed t NEFESKCRXE a second portion of the inner electrodeshas a
second type of one or nore capture nolecules i mobilised thereon. 6. The
devi ce of any of@er mbrecdapiui® mbldcale immebgised bine sarfadeyif ea¢iasftsaicl iaserar e cel | s,
bacteria, viruses, proteins, nucleic acjids, ncrobeads or nanobeads. 7. The
devi ce of cl aflfrEodadPisaRtuning sgiddpsge ¢ pafigles; cells. 8. The device of
any one of clains 1 to 7 wherein the one or nore capture nolecules are

anti bodi es. 94 cJAgoILp&ESEDIY intetBnMREANDRN 84ifl efedbRoddUrtOd IsBRctivey ant i - CD34
anti bodi es and the target analyte particles are endothelial progenitor

cells.
(1) apply a voltage to said outer electrodes and said inner electrodes to

generate a dielectrophoretic field in the vicinity of the electrode array
for concentrating target analyte particles at said electrode array for

capture by said capture molecules; and

(ii) sense impedance changes at each inner electrode, to detect captu}ed

target analyte particles.
2. The device of claim 1 wherein the dielectrophoretic field is a negative
dielectrophoretic field.
3. The device of claim 1 or claim 2 further comprising an inlet and an outlet of

said chamber, each of said inlet and outlet in fluid communication with a microfluidic

pump system.

4. The device of any one of claims 1 to 3 wherein the area of the interior surface

not covered by electrodes is coated with an analyte-repellent material.

5. The device of any one of claims 1 to 4 comprising two or more electrode pairs
and wherein a first portion of the inner electrodes has a first type of one or more

capture molecules immobilised thereon and a second portion of the inner electrodes
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10. A method of determ ning concentration of target analyte particles in a
sanpl e, conprising: adding a sanple volune to a chanber of a device, said
chanber hgwi200)/@0s98! ectrode array | ocated on an interi opcsschenmoahs sai d
chanber, said electrode array conprising one or nore el ectrode pairs, each
of said one or nore el ectrode pairs conpri sing ner el ectrode and an
out er el 8RG8 IYPHRIRNERG Moe CantHE Melpares igH0 lléSSBHhQSFOI%al d i nner

el ectrodes having one or nore capture nolecul es i nmobilised thereon;

appl yi ng @ volfiggi& o?ahfo%mmﬁisq%rsoﬂe&emﬂe S fle biieles BlERIE0des o
generate a diel ectrophoretic field in the vicinity of said el ectrode array,
t her eby dwotegn; viatses) grateingaucleivedcidsemperobéads esnanobsasist i n t he sanpl e vol une
at said electrode array; capturing said target analyte particles by

specifically ndj n rget .anal yt art.icles h said capture

nol ecul e? andb#l%?r ﬁ;ﬁ i ggﬂ& eﬁan@éen%a&ggﬁlﬁgs 4 cwpém ng the remaining
sanpl e volune in- the chanber wth an inpedance buffer solution suitable
for condw:ti ngriengesitede enyBisafl iRRlSHO 7B tinithgondgretaveeaptaie each i nner
el ectrode; and conparing the nmeasured i npedance with i npedance neasured in
theabsend@oéﬂlﬁﬁ?eﬁﬂﬂgﬂﬁﬂanalyte particles and correlating any difference
i n i npedance obtained with the concentration of target analyte particles in
the sanple. 1]1“hem@10€%ff @fwlfeke% melé?ltl‘!yﬂ&ifé%ﬂ% ahﬁfblgwluﬁ%ﬁfé%{%& fel c field
generated is a negative dielectrophoretic field . The nethod of claim10
or 11 f urargetranebipparticlasatcrroddthelial grageniterneeils.e voI urre for a period of tine
fol | owi ng application of the dielectrophoretic field and prior to replacing

RS T R AT SN e S RN

addi ng t kempfip@gance buffer solution. 14. The nethod of any one of clains
10 to 13 mherein the el ectrode array

adding a sample volume to a chamber of a device, said chamber having an
electrode array located on an interior surface of said chamber, said electrode
array comprising one or more electrode pairs, each of said one or more
electrode pairs comprising an inner electrode and an outer electrode
surrounding the inner electrode, each of said inner electrodes having one or

more capture molecules immobilised thereon;

applying a voltage to said outer electrodes and said inner electrodes to
generate a dielectrophoretic field in the vicinity of said electrode array,
thereby concentrating target analyte particles present in the sample volume at

said electrode array;

capturing said target analyte particles by specifically binding said target
analyte particles with said capture molecules and forming a remaining sample

volume;

replacing the remaining sample volume irr the chamber with an impedance

buffer solution suitable for conducting impedance measurements;
measuring impedance at each inner electrode;

and comparing the measured impedance with impedance measured in the
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conprises two or nore electrode pairs and wherein a first portion of the
i nner electrodes has a first type of one or nore capture nol ecul es

i mrobi | i swd 201vases and a second portion of the inner elpetiscaoemodzas a
second type of one or nore capture nol ecul es i mobilised thereon, and
wherein said conparing is performed separately for the neasured inpedance
obt ai ned for tabsercero any targat gnalyie rarfivdes and serrelotieg anyrdifferance e measur ed

method of any BECSEplifd AP RE oBraforliy PR BLURRER D, O

cells, bacteris@ampd.ruses, proteins, nucleic acids, mcrobeads or nanobeads.
16. The nmethod of claim 15 wherein the analyte particles are cells. 17. The

nmet hod of any gne of clains 10 to 16 wherein the one .or nore capture
mol ecul esllar e HisimetBed akclapgl0 Vﬁ?@reﬁ’e‘thﬁétfl?ﬂm@%ﬂeﬂ? g‘?ld\ﬂ‘@?réfeﬂ ¥fhe antibodies

are anti - L J ; he target cells are endothelial progenitor
S AL Rt

cells. 19. any one of clains 10 to 18 wherein said sanple
volune is a first sanple volunme and further conprising adding a second

sanpl e vdl2unme Bfetmethehoiiclaigdi hgr binfurtherf enmeprisiigiineuhatiog thegsamphel r epeat i ng
sai d applyin nd sai epl aci n rigr t.o suring the j.npedance.20. The
ot hoa ool fia sfod okt 1ioal sodlicalish AFGR AP EmpRarelSREIARAS 2% /ot
sanpl e Vet RPhchithdRmAHAREASpIBFoREHE Ny a second sanpl e vol une after
sai d neasuring and repeating said applying, said replacing and said

mc:asuring;l.3 21. The nmethod of any one_ of clains 10 to 18 wherein the anal yte
a

particlesiZare TEb@w@l,wci pleanyng 9f Chaifps Heto %WP‘;‘FM“@H&‘@?S}‘% e reasuri ng,
i ncubat ’lﬂ%&lﬁﬁ Wit b Sabibi G s8fﬁ§€9§ﬁf>f'{%da%ﬁir£g‘}ﬂ€'hﬁ é&'&ﬁcéﬁlﬁfer@&lhgs\h.f or cell
and t Id app ald c

gr owt h, en repeating sa yil ng, pturing, said replacing,
sai d neasuring and said conparing. 22. The nethod of any one of clains 10
t o 18 whddei n Brimkthebefiaiyroge ob clams EytonBawheremgheelectrade drvgyedance, t he

met hod further conprising incubating.the captured. target .analyte particles
"o The 1 ABtERInE e Fisk Rt e WA R Pt sR Be RBE Jensbr ng a
second i ERRHAEGHas AdiritheR SUHRRE hivde Edpturs BEs16Ek] d¥EASRUbREkel MRGeRGRI W t h t he

first neasured inpedance and correl ating aqy di fference in inpedance
obt ai ned ageeandineeirrefithe inngr elpetrodsahasa wgand tyRe ohpre FaneieRARBEE peri od of

time. molecules immobilised thereon, and wherein said comparing is performed separately

for the measured impedance obtained for the first portion of inner electrodes and for

the measured impedance obtained for the second portion of inner electrodes.

15. The method of any one of claims 10 to 14 wherein the analyte particles are

cells, bacteria, viruses, proteins, nucleic acids, microbeads or nanobeads.
16.  The method of claim 15 wherein the analyte particles are cells.

17.  The method of any one of claims 10 to 16 wherein the one or more capture

molecules are antibodies.

18. The method of claim 17 wherein the antibodies are anti-CD34 antibodies and

the target cells are endothelial progenitor cells.

19.  The method of any one of claims 10 to 18 wherein said sample volume is a
first sample volume and further comprising adding a second sample volume after said
adding and before said measuring, and repeating said applying and said replacing

prior to measuring the impedance.
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23. The nethod of any one of clains 10 to 18, wherein said measuring
| npedance i s neasuring a second i npedance, the nethod further conprising,
prior to waidivmsesari ng the second i npedance: neasuri ngpPaTiSiGeem/obespedance
at each inner electrode; and incubating the captured target anal yte

particles. .in e i npe ce buffer. for,a pre-determ ned, period.of tine;

wher ei n ?gl d tr'lhé"Ieél? OLAEYSIF 8 aia}?.b%{)%‘?cg‘fvgerg’ﬁ!saldfﬁap?{epﬂggﬁfsead i mpedance
and sai d fr@sh@pRivondnd sid fietheC@MsiRSadaflg £ic8bAShnAINY vélukafienssed i n

i npedance obtained with an increase in concentration of target analyte
parti cl esndapurirgandaepsiating seid agpigingesadbrepbicing andpa@imensu®e. wher ei n sai d

I ncubating is performed under conditions that allow for cell growth. 25.

The nmeth of ~¢l aj I S ' ' I.hg prior to

cai d meadir i ndPe e ol bR SRR FRR SERER ORI, BaBBRANS P O

21 to 25 ckly, teahethedfirthet gnpikiig) gfter saithplessueing, ipcukating thesellslin theubat i ng.
chamber under conditions that allow for cell grov'vth, and then repeating said applying,

said capturing, said replacing, said measuring and said comparing.

22.  The method of any one of claims 10 to 18 wherein said measuring comprises
measuring a first impedance, the method further comprising incubating the captured
target analyte particles in the impedance buffer for a pre-determined period of time,
measuring a second impedance and then comparing the second measured impedance
with the first measured impedance and correlating any difference in impedance

obtained with the change in the sample over the pre-determined period of time.

23. The method of any one of claims 10 to 18, wherein said measuring impedance
is measuring a second impedance, the method further comprising, prior to said

measuring the second impedance:
measuring a first impedance at each inner electrode; and

incubating the captured target analyte particles in the impedance buffer for a

pre-determined period of time;

wherein said reference measured impedance is said first measured impedance and said
correlating further comprises correlating any difference in impedance obtained with

an increase in concentration of target analyte particles in the sample.

24.  The method of claim 22 or 23 wherein said incubating is performed under

conditions that allow for cell growth.

25. The method of claim 23 further comprising repeating said applying prior to

said measuring said second impedance.

26. The method of any one of claims 21 to 25 further comprising adding a

supplement prior to said incubating.
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