DEVI CE AND METHOD FOR DETECTI ON OF ANALYTE FROM A SAMPLE FI ELD OF THE
| NVENTI ON [ 0001] The present invention relates to devices and net hods
for detecting the presence of a particular analyte particle within a
sanple, including the presence of a particular cell type within a
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is often directly correlated to a patlent EPC | evel . However, there
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[ 0005] Conventi onal  EPC det ect ion relies on flowcytonetry anal ysis
( FACS) , [0003]  For example, circulating endothelial progenitor cells (EPC) are circulating
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stem cells from the bone marrow that are involved in vascular surfac_:es Tepair
(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,



which is a quantitative neasurenent techni que. However, this

techni que 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 determ ne EPC count involves two major
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usef ul f orbel i@Bbdsbiié.NAs WoB, WHRASKRREF AUS-BasBdhidal vl Alis AstBRa9fto anal yte

particle within a sanple, 1ncluding cells, bacteria, viruses,

prot ei ns, MRREFIicEntER fthesiluid Hawanecessitatipgromphes-Thedig systams ng anal yte

particles immobilised on the bead surface, and foiquantifying the

nunber of QUNMVIARRAOE TFER INVENYTOR ticul ar type within the

sanple. [0009] Thus, the present 1nvention provides a device that is

useful forppstnt ifﬁéﬁ?&beﬁt‘]ﬁvéﬂ&i@ﬁ?%?de?& d&viAhhd i€ HieRll S HbntifiRE MY thi n
a sanpl e and which nmay be used for quantlftgilnng t he nunber ©of "cells of

t hat par t iPEgsFRAe of e PRrticylpetype phinalyteardcderpltbin 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 capture molecules, such as antibodies, to trap the desired analyte
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[ 0010] The device is designed to use a conbi nation of

di el ectrophoresis (DEP) and i mobilised capture nol ecul es, such as
anti bodies, to trap the desired analyte 2 particle type, in

conbi nation with inpedance ne' asurenments to quantify the nunber of
trapped anal yt articles. . [O01l1]. The devi.ce conprises.. hanber
avi g an PREEHE SF b PrRbiattD S AP n o S A PER & St PO BUTE pEy
The el ect r edgpedranalyteGRitielesses pairs of el ectrodes, each pair having
an inner electrode, for exanple a disc el ectrode, and an outer

el ectrode suhstant.ially surrqunds the inner .electrode, for .
exarp! o o RS o3 Bribdeadnabes £demorrim e U e RO Bria | y
each out er |RhRE bh eRetodesraP afRfeivtlole ArHARiniRed Pai8 eptltetrddey, egnanpl e
a cell-specific antibody, which capture nolecule will recognise and

bi nd t he afaF jaangy inpnerickectrodsy fos exsrmple a dise sleptrades findoan quigrieloetresie a
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t he sur f acEathiiaterielaggoda(onbompwnilly each elitecticanddy) inngatdibwitlbataptured t h an

anal yte-repel|lent . material, for .exanple a cell-repelle terial to
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node, the {HRREBEMEBrELd. HRAR/IINAFTHI B fad thatd§ nét SRrbEEY hiY Se@ioREfhAde: and

the outer electrodes together act as a collective counter-electrode

in order terafeTEinananglyfroRePelient waterial B exareple p eslliroprbent glaesisl i se to
di el ect r opRARESicH-spkQR Hihhing bP&e1S 56 HRGutERHST HRARIbANGE telhgCt r ode
functions individually as a working el ectrode while the outer

el ect r odeselpeiriges.on t oget her as a reference/ counter el ectrode for

i npedance nmeasurement at each individual working el ectrode. Such a
desi gn CONyRARENt Ike Blebtiies frRhintiEI 3RO brrdy b BRES AR} GndBsih th
process when nmanufacturing the device, whi-ch is nore ‘cost- and

ti me- ef f i c# eanneyshat thep mas e wivitehed bhveey a Jirs awnde aad a sevond pedsepar at e

el ectrode systens for analyte particle trapping and detecti on nethods

and whi ch [gpqBeT OKEmE G iofe, IMOinHEL AdcrBBS b Ao d? LAGE 3 26 ective 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 electrede. 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 particles towards the immobilised capture
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[ 0015] The dual operating nodes for the el ectrode array provides |arge
el ectrodes to supply the electric field for the dielectrophoretic
trappi ng of analyte particles such as cells, with the electric field
m ni nrum occurring at the centres of the inner electrodes, thus
efficiently directi analyte.particles towards the i mmobilsed.
capture nﬁﬁoge(?ﬁlleﬁﬂ‘? %&?B’“?%ﬁ‘f"%%ﬁ ec\%B&‘f?i fh"g‘“ﬁﬂ FCF BFaRIrarRsnts (PEYAdfc e
measur ement sokdseRkifvd @ officiait quaRification\vE vapstdehilytipapiciguant i fi cation
of trapped analyte particles. [0016] Optionally, the chanber may

i nclude inlet and/or. outlet ports in fluid connection with a.

ni cr of | ui dt@%ﬁnp%?%@% SFBIP%QGBWW&A%%PWH& RS PRYSIRERIA once
the target ghnddRdh¥it ﬁﬁfc}dfﬁﬁ(ﬁ(s?@ﬁﬁs Res) g Albw 18 wWabiiRE o fthe Bldniie
surface via the i mobilised antibodies. [0017] The device of the

present i nyhthedarsaigd apalytd eattigse arebeund ¢rofe fnmer elegirodp berkica yiaghe

anal yte pagtialg.dehsiciiieqn. [0018] The device and nethods of using the
device of the present Invention therefore nmay provide a fast,
efficient and | abel -free approach to detecting and quantifying a
parti cul ar[00YgE ofhe dgvipstof gheairgsert ipeantipe gy ba desimed dlowdrwel |,
since the Dl e: i I rectly into the chanber rather

t han usi ng‘ﬁgﬁﬂegl\ﬁg?ﬁ?%%gsgﬁéftgﬁqgc%ﬁml sanpl e vol unes may be used

al ong with sequential batch |oading, avoiding |arge dead vol unes

wi t hi n t hef0838] ceThadtvideand ewthiots effpsingshe dfvideant ¢heet presead ipventipmr t i cl es

t hrough nop-specific adhesi on-or. sedi tation of, an e rticles.
[ 0075) The HeEREG kY froPida ST B baftie RO MBIl Bkl ARl B L[ ¥ ©
particl es qantifingacgamicutar nypt bEtasgemmiatyte barcitle di o gandeans well BiEfee twhi ch
may allow for.the use of buffer, solution for sanpl.e e ati.on
that can APEBlega e depositel ekl ity dbe amBry i ek kg LIRNALSHER o
buf fered sbtemesdRanpsololih@indyte dstd@phd @it BdudiA6ittl Badiak) S,

whi ch b df th 11, .t t DEP dth |
O o e e oS AR e 8 Aot Sl

particles through non-specific adhesion or sedimentation of analyte particles.

[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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[ 0020] The use of negative DEP results in trapping of target anal yte
particles at electrical field mnim, which occur at the centre of
the inner electrodes rather than along the el ectrode edge as with
positive DEP, thus leading to the concentration of the target anal yte

articles (j tly._on the i pedance detectiqn el ectrgdes and
g ubsequent ﬂgﬁgﬁh a%'gleﬁ’ﬁe P%@@%@BQE‘EQ{ ERPHAn g’é@?”{;‘? a5¢ PRLoR¥HEd bhe
need for | aRlrbddlFedbestddf-spetiid Aiheddn ¥@nhiytd Mt QnA indrdidis\sb el

wor ki ng el ectrodes to neasure inpedance, and thus |evels of target

anal yt e pard¢teetiansof thyy targeiopnalyie pasidess dhis may/ke kelnfelovhenthereqneendratien t he
rati o bet '

corbi ned 1 of SranasiE e e T LRt b RbeYonitify ) 1
use of analpgtiigles gpembrhe preseat inrthe sampld endl essistsevitiupdrade flowtand cermveld by
el ectrodes reduces non-specific adhesion of analyte particles and

i ncreases gﬁgﬁﬂycwaég?gff@?%n of the target analyte particles. This
may be hel pful when the concentration of target analyte particles is
much | ower [Q022] t lhos e emt aspédt e ppésenttirehtion provilege Heyied for ddtesing hat

may be present in the. s | e, apd assi.sts wit article fl.ow and
emoval " durTRS SElye RESHERT Stul cmeiaen emteh s spisttr B
present i nygBlettiicRiOY bils idetle\sumtee] BE ekl dray chapaahs antAiridRe
particles in a sanple, conprising a chanmber having an interior

surface; aflegfdematsssackiat e Qg of s eleedtorls paisy GompEising ap st elegtiodee

array C0ffp%@M&t&%ﬁ‘ec&!&déﬂ?ﬁe%st%hﬁ&&ﬂu‘aﬁfs&ﬁiuhémg An@eldchbadBie 47 NMOr e
el ectrode pairs conprising an i nner el ectrode and an outer el ectrode

at | east sblese @pturamplecdey ipsuabdised on Rewifrenef cavhef thedurer elspieodss faror e
capture no %‘E&Hn i 114 : i

el ectr odes!: or ap% %ﬁg#@%&g&éﬁtﬁ &ja%g%‘ﬁ) ggl{)?r%ﬁ%g'l %{se;réogﬁ%&%%ﬁl

colnt roll elr ﬂmpb:c[umwamltttese&@ﬁnémaﬁdymvb]ﬁagehleﬂeloettta Bbd@t?ﬁ mﬁytbp omer

sel ective .vol t age .t out ectrodes nner

el ectr odesglfE3 %p‘%ﬁ“’g@ e?eéatg agleg?céﬁg%qr‘%%’%eﬁg‘[ %W.L“é‘?&?gﬁ eﬁﬁf‘fgoéﬁ ity
01;] t hF el eﬁ:trdlcoxﬂ:emmtm%gyargmranﬂm(;ﬁmcb Iﬁfﬁf the ebamgﬁtm?ﬁncfaptutﬂf_ yttgcl es at
sense | mpetHNEETBAHEEnS (D SR PHHEPo BLE SUen PP b U e dagH g
target anatiphedmrdet &laBse pdr€les3] The di el ectrophoretic field generated
may be a negative dielectrophoretic field. [0024] The devi ce may

further co Lse an . inle nd an.o et of. the chanber, each of the
inlet and @?Pﬁt in %egfegec%ﬁl?ﬁfﬁf%ﬁ;‘{lﬁk gﬁewtﬁfn%yl?ﬁ%ﬁﬁ“‘(ﬁ di c punp
system Théicletiiphofetit Feldi nteri or surface not covered by el ectrodes
may be coated with an anal yte-repellent material.

[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 therepn.

[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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[ 0025] The device may conprise two or nore electrode pairs and a first
portion of the inner electrodes has a first type of one or nore
capture nol ecules imobilised thereon and a second portion of the

i nner el ectrodes has a second type of one-.or nore capture nol ecul es

i mmobi |i sed thereon. [0026] 'I;}%B nal gte particles may be cells,

bact eria, WRHRASEES, I BArewia men thecsapaire MPlFYBEe bt Dddnobeads,
and the ongn@lodiRLAd SRRIHEAnAIPl YoM RS af%d@tﬁelia%ﬁdg@ﬂﬂir%&ls. In a ,
particul ar enbodi nent, the capture nol ecules are anti-CD34 anti bodies
and the target analyte particles are endotheli al Egﬁogeni tor cells.

[0027] I n ah®R3dr asplanothemspent.cBepresanhipaentionpryidasiadeeihed ofet hod of
determ nin Lan: of : I Wl .
conpri si ngggtggl nggth’gégir}p gﬂ\?g?%ﬁ%%ﬁgﬁﬁgﬁ gfgé#ﬁé&g%ﬁ\}?%%?g%@ge&
chanber havampje anlumkde & rlogebenot adeviasctht elthrairer havingiareelearods emdyace of
t he chanbe e_electrode_.arr (o} risin ne, or nore el ectrode
oot oD clscafelt B g i Hgh b e SRRk et e Bfral P i e A
el ectrode afee eectedt ofirsg bR bbf 0@®ns Ut moteiicigdd farsicomgfisied ecinhade,
each of the inner el ectrodes having gne or nore ca turﬁ g&):tecul es
i mobi | i se8letFRsleanthan ayH “3‘?“1‘?@‘1%15‘%?’6’1‘19%}5%“1%1’%%8*38‘6‘% y cSP QEEARASE and

the inner glegedde®RREnd hedR BRISAEHnRe FoRLAES ARG QLI tkerédrnehshlyifs h he
vicinity of the el ectrode array, therebeiqcconcent rating target anal yte

particl es peleagefn the uiehelededpy and\eg igner elgctipdes te pencrate @ diclpeiregporetic

capturing . q&dini I L) iading the

t ar get anapgltgéﬁg%rtl cles ﬁ}\{\%?%E%%%%S%yﬁﬁégﬁéﬁ?%ﬁg%g&ﬁng a
remai ni ng satigkepessntinghe sappplaciinmge atthe clectridniargy; sapipties tholtargat i n t he
chanber wi I . I | Wt ion t h j e for
conduct i ng!nPd1 gﬁéarﬁg %%ﬁlfggm ﬁ?%fﬁg%%tgéﬁg?tr%ﬁwﬁ‘g’ggla%cggﬁ g‘ttﬁgga&)ﬁg%: nner
el ect r ode; makdulenapidbinngg b hanaimag waregle volpedarepiacing the rempathanaaple

nmeasured in.the.,absence of .any.target .anal yte. particles. and.

Tonoul o notiae iR ER e i B R B0 by Mitable or

g_o n ?: ent r at %@ﬂuaﬁlgti?pg%gcﬁﬂadsuﬁeﬁleﬁ@r inbBugsg iéx!ipeltiﬁlﬁ:e&aéaah énnef Eleﬁldf ; I&';h e

i el ectrophoretic fi may pe a, negative diel ectrophqreti ield.
The net hod H@ﬁ?%ﬁlﬁws%ﬁ@mmaﬁe%wwﬂ%@% s ghsmes vor 4
period of iy ¥ergbinkBM M ARRIE earél i Oiny iieeralice e mhfcanhe bblained Wigl d
and prior to replacing the remaining s | e vol une and/ or washi ng the

1 ng g sa
chanber wi iR cencRAEH 0B f fagget avalyle paHClss I-“?f:geﬁ%ﬂlfdﬁdi ng the inpedance
buffer solution. [0029]In one enbodi nent, the el ectrode array
conpri ses [00R8Pr NOrfhe dii@EbHIRAGIARIA Map B8 a Aeddtive HieRRfrbpHIRetR fcld1e
inner electrodes has a first type_ of one or nore capture nol ecul es
i mobi | i setbeRethebrayaptionaly kghide gspbating th sample Yohviae fosp periodbefdingas

a second t¥Rgwhis a3PiEcalbn FPHE df bk rdR Hfd 4D riofTblhEiag thet her eon,
and the conparing is perforned separately for "the neasuréd i npedance

obt ai ned frismainig Fample vobispe dngfpr gfashing the chhmberrvwithes waghcbufisy saliteon
nmeasur ed Lﬁ%@@@@&%@ﬂ&ﬁh&%&%ﬁ%}%lﬁﬁﬁpnd portion of inner

el ectr odes.

[0029] In one embodiment, the electrode érray 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.



[ 0030] The anal yte particles may be cells, bacteria, viruses,
proteins, nucleic acids, nicrobeads or nanobeads, and the one or
nore capture nol ecules may be anti bodies. In a particul ar enbodi nent,
the anti bodies are anti-CD34 anti bodies and the target cells are

endot hel i al genitar cells. 031]I.n one.enbodi ment, the sanp
Vol ume 1 5 SO " e RS AR Tt WMo RO PSP o Uge
addi ng a se6ig)ehisrabRlds oVingbeRd S fah@ theldd 8 PG @p@ATmHIeEREEn YR

measuring, and repeating the applying and the repIaC|Q$ prior to

measuring eREPiepe HuhRasiculgemppdiieah Hbedigssas #tnE D34 matibedigpand
volune is feb oSt B0 kBRI her conprising adding a
second sangr%h%oﬁﬁne a%té} fﬁgﬁc asa{#ﬁg and repeating the applying,
the replaci ng and the measuring. &gOSS]In one enbodi nent, the analyte
particles 8W1el| s, niorecmbedimant thestmple volymeiis fifst saptnle volume and
measuri ng, .4 Hﬂﬁfﬂﬂﬁ . ' I Li,0Rs that
all ow for g{éeﬁ? grow h, ngbﬁudﬁ ? h‘i‘ﬁné %%%gﬁ %@ﬁ‘g&g}g% y‘nfrrr%lge,o éatql’% il

capt uri ng, b¢ihe thempkasoiing ahd eepeatingdanapplying drdrthe teplacie asior tongeasnthgt he
conparing.HEOOBéi tionally, the measuring conprises nmeasuring a
first i npedIACB*“?4Hd t he nethod further conprising incubating the
captured target analyte particles in the inpedance buffer for a

pr e- det er nf003@] per i dd andthér embodimeas Wie sagpie whonnd al firgedaplesohnd t hen
conparing the.second neasured i npedance with the first neasured
 npedance S CaTRET g POASE HTPT SPLE Yol e S Be S . wi ¢ b

t he changerdpsatinh heSap@iiny, Hé@Eplidie: fldahdmbanihged period of tine.
[ 0035] I n one enbodi ment of the nethod, the measuring of inpedance nay

[0033] In one embodiment, the analyte particles are cells, the method further

| e
1C

comprising, after the measuring, incubating the cells in the chamber under conditions
that allow for cell growth, and then repeating the applying, the capturing, the

replacing the impedance buffer, the measuring and the comparing.

[0034] Optionally, the measuring comprises measuring a first impedance, and
the method fhr_ther 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.

[06035] 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



conpri se measuring a second inpedance, and the nethod further

conprises, prior to measuring the second inpedance neasuring a first
i npedance at each inner electrode; and incubating the captured target
anal yte particles in the inpedance buffer for a predeterm ned period

of tinme; wherejn. the reference sured | npedance i s e first

L asur o | A SOt PR PE AR PHET Print POTERE S8 T8 & | ng any

di f f er enceapplyihfRRUJALER: Rl 1 BRstediphibr @%é@%%ﬁﬁ@sdcﬁn@&ﬁﬁéﬁﬂ{cé.at ion of
ro

target analyte particles in the sanple. ¢ A suppl enent may be
added priof, to.the incubating step. The step of applying the voltage
may be repﬁ%glj pri JP apefheRasRash itfoPresrat IMERYAR PIaYsEs A FRelod98037] | n

anot her  aspgéiminihB SoReRREBH of VS klBRe PLAYESRS BmBR! BRfbRing addin

; COIL a
determ ning concentration of target analyte particles in a sarrpFe,

conpr i si ngsamil¢ vejume Senglambotfiardsvice, the dlamblsehavats an elrsirodearravhe
e rhalbeiif BaflRELE GIROLF @Y ABGAL I 90 A0 hBLPLERRishUhAEE O

t he chanber’, array conpri’sing one or e rode
pai rs, eachmoofel¢drodoperspeachof e eheat madelgpasdespats npnpridimgarainnérnner

el ectrode an n outer el ectrode surroundi.ng the inner. electrode,
Sach of -t NSO AN R SO AR R 0 o Bt b SHGF B o
i mobi | i segedtivaeeivingainb by noe: Apied haenléOininbilel HerdhSaphaties and
the inner electrodes to_generate a dielectrophoretic fie in the

|
vicinity ofolefetodheputeriectadesapd theippes sleckesrss éhgsostatspdielesipnhoetie) vt e

particl es RUESLME vichily? 1RAMRLEY Ay ReRby LRl RREIAEE BEYRY
capturing the target .analyte particles by specifically binding the

tar get anabaytidesraesenicnéle spinple volieneafphaslectiods acay; eaptenme thetargehg a
remai ni ng Gartl, Sgg%(l : (Hpre %ﬁrﬁﬁ ' : in the
chanber V\A?ﬁggé |ma)l'le n g&ﬁ%lt“?g)r so%t tﬁ?lt% toﬁ#ﬁgm@%@m@@ﬁ@ﬁ e for
conduct i ngmpiepderand dommpng areamants sanpasaiunegeplading the remyaidg soeplat
each i nner tr . Lncubating the captured. t t .

ar ti o os. TR S SiemibRE YRBh: Do SRRk A BRSK Bpte or
time; neaswnduging ispaianc hepadments; atasadagia fishiarpeddree it exdl jnnand

i h i d ith . the first
mpedance SEORGPEPHEIG: SRyt P BHOA PHEF R EJAN PR OBeA AR 1 ¢
an i ncr easepreldeani@edpéridd (@rinef meahgti « 8bohd irgpadardeiat kRS ihder t he

sanple. [0038] The i ncubating may be perfornmed under caqnditions_ that
al | ow for @ﬂ]PgﬁﬂBWPwﬂg&&pae@yf&maﬁw Hap%ilaraféd“ﬁﬁhs ¥ grepsiied

i ncubat i NGmpe@dhce bRPBPdbARe BBf NifEreABYinifRpedade: SHRABEE Willdad f8reddthYi NY
prior to the nmeasuring the second inpedance. [0040] G her aspects and
f eat ures dPDegRFatioeefdanzel anplytenagiclesiin theisampi¢e apparent to those of

ordinary skill in the art upon review of the foll ow ng description of

speci fic qobggj ment S‘h@inchﬁ@in%%ﬂ’a%rgei ormibdGRAREAHBRLHEAS At AlloWWiBr cell
acconpanyi ng figures. BRIEF SCRI PTI ON OF THE DRAW NGS
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.

BRIEK DESCRIPTION OF THE DRAWINGS

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



[ 0041] The figures, which illustrate, by way of exanple only,

enbodi nents of the 8 present invention, depict the follow ng. [0042]
Figure 1 shows a side view of a chanber of one enbodi nent of the
device. [0043] Figure 2 shows a top view of an electrode array of one

enbodi nment ' . 44l Eigure 3 is a schematic view of an
el ectrode dﬂ%§§ﬁ§$%§§%%§ 8%?%%ntu§# t he device. [0045] Figure 4

shows capture nol ecules imobilised on the el ectrodes in one

enbodi nent [8042]he Kgureckeshojv®@48lk viivgelfl achimbhvfone esbddinmenti of thkepi ct i on
of one enbogdi.nent of the device. [0047]Figure 6 is a schematic
depiction o v1§F'systemincorporating one enbodi nent of the devi ce.
[0048] Figure 7 is a fluorescent m crograph, showi ng an el ectrode pair;
| eft panel :[0043] Figure 2 shows a top view of an electrode array of one embodiment of the

device.

[0044]  Figure 3 is a schematic view of an electrode array of one embodiment of

the device.

[0045]  Figure 4 shows capture molecules immobilised on the electrodes in one

embodiment of the device.
[0046] Figure 5 shows a schematic depiction of one embodiment of the device.

[0047]  Figure 6 is a schematic depiction of a system incorporating one

embodiment of the device.

[0048] TFigure 7 is a fluorescent micrograph showing an electrode pair; left panel:
control with cell-repellent material surrounding the electrode surfaces; right panei:
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 coatin.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 (Ieft) or 20 (right) minutes.



control with cell-repellent material surrounding the el ectrode
surfaces; right panel: electrode pair treated wwth a fluorescent
protein bound by a chemcal linker with a free thiol group to react
with the gold el ectrode surface and a carboxyl-am ne |inkage with the
i rmobi | i Sed[Pﬁé tel n, show ng sel gctl ve coatjng of the fluor escent

protein on lel elignEsild is a2raph o resplts of mpersRceTpeastementsdrgiotslion t he
rest of theygiidaesn mkUbdd AHIG (Ra) Snd £5Q R cIBRGE s@ERE 1N
whi ch the of el ectrodes have |mmb(|§3ﬁ?sed ant‘isaér%%f an%l‘t) gy on their
sur f aces arfdllewng captye bf ERPB4hratlisrahd hfteyrwashiog (mghtlel ect r ode surf aces;
top: specific attachment of CD34 cells before and after washing (onIy
the cells i nt i . f: : I'ls
on the cel I[-ﬁrg‘%el flii Wn%{h e?ms Sﬂg@ghc\(}\lgg% Bg%&ﬁ@%ﬁ%&ﬁ%@%&@
attachment aafelécib@dpa@el | s under the sane conditions. [0050] Figure 9
is mcrographs of electrode surfaces show ng the extent of cell

trappi ng w .0 r.wt boito t he .us f tive DERP, with
an i ncubat il &%jerl 'E)'%‘}f %ﬂ‘o\(’f @Fg' su ~°r° 'e‘?%aam% i %g%’ﬂd 6@3’1‘13
Figure 10 ioh tRe géctdhe ednteesul ts of i npedance neasurenents due to cell

attachnment on the el ectrode surface (left) and a m crograph of the

el ectrode ce followi.ng capture of CD34+ cells and_after washing
(right). [ 3&% Jigwreds iy &raef of iIngiAnge MEASH Rt Fesuisy deppametating,

field dist Qihtléﬂﬁlh%n%ﬁﬂ&ﬁ& de&cﬁdnqﬁﬁlm@ﬁ L] F1e[o@@é§lt egllgwm:;l)?spﬁ&eem

the results of the negative DEP for 4+cel |l trapping on
el ectrode daftknewnpogsiies ¢f Gdi4r ®lisis a graph of |rrpedance

measurenent results denonstrating determ nation of |ower detection

limt, usipenss armg.ﬁeqhmly nggoﬁﬁllgumés\ﬂe&@ﬁmnmﬁeheéeﬂ@m

quant| ties of 4+ cel |

) re 14 is a edance
T ron g8 A e bt adaE oh SAotRis ol gt el DB coilsol wi
| oadi ng of f t
quanti ?l eskg? c@ﬁ“‘%ﬁ@%ﬁ cgﬁseé %c{lgaﬁée \;}V\nﬂ’tﬁﬁh&%gﬂ%\é‘{l szcgilgantl - CD34

anti body. 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 different 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



[ 0056] Figure 15 is m crographs of electrode pairs with inmobilised
anti-CD34 anti body taken after each batch | oading of a nultiple batch
| oadi ng of a sanple of Jurkat cells (CD34-) spiked with known
guantities of CD34+ cells. [0057] Figure 16 is a graph of inpedance
measurenents_taken after each batch | oading of _a nmultiple_ batch

| oadi ng of mRleSHlspiosatsd onparkigylarig V@“QIGE%EQ‘?G sripfrsuts 1afigatesmdle cel | s
on an el ecidyRde g¥f Frold BRI ﬁgﬁ?ﬂeﬁ%m%ﬁsgﬁﬁb&%}& hdvB@aRlanfibGiyr € 17

is mcrographs of electrode pairs with i'nmobilised anti - 4 ant’i body

t aken aft eA igadbilised emthesudiespt dfe innemalectrqiiecthp acxiihreo eldetrngephavg

sanpl e of : ; 34 - 1.t + . 9] Figure
18 is a scé‘léiké@%éagl ajgﬂrléaom os?’"d én\r{rlijel S’?ﬁ% eéégﬁesysée%&%o {l%' h§J‘;'é(31gﬁ)lgenber s and
a singl e emctreadentitodizy AhaiB)ghedadttes elnttraizntas mell aptlecal ®lectrodes

i mobi lised .in different portions qf_ .the array_.(inset). In the

i ©1 pl exolf S e U RagR A e MHFHE TR C IR a L Bheie A
anti body Agnddpanber 2 has i mmbilised capture nol ecul e anti body B;
and Chanber 3 has i mmobilised capture nol ecul e anti bodies A and B.

The inset shows a single e|lectrode_array with different capture
mol ecul es f‘@@ﬁi ed%&ﬁ’l“bé? ity avaqcm‘vp&a%ﬁ%tr%@tﬂr@g@r%ﬁ%aé:“%%

i ndi cat ed b4 AR bLEETDAE emBSdiR@nd JroB deefct. tOo right, the first three
pairs of electrodes have only antibody A inmobilised on the surface
of the inng%@ QI ectrode, the next three el ectrodes have only anti body
B i rmobi | i E9§1bn Figgre 2 isackematisdratngs of yarows @Od R of shembsreot

m xture ofgapty;podies A and B; the |ast two electrodes, as well as
the small electrodes in between the electrode pairs have a different
m xture of i bilised antibodies A and B. [0060] Figure 19 is a
schemat i ¢ ORGI ngFigure dbis afinw dapamdlepiciag oucanhogdumgnt of Bganegiods
chanber of one enbodi nent of the device. [0061] Figure 20 is

schematic BMEWDWHF RKYRodi ments of chanbers of the device.
[0062] Figure 21 is a flow diagram depicting one enbodi nent of the

met hod. Dgﬂiﬁbbfp Biree Frhl il bPA0PHd BaTiBle idStePiVdeIRE afdla AR AN e
particle detection device and a net hod 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] Diclectrophoresis 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

11



usi ng such a device to detect target analyte particles within a

sanpl e The detection device may be designed to allow for integration
into a portable unit, for exanple a hand-held unit that may be used
in a clinical or hospital setting for use at a patient bedside.
[0064] Di el ectrophoresis is a technique often used for separating

m cropart i éprdyictancered] membigphESFISEnes, eapatineasang negpipiivity willaBiaffeet 4y
field that cElf’s?é’[ 'Ea"Bh{q}’ non-uni form Such an electric field generates
unequal electrical polarization dipoles in a neutral dielectric
particle, including for exanple a cell. The interaction of the

i nduced di P68 wiAlsp affeeting de didastrophoraticferse kxperienced by a particle are the

di el ectrop ic force. .[0065] The dielectrophoretic force

experi enceg%[)e;%/&ac pﬁgr |‘3(S:IOgthessglaé'euﬁlgIr{:l enrlﬁ%mé%wé ﬁluvg%‘ggrdhgfpa%acget%rs. The
anpl i t ude aungerdded.queasiclchattibmosldrdablaithan its shspemdiad medinmowifli el d
will directly affect fhe dielectrophorgetic force experienced by a
particle. RIFEFIGEANS IR S T C%i%rigw@ﬁiwﬂvgﬁ%’iw will
also aff eCEax’ti&I% 116 B186Hblaf s OB fid RSpRBFhe tnhudSurh W31 BREEERRG néf folden a
di el ectrophoretic field, For exanple, a biological cell's norphol ogy,
st ruct ur al toXfaehlopedectricelicld sggnas (aeeafive RERopl asmi ¢ conduct ance, cel |
menbr ane resi stance, capacitance and permttivity will all affect a
cell"s pol gosrpbi ThE HeviddUUGIHRH BareR i 841dnBI1d fceatoaieoRiRket | C
force experienced by a particle are the dielectric properties of the
sur r oundi nBATHEES emelddmoresHooedcm & Fisfapm psipg pesitive ispativded. A particle

that is nogy | .S i j DO ' i) .ence a
S Sl o R
particl e tfoatheiuse bEsepnduitiveibgfibl sohttien foristrsplepsgreraion ghatreahi hemsed 4s
experience net.farce toward low eleciric field reqi negati,ve
DEP) . [006??%626038%02%0 élggrrg)f)%u > %F’gﬁ]}r?p?%ana%gﬁeﬁsr%%gﬁngn@ongen r%’a e

t ar get anahspignegative didlegrophoredis dia @diesof the abadnpelecragus Exhitet fialdi ng

positive or.ne ive dielectro resis. weve ati.ve. .
Bl et r ot s eSS ARDIE e Risaentse Ef Ctiat uorpying
conduct i vethbuhpeian@ahdibiremneditor ISRl iPfRibedid@rophatsicRnsdde used as

the diel ectrophoretic buyffer, for subseque i mpedance asurenent .
Furt her rmr'“’él,ai) PG %d&?m@&&a;ﬁ%@f@?ﬂ% FRRIERRPLASRe { he

wor ki ng el Qigks SraBRSc16tHdRd. t Af bR} the FAndk BBetrddByBavdial @pfutd\doleaiig et
anal yte particles to the centre of electrodes, inproving the

i npedance ERdikseAentheir sprfaces frcarfuring prasbanalyt partples Eemitbp¥etsi s s
used, anal et bﬁﬂaﬁﬁ:lércﬁptg}eﬁ%?ttﬁ‘éinﬁﬁ%iﬁsreé&‘}gg rledullf if debdrfhidBRx1 M8,
usual ly located at the edges of fhe electrodes” At least the inner

el ect r odeshyacesunngthp efiecs ondedmppdantheiche systeatateach weikingssledtrades f or
capturing target analyte particles fromthe sanple. The nunber of
particl es_m@s};r eghdY edidBed &HBQM{%&@&& A&h9ats A}}%g@&%&ﬁn'aﬁ efdetffem ned
by measuring the effect on the inpedance of the Systemat eac

wor ki ng elas@yr dbedevVigOs8isTimed eb thet the duisr dertenides funftigratiogetberab ect r odes

arranged V@oﬁ@étﬂze %ﬂ:m%cﬁ%ﬁ %%er 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 1;1easurements to determine the
number of cells captured by immobilised capture molecules on the surface of the

working electrode.
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array. The device is designed so that the outer electrodes function
together as a collective electrode and the inner el ectrodes may

sel ectively act together as a counter electrode to generate the
non-uni form el ectrode field at the surface in order to concentrate
any analyte particles contained in the sanple, but also so that each

i nner el ecl witiawenera fmicertagn nphiestionsd itou@ﬁrb%ldeﬁimblﬁdés hgein the

sel ect i vel i fuinel L anofi i aaldbndSnd YRILIGr Bl SELE eflecaaiNRtol he
conbi ned outer €l ec unctionrng as'a co ective rererence

el ect rode fageﬂaemmedm:homamﬂmtm@ﬁntﬁoﬁsandmmm lmdnehmtmmeelecﬁodeel S
captured b nmobi | i s re cuI s on e ce of th

wor ki ng el é@ﬁ?%%g ng e g P‘b‘?PP %‘W& %H’fd‘ﬁf“ T FEstrc fieldpy

be desirabhgo! & tﬂ@é&%oﬂd‘xﬁodeﬁﬁ)ﬁ ages AniestRdt kdy S8 ﬂ&;n%bl&ﬁ@ R&e thhat
a portion of the inner el ectrodes function t oget her or each |nner

el ect r ode. Fpicelpeirngdes ﬁmcv@fﬂ%!quthﬁgaﬁ“h@%ht this areach ds dess sepfdlive th
functi oni ng,.f 1 af Ehst pllcatlon of the

non- unlformce ec%?ﬂsé e%cg‘% TUE-‘ OIEE; t e second node for inpedance
measurenent, it may be desirable to have the inner el ectrodes

funct i oni nkPOT8het Iﬂétilouﬁll thhfpllghingtiescriptipn tﬁaﬁhﬂﬂ@ ingeyms o€ pRRTHTIDEE t han
each inner.yng éélﬁﬁorﬁ's GhOHR aﬁﬁg&tdgf%i %Tnéz' aﬂ?@{ a;?éfncﬁé)&Zt% & &QP”Q h

the foll ow escril |on|s pr uring a target
cell from lwhmmasapemﬂ'aéduteaiqctperq@mandc]h@ mawbetsabjactyd mmdlybetnpﬁwrbw cle

that is or_t behaves_.as ectrl rticl thus may
be subj ect%’gpfé)b%a RS ?“P’bufé%g g %%ﬁ’eﬁtﬁ‘f’%cﬁfdm%é’f ectric
field, incéxasphgtia anagatpm«teledn@}mcsdnpa sammm hotrug i, a hideic
analyte particle nay be a cell, a bacterj a viru

ol 51 ¢ acicib Op mii: chagho-Brad i Bess Sumblit S s eBed gt
captured bcbrcaemghealsurmbepwe@mﬁfyzeqeinhcrmmh&nﬁgw fige.or KRR XRAMR €, a
m crobead having_a ligand or marker that is recognl sed by a capture

mol ecul e i FFREBISEA 8Ba CWFH‘@ lespledmymabdised: pr freslariydearipes@ay hgesed.

m crobead TRYmRkshRad @Y al@o EARL: &E&lﬂ@sp%@i%%‘féﬂ Lratel@f axﬁl)&@'ix%%h
anal yte, which may be ound tot bead pritor to addition'to the

chanber ormayf hfebomﬁé) he hend priog Hpﬁ@%@@ t@@ﬂtqhenbm pit¢ritbebeadapt ur e

mol ecul e bag1 H ﬁ‘ﬁr%tfu? t he
chanber con al nlth) ?:lgpst%g?g%rﬁrr% cél%)% d’ngidftg%ﬁ?e\?‘ﬁﬁe%g ceto
Figure 1, tdmtémelylﬂombambmmﬂmmpmdmlwb@da sanpl e. Chamber
12 has a surface 14, which is located within chanber 12 so as to be
i n contactgkihn sany Fﬁ‘%ﬁ reTelch ,,ﬁ.%azp‘o

For exarrpl[e, rface r%fg;e!ngégo tgéadgﬁﬁtgﬁg%ﬁ%gr o?p%ﬁn‘%&% In the
depi ct ed eﬁﬁ@@tﬁ r@nmber[IKhﬁEmeé@de, whick trlbeatel Within shasitee 12 ovles tarblcay
16, shown I u

el ectrodes]J:l ,t!'“g ?Efﬁ]ﬁ&egﬁr ode "i‘éﬁs ?é@g%ﬁ%ﬁﬁﬁp? £§x

el ectr ode sBffagenid 1etttceued eh &mtfroodefcz‘ﬁmba mnehéd@mm@nﬂaoﬂnﬂmmtl C
depiction of an electrode array. [0073] GCenerally, inner electrode 20

may be of Bh¥aPhapg. A%, Qe 181$8L4R4E 282y 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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is formed as a narrow strip that at |east substantially surrounds the
peri neter of inner electrode 20. As depicted in Figure 2, inner

el ectrode 20 is a disc electrode and outer electrode 22 is a

hor seshoe electrode but inner electrode 20 may be for exanpl e,
triangul ar, ,squ oval or rect ul ar and outer electrode 22 may be

a conpl emerfiah %*F&b%e’t%éltmé’iﬁt and, iter SisetTods 224 MY bs #pmmp @Pwode

20. [0074] -Eﬁﬁpe&hﬁ%ﬁbﬁ&ﬂﬁ'p@nﬁ&%r&ﬂﬁﬁére%&%&@ﬂt hat occur at the edges
of both the inner and outer el ectrodes and [ocal mnina that occur at

the centre of _both the inner and outer el ectrodes. Thus, the gradient

of the el ed®P7T4 f i Ereplectie fzald hag P‘iahk’é@n%adhﬂttl?§°qfﬁ€@ﬁ§ﬂ$ﬂf 06}70&1@

di el ect rop@&ﬁ% rﬂz‘ﬁﬁnﬁ'? t gﬂﬁgh

el ectrodes gﬁﬁ%ﬁtge?e\?g()d ect rophoreti c ragglcléségttrﬁus I rect ed
away from tzhé oadgésqtroﬁwéihds thehgradiemttof éheaf ectrivefialdy rvdrictels diokeddtd ¢he

[ 0075] The str

of r cfleld enerate s related to the
Geonet 1y ot FREY of 8 e HiaiRaie e in Bof PERE B Sa i HETHER of t age
used to gerkcabdesiTie mgaﬁrbﬁisrcc&bﬂidﬂeno%rcmd thuddiredfdra®al doedthe tdies,hi gh
a voltage %{ gs%l a ne |ve |E}F)%§ on cells. However, in order to
di rect and %4 EF"F":,tre H%“EEQ ¥Cf the inner electrode surface,
the outer electrode is designed as a thin strip at |east

subst ant i al[0g75jur rinertedpth éthie tleade fieldgehdradeis rtiated t6ltetgebbtty ¥dhé he
so as to result in a focussing of ceIIs at

field mni and maxi
the centre® ?%émmlgﬁe UFe £ Welbas thewoitsee peeddn geperats tejelrsine held.

capture nmo IA%%h%e 3ﬁprb§atbdmgh 8 Q618 n;as»@law& ﬁ@g‘iﬁvé’fmﬁaﬂﬂﬁf cefit.€ctrode
20 and optionally on outer el éctrode 22 Capture nol ecul e 24 may be

any ol eculF@weNer injosdes spdiFchansk traprrss atithegenize pf thaiinngr sleetendgaurtase |
cont ai ned
merker pr e?énf?“f%%‘gg&‘agdi%%%%?%éﬁ iﬁ%ﬁhﬂ%ﬁb&%ﬁ%ﬁ%ﬁ%ﬁ@?m
exanpl e, aigmeotlestrodedhusaistiibig th thimigra andronasimiaoseas taresilbody, an
ant i body fg-o%g&%i[ktedfcgﬂga{t eacrgﬁtr 9%‘&1@&%91{1%@&039 inhibitor, a small

a nuc

nol ecul e, 1 C aC| ornbné or a non- cleavable

substrate anal ogue. Capture nolecule 24 nmay be a single specific
capture mol¥@le dis shewminFigeed, caphist matccwn 24 s immotikisetonhedivffher ent

capture no |51 f e
surface of !) eér?zeﬁég‘?é Vgé’td e {]IP’%P’ Oﬁé)g{eééﬁg (gegrgg ﬁﬁ%{dée Bofed ?‘Fn}a§pes .
Capture m)b@myt molﬁmlsqhen's f:fapahlequ sﬂmctﬁi:ailyabmdmgattargeﬂ deli cnmamechgn aM th
that capture W th nity
and sel oot PTG oY Fetre AT RBEE el e R Preatbols At fhoent i n
t he sanpl eCa;btﬁﬁgandlﬂb 24heay wmeEx@qﬂé a pk&eiﬁﬁmwa}emmhﬁagul e 24 may
be i nunobilise e surfa e .of inner ectrodes 20 a optlo 1y
Ut e ol ocEPBERDF IO g SRS CAeTEt b BEARORHR Y. £h gl
fex anpl e, ?m@ll:\éﬁlb e fuckl Ot hbRkEE, ARYmE®: JrusRd-dQvesie m&ate lsnao gue,
uncti ona rou
Cgpmreenolecule 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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in capture nolecule 24 to the surface of inner electrodes 20 and
optionally outer electrodes 22. [0078] The renai nder of surface 14
that is not covered by inner electrodes 20 and outer el ectrodes 22
may be coated with a cell-repellent material to reduce non-specific
adherence of cells to surface 14. Cell-repellent materials include
pol y- et hy| Breepigremeleculpdd {osthg susfaee obiongrrebectedes 28/abd aptpnallwpeterer i oni ¢
nol ecul es &?1 etaine, as well as other hydrophobic coatings such
as Teflon or uoro-sil ane, phospholipids, polydynethylsil oxane
(PDVS). [0079] As seen in Figure 1, chanber 12 may also be in fluid
connect i on[GA78h i Mheten@tndanct surfadect4 BE. is hotlcoverdbbyimderalitciredes2® aade

ted t i | wi,di 0t | | ow. [ f
Flud 1 nt IR 2B AP eS ¥ g elretndrd m i) RO T petin
sol ution. jdheRR¢Eehiloh sufieridelRiltremdiest Mierdidinoti€pol@ledgidhedes 22

are electrically connected in a_manner that allows for selection
bet ween a ByFdiPobsBEengnbP AR SRARIHBfavitterpnigBoterley sufh aubetding, 5

el ect r odesydPad 4G hyBRphABEEL AR A CIRasST Hbh Br BRblotSIhhe/ ?h goigi@de and
outer electrodes 22 function together as a single collective counter
el ect r ode paydymegiypilopedPBMSenerating an electric' field for

di el ectrophoresis. In the second node, each of inner el ectrodes 20

function i [Wi?gl'f dugl baen@S FRRus 1 GhEntRi¥ 9 alf‘sb%tixi A6R BRcAbd with it er

el ectrodes 22 Tunction together to as a collective reference/ counter

el ectrode ¥omdeutet 28¢ ilptierand joudet2§ descorosciddio mikrilpidiqpuep Hstem 30
nmeasuri ng SR e ri ng
now t o Fi&%ggggi&ﬁﬁgﬂéﬁ%ctré%@ﬂg%§§§§§%ﬁ%%8e eé%?%ggP#g coﬁﬁg%ﬁéd to
a cont rol |washtsblatioral | ows for sel ection between the first node for
di el ectrophoresis and the second node for inpedance neasurenent. The

controller bexli I eyl t 36.

[0082] vind30BY ¢ REAT Rt QEAaLDAPalttbhe CothoS 2230 d il O

vol t age f roomaxtadome masnqrphat atlows foe selbaioh bethkeen n fiagt made andle secbnd
generate the, diiel.ectrophoretic,field., The power .suppl e,.

i ncor por at%%dei &? hlega[é”\sfi“g%dgiﬁn%fsdeﬁ %ﬁé?s zg Jﬁ%ﬁt\{})’ng%eﬂgf %Dnaa%}lnggg@%fté‘Fenal to
t he devi celeclbdsandi outdr kicirddes 22 fingtdon etheadslagingdbealiectbetcdudtire out er
el ectrodes_ 22

o.fynction tpgether as a collecti guter el ectrode
ona t et oS o ke SR he fRelP e o SR eorEoES BebF v
i nner el egktddendds, QCH 6f inhé HRABHRI2 fandkod aldiviGudlyek aGinsRPAGkRE C
fieldin the vicinity of the electrode array 18 for concentrating

target celdestrgde andadiaf suter glpsiEndes 22 APrtindpetihe H§s 2eplletie nol ecul es
24. [ 0083 \Mbpacd/ounhe eﬁ@&ﬁé@o%@ﬁofﬁﬁ%ﬁi&%&és ﬁﬁfogkﬂg%wpcisebf sensi ng

of i1 npedance at each individual inner electrode 20 by an
el ect r ochevgeyingimasdanesratrachinner eactrpdpaafinee anal yser. As with the
power supply, the electrochem cal neasurenent unit nay be

i ncor por atjggg{ Nt R A YinE Sov Qo Biull £ Md QERBHL 6Rby TR IHEERBNY confbded34 OF
may be external to the device.” Thus, in the sécond node, controller

36 di rect $o & Rentenlieeihaicdllows fordelsction hegveanibe fisshmpdeytor Histectiaphpresis
col lectiveg,g H&%Bm%h%?&d% B&hnt Eehé&?e%crng'g’fﬁé Eo%%ﬁeg%gﬁq%ef unction as

i ndi vi dual working electrodes reference ainst 't ctive outer
el ect r ode incorpratet intodavimdlras compdldadce at each of the individual
wor ki ng el ectrodes 20.

[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
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[0084] Figure 6 is a schematic depiction of a systemincorporating
the device. [0085] The above described device may be designed to
allow for detection of nore than one target cell type froma sanple,
or to detect a target cell type using nore than one type of capture
nol ecul e. [0086] Thus, the device may incorporate multiple chanbers as
descri bed akotvales 2hhfustimniiegetiizans nopllactbepataa tlecipbdedh orded®e generaly amade
up of electrode pajrs, ,wt.h_.each _chanber Vi.n diff nt capture
nol ecul e oPegﬁ%X? E‘Ptfc%‘?phf?%%f&?@ lﬁmeevé‘iﬂng’soélﬁﬁﬂﬁﬁq%géﬁa%ﬁg%ﬁe sur f aces
of at | eastoddfrdtinpelrge celt 4t eREFodeQbal B8l foMchituRt tytaptelanbleculesI4ch an
arrangenment allows for detection of the |evel of di?ferent t ar get

cells wthi sanpl e,, or detection of the |evel of target cells
havi ng one Mor %_ﬂ? Feepndmade, coptrellar 36 allews fox STREIRE ?mﬂqq_énce
chanbers ayeabiinkilvitid b YeckOMRLS B dQnBbheWicdl Heablirédbr: ugiebs al

screening for different cell types’in different chanbers. [0087]
Al t er nat i vangedanaganglpser.cs it} thaposepsialie thewlastroehemicsh mepspment

: D _ . =
o capt ur o Etag ekl cdnd MR (Mo i B BB e b 8} f VP
i nner el ectapdesxtemal ta thealevicd Thyseinghe sapidmedeyobmmilier36 dieogtshibe

i mmobi | i sed .on,a, sec ort.ion of the inner el ectrodes. a certain
ebodi rent U SifepfFdRds hor Redhenaa colGiaSuET Rt iR md B et

ol ecul es deatrddes 20M3FMt S lindividual Workthgeckrio@dd roferdnbdiieigaidkiahé r odes.
Such an arégpagnent §||O for detection of cells e pres,igg a first
cel | surf at@leriaaufer clegirgds i eplepomeagirg mpedanes & Grelat disadipidialang
cel I s expraskidptkiablestzpe first and second cell surface markers,
while only requiring a single sanple volume. Such a distribution of

capture no es_may be achi eved using standard techni ques, .

i ncl udi ng &q%w{i)gr g’&?‘lf)/e &g Acrhamat dg&]?#%ﬂéﬁ%ﬁ%@%%“ﬂsg‘%%ﬂ%m d
handl i ng systens to deposit the rel evant capture nol ecul e on

particul ar[0088Fr €hesHokodesivéd divite tagibe@Bsigledab a6le farfde@ytion F088] The
device as descyribed herein is useful for detecting target cells
within a Barpihan ongfageet celh type fom 3iampley QROLHRst igect SHPYPS PyiRg more
cont act i Nghan bletvsk SRAPUR: Whibbuld he el ectrode array of the described
devi ce, applying negative DEP, capturing target cells contained

within the le wth the i mobilised captuyur | ecul es, suring
i npedance BBFD Hpse the dayiee BRY W@f@l@ﬁﬁeﬁqqﬁ?ﬁgﬁa a%%ﬁ%ﬁrahﬁgﬁ Y&
i npedance ¢BR ShHnFERdvind 4 SephtiR ol FREAARES IRR Y08 €lebtodePRira RARNGEL Of

target cells to determ ne the nunber of cells within the sanple.
[ 0089] To dde@pehixingpelifierameapture raepqule ofmixtuse af eaptst woleguley yij d

sanpl e i s jGMUAckSHn Melshrrid® o £48GHT BE Sin8f Siddfroikd BLdted Rithin AgToer of
t he devi ce. [009% The fluid sanple nay be any sanple in which the

presence ahambenSieh amarrapgeméent alpyefor defbttion;of thedevrd ofidifferentidrgetind may

b . U _ ivit
for nogat oL B B plitod SbEIa el b AR SRR Y
exanpl e, tradicabmipe ofies]l dneface inhided , Theehambas map dy fhididatly saimptted to
diluted i i t.abl e .buffer. h,. PBS, Al t ivel th I
my be a SURFaot FER St e el sren S ERe el tabl e
buffer solution, for exanple PBS, so as to disperse cells within the

buf f er and0087]s uchltanathelyethesievias miap irvumpotht©mope xeie thysofapthre he
cells.

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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[0091] The fluid sanple is contacted with the el ectrode array by
depositing the sanple within the chanber of the device. The sanple
may be deposited into the chanber directly, for exanple by pipette or
syringe (manually or using a robotic system, or the device nay be

configured to I f.or ing of t I i a mecrofl.uidic
o et cellostnpinetiot oF TR efiePine e Gl Rurfeck i R Seftith & o
the sanpl esebddabfaéetharRerSdiachiey exprRBthEbR et stand sesoald dell firfabd ens

associ ated with nonspecific adherence and_ bl ockage of cells_ within
ni cr of | ui dmerkensawhiln anlwrequigas 8 single sgwple|volumss ek 3 distribytian pf GRRFe

buf fer may. ?&M% i WHeH ing of the
cells at t gl%g?%g?%’o%cé%? ace “usl r%l(ac}?cgﬁlg?t&r’ ‘éﬂ;ﬁ%&%@?&sﬁé iihg
addi t i onal coptrbifesl sustherdhemireryDunrdbablignid bandéing pystepisdn deffosit thexelevang| | s,

for exanple,, an_isotonic buffer. | ...the buffaer be nore
pol ar i sabl BPIRLROFRYC 2P C'gﬁrdn%%ézecﬁdeé%%“ﬁ glg%n %Fceuio{afglg% " charge
if it is to be used in the inpedance neasurenent. However, if

posi tive [JBP88F uTkddevidaan desonbdil ekein issiseful fir Getettegdargeirdlicwithae at han

th Il's. [0093] Once th | ded.in the.ch .
i 6 ect r oFPLR 1 IOmATErt A PR RREA BeEpd ST I SoLAEA S B SUPRG e
i nner el echE aafodk UREY bONE BecHBGRINRE, HlymsSicaaie PR chptotes @t t he

outer el ectrodes functioning together as a_sinhgle co nt?r el ect.r ode.

) . . a
The di el ecteHdenGHRad witin egamplefatrihy Femotilised cApiuge RlGER Fsy Beasuring
di el ect r opfRESEE follo®idh capluld WU tafhePOSs hhd Sort ?%Jiﬁ@@ﬁa@&' c field
may be used, as indicated above. The negative dielectrophoretic field
f unct i ons mepseemertivifinthe impaslance mepsirad irhhe sbaeptef target| cglly fagleteraine
target cel i 1 éﬂqﬁﬁ whi ch occurs at the centre of the
surface oft{l?ﬁuﬁeﬁ%g?enfgl“gth%%gs. hus, the diel ectrophoresis step
provi des a net hod of concentrating all or nmost cells within a sanple
in the vi dPABYly oFo determinmibe nanbertof selis within aswnplg, 4 B sanpleis nor e
ef ficient g&g[ . t he i mobilised
capture rmcjlbg%u eksﬂ.&th@pen |°§§%%?@%%%§%@?ﬁﬁ&%ﬁ the different
cell types Eresent in the sanple, it may be possible that the
di el ect r odABPY: i cTHegfuidsazeple mapheary fagpls inavhich Gepreseicrdnd han for the
ot her cell : [ ' ti 53?619 LAt o sk be
t ar get celclogé%lﬁa%%lgﬁz# %tc?gs 320 Gééééﬁi;%%ﬁléin?’d;ml tﬁgﬁt arget cells or
non- t ar getsuitgilé wniwrsgrengtin pudyend uctivity Berawgativie AU Wit igfer is compatinde
i ncubat ed ] CLlO r o] [ f H e anpl e,
from about'“?i}éh élngﬁtu%%&elg %‘éor egg%ﬁ{e’ t%s ‘n"lﬁl‘a%gg;%? %gqogtsreeaser?iu?%?%babi lity
that all oampesiiluef id henicbleltaifet duch bePBS.0Alhhatively, e sahplt madee a
surface. Dufl t he i,ngupation periqd..the.di.electrophoretic field
. be apdPIGHser FerIGRG e GR Teemery ot g hEEaRish bt Garbltc
the cel | s P sdisat Pikpeds® célREvithirC tha blifferQind td Such lag@fidnneck® A 1té aoid dhe
i mmobi |i sed capt ure,_ nol %cul es wll recognise and bind to target cells
that di splPESreat '¥es PEEFslSce marker that is specifically bound by-the
capture nolecule. If nore than one type of capture nolecule is used,

target cel[De9qr esERifluidsdniife {slcohtdctedimth ehedlédirobe aspewy ddpositihg/thbound

at an el ectrode .upon which the capture nol ecul e t hat S,Peci fically
sample within the chamber of the device. The sample may be deposited 1nto 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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bi nds that particular type of target cell is imuobilised. [0096] Once
the target cells have been captured by the capture nol ecul es on the
el ectrode surfaces, the remaining sanple and non-bound cells are
renoved. This may be done using for exanple a pipette, syringe or
syphon, or it may conveniently be performed using a mcrofluidic punp
system t o [R082]outIf hévesshiy adilitsawibelet mambt hédedha theehamp@ 0@ asisowithwi ng
renmoval of .the remai.nder. of the flyidig sanple,, or sinmultaneously if
a nicroflu#&ﬁgmﬁﬁﬁﬁf§V§F@ﬁFF%3 ?@ng?ﬁ@cﬁﬁgﬁﬁifkgﬁgigﬁﬁﬁt?ﬁﬁe array
may opt i onalididod¥ biiff¥SBeLIAIBE AGtaBle fhrHasaaes oPmidceeells, FoeexapROance
buffer may be the same buffer used above in preparation of the fluid

sanpl e, or iSotonifeRutise As wekl.rtas rfer shankdbaiparemolarissble tap theirslly apdigble
compat i bl € éduudiith fckirfesl!chirg@ids M&&ﬁ@%ﬁgﬁg@&%ﬁﬁ@@t Rinsi ng

allows for renoval of any reral nl ng nonspeci [s and
any ot her Hewsier WgosaypPBP sospd teentthe bk 8igjuld bpleskanoodudiiugé then thes
added to t chanber in order to performinpedance neasurenents.

| npedance 1'S hmeasured for each inner electrode, functioning

i ndividually as a working el ectrode agai nst the outer el ectrodes
functi oni n{093et e e callsiraipaded infthr droder b difsctrdphor¢tR0@8]naiform
ref erence ijnpedance reading ip the absence.of .target cells is. taken
n & buf f ePRRCIRCaRARNE! F i the e Pleciide frsToRE Oginie A nagle

maﬁs ured. plogidielaha thlérod%f elbﬂrdmi ﬁm_ﬁﬂid’t@rag togetb@re @@Hg&tdoﬁiﬂeﬁéleciﬁ@lﬂge;
cells int rjgin sanpl.e, .the inpedance neasyrenent obtai ned for
each i ndi v?ﬁ%‘g'f"feg‘ﬁ?f’gf’w&f’ 8k ﬂéé@%&@g@r%ﬁtw@w&@%ﬂ@a@me@ fad s
conmpar ed WhitHdubi @ phdipRABAERPRASHE £6ld ERK vehSed) ad tnbifette@bbdveN The

el ectrode in the absence of bound target cells. For exanple, the

di f f er encePipativRdinlertpbanste BelddenstipryioicAneratnfe fan 9ellf indheisampid dance
measur ed WnbRdeRRhdiafds LRE 38 theFRld Bidifla VAR HBR Arsti i QEnttBY hesurface

cal cul ated. [00IO01] The difference in | npedance nay be conpared wth
known di f f efrtbeinesr dedtrodesatlduys, ki diglektraphoresis sisp pravades emethold of ar get

cells, for. examkgs &5 NS X [ gfgﬁl OWL- ol ]S, a

standard curve o%ﬁ%npg aﬁ%e ﬁ%@ﬁﬁgaga @Eﬁ%@é u3|ﬁb n@m1d£m%dé

concent r at usfase, eflowagdet mere eifianhyechgnitorcaidedparcbiiage calls by thef er ence

Lo, doter M SR AUMAENEALARD. Blpdeidh BEDSlaBafl S3RE aSRIRL Gl "
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 celis 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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concentration is to be determ ned. [00102] The sum of the difference
in inmpedance for all electrodes having a particular type of

i mmobi | i sed capture nol ecul e provides the total nunber of a
particular type of target cell captured for a given sanple. Using the
results obtained for two or nore el ectrodes together nay provide a
nor e accur ainds thet pnticutattyperof trgdt aely atimasblliseabncent rati on in the
sanple. [00103]1f the concentration of target cells within a sanple
is too | ow, o] elow the detection limit, of this t hod

mul £ gl e viRBeLe Sfneg BufhEencalis B¢ Bt APty lntraleie olRHET e

i ncrease t blecttadeahrfivgstied refihingfy dampleaptl noLBowid RAS e edrReicd 0 JBis midye

above stepﬁggf captuyre and optional wash may be repeated and a single
i npedance RRSNGISHEAPT *&WRBlS 2PMRECSYTAELISHPIOR PRIEMEY SPnvERisPIEDbS ol ume

have been gafgthed Qsihd s nkBSMFRGL pulth stbR Al St ¥he 1§ sarhSIE Froff the
capture, optional wash and inpedancé neasurenent nmay be Trepeated for
each succedigmper.addi ti on of sanple volume to the chanber until the

i npedance nmeasurenent is within the detection range for the nethod.
| f desired on @?P" aloF . I and hi gher
flow rate %037 e g@?‘%@%ge a tefrtH%f C%I@gén&g@lﬁgﬁﬁ ?ﬁg@’ atch of

sanpl e vol simpltineouslyifia npigrodlnsiie pimhsystenoin usadetbe thambee kb d elaetwdeenoved

prior to a_fj] i ce. enent . I i r.ed devi ce
may be r egaelIr'IEi ra yewggﬁrgﬁbns?equesn gad%lglpﬁg/iﬂrggﬁ%%%'ngh?%eggﬁe&%e t ar get
anal yt e pamby bé¢ the sanelbiffarmbid dbsedinqagdiatution vbthe dlutdsampleg or 2 xaphea by
mechani cal ..scrubbi ng or. using ble or NaOH salution.. The surfaces
may be cl e%{ﬁc nﬁﬂpﬁg‘”ﬁcg@fﬁﬁp Sh?@gSBF?mﬁaélﬂ?:o“ﬁg%’@Ecmléﬁn‘g?‘(&Hoxygen
pl asma sucimpagands atasti@iensd. IRiphlcwsIBoiefibed oS ny RRIningk@L i | | zation
cl eani ng nmet hods, may al so be used. New surface chem stry can then be
appl i ed an®°H %ﬂ]dé\%‘gceéléﬁﬂ‘i APt TEBRAING SHPPIC COTPIPSREW t est .
[ 00105] The above-descri bed nmet hods and devi ces are useful in various
nmedi cal apnon'ss]atimi;sedaﬂd%hﬁéﬂi@gd&eartodﬁtcammm&dwtagkﬁemim higen and
treatnment efficacy. For exanple, when the device and nefhod are used
to detect PEEUSRER Impadaers 1ISHAHTE faT ¢aeh iner dlertiedss THRGoRE resul ts
to det er m jA@ividagneds BeiabBRESEo M agRindl (HE Buthl SRBBA! fundti¥ainsdb fher
medi cations to increase | evels of EPCs. As well, a physician nmay use
t he resul t& aginekpefamsnelestirdgdet ermine the type of stent to deploy in
a patient.

[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 célls, 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
19



[ 00106] The net hods and devi ces nmay be used for real-tinme in situ
nmonitoring of cell growth. [00107] Foll owi ng capture of target cells
on the surface of the electrodes, and optional washing, cells are
allowed to fully attach to the el ectrode surface if cell attachnent
is required for cell gromh. An initial inpedance neasurenent for
each wor ki rgneheationdsl®e besleteernimedled. The cells are allowed to incubate
under conditions that allow for cell division, and then one or nore

i npedance enen ar e under t he, growt h.condi{i The
total nunber- orcel Iiﬁeﬁ“ﬂb%{fﬁ%& SIS lﬁémﬁgqa%‘fegﬁﬁuﬁfég%%qteﬁﬁ?vﬁ%% based
on the chapggicilar ﬁyﬁ@eﬂaﬁmarﬁsﬁ@ apitire nioldctiedrovidgRebiaio e nimbs of ent .

Thi s approach, may used eyen w thout a capture_nol ecul e, usi ne% t he

DEP to di r@e*iﬂc'el%t}'em targetrellifaptpred dor giyen ampl. dineghe resylisobtain

[ 00108] The g %E'ﬁm?é‘éieéﬁ%&ésctg ﬂE@Yna’j}%rdﬁM lfnefe arc&ﬁrhtetdle@ﬁmh&w?ﬂ dru
nonitoring of drug and toxi ci fects on cells, or nonitoring of
cell cul tuia@gqsp@lbmggmhmmféﬁmlg cel | spreadl ng and confl uence
under certain growmh conditions. [00109] Fol | owi ng capture of target

cells on thﬁmapfacexf%eéoﬁsm &ﬁltcfefgﬂgébceﬁé‘git%gtais gie 1%‘%%@6@% @ cell

att achnent real-tine 1n situ 1np ce.can to nonitor
cel |l growt helowhe detectiah limited diEismethod, metiple velimees o€ samiplevork begdded to

el ectrode, dr. d, a
ar out 1 ac{aHadiod IPBIGEE A EHE heSiathyindDor A e ST b RUBAN 2
added to t iike sHoarrbteps cﬁfaiapmwiamgopﬁmﬂwhsﬁmhyhmapemmntasm@ce cells are
al | oned to. |H]e§ubate |ncI ﬁ%ﬁg unde condi tions tha aI | ow for cell

di vi si on i FPRFEERFPIRFASYRG 8A% Y cﬁ%]rtgmi“h’ff% WHE BHERER ar e
t aken undesddebeo ﬂle&harﬁmdjrtalt@cﬂ@nveﬂghmetswpabffﬁpmeropﬁéna@eﬁaﬂﬁanat any

gi ven tine _point can be cal cul ated based qn the chan e in | edance

fromthe i FReIaICeMEIHEAEN MAYDE GFREAEA for efel) Srcaqspive addit l¥sed

even W t howume (RHRE dhfnBER hASIUhSimpdaines meB@r bbbt - Owiih %fetdeﬁéeﬁorpﬁhges to
the centre_of the el ectrode surface. [00110] Fol | ovvlaég capture of
(4

target cel fos thermethed. Jfi desired adpngenwadh den, Rejge 3 laragiay Plaﬁlalan%@hfrrng
and cel | ﬁ&&%@i}ﬁ%e g@ge%iaﬁ?rdd&h%h%?th%lﬂﬁﬁfﬁa?&%ﬁ can be

measured to nonitof or the release of ne bojlltes
subst r at esomigrimensee tbet Bop-paelEe cellsareiicproded priarito & foaldmpedanaail at i on
](c:lcj)pshglronsmeas[]ggl’leglg] The above-descri bed devi ces, nethods and uses are

[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 freatment 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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exenplified by way of the follow ng non-limted exanpl es. EXAMPLES

[ 00112] EXAMPLE 1 [00113] Figure 7 shows florescent images of the

anti body specifically imobilized on the el ectrode areas of the

m crochi p, which is surrounded by a silicon oxide bioconpatible |ayer
t hat has been coated with a cell-repellent material to prevent

non- speci f iacpatigitesi on of anti-CD34 antibodies prior to i mobilization
and of cells during cell trapping step. [00114] The surface coating

process an et hy i } ALs E . itdeiM
wor k done Eteeﬁ’éthangﬁggﬁggﬁg%ﬂﬁgﬁgg§®?%%%’Eges, %fﬁlgﬁ@'}é rtlger,
D. G, Zhangfctll gfo204) Bi omaterials 2506), 3315-3324; Lan, S.,

Vei seh, M, Zhang, M (2005) Bioserzsors and Bioel ectronics 20(9),

LT 1109 oy S A ST S DR b 62 bl
mer capt o- propbmiiveashigg dcfiVRig ailowed Rafinly) attsel o Wisedettfoder wathee i cell
sel f-assenbl ed nonol ayer (SAM,, on the gal d FI ect,rodes that c be

further modfRERent & IsHEPdtieT REtbRitho AR BRPSHRRSE P HSUERPRiGh Sach

activati On_WrHB%Me(:%de i6icaBiaby. | B P heRUdWedto iRt bYeCRRQALhEiBb A hat
hydrochl ori de (EDAC) / Nhydr oxtgsucm nim de (NHS) The silicon oxide
surface suraleynfar sef! divdsien, cand-thete o065 NPAS dNpedaney Measiranests HAdalmaG

SAM t hat pr. [PEpN LP At DO e ndi
process di fll?g%g%@%ﬁapﬁéeﬁp gﬁoﬁgvﬁe&%ﬂ?eps: toﬁgélissuagé%ﬁé?es mgP glmgfaél;r?ed
Wit h i sopr cplanleted hatedr omnthea chingsnmen Oznpederse Mot (186 %in(iial  irGwedadicsr

50s) instead of pirapha._.solution:.the.incubation in the.fhiol .

2ol it on + SsrREite TERARPRH Pk P AR P SRR ik b S boipesl
on t he gol MEH tediirecdbscalias the demtedftie: dedrode surfabf p. 1 of

CD34-f 1 uor oi sot hyocyariate (FITC) antibody solution (0.1 ng/m in

PBS) was t iacubated o ne of the chips for 4 i nutes and. rinsed
50) oo i (00 EL TAERE pRo R eyl e bR Sector L TR S BBfdrol
of the PEGofdaig mtfl snéhityasTaent omctlisy @t exbnifbhihg of Teil wnlturenmroeesssplie of

possi ble chem stries and patternin t hods. t hat .can,.he used to
Dbtai n an ergule sHEARs R ARk PP eER PIHGOTEER capt ur e
mol ecul es. surface and | ow non-specific binding on the rest of the
chi p. [001183108] denvRsiowdhgcphat of kegdevilcen tie saffheecdf the ektirodes, and

specifically.tr i.n t.arge ells, Fi.gure 8 sho t hat . bot h ce) |
SDoes (§ oy G RRR e Shocinent R o'he e oRase B RE PisBrged o
attached t endnfi6r delln@switl| @Gl inpEinspedhees RO6dBD At dipie doflity (eddMecall S)
settled on _the chi%éséurface during.a cell incgbation (s;f[ep thgjﬁ?

i nvol ved négiPRlGmeBEssch gs aoffiem foe sk perapopnd; f gt desieue SiFaites.
After a pheaRhRtRedith fo8lotifd supSieBBIhay 6k Wa@No\BSohainbr 3¢ Ll S

were retained on the inner electrode surfaces whereas CD34- control

cel | s wer e i Heepsagagnt. JEiforells s pligyvadnte ispubates includingopnden gopditigns

trapping. hat 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 druog or factor stimulation conditions.
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[00117] Approximately 1.2 X 104 CD34+ target cells were | oaded inside
the chanber and observed under the m croscope (Figure 9). Follow ng
DEP (2WMHz, 1.5 Vpp - bottom set of pictures), the sedinentation of
the cells towards the inner electrode surface reached saturation

after only nut e di ffer e .for the el.ectrode was seen
Stter 55 MHIT O Shhe Mol rEAPEL iy s ey (s agB At
and the el emmdﬁdsywagfwﬂae\mmn@gmﬁﬁnﬁteﬁém@éered In contrast,
when no DEP was used to concentrate cells at the el ectrode surfaces,

t he nunber el | eachl ng the surface between 12 and 20 m nutes
(enl ar ged E&ﬁéﬁ@? is noticeably larger to an extent that would
ef f ect |rrpedance rreasurerrents These results denonstrate that DEP can
accel er at e[¥d2}i r e EXAMPELE fappi ng on the el ectrode surface with

i mrobi ['ized antibody. [00118]Figure 10 shows the inpedance signal as

moni tored fdyagph vaﬁlg@es sﬁ&»@gﬂ?&e&f:nttxﬂﬁgég ‘P%Fe%ﬁuﬁ&{gus?eéh Qs I nner

el ectrode on the chip. | npedance change ( I's cal ate t he

per cent ageimghollizedandhe dedimdoewses afltke mwudi&n&él@ugmounmmhm a

given tinge, |n| | cal.ibration
step using g@%ﬁ&%ﬁ% ?’%ﬁa}%a{éﬁa\ﬁg |ng “?r ea 're?d egta ge?a@t?-lz) The
i npedance preest nm}smifmradhesaﬂti afgnii-PGe aﬁlil’ﬂﬁies(peiloi- B urmndBB&aummﬂe)ﬂ he
chamber wit body. i nmobili sed on the inner el ectrode
surface sh® iﬂjé"gg >(‘%ﬁ“’p'rmre than 20% After 5 minutes

i ncubation the ceIIs started to settle on the el ectrode surface,

contri but i [0§144] t he Thecudasicogingmpedssmd pslygthglene Slycol (REG) pasivhtionar e
seen j ust r| or, shi f ol I a, 20 i opn,.. when
the cells %‘?@d@%‘f%ﬁ?ﬂ 099%1(@’(6@? gﬁgf%ﬁpé@faiﬂg@é, Qu%ﬁ S g1?|’nal ly,
after a waSHdeg meg;zhaﬁgwt@mcgmaszsaz@ﬂ(h@, BEITRBIDAL Lﬁpl@d\/’@é&h,t he
surface by t%%bl({lp%ed anti1 body and th a@edance si.gna

i ncreases My g M-H{2005 §W§mﬁ\rscﬁ5‘fftﬁ‘?ﬂlecé”?6€ﬂ htl69E-140%)q é%ﬁl’h‘f‘i n
whi ch t he SRIGORHAEESReI\BRarRMRIE @dzotremesoﬁmbﬂ of2Nb3IWhBZaRl Y PBS (no
cells). Results show insignificant signal change t hr oughout the

control exi¥eseppisaciddyHiA)/ mereaptBROPIORIS AC] ethanplhwereaised fobed i s
due to celdreat} Mé}ﬁbﬂ:@mbﬁﬁaﬁ? ¥Sm§] ¥ E&%ﬁﬂfé&%ﬁ?ﬁﬁg daflBd kil gure

11 shows the sinulation results Tor electri fie stribution
across t henedified tpdm‘i tod¥Hisamigo e¢idswi prefsing Supughragtivatioe witeh(3’s, t he

i nner ele chvmll

di rect celcqturl19 fp?cﬁ’gd) e%tFSFIL sur{jg@;&%ﬁﬁme (ﬁ%ﬂ(}g‘/"%}: i cation of
negative DEﬁroxﬁtgunmuﬁQ (NHS}‘mm smlmoogmlp huﬁimmmgnﬂﬁ&éthe cletttelet wapped
L0121 i gurer i FENA Gy 2R b ERb e Brotn apery onbTFiler -
dect ect i oretthéhiient. offhé bﬂ)cﬁhs\dim the f(ﬂlosva:i’g)dtq)scmﬁ sabistrafeg ward ddaakd of
15, 000 cellglwlth Julrkat cells as non- tarr?[ é@qg} | s ang CD34+ ceIIs as
target cel’'& ISORIORARAL, Bater g plagma Ly eatment (G0t Qo FRQW der SPshingtesslof
cell's in pitaffabollionAhdincabhtdaWPS GOHORIDL ROfoka IGO0 ebmmaid be

det ect ed ?% a sin Ig bat ch | oading. [00122] Figures 14 and 15

deronst r atg!ferenpled merneleyerdSM) asriheigelA glertsedes ag reduced fo 6 hours. 50
pl 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 pattermning methods
that can be nsed 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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batch | oading of cells. For each batch, a m xture ofJurkat and CD34+
cells (for a total of 15,000 cells containing 750 CD34+cells) were

| oaded into the chanber. The results indicate that the CD34+ cells
are retained on the inner electrode frombatch to batch |oading, cell
trappi ng and washi ng procedures, resulting in overall increase in %

i npedance éﬁlﬁ?‘\’ﬁén@viot"ﬁﬂqﬂrﬁi’te@ﬁgP‘rﬁ‘ﬂmﬂm}@rwﬁf‘ﬁﬂaﬁt@ﬁés | oaded. Thus, if a
single batch contains a target cell concentration that falls beI ow

the |ower qede@yi on b H&Iﬁ@nsﬂ%{lamap{h% d@?ﬁ:@f% elfféé‘tWe% PR chIgy Hafprhd O

all ow for Ioadlglg}of sufficient cells to exceed the detection

t hr eshol d. 4re reis} Fieyrafeshows thahboth zelbypos (tget(€BafDeellothat bind torthe ar
exper i ment ﬁlyodi(lépgﬁlted Foethl: fimer «?ﬁctr_roﬁé &H‘a%e hﬁ]cf%% %pgcéiuﬂg?é%?ﬁ% hes

|rrpedance C ange oes | NCrease w | NCrease
of negati veeltspsstiieal oncthe bisp sirG64 AdipeddRlifbafiG0dabhTtiavdesiargibd

Cach wi th DECAR EPeRtRs R A STy AR 7 O A L
i mobi | i se(PBR) sbhdovas, (DB ERERere rethins o1 the ihas eRBtdde@difad3s

i rmobi | i sed_on the el ectrode surfaces, and chanber 3 has antibodies A
and B i nmobbeeasdDétr QOH‘EOIé?F’éW?YB&@SWWE&m%ﬁWW specifipigpidhe 8.

[ 00126] Thugeu ﬁ{éanber , cells expressing antigen A (specifically
bound by anti bogy A) and antl gen A and B together will be detected
and quantifi ed i n chanmber cells E@pr essing antigen B

(speci fi cal88118bund -‘b@i’r@ﬁmaﬁbdlyz B)103 3éﬁtti‘f§@tﬁ°u§ ‘aﬁr&h@d%gvétdﬁéhe Wil l
be det ect egh aid: ShidsbdbPshdePRd ndilh

antigen A antigen B Jg? ant |eia§nn{,& g&% B %mé ceF‘;E\’i é\? %et ect ed and
quanti fi ede[J o boRath set of pivéure ,dhtDWmetathe orfdwetleﬁs t@fwaxdséhaﬂanfrrous cells
of interes 4 hed

signal s ob% g?ér?gg %&Ace?%ﬂ&i S%&}agl{ghgggﬁiﬁa}éﬁé ‘% I\?O dlﬁl&%‘%ﬁo{]{ﬁgs

i npedance ¢dedsxde emre sden afbit Ieﬁ mizdtefor Gﬁmumaa{mﬂarged paruels,tl:lwsm) ufcubmmmber

3 provides_t 0 ration of . tar cel r.es en B
onlys " sub: PEr RS shisstAnteh@ Bibshimed SEPAFRE A BDERS

from t hoseusefl tmmﬂﬁmfate?cens enchelelsctiode safires e raimb@n oDdells flagighg &ﬁl | s
expressing aptigen A qnly; subtra t he i dance urerrents

obt ai ned fsr‘%ﬁf%ﬁez%@rﬁ?“\fg%ﬁ‘f“ﬁﬁs éﬂi‘ﬁ n%s E"gﬁg@ﬁﬂ

obt ai ned f &t ﬂﬁ&ﬁbﬂlﬂ%ﬂctdﬁﬁe&nﬁxﬁ&dsdﬁ&lehﬁe THERGENME aéhSHdtrde thaar get

cells expressing both ant |dgens A and B.
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 comlpletely settled on the electrode
surface. Finally, after a washing step, the target CD34+ cells remain h'ﬁpped on the

surface by the immobilised antibody and the impedance signal increases by more than
23



[00128] Al ternatively, nultiple types and conbi nati ons of capture

nol ecul es may be imobilised on different electrodes wthin the sane
el ectrode array in a single chanber (inset panel of Figure 18).

[ 00129] Fol | owi ng the descri bed net hod, using either single batch or
mul ti- batch application of sanple volunmes, target cells 'expressing
the particul(d. Sebitrderfenoentinkessovaria wigtlaiheethepecdss waghpplie®m 4 he

From each SPELRPBIY Y BB THRE b APH GG FoRRER Pt aseess
the rel ati whrogptiut ieloftfol @Rgdfinkat, bodfitnd ®& the ik taknda 3N el dSREGII 1k C
conbi nati on, of markers) F?atﬁendl ngyon t he expect'ed concentration of

the target @@I‘f%ﬁlatttﬁ%hf%‘i“@ ¢ atibgy-epated supidess covered with the sane

anti body are sumed together to increase the sensitivity.

[ 00130] EXANBb#H9] [ O M@hb@yﬁe@ﬁﬁé@neieﬁﬂ&g?dr%cﬁ{dapﬁ@d 91strfbn§on
chanmber are shown in Figures 19 and 20. Figure 19 shows top, bottom

and cross $€8t BAslecodapsirnasshoynd ABsEn fisfm Ehememlisthé innetelastyode
desi gn, al sgrrshgut p ofik ,,%n@ I Q?%} n L
and outlet ports. g)“@rg%r e %éﬂlac ane Qﬁﬁ dﬁﬁ%&én% om %‘% ct%o%gsu.?/rjlfag\el\s
as wel | as d@l’l@gﬂw@ppi!qabm g nigative I'EFB Rigieed 2 @f a mivotbgsdpaphalvinh Tidds .
Panel s B., p.vie of H sh shaped and
non- spl it c%lsn%%gg%‘g%%:ﬁ%% c%(?f S %n%gafgfbﬁgg] Figure 21 is
schematic fl ow di agram depi cti ng one enbodi nent of the method.
[00134] | n {8&W30]a), EXABSEBRution is filled into the chanber and an
initial
[0012_1] Figure 13 demonstrates the results of testing the lower dectection limit
of the device using a sample containing a total of 15,000 cells with Jurkat cells as
non-target cells and CD34+ cells as target cells. As can be seen, at least a lower limit
of 150 CD34+ cells in a total of a mixed sample containing 15,000 cells can be

detected in a single batch loading.

[00122] Figures 14 and 15 demonstrate the improved detection using muitiple
batch loading of cells. For each batch, a ﬁﬁxﬁxre of Jurkat and CD34+ cells (for a
total of 15,000 cells containing 750 CD34+cells) were loadéd 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 thaf falls belo:.v 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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i npedance neasurenent is perforned for each individual working

el ectrode. [00135]In panel b), the PBS solution is punped out of the
chanber via the outlet using the mcrofluidic punp system [00136]In
panel c) a sanple of peripheral blood nononuclear cells containing
EPCs is injected suspended in a conductive nmedium (PBS) into the
chamber in té?ambﬁgle@hb@iﬂnmsepﬁ@@b&mmde qamyebhdmbﬂelgas antébodER i s appl i ed

to concentr, e ' the er where
the el ectro O&ﬁ?sgélo? sheleoegg?&cf %ﬁ@g?rfﬁ?ﬁ éﬁﬁhll‘%gf)%ﬂ@el |'s
at the centeﬂe&:tmﬁe surfacespard dmgxnbd:r@dia&@ﬁiﬂﬁ)dleb PearsB fn@ﬁ&ﬁh&ﬁ owthech are
covered by pre- | nmopi | |%§g EPC- peC|f|c anti bodi es. The surfaces
sur r oundi ng §H89%et ORp I KiEEGil8usl y coated with cel | -repellent
materials. The cells are incubated to allow the antibodies to

speci fi cal I[gob26}d t herhﬁaoﬁmhaﬁu@&lﬁaamxg@@ﬁﬁg zﬂmgb&{‘ﬁt(éﬁﬁﬁi%ﬁ!l}}?@ddn& by
(non-EPC) are washed froemthe chanber i n wash sol ution

from the i iRBPodYAhragd GRIgRA éfﬁ’eﬁltocgﬁ@ﬁb‘éﬁl erdsiestos apdauastifpdinn chamber
[00139] I n pap&ls eRplching mg&a@%eaﬁcmoﬁmﬁnwygygm ng&{j,g%ﬁésl s

neasured and the change in | npedance"(fro nce
val ue neas ipgether wilbbsyeteqied aad ghaniidiel ang i tleotbendeeilsexpadseing attegin AThe

I ndi vi dual éﬁlﬁ] %@EQE%&B'@?&%?@@?}% g-ncqe c%rrelt{%toﬁs wth the

nunber of on t parti cul

[00127] * In order to obtain the levels of the various cells of inferest, the
following calculations are carried out on the signals obtained from the impedance
measurements: subtracting the impedance measurements obtained from chamber 1
from those of chamber 3 provides the concentration of target cells expressing antigen
B only; subtracting the impedance measurements obtained from chamber 2 from those
of chamber 3 provides the concentration of target cells expressing antigen A only;
subtracting the impedance measurements obtained from chamber 3 from the sum of
the mmpedance measurements obtained from chambers 1 and 2 provides the

concentration of target cells expressing both antigens A and B.

[o0128] 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 sfgnal from each electrode is recorded individually and compiled to
asgess 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
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i npedance change fromall of the individual electrodes correl ates

wi th the nunber of EPCs that were captured by the system and can be
used to calculate the concentration of EPCs in the initial sanple.

[ 00140] AIl publications and patent applications cited in this

speci ficati e herei.n incorporated by reference as jf each
TPatvi dual OIS At SAHcH TSR Coilspracons ¢ Ghe deAMbes BE b gresg
i ndi vi dual 119 dn@db CRlaR& 10QRhERs IoBCRIHBRT AIQEHsE ¥ediBAR VARG -ATBEd BiB @)l on

of any publication is for its disclosure prior to the filing date and
shoul d ‘not ageneplichagber desien flsashowiag srcrofaidia dlangplsdepepnnpeiipaie dH | s

not entitl : ixCaft i V] . rd. or

i nventi on. %ﬁ%é@tﬁe‘}‘?%@ﬁé&@ [ an[, EIHI%'I éﬁ)g%dl“&irbglia{%‘?loaﬁﬁg%gnt Seggf)égleaﬁggo s

cl ai ns, t heedionguAand BeB viewsaf an Hashipedrtiathbére 'Panelc By s apd br. stiow top
reference unl es e co xt .cl ear | ictates otherwi se. As used in
this speci f“l’egvaftoﬁé#%ﬁ%‘?ﬁl’ pﬁ%ﬁfﬁﬁﬂﬁﬂ%@ﬁﬁﬁ@”?ﬁ%@%r nms "conprise",
"“conprising", "conprises" and other forns of these terns are intended

in the non{00182]i ng EXAMPRLES sense, that is, to include particular
recited el enments or conponents w thout excluding any other el enent or

conponent . s def.ined.otherwise,all. technical and scientifi

ternms used [M@n ha gmie%é 1%%%“%%%?%8%@%@%@“%?@@ %%8%@8 one
of ordinarynetiedl | in the art to which this invention bel ongs.

[ 00142] Al t hough the foregoing invention has been described in sone

detail by illustratio d,exa 0 urposes aof clarity of
understand;f%'!‘ﬁﬁt i's p@ﬁ%ia#’fr})ﬁggﬁ)@}%q?%ﬁ?%&’e‘g%?ﬁg} Sf‘?f%ra? 1@1%:11” in
the art i nihp@abcedheabiiembaaspirigedior eiihSndiviceal weRingRRktréd t ai n
changes and nodi fications nmay be nmade thereto wi thout departing from

the spirit ope of t ed clains. TS IMED |S: 1. A
devi ce for [@%pz’iti ngﬁtpﬁflgg’?’aiggggfcg“%‘? PEnRed o og%g%@éef Ta the

conpri si ngouitet Giiagemib@iuide: gtnp k@Ml or surface; an el ectrode array
on said interior surface, said electrode array conprising one or nore

el ectrode | each of .said one or npre electrode pairg conpr.i sing
o TnereREENBh e et e puiblee SheriPBia Spof bhStteRRL el frtRryE
sur roundi nGPCh& ihjected sep&ied fteconductive medium (PBS) info 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 {} 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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one or nore capture nol ecules imobilised on a surface of each of
said inner electrodes for capturing said target anal yte particles;
and a controller operably interconnected with said electrode array to
sel ectively (i) apply a voltage to said outer electrodes and said

i nner el ectrodes tQ generate a_di el ectrophoretic field in the

vi ci nity ofimpgiangs dangeoium all phipefngividen) slepirodes Foreelatey with the mymperof
particles aipcgahf “El’ﬁ%%ﬁl%%}%é teh Entlflé’aﬂtblérlﬁedj% hﬂte(‘tﬂé)édﬁ'é tration

nol ecul es; and nse |npe ancé anges at each I nner ectrode,
to detect @éﬁ?@ﬁedhcam@éSMHMalyte particles. 2.The device of claiml
wherein the dielectrophoretic fleld |s a negative di el ectrophoretic

field 3. Theo . COUDI L SENG: i nl et
(1el .3, Tugo s’ o, 8 phbiefbs 8 Bl BB D 5 PSR I
comuni cat hewinintdiparated by oa‘fbrancah as uiaaanlpmﬂmdlmhpubaicafma ool petenteapplicaginy

one of clains 1 t. wherej.n,t he .are f.the int urf not
covered by "&l& S@P?Iﬁﬁagg' aing ‘Efb fl'éarc‘}ly\}xﬁ"{l?’f‘? o b éﬂcﬁfpé’”&%:ipl@f i@ rial.
5. The devi eiatidh oty RibEic&fonGs fir 6 discloSurd pLEHTH ﬁitesmfi@ daiun@ Chdtid Sot
el ectrode pairs and wherein a first portion of the inner el ectrodes

has a firs P@Paguﬁirﬂ&ﬁéd@w%ﬂ@té}&awr:@ ipysniien jsagt pres iq 3ndeigterste eon
and a Secop%lﬂgﬁgdwv&ﬁeéfﬁdrmﬁn&{_ ectrodes

[00141] As used in this specification and the appended claims, the singular
forms “a”, “an” and “the” include plural reference unless the context clearly dictates
otherwise. As used in this specification and the appended claims, the terms
“comprise”, “comprising”, “comprises” and other forms of these terms are intended in
the non-limiting inclusive sense, that is, to include particular recited elements or
components without excluding any other element or component. Unless defined
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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has a second type of one or nore capture nol ecules i mobilised
thereon. 6. The device of any one of clains 1 to 5 wherein the

anal yte particles are cells, bacteria, viruses, proteins, nucleic

aci ds, mcrobeads or nanobeads. 7. The device of claim®6 wherein the
anal yte particles are cells. 8. The device of any one of clains 1 to
7 wherein the one or re_capture nol ecules are anti bodies. 9. The
devi ce of @ﬂ%?ﬁ#%cﬁﬁgﬁgPﬁSthe anti bodi es are anti-CD34 anti bodi es and
the target analyte particles are endothelial progenitor cells. 10. A
nmet hod of et erArdsvitdfof 86RME t-abdt ARalPle phrcES in 28NS, QoBphsing! €s in a
sanpl e, conprising: adding a sanple volume to a chanber of a device,
sai d chanber having an e] ectrode array |located on an interior surface
of said chanber?chaRpPer havisgep e SFER e onpri si ng one or nore

el ectrode pairs, each of said one or nore el ectrode pairs conprising

an inner el ect radRchod ARy said ifkGststARR, Sid élestidt Bftay Afnpridi@ione
el ectrode, each of said inner electrodes haV|ng one or nore capture

mol ecul es i mMDISK MoseeleqiTode BaiFs, caghaf §aid geor/BPIEAlpEtreds RAMP OBRHINNE
el ectrodes and aﬁ%&r;e/l@ de%@ﬁﬁ?ﬁgﬁée d&&ﬁ%%u%ﬁ%#ﬁeyéﬁ'sﬁ%&ﬁmg%@“ C

field in the vicinity of said electrode array, t y concentrating
t arget anal yt e iprer electrais; present in the sanple volune at said
el ectrode array; capturing said target anal yte particles by

speci fically biadhng oAbl AhaEbu At RisBdbh h Glrfiie OF bd2n SRLAa fARL Ur e
nol ecul es and formng a trenal ni ng sanple vol une,
electrodes for capturing said target analyté particles; and

a controller operably interconnected with said electrode array to selectively

(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

(i1) sense impedance changes at each inner electrode, to detect captl;red

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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repl acing the remai ning sanple volunme in the chanber with an

i npedance buffer solution suitable for conducting inpedance
measur enment s; mneasuring i npedance at each inner el ectrode; and
conparing the neasured i npedance with inpedance neasured in the
absence of _any target apalyte particles and correlating any
differ encehFSng/? T’ YHOLMN "W"‘F‘hmf’]r?ém%’ﬁ%‘m‘]ﬂs&bi °%8f t ar get

anal yte particles in the sanple. 11. The nethod of claim 10 wherein

t he di el ecr ophwheddvicefdfahflopasFelahedd S wheldRORE inttytelpaticled &repaIRS eti c
field. 12, The nmethod of claim 10 or 11 further conprising
i ncubat i ng bRTiEIas ¥iics DRiFinauslsic agidpaniciolesss of parebeads| owi ng
application of the dielectrophoretic field and prior to replacing the

remai ni ng ganpl ehy/ MRS clafkd6 whtRilBkRRdyRpadidles aReend. claims 10 to
12 further conprising washing the chanber with a wash buffer solution

prior to adding_the inpedance buffer solution. 14. The nmet hod of any
one of clafms 160 devics ofary eieptclagmel it whereindhe ene A aRase Fadet wo or

nore el ect ppde RalLSnasdidherein a first portion of the inner
el ectrodes has a first type of one or nore capture nol ecul es

i mobi | i sed thereon and a second portion of the inner el ectrodes has

a second t§pe oFhwipxicgof plaimes ehgreyy e ppitodiss ex anbrfepi4 atibadiesanddem
and wherei p sl o i i ; iSEpakately for the neasured
i npedance og%ﬁFﬁgﬁ ?%?&%ﬂ%e |$ﬁ§a%§é?§%ﬁﬁo nner el ectrodes and for

t he measured iggedance obt ai ned for the second portion of inner
el ect r odes!0. 15A mEteodrpd dpiganiging aaycephiatiopfofdaraetippaly® pagicles impeameley t he

anal yte pa&ﬁ@ﬁkg%.are cells, bacteria, viruses, proteins, nucleic
aci ds, mcrobeads or nanobeads.

adding a sample volume to a chamber of a device, said chamber having an
electrode array located on an inferior 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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16. The method of claim 15 wherein the analyte particles are cells.
17. The nmethod of any one of clains 10 to 16 wherein the one or nore
capture nol ecul es are antibodies. 18. The nmethod of claim 17 wherein
the anti bodies are anti-CD34 anti bodies and the target cells are
endot helial progenitor cells. 19. The nethod of any one of clains 10
to 18 wherein s#isgncsaipretagast analyte particlps %wgﬁ%ql%mw&lﬁ#éﬂ% furt her

conpri sing addi ﬁ&%mﬁ:@%ﬁﬁﬂleﬁmltﬁe Al 1164 bBGr SR def ore
sai d neasuring, repeating said applying an sal rep aC|ng prior
t o measuring t hsmipipedance. 20. The nethod of any one of clains 10

to 18 wherein said sanple volune is a first sanple volume and further

conpr i si ng;addi pg, eé&&BP&mﬁF‘fﬂ%ﬁ ¥18Me1§é&1t Bhorsé ﬁaﬁ@&%&&ﬁg and

repeati ng sal d apply sald rep T aci n neas 31. The
met hod of acgahwéebétrcqiharausﬁtm to 18 wher ein the anal yte partlcl es
are cells, the nmethod further conprising, after said nmeasuring,

I ncubat i ng,4 he nd 1 at _allow for
cel | grovvt i ?%Jﬁg%&?%%p(gmp I ng salﬁg%]%p mﬁnsé?glgg‘%i’%a% 515, sai d
repl aci ng, vcﬁamd formamrivd oftuae dolldavine Hpligmivh 0Qthe d1e1eci:ophoretxc field and

prior to replacing the remaining sample volume.

13. The method of any one of claims 10 to 12 further comprising washing the

chamber with a wash buffer solution prior to adding the impedance buffer solution.

14.  The method of any one of claims 10 to 13 wherein the electrode array
comprises 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 has a second type of one or more capture
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 add'm'g 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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22. The nethod of any one of clains 10 to 18 wherein said neasuring
conprises neasuring a first inpedance, the nethod further conprising
I ncubating the captured target analyte particles in the inpedance
buffer for a pre-determ ned peri od of tine, rreasuri ng a second

I npedance d then ¢ in sec ured oed with the
first nmeas ?ﬁ%’@ﬁtﬁ{ﬁg n‘58 ﬁlﬁg‘b@ﬁ’; % ﬁm?‘h’ﬁé‘dance
obt ai ned Wﬁishselnﬂﬂe ¢dlane end ﬁhrfh&e:oﬁ@h’ﬁh% a@ifg abé&@n@ﬁeﬁmﬂﬁ{ﬂﬁrﬁb ¢t spiar i od
of time. 23. The nethod of .any one of clains 10 to 18, wherein said

measuri ng Wﬂ&&é@ regeatag §4id FF?&Y’Bg@é’édﬁﬁa‘i%%’aﬁ@r@éﬂeﬂSW&ret hod

further conprising, prior to said nmeasuring the second i npedance:

measuring @ firghe hoMEASNES ofié oLAsiMsI DRG] %&%ﬁftﬁé‘ﬁhalﬁ@ Lifleddat | ng

the captured target analyte particles in the inpedance buffer for a
pr e- det er ntsedhpmethod fsther roreprisigenfiar said megsurageinerhatnghe selisld the

| npedance 459 f

further coér:rprl g}e%d(%@gﬁgtﬁgﬁlg{%ﬁy fgpge?g@encé | nﬁ?ﬁn%gggﬁgghg%#g%gﬁ
wi t h an i nsdeapbiring, aaireplating tsaid meafuringragd said kainparengparticles in the
sanple. 24. The method of claim22 or 23 wherein said incubating is
per f or med der gi\! | 0 | ““‘1%5

met hod of CT ai n@%ﬂ& %ﬁy%g%%f” Si E\S’O&%{)Sea iln'refé]gssa\q%‘le gt}%?si or
to sai d neasasoiinga Sest dn;sedazma;the mpthod fidreher caﬁpnsﬁganatﬂiahnglthei:a;&mydone
o 1 8l e el afe b S Rb S0 A% SRR ST B Mo B, ' ©

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 sarmple.

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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