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Cross-Reference To Related Applications 5 [0001] This application
clainms the benefit of priority of Singapore application No.
200906999-8, filed 20 October 2009, the content of it being hereby
incorporated by reference in its entirety for all purposes.
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bi omarker in clinical ditkpsuReferencekoRelated Anplicationsent systens used
to detiect themare bul ky, expensive, time-consuming and require
external sanpl e preparation procedures. In addition, mcrofluidic
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| abel -free approaches to achieve a good efficiency. [0004] Recent
devel opnents have included using specific sub-populations of cells as
bi onefgkers for various diseases. RillnicXPRaigef circulating cells have
been used as di agnostic biomarkers tor various conditions, for
exanple circul ati ng tunour cells (CTCs) for cancer (Mocel I in S et

al., "a r{ﬁbﬁﬁ t\"arll us i odlgn%lnés rela%e & a mlcloﬁmdlc Py@f%m for Jetectmg a biological

entity in a sample volume and a method of forming the microfluidic system. Various

embodiments further relate to a method for detecting a biological entity using the

15 microfluidic system.

Background

[0003] The number of circulating cells in the blood of patients is a routinely used
20  biomarker in clinical diagnostics. However, the current systems used to detect them are
bulky, expensive, time-consuming and require external sample preparation procedures.
In addition, microfluidic devices have been utilized, providing compact and cheap
solutions that may offer promise to move the testing towards the patient in a bedside
setting. Unfortunately, these techniques often require a certain amount of sample
25  preparation, especially when vsing label-free approaches to achieve a good efficiency.
[0004] Recent developments have included using specific sub-populations of cells as
biomarkers for various diseases. Sub-types of circulating cells have been used as
diagnostic biomarkers for various conditions, for example circulating tumour cells
(CTCs) for cancer (Mocellin S. et al., “Circulating tumor cells: the ‘leukemic phase’ of
30  solid cancers”, TRENDS in Molecular Medicine, 2006, 12 (3), 130-139), lymphocytes

CD4 for HIV (Jokerst JV. et al., “Integration of semiconductor quantum dots into nano-



30solid cancers”, TRENDS in Ml ecul ar Medicine, 2006, 12 (3),
130-139), Ilynphocytes C4 for HV (Jokerst JV. et al., "Integration
of sem conduct or quantum dots into nano- bio-chip systens for
enuneration of CD4+ T cell counts at the point-of-need", Lab Chip,
2008, 8, 2079-2090) and endothelial progenitor cells for

cardi ovascul ar conditions (Massa M et al., "Increased circulating
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broken heart”, Clrculatlon, 2003, 107, 3093- lOO). EPC levels may be used for health
monitoring as their levels in blood correlate to the coronary artery diseases or
25 cardiovascular conditions and their risk factors. EPCs are also used for therapy
monitoring to monitor the effects of primary and secondary prevention strategies, where
specific drugs, such as statins, are known to increase the EPC counts. In addition, EPCs

can be transplanted for tissue regeneration.
[0006] However, analyzing specific subtypes of circulating cells is not a trivial matter

30  and has not been used as a common practice due to technical limitations and relatively

high costs. Effective and selective extraction of rare target cells from whole blood has



been very challenging for the mcro total analysis systenms (pTAS). A
1 pi whol e blood sanple may contain approximately 4-5 mllions of red
bl ood cells (RBCs) and approximately 4-11 thousands of peri pheral

bl ood nononucl ear cells (PBMCs). Assum ng detection of CD34+ cells at
the level of 0.1% PBMCs, this will inply as few 5 as 7 cells in 1|

of whol e bl ood. Conventionally, a sanple preparation assay for cell
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portability. Flow-through systems (Taek Dong Chung, Hee Chan Kim, “Recent advances
30  in miniaturized microfluidic flow cytometry for clinical use”, Electrophoresis, 2007, 28,

4511-4520) directly miniaturize the sorting concept and use specific properties of the



10 and sensitivity/specificity issues. The process of |abeling or
staining the cells is also tinme-consum ng. [0009] "Flow stop" systens
are al so avail able, which use the specific binding of the cells on
the functionalized surfaces of the mcrodevices to purify the sanple
directly on the chip fromwhol e blood (Nagrath S. et al. "lsolation
of rare circulating tumour cells in 15 cancer patients by mcrochip
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Chamber systems have coupled label-free detection with surface specific cell selection to
avoid the use of labels at the detection stage. Most of these systems rely on samples, such
as PBMCs, that are pre-purified (Ng SY et al., “Label-free Impedance Detection of Low
Levels of Circulating Endothelial Progenitor Cells for Point-of-Care Diagnosis”,

25  Biosensors and Bioelectronics, 2010, 25, 1095-1101). However, their reliance on surface
specific capture is limiting, since the much more abundant red blood cells can mask the
access of the surfaces for the other cells.

[0011] Conventional preparation methods for PBMCs are based on the different in size
and density in comparison to their counterparts, such as the red blood cells. For cell-

30  based detection, it is not necessary to separate the other constituents (such as plasma)

from the cells, although the techniques used usually do.



[ 0013] The concept of centrifugation has al so been used on chips to
provi de punping of 10sanpl es through channels and chanbers. It is

al so applied to the separation of cells and other bl ood constituents
(Kang D-R et al., "Blood mcro-separator”, US2006/0263265), but
requires a rotation nechani smand conpl ex integration schenmes for
detection. [0014] Size filtration using porous nenbranes, either
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syst ems. enPWHBIfYom leukocytes reduction filters”, EP1484390), has been used for the
preparation and detection of rare circulating cells (mostly CTCs). In these systems, the
20  sample is passed through a membrane containing pores of specific sizes that will let the
small cells (eg. red blood cells) go through, while retaining bigger cells (eg. CTCs and/or
white blood cells). The efficiencies achieved are relatively high and the cells are
analyzed directly on the membranes, either by optical or biomolecular inspection.
However, such techniques cannot be easily integrated in a label-free point-of-care system,
25  which require counting of cells on the membranes or transferring the lysed samples to a
specific detector, such as a real-time PCR machine, which does not provide accurate
levels.
[0015] Size filters have also been microfabricated in completely sealed systems
(Maltezos G. et al, “Fluorescence detector, filter device and related methods”,
30 US2008/0013092; Battrell C.F. et al., “Method and system for microfluidic manipulation,

amplification and analysis of fluids, for example, bacteria assays and antiglobulin



[ 0016] According to an enbodi nent, a mcrofluidic systemfor
detecting a biological entity in a sanple volune is provided. The

m crofluidic systemmay include: a chanber 10 configured to receive
t he sanpl e vol une, wherein the chanber conprises a detection region
for detecting the biological entity; a first port in fluid

comuni cation with the chanber; and a second port conprising a filter
in f Ihui ?_t@@iﬂigﬂ nUsaatliéeﬂ.?h)vMHdwdvag thmmjﬁls' aamgsuungnﬁ.éd\ rt]@ ti;a_bulbig nnfmtsdeg
to the first port or the secon ort flows between t Irst port an
the secorfdrisdssiang HF@H@W%M@IO@%&#?@@P?C% patier drsderk Bf:e thess syFteppdics in
Drawi ngs {,0QiAhr EBritfRontedMbRYRes (Haltfly $8L68 BRREss6ANRER AfRtiSERCAldeY
refer to the sane parts throughout the different views. The dfaw ngs
are not ribeerssaf wappingondheystemenphasi s 20 i nstead general |y being
place@ upon illustrating the principles of the invention. In the
foll ow ng description, various enbodi nrents of the invention are
described with reference to the folSuswhiy dr awi ngs, in which: [0018]
FIGS. A to 1C show perspective views of a mcrofluidic system
according to various enbodi nents. 25100191 FIG 2 shows a flow chart
i 11 ust r atjppgs) Ad¥BidQdid H ABBGHREL U kit fuiffc GyRbhUiodli 8ot §MBiological
according to various enbodi nents. [0020] FIGS' 3A to 3D show

schemat i ccnfifyeig semple valemefs iipdided. sTka miprofhisdio syliteny may inglede: a chamber
enbodj ment ) E i i i eW. .0 :
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TR R R R ST R Rt S T e
and wherein a fluid provided to the first port or the second port flows between the first
port and the second port through the chamber.
15

Brief Description of the Drawings

[0017] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
20  instead generally being placed upon illustrating the principles of the invention. In the
following description, various embodiments of the invention are described with reference
to the following drawings, in which:
[0018] FIGS. 1A to 1C show perspective views of a microfluidic system, according to
various embodiments.
25  [0019] FIG. 2 shows a flow chart illustrating a method for manufacturing a microfluidic
system, according to various embodiments.
[0020] FIGS. 3A to 3D show schematic views of a microfluidic system, according to one
embodiment.
[0021] FIG. 3E shows a schematic side view of a microfluidic system, according to one

30  embodiment.



[0024] FIG 5B shows a top view of a mcroel ectrode an-ay accordi ng
to one 5 enbodi nent, provided on the mcrochip of the enbodi nent of
FIG 5A [0025] FIG 6A shows a sinulation plot of the non-uniform
electric fields generated by a mcroel ectrode array, according to
vari ous enbodi ments. [0026] FIG 6B shows an optical m croscopy inage
of a mcroelectrode anty with cells, according to various

enbodi men0822] {002 Fhowd €Bhniéfl tawhigsSefoWeopiidrofhiditl £YsGaC apyortiNRoat:
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accor di ng. o ar s, iSIPOMIERL Sl 0PROL ELG S Shassg pl ot of
sanpl e fiTtratrom eftriclency, accordi ng to various enbodi nents.

[ 0031] FI[0825] Q4. aAdGhd OB sinaiatipptplaal the mhasifopy cleorgdildfgenerated by a
m croel ect rod ays with cells, ,according to various enbodi nents.
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22 s 100 ISP IROG TSR S bRk RTHR RO Srodk UL iy
array 25wetll aCiddding celdribns ambadichenkg. t 0 vari ous enbodi ments. [ 0035]
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filter and in waste, respectively, according to various embodiments.
[0029] FIGS. 8A to 8C show optical microscopy images of microelectrode arrays with
15 cells, according to various embodiments.
[0030] FIG. 9 shows a plot of sample filtration efficiency, according to various
embodiments.
[0031] FIGS. 10A and 10B show optical microscopy images of microelectrode arrays
with cells, according to various embodiments.
20 [0032] FIGS. 11A and 11B show optical microscopy images of a microelectrode array
with cells from a sample of pure blood, according to various embodiments.
[0033] FIGS. 11C and 11D show optical microscopy images of a microelectrode array
with cells from a sample of spiked blood, according to various embodiments.
[0034] FIGS. 12A and 12B show optical microscopy images of a microelectrode array
25 with CD34- cells, according to various embodiments.
[0035] FIGS. 12C and 12D show optical microscopy images of a microelectrode array
with CD34+ cells, according to various embodiments.
[0036] FIG. 13A shows a system for measuring impedance, according to various
embodiments.
30 [0037] FIG. 13B shows a schematic diagram illustrating the PCB-based interconnections
of the embodiment of FIG. 13A.,



[0036] FIG 13A shows a system for neasuring inpedance, according to
various enbodi ments. 30[0037] FIG 13B shows a schematic diagram
illustrating the PCB-based interconnections of the enbodi nent of FIG
13A. [0038] FIG 13C shows a plot of inpedance neasurenent based on
a channel of the systemof the enbodiment of FIG 13A. [0039] FIG 14
shows a pl ot of inpedance neasurenent, according to various

enbodi nen0838] FIG040C shbes aljlos bbdwspealapdeoieshranmgne dased enne aBarmelmehthe

for a nunber of. sanples, ac [ to various enbodi nents. [0041]
FIG 16 s%é%‘g_tlﬁ%&ogfm?%ggﬁégﬂmasurerrent for a nunmber of

sanpl es, @ESNrEAGNY4 QGh¥wE | PYo FPORMPFRAME - measurdd 2hedokding 116 SHOME a
pl ot of inpedance neasurenent for batch processing of a 10 nunber of

sanpl es, WehediEenty to various enbodi ments. [0043] FIG 18 shows a
schemat i COﬁi(QSﬁG.S 95t 4 B0R! 4 Xﬂ GV bl Qtﬁq%mteﬁa%ms oL L MR L %?ts'fx‘ﬁqﬁle?,f
el1al ell ) accor di ng to va qi ments

an endot progenitor r ous ennbo
[ 0044] Fl&corliligstnoavioua eplbodinehtscel | count, according to various

enbodi e [[Q045] FI 2 shgqws a plot of cell count gn th

o oot 1 0gaBIAFIG, dBrovs 4 B19 GerFRaHS d RsHEaent Bo4brombel oB B ERovs
optical nNdcesameapyaridiBesbo@inclisCr oel ectrode arrays with cells,
according to various enbodi nents. [0047] FIG 21 shows a plot of cell

count on PAEIdISetld othews ndkabrei Wepedencgampasuemenbdel haigh processing of a

10  number of samples, according to various embodiments.
[0043] FIG. 18 shows a schematic cross sectional view illustrating the selective capture
of an endothelial progenitor cell, according to various embodiments.
[0044] FIG. 19 shows a plot of cell count, according to various embodiments.
[0045] FIG. 20A shows a plot of cell count on the electrodes, according to various
15  embodiments.
[0046] FIG. 20B shows optical microscopy images of microelectrode arrays with cells,
according to various embodiments.
[0047] FIG. 21 shows a plot of cell count on the electrodes, according to various
embodiments.
20  [0048] FIGS. 22A and 22B show plots of the filtration and trapping efficiency, according
to various embodiments.
[0049] FIGS. 23A to 23D show optical microscopy images of microelectrode arrays with

cells, according to various embodiments.

25 Detailed Description

[0050] The following detailed description refers to the accompanying drawings that
show, by way of illustration, specific details and embodiments in which the invention
may be practiced. These embodiments are described in sufficient detail to enable those
30 skilled in the art to practice the invention. Other embodiments may be utilized and

structural, logical, and electrical changes may be made without departing from the scope



20[ 0048] FIGS. 22A and 22B show plots of the filtration and trapping
efficiency, according to various enbodi nents. [0049] FIGS. 23A to 23D
show optical mcroscopy i mages of mcroel ectrode arrays with cells,
according to various enbodi nents. 25Detail ed Description [0050] The
followi ng detail ed description refers to the acconpanyi ng draw ngs

t hat show, by way of illustration, specific details and enbodi nents

i n whi ch dftthe imaxetidn. o Thermyritie quladimeasd are Tive siecaasdvibyl mmepundlly exelsive, as
described in suyfficient detail .to enable those 30skilled i n@tge art

to pract i RPN Faonbe (Gphipedeill ReEhRers e Fanhadiments P 1oAY new

struct ur admbddfgegal , and el ectrical changes nmay be nmade w t hout
departi ng{gf romthe scope of the invention. The various enbodi nents

are not rl882Y oy emhodanenis eay| provide, a asicrodiidice sytem madt & maethody dor
nbi ned i : .ot h | ment , dj ment s
T T

[ 0051] Various e e amcro
met hod f grerfobnalet emtli effjcibno)l, ogthoat oentitht redsgedsatclhasa somel dfstherassociated

bi omar ker with relatively inproved perfornmance and efficiency,
wi t hout oﬁ%"?‘ﬁa%ﬁéat@s&“'ai’%%%S-soma of the associated di sadvant ages

of the cupostvekst efbodiiidBahay/afdvidesa BAGEMEIARySteiBAhdPE Méttdd for the
m crofluidic systemand a nethod for_the_ detection biol ogical

entities,detsgion diolegiral engitienisyetnk &elss on Ripnragerse dfpior clsapplp Hsrigheral

10 blood mononuclear cells (PBMCs) or circulating endothelial progenitor cells (EPCs),
from relatively small volumes of blood samples. In various embodiments, the
microfluidic system may include an open chamber for the detection of the biological
entities, The microfluidic system may be provided on or in a microchip to form a
microfluidic chip with an integrated open chamber.

15 [0053] Various embodiments may provide an integrated microfluidic system for the
label-free detection of peripheral blood mononuclear cells (PBMCs) or circulating
endothelial progenitor cells (EPCs) in the blood of patients, so as to provide an integrated
bedside diagnostic test. The microfluidic system may provide the functions of sample
preparation, for example isolating peripheral blood mononuclear cells (PBMCs) or

20 circulating endothelial progenitor cells (EPCs) from the blood samples, specific cell
capture based on antibody-antigen recognition and relatively highly sensitive label-free
impedance detection, in a relatively compact system.

[0054] In various embodiments, the microfluidic system may provide the functions of
preparing cells, e.g. PBMCs or EPCs, from a relatively small whole blood sample and

25  detecting the cells. The preparation of the cells may include isolating, enriching or

concentrating the cells to be detected.
[0055] Various embodiments may provide a sample-to-answer integrated system
including a microfluidic chip to detect PBMCs or EPCs from a whole blood sample.
Samples may be loaded into the system and information or an answer may be projected

30  based on the sample in a relatively short time. The integrated system may be based on a

label-free impedance spectroscopy-based detection platform that may be able to detect



10 bl ood nononucl ear cells (PBMCs) or circul ating endotheli al
progenitor cells (EPCs), fromrelatively small vol unes of bl ood
sanples. In various enbodi nents, the mcrofluidic systemmay i ncl ude
an open chanber for the detection of the biological entities. The

m crofluidic systemmy be provided on or in a mcrochip to forma
mcrofluidic chip with an integrated open chanber. 15[ 0053] Various
enbodi nentktivaly smaldmhﬂeeradf cklid. efficaR B Ceioe EBCE waglibe isyaédfroihaithdr biod

| abel -free detecti pheral . bl ood npnon gl ear cells. (PBMCs) or
ci rcul at iS5G abBET Fre |t° @?eo@’éﬂl YRoL Py twp@# P Y HW&"BW gyt other

pati ents,p]s R8s biel bR hg-ANERL &Y ELHB DR dSihd @ Pdk a8NHES Iﬂoéc?éetlls hhe
mcrofluidic systemmay provide the functi ons of sanple preparation,

for exanplagions pnbedimgnigestiepifieraglls,Huel ds Ffiesn mel cer megnetigal [yPRIEEH, 1
20 ci r cul e%uln@g \glla‘g R}agﬁétfc%efl@sr ?&eﬁﬂ’t}l 15813111 r&l gﬁént{ahgﬂn ’f’}ﬁ§ ml?ia%g to

sanples I'frc ce re base on an I'gen reco

and rel atma@bucaﬂiygkﬂlg»te slmmagnemmllwlbbdlleﬂrmslﬂfpﬁdlamEIe{Bd:etmcorde@mo detacta
rel ati velé gg act system [0054] In various enbodi nents, the

ni cr of | uithf g%/)st em may provide the functions of preparing cells,

e. g. PBMjgosy| \ERGEs eﬁﬁwamn@enfsehﬁylmbme A Rithoah ke a%mlﬁ@imy@teﬁanfbr

25 detecting the cells. The preparation of the cells may include
i sol at i ngebtazming elsplutjow pf EBMEsor ERCs fiprt i eclasibtelyssmadl teodigmpde €100 ul),

Lor ol 1 Vb0 ieh TRRATS i Bt o o R Bt R BB o S Pt e

whol e bl cob-tgREpheh Saiy eBMGY oPEPCsadad th thidihie rayest@M@nd Various
information qr an answer nay be projected 30 based on the sanple in a-
rel ati velSFEORBRNLY M3y Pravide Pﬁlf%lawt%tﬁweé JERE Pifrgy PO Oée?g@delﬁhleé system

| abel - fregguj mlqgln&gdlgp%gﬁqgmpggem detection platformthat may
be able to detect relatively small number of cells. The PBMCs or

EPCs may [86857] SGiriave ¢ufbodmentshaay irovde cemligofiidict syatesf end @dmeihod Hbat

open hanbgwdé Blteﬁgl%%lglg talll ?tf(ﬂ%% o%%%flerp%lﬁpx.b%k&(e cErOJéJI;(EP %ﬂel OAeﬁqH%es

cells basp 5
bl ood celwish dllsﬂihgsﬂmhhh?lﬂ Suﬂl‘h@xﬁh@ﬂhﬁ a chpabdrfin @ singld micrafluddic alﬁp HrEay

may be magnetic | abel | e e e W.th magnet beads,. for
furt nor T Lordrsed daleimibs b otne f‘ﬁ[@w&ﬁ%wﬁﬂ& RGBS T3 hgin
i sol ate th@Rdanetvmer!tided abel led EPCs fromthe PMBCs in order to

detect the EPCs. [0056] Various enbodi ments may provide a nmethod and
a mi cr of |10PZRI Vasipys embedimensh nuly pirevgdess mirelyidin spsterpMbs methogpegreppism

a rel A ' eﬂ’B’Mﬁ”&' 'Jn ]-lﬂl(? Qaqnﬁggpuﬁed( 5 or;IQlQunglé blood sample within an open chamber

in a microfluidic chip. The microfluidic system may be integrated with a label-free
detection technique to provide a detection region close to the sample preparation region.
The detection region may include a capture surface functionalized with specific capture
molecules. The integration of cell preparation, filtration and detection in an open
25  chamber in a microfluidic chip of various embodiments eliminates the need for a
transferring process, for example between different modules for filtration and detection,
thereby minimising cell loss, for example at the interconnections or along the walls of
microchannels, during the sampling procedure. The microfluidic system may include a
membrane having a pore size of about 3 um to about 8 um for filtration purposes. The

30  membrane filter may be integrated with the microfluidic system to provide an integrated

10



10 with a high efficiency, and integrated with an open chanber for
detection of specific cell sub-types, such as the PBMCs or EPCs, and
to mnimse rare cell loss. Various enbodi nents may provide

sanpl e-to-answer results in a point-of-care enabled systemwth
mnimal fluidics, using | abel-free detection. [0057] Various

enbodi ments may provide a mcrofluidic systemand a nethod that 15
provi de ppppaciabaed oartzetepaatidrONTid memblane e mag prdBddCs redativieRCarger
ot her ce es with djstingu ble surface markers, in a chanber
in a si ngéF Eatr‘ﬁp ?ﬁ?‘l‘i‘lacﬁek‘“?fﬂ?’ g:hﬁ’g reRQy ey eI CEbel - free detection of

the cell g0039)8/ LRNCSmBbdiFRAE iy RLDRIE Lobthod YRS HBYARRIIE Byston® RhitHidnON
of whol e bl ood. [0058] Various ‘enbodi nents nmay provide a mcrofluidic
system an:upeaCh@ﬁ%@ncﬂt@hrm@iﬁmogmgep@mewﬂ@mo loaiepl catiptiniafspegle
from I Lo f Lui

(1o 8 RS, SRR DDA TSP RIRSY g8 LY i
det ecti ormi‘cﬁﬁ]mmlqslgtdrmﬁpmhed@ cq)edm'g@cfthemj:en elyaxﬂnzrcﬂ“bsehhﬁnattémhsml e

preparation region. The detetl g e a ca

Surface fhe {PBHEFRE FEOSRY oF % @ﬂl&ﬁﬁﬁ%ﬁﬂ%& ﬂﬁfe@logvﬁienﬂty fo the
i nt egrat i Rfc@bn feidn, %@B?hﬁhﬁxﬁﬁng Eéll fokR bR amPR o BhRIE 1h€é£bo'nﬁec§16n§ PN
25 chamber in a mcrofluidic ch ip of various enbodi nents elimnates

the need Yagpusmembegisers. el M@yglume@ﬂnmmeé dataeish seiveniésldntch
?g?“;@; f1ﬁ£dnféé n'ic{ﬁl%' peh N T hl?di‘oﬂﬁlﬁﬁr g&’éfl{lm nimsing cell |oss,

terconnecti ons or he wal | s of
m croc har[ﬂ&ﬁ(t} In duariong etnbedisen] ithrg szpnpieedw be phhidiednbyr pdsking dthe sampttaem

may inclu rane havin e size of out 3 gm.to about
For 111t rorgh T STEpugse § HETyGRaiG dn s Pr e ey ua i ouly i elerc’
wi th the JxiGéarnl thé Qio@og&ﬁéﬁéﬁﬁy tPbPIQMISE @ ExhMpRIBMES 0ARPCH BGIhO AR
on size separation. The nenbrane fi l'ter may provide a relatively

|l arge fi I"t’lrlls?t Tegevineemyahialogicpleprdity wet 1p by gefedied whichcrase yoeghy ihé|f'émy
[ 0059]; Vaf %%ﬂhﬁﬁq%spm&s F]fg %eto %8 HEENO8 AR Rudy &l Q&'n%é’hﬁer
systemvmt penc er 1 ncluding a detection region,

det ect i orundftraasﬂ:xuell oghediambat where idateatiamgpt lee I&fimhedre where the

mrorof | ui P 4G SER PN BECGOLT g B DhE BRU-CRRbaP oA e

el i m nat egpeh kBafiegdhdvaig & cigraRrshatdd MPcIMARRRISW K sﬁécﬁw daptupdi gfdlecules.
fluidics to transfer_the biolggical entity to the detection region,

thereby rihei FAPEITRGUERTY mapde li ExanprEisas 91 @ﬁt%ﬁtQ!S that may defect the
i ntergon ygeh&mf a BiBloYRAl éﬁﬂg,aefmqﬁfcmacﬁc aﬁ%@& Jna lefintRIgY @‘ﬁ% ggﬁ%?qbe

used al ong wth sequenti al tch 10l oading into pen cha

the mecr cﬂdl«h|0d1mmusqcst1mmlt[1066©]1amlwrmrth®a@t@mtﬁamnThe twh posanplyee
may be purl d b ) h a.fil

ronbr anb PEPEESr HHBRRT I el TP Sl 2 it Res FEB dhig
retain theckhaoh bgiferablugioh ntay Heroedstetoasd estn dhembaxanpitier BB oaE for

EPCs, by the filter, whi]le renovjng. any, biological entity not to be
det ect ed SRRPErPrpcessing arb e R ﬂF‘? @ett%Crtlon wwnrhTeheﬁrvam@&ﬁ g3y begeyrlsd to

(eg. BBMiminds #P?éﬁ%és% %\Q%@Eﬁﬁd éo?utfoﬁl%xfgeﬂ@\ﬂ%?hlé hﬁ’&b&ﬂ&ﬁnélb Iaﬁ(?lfhe

and transferred he chanber wnhere detection may be perforned
[ 0061] | rehgmbgrouEoredsonjilerghe pumas detyelet iised toeigpwrihendyfibie sqivigan the thest
the bott Oxmc%ﬂulcnc system or to extract the sample and/or the buffer solution from the
microfluidic system.
[0062] In various embodiments, a fluid, such as a buffer solution, may be passed through
30  the chamber containing the sample with the biological entity to be detected to flow the

sample through the filter, thereby retaining the biological entity to be detected at the filter
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open chanber, having a capture surface functionalized with specific
capture nol ecul es. The capture surface may be linked to any sensors
or detectors that may detect the 20 presence of a biological entity.
The mcrofluidic systemmy further include two ports in fluid
comuni cation with the chanber or the capture surface. The two ports
may be coupled or connected to the chanber by relatively short

m croch annlﬁléreﬁmeimgtthéibm&)gﬁdau eigtity ocie sdefectudf dnérths bhfifdri S@Iihtlﬂﬂ-YO faste.
provi ded e open r via er of t orts for, sa

processi n@%éﬂgl% ﬁeﬁﬂ o?u &ﬁ%twwg@afg)ﬁ oFifd thigye &ﬁr@tmt%
coupl ed tgoy, 8§te0dif&§oxpfo 1%}4{0'\/991%:?ter’R;féfQH@bﬁo[b%mQPEﬁtﬁj} 58 HEbQB & RRghdighe
fluidic m crochannel s and the chanber. For "exanple, the punps may be
used to iatpghe fiiteretopthe fcbambey] thei dstection maiChJeOﬁﬁhceriﬁmlbﬁrdtplcthsnym@ﬁle@trod;eo
extract the sa [or t ff ) tion fromih ui_di
oystorm  oRan s e oo TenfiHd RRp i Molrielire S i
sol ution anﬂ)’by abchpdies @ dultheugihthd Bidyeclediidb arra g andaptune g HidlegisHd pliv

with the biological _entity to be detected o flow the sanpl e .through
the filtdPp e@ﬁ% Ey ﬁ%fawﬁw%ﬁmwwn& pdigipei Ctt‘bﬂﬁg’p fd%%l@ﬂteetﬂtYat
the filteg be"&étécédr TAOYAG énﬁl%dﬁhé?ﬂt@%eclﬁlcl@éiﬁch%ﬁe 5‘1953; PnQy Be cgﬁﬁg%?écf%é
and the buffer solution to waste. A backfl ow of d, such as a
buf f er sddenetiatsrnonneniiope dl¢ctige Heldh to ingvce ﬂ@leﬁironl@rresmmt seisiompibe icepsure
direc |on iL.ological entity to be detected
as re{ ai neg Ctu%?? (}ﬁq{'{ib&fo?%ﬁ{ %tlt)z:ﬁ%r?%gf&:t%?he detection region of the
chanber J0063)dn vadowehseidiees Ehamicayﬂmmrc hlysterhheayc hatiibeinclulie a vasviablys
enbodi ment s, %fa%t ur e, mol ecul esné.na I‘OVI ded and/or attach gﬁn t he
surface dF gy MRS BEPFRgER é}‘} 8&’&?&‘&%@%?0@6@%% 1 By
to be detgghrfer (hBgceaRnUE8oABl @6 #ifdcIBBYodRAnaR i THRAM st SAeREAtntaylR
the biological entity to be detected. In various enbodi nents, the

m croel eck pesmenet ipgheteyy apelaspmpgner-dhetasnesaisd magactiroficld miaydieln to trap

electrdc [ eS €
Toandl™ notib it chR R ShREARRLAR B SRR clloh ABIGED! e
vari ous enbogiabends arrdshdn fuche fembodinenssy atpdmaligyoff magreesr mayn bt pdevided
novably arr ed magne i ¢ el enent ca nfigured to,provi or generate a
magnet | ¢ FFRIG 1P agiels fres/PesmetsnE s pBgesio may BEPBITSE- ¢ he

m cr oel eclpoes]anaativls ehb&difReR L HeChiSlb REINEntIA YA R TBACRE dBRGRHAL
or an el ectromagnet. The generated magnetic field may help to trap 15
the bi ol dggiealofdht migroflpigic watsube saptaigrapicedlrs, yiglegrophargsinper pragnetic
det ec§y onﬁgl@g#ﬁ{#acghbgﬁﬁom%g&@l ectrode array. In further enbodi nents,
a plurality o ghets may be provided such that two nagnets, three
magnet s d0065U¥arivmg rmtbsdmwptsbmap ipowiidie shirface 108t lidemtificatiero (lhis may be

mbodi bi ol .qqi d det
Feg on ofhiredrBispriis st ihsf HolpRitss T s dhiatotfes” For Shdnifle

di el ect r olibbdied speoiticB@pRhdlal 281 hdirRbidn @olédiye @PUANMRPLF CTCk e Cr4. or
[ 0065] Various enmbodi nents nmay provide surface marker identification.

This may %181%1%ﬁ}%@}@&lb&hepfrr@mhahﬂgmér&@cPfqt@nscmﬁ@ﬂﬁ%ﬁe@&FeP§S B¢ theas
ant i badi %o iaed. P%ﬁ?g%l&l\%dﬁﬂédt?&gg gm&%m&lgfe lh&kamebmilaralpopeunwle a

adhesi on ecul 33 protein or
endot hel i %nst ardibledy mpy bt epwpled/BGARREIKDR, incfesERCspraviged Br 2B gpetovirgppihg

exapl ¢, AR P OEooA TR T B Bt POt B b " 7 B ERER g

provi ded dupfacd¥agriad élé‘ctﬁoﬂaspmfﬁgldMthEofa)tB@G:eII@dnc&ﬁbﬂ’hrbadst, fop eLdnipl€ aft@ a
the cells of .interest may be_functionalized on the surfaces of the

el ect r ode¥ashine; BPCeRrIVEPPEHTIOeHErcouRled sviftobotbfthe firsad secondrantikediph e

after,g@ V\@é&]ﬂ?glé‘,gﬁgﬁ ccBBly. specific cells coupled with both the
first and Second antibodi es
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30 would remain on the electrodes. [0066] Various enbodi nents nmay
provide a nethod and a mcrofluidic systemfor integrated cel
detection for relatively rapid separation of rare endotheli al
progenitor cells (EPCs) in small volunmes of whole blood (< 100 ill),
as well as their selective capture or immbilization and their
detection by inmunochem stry coupled with el ectrochem cal 5 inpedance
sensi ng o[noeé]l‘maiuis setbodithedtd ny pregidens nsdiledd asd canmacr@ﬂhcidlaeé}efetrr dste

array (MBA The ol e bl od sanpl es. . may be bl ood s froma
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potenti al EtP@s}j{%t s@&atll @ﬁgﬁl&%soﬂ Wi¥186100d 120 06 pB%é @El?ﬁ@!hei? ls@edive capture or
nnnonuclear cells (PBMCs) directly fromsnai | -si zed bl ood sanples in

a | ab- oncivimpbslazatipm gnd Teis defegiiop ripyingaurpchemisamicagple@ sitith ¢ledivdbéndigal
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si t uat i ongeodSHGRoficleat @éus\(thdsgiairea@p@&rﬁtshﬁn-s%@%m,saﬁ@iek iR U6
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sol ution containing the However,
occur. Swsh a pysamar agano)n podmmsscasbcmatet aﬁ@d{&ﬂ)y pesr f or Pl eholial ofd

red bl ood ce_ nar. ing in a, ..

ot ati vor S emsit Rt Rl 4 [ESTAL AT E R AE T obbe Mratimers:
t he conpl @t sediuafcattdgatp meﬂﬁrlgp@ls bitfanrdlutich atlylalid DHARASS @Dlédket RSEase
than 1 hour. _Various enbodi nents may result _in relatlvely hi gher

effici en&aﬁﬁ*eﬂw& She 1¥319@%fEF58é5t1°n[1@@6@1}1hFrrﬂn9 4F¢ B’tﬁén‘%'ﬁt?é@il‘?%ﬁnﬁ'é"h
the |ysi Sasbﬁﬁlélfe'hc ST ke quéheh@@eb@emQPWeoéﬂtm&fhﬂkcd magnetic beads (ie.

magnetic beads coupled with antibody) for coupling to the EPCs which may aid the
selective capture of the EPCs and detection by immunochemistry in the microfluidic
system of various embodiments. In various embodiments, selective cell lysis, such as
lysis of RBCs, may occur in the solution containing the EPCs. However, no lysis of the
30 EPCs may occur. Such a preparation process simultanecusly perform removal of red

blood cells (RBCs) and cell surface marker labeling in a relatively short time, requiring
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5 150 nM NH4Cl, 10 mM NaHCC3, 0.1 nM EDTA and about 2000 nmagnetic
beads. However, it should be appreciated that the concentration of
NH4C1 nay be in the range of about 10 mMto about 150 nM for exanple
a range of about 10 mMto about 100 mM a range of about 10 mMto
about 50 mM or a range of about 50 mMto about 150 mM such that the
concentration of NHMC1 nay be about 10 mM about 20 mM about 50 nM
10 about abox pVimiflresjtand 20ayridsalt iAhe torpletioAVof kite pﬂ&pﬂthﬁblb&nd detec’uon
appreci at ed t hat, the onc tra%on of NaHCCB may be in, th

about 10 RRFEPES dBJGT Uty orarieRs spbadipepis Ry dFsulipiBute aﬂY lﬁ

about 50 éimlg{cyaaft@a@gé%gpgo%ms y10 MM to about 20 mM such that the
concentration may be about 10 mM about 20 mM about 30 mM

about 50 lmsldbomm% emlwdimeal@o@he o buffer |splusine uhay mcbtdetfespncanmately
appreci at f b n

Sbout So- oSO mihEGE 1CRSE NG opD. Ll HBrE™hafholl 208F o8GR flags,
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about 0. 5,50 &Tab%t?@m nﬁ\/l%/lab&Q[SQ%M od Qréﬁ%é 'OQHEOIR@@QHMT%”&B%M ﬁﬁ?mM

bl ood sanple nay be m xed with the lysis buffer solution such t
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bl ood, a t t

vol urre opa%tgﬁ ié@)@%réboégl%%)ljlg% h{;aﬁﬁg&t Ilgessm %‘8 b%l a.pﬁaqeglf&legi] @ﬂ the

shoul d beoagmiretiorabENaHSk md}ebmmﬁherramg‘e afedpoet IQ:rriMa;dabcsmlebenM for

different in 5 vari o ) pepdi ng on the er. of cells

Lo be coupPRalag PG Ao l0rd (heRs SRV 508 hewt Thamy o #55u

ratio of 3§ rHBQ@.@éH thabﬁh%d&)n.@&ﬁraﬁo&@f INaHE R A¥ 88 dbodra ﬁ}(@%b@t, 20 MMN
bl ood sanpl e, the nunber of EPCs be in the

approxi matel y

EhGe. of amish80 onbL mpe Sk, et Sespting: st oot T odosbhaumes
Ther efor . dﬁam I

furt hfccasr E?B%gil%errgﬁ%l g%g re?atl ve y*rﬁi ghe 9§rug?r?éolgoger grrﬂ%”r?gflgg 1bl{eﬂ%{Idto
per 1 celdbontal0 hé/l,pﬂoovxamﬂe a mgermdiabrglt Orﬁ)ltnhM tosbae 0cf mMe megpnatabout

beads (fa X l e m cron-sized rra

maanet | ¢ GUEHST R ik B RAT af § FoBRG 20000 RN AT P dabE ey R the
provi ded.coh&fdfion @I EDDA n«ﬁm%aaru@l Y, aBER0L0BEm L, AR 0d Al akout 0.2
mcrofluidic systemfor the relatively rapid separatl on and det ection

of rare dnRbbebRYPaImMraghantionMel |'s (EPCs),

20 [0069] In various embodiments, the blood sample may be mixed with the lysis buffer
solution such that the volume ratio of NH,4Cl (having a concentration of about 150 mM)
to blood ranges from 1:1 to 1:10. In various embodiments, the total volume of the mixture
solution may be less than 100 ul.

[0070] It should be appreciated that the number of magnetic beads may be different in

25  various embodiments, depending on the number of cells to be coupled with the magnetic
beads. In various embodiments, a ratio of 2 magnetic beads per 1 cell is provided. For
example, in an approximately 20 ul blood sample, the number of EPCs may be in the
range of about 0.1-1% of PMBCs, corresponding to about 100-1000 EPCs. Therefore,
approximately 2000 magnetic beads may be required. In further embodiments, a

30  relatively higher ratio of magnetic beads per 1 cell may be provided. Depending on the
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5 based on the selective lysis of red blood cells (RBCs) and

i rmunomagneti c enrichment to separate the EPCs, such as the CD34+
cells, fromthe blood. A sanple containing CD34+ cells nmay be
prepared and m xed with a solution containing NH4Cl, NaHCO3, . EDTA
and anti body-1|inked nmagnetic beads. The solution may help in |ysing
or eradicating the RBCs in the sanple while also | abeling the
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2009, which disclosure is incorporated herein by reference. For this
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el ectrica nication wth a measurenent tection system
el ect rodesayrhy dppligdr o ildedciagy afrthe nmeﬂoeketﬁrmﬁsbeaxaa raayhe détectenecgivades

ant i boa dereensty isple PR thf PRaleReTRN S itk RUFE 8, wiish

the reneigé N@upled t Wk Smegnetibebatis;r O&BI theNBicr6€¥ @08, IBerdtye trapping and
el ectrodes may be passivated with _a repellent nmateri al or exanpl e

pol yet hy|1BWobgizng the BB crlle ag| et hisielectrage. alos dletsations agr [@BaBEHMST m
di el egtr %\Qﬁ@ﬁl@ﬁfaﬁts(ﬁﬁghelbg)t@%pte&%ﬁlﬁﬁé}gragpﬂﬂg Bdat &t P?mctﬁla bioRRahpR

el ectrodes to accelerate cell” capture and I ncrease efficlenc
5[0073] Iwhileasthgusmembariéetlentush a@tuhéysecllm manBM&,awhm;}mlonmy ckypess

used and fection re |on e Cco nodi fied or

by ovi ded PP RS SR RRLER R pRI SRR R eRR <o For
exanpl e, [0872]aCdriovie embodimehRses) monide adatetgiea etoBor inktho&UIShéE@ label-
pl asmon resonance (SPR), or optical ring resonators,

i nt er f er distdstectionmpthod mayeemeley twda%%e&%qswﬁ%wmpgﬁﬁncwgo%CHéY,

capt ufse SHr HacELERYin Peved 1oRTs08sk VLD R télnbe}ozb@y e{'vhfcﬁnhﬁl:l'ahﬂg is
spots of capture nolecules, such as antibodies. Lig

channel ednccomi‘n@d d@f:ﬁnmrbef J&fe@alcaa Frg tblsodmntlos rmchblylsm; tI@cttapture surface

111 umi nat I {iocaénl b r 1s n%%med 1 Sltbl 0 0074:} Cﬁlp wr}Hc re
possi bl e ‘Gt % 7 SR rr%aﬁréﬁ reray us ﬂ?lgg ds %‘H&c’g%ﬁ L&nT6TE s Uit hag

linked or in electrical communication with a measurement or detection system. The

electrodes may be provided as a microelectrode array. The electrodes may be specifically

30 provided with capture molecules, such as antibodies, for specific targeted cells or

biological entities, while the remaining portions of the microchip not covered by the
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silicon nanowi re arrays, which may be provided and patterned on the
capture surface and 15 functionalized with specific capture

nol ecul es, such as antibodies. The silicon nanow re arrays may be

| inked to a nmeasurenment systemto neasure the resistance of the
silicon nanowi re arrays, which may change when a biological entity,
such as a cell, is captured on the surface. 100751 Conventi onal

fl uor esceﬂ@aoﬂaa;ﬁw Berpasiard it & epblentt Seferfabrfot Beuthdd poletbplend glydsl
the biolo nt The captured cells nmay be stained with various
dyes that! 9?5&3 6@1 éﬁ&?ﬁ%ﬁ Yy %@ §ﬁ ugsd tor prafor; fbﬂ?@%ﬁ?l@@s 4RGP} freattract
em ssi on faYchiEeRie tleedelRY on fiRE cftaBMsCIo @c&r&?ﬁtg%eﬁ%{lﬁg aqgvlh@l%ase
(CCD) canera or a photormultiplier tube (PMI). [0076] In further
enmbodi merafSsieaeyshear fl ow control | ed washi ng prot ocol may be carried
out by, fl.ou | h buf fer thro

m cr oél ec[? %ﬂgng‘hays aenl’mé’%?I %engs ?%eﬁbée}ecflggaSEIChg ls@%enéa L}!,% use?l and the
sel ecti orﬂematlbrt]&gmnaﬁgetbeemhreqﬂﬁdmgmnmﬁed amiofuded)ﬂ@uamc biranks basedahn
entity no to be deeé‘@ct ed t hat nay prese%(% [ 0077] .Vari ous

enbodi merit' IHESHOR MERAEEE- ok exa ?éﬁ@@%’?l aged) sgREng pephgisms like
transfer Qghyestombd fe@(ﬁxﬁﬁ&e t)e&so;ﬁ’i"calsﬁ’ﬂ“g)ﬂe%ﬂaﬁﬁ@%r 1&&9&@m@{ers may be
i nterfaces between different systens by providing a mcrofluidi

syst em i rised ad thy rietem@rmqham@lrnCqué Reecpapoie surkice m@f/ Ibg p@ﬁe@n@m@ma gold
whi ch, pr II h

cha aneQr ay eg%gntgl?lﬁ% @ oﬁ %}t& n?cﬂa 'ﬂg gu%hr%g%{lt 1es %It e Crl%a %%eéla
for high tselmsaabtuve frga a€nS phgonienek h@rd:mcdﬂlummambat Laﬁh‘gedﬂsm may also be
eff|C|en%¥ gvel of cell recovery through the detection process.

[0074] Another possible detection mechanism may use field-effect sensors, such as
silicon nanowire arrays, which may be provided and patterned on the capture surface and
15 functionalized with specific capture molecules, such as antibodies. The silicon nanowire
arrays may be linked to a measurement system to measure the resistance of the silicon
nanowire arrays, which may change when a biological entity, such as a cell, is captured
on the surface.
[0075] Conventional fluorescence measurements may also be used for the detection of
20  the biological entity. The captured cells may be stained with various dyes that may be
excited using an external light source and the emission may be detected by, for example,
a charge-coupled device (CCD) camera or a photomultiplier tube (PMT).
[0076] In further embodiments, a shear flow controlled washing protocol may be carried
out by flowing a fluid, such as a buffer solution, through the microelectrode array and the
25  chamber to assist specific cell selection on the microelectrode electrode and remove any
biological entity not to be detected that may be present.
[0077] Various embodiments may alleviate the challenge of sample loss during transfer
between different systems or sample being lodged at interfaces between different systems
by providing a microfluidic system in a single microfluidic package or a microfluidic
30 chip which provides sample preparation and detection in a chamber. The chamber may

be an open chamber that may provide a small sensing area for high sensitivity sensing
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[ 0078] Various enbodi ments may provide a mcrofluidic systembased on
the fluidic nmotion or flowin the mcrochannels and the chanber from
a section of the mcrofluidic 5systemto another section, thereby

all owi ng seanless integration with |abel-free detection. [0079]

Vari ous enbodi ments may provide a mcrofluidic system which

advant ageously does not require a separate sanple preparation nodul e
or syst emndrpravidetaatdlaivelyehighniflcieddr leeelndf tdlugabian. thibAER GO Hetection
Vari ous enbodi ments may provi de diagnostics for cells, such as the
det ect i orP™8*SHeri pheral bl ood nononucl ear cells (PBMCs) or rare

ci rcul at i [9g78] & drus feBibo8hRmR ﬁaf%%idé abgilerdifu Rl dRk&R 1aQA §P%he fluidic
hands-free integrated systemwth high sensitivity, an autonmated

syst em wiméfiger ackays imie amicroghamngly @by thegshambett fremd sgrtiamelsthe microfluidic

prognasi s._an her ng:t orj.n f X l e, for. ncers, . )

B d oot G s RS Ry Bl B Ry icsS EnFRBEET it s e

enbodi mendegectioy. provi de bedsi de or point-of-care (POC) processing and
n,1 hour, of bjological entities, such as ra

detection, i ess th . e
ci r cul at | A§74 u%ws EEPPLTCERCRYY POt B ErAIRSHIER B TR BEaM s
(EPGCs), fdsRenéEtalitevifle a@munptalp@ﬁﬁraiﬁmﬁme(of s386m b2 d Yoth@n mechanism
di agnosti c purposes. Various enbodi nents may provi de an integrated

m cr of | uifgr eengyfsgaionf or the | abel -free detection of EPCs in the bl ood
of patie . de. an i [,de. di.agn i C
Cest Nor WAR0IPuBSs bibodihell By Gole (DIFREEL B BRE SLAE HEIRTAS,

f r om one mriphaalebléodmenommeiceks:116 BBV CE) srgere ghichlzakingbeilst fob@xdrhple BPCs,

bl ood) fromthe patients. The mcrofluidic systemnmay .provide the
Funct | ondSest- 585 dBRLAG b Bttt (Bt HaoB Y Dty Bk s apprigted
ce Il c aptsig'zﬁt;@m_bﬁ/&ﬁ Opr0fksdnk | @Q@Mtiﬁa} 118®NcdsE GRd miégn@ﬂs,aﬁ@gﬁ&hsahﬁd/ eh¥apy
hi ghly sensitive |abel-free inpedance detection (for exanple 25 about
0. 1% EPC nepitpripgnior exledor cancers, easdigyasgelpsdigespgsand Seafcmenioring s nay

hel Py SO Py Lo 0 KR, O B S R Bl
various eteotdomeniss thanel ndwy afticlogice! ayitits suchng raetdiodlativgy typrooy celbs
e e o o S SIS Wiyt LS, Yo
system mey jgC/iyAd8r 8labhésAB pulidlss. aNdriPhAshbddithbats WidSprovide an integrated
microfluidic system for the label-free detection of EPCs in the blood of patients, so as to
20  provide an integrated bedside diagnostic test for integrated sample to answer results, with
samples obtained from one or more finger pricks (each finger prick about 50 pl of blood)
from the patients. The microfluidic system may provide the functions of sample
preparation, from the blood samples, specific cell capture based on antibody-antigen
recognition and relatively highly sensitive label-free impedance detection (for example
25  about 0.1% EPC in a PBMC sample), in a relatively compact system. This may help, for
example, in the decision making process on the type of stent for use in a patient, such as a
heart attack patient.
[0082] In various embodiments, the microfluidic system and method may provide
detection of cells with relatively high sensitivity, relatively higher throughput and at
30 relatively low cost. The microfluidic system may include silicon chips and plastic

fixtures.
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[ 0083] Various enbodi nents may provide a mcrofluidic system

i ncluding an open chanber and a nethod to separate white blood cells,
including circulating cells, based on the difference in the size of
different cells or biological entities within the open chanber.

[ 0084] The m crofluidic system of various enbodi nents may be produced
at arelatively 5l ow cost and may be di sposable. [0085] In the

cont ext Of0083rvaitss enitodimeitd mayt frevider anmiitio€luitid wy«dkm isylsdiaglanneyen
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may be defi0@83]dd thd tonvat bHusioasbabodimehis, the kemdaiieofludic sys@ind mayayecdne
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vari ous HeicTetee mepling g9 OYFnSsaIE‘E s&h thggRigrogiesaratee (BRice Gayiso
may be cagd effked 1O aPmlicrORaRithlQ WieADL algI € Qoldfl 85dy ¥ HrBRUEPE, W n and
exanpl e i npedance neasurenment or sensing. The detection region my

i ncl ude aalong ée mpigwchannplgi based @ dvidipdesetiay albnivetes| esbediaentsr ey

inclugjn -1 r_.omr one. nad I: 1:0f ;.

ol cct T odaE RS B a8 b E T R B VR M DR 0D, ¢ 0
and an ouesé]dhabd cadext vd warignseentodivheanns nlicatreym SHepaicnhagion” may mean a
subst anti al .IX ur_rognfs.t e inner eldectrgdg_jj | n vari ous 20 .
enbodi merfEgion PhETeT Bielqsirabentiamay be detegted Jyuaioyr ehadimeriEoibe dertinge
array mayrebign RRS} bé pRAAHeatintahehah®et, 367 Banip)ée afl BlcSsottoRNof 881 BRmbé In
various enbodi ments, the biological entity may be trapped at the

det ect i orvaigyt embesimapisrde sharahes eyt hegpsrrites shamber. Rgiectior nHy heagattinde
ol ecﬁ es Eec?)ﬁﬁnﬂbﬁ-fgé%t el foﬁsmet;ﬁta& ?cﬁp%ﬁhﬁne!"?[}qgédéh@é B¥urbfient or
e e the e

out]:jk%

provi ded and/or attac on the surfaces o ctrode or
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other words, the open chamber does not have a top cover. In various embodiments, the

term “chamber” may mean an “open chamber™.

30  [0088] The term “in fluid communication” in relation to the different sections of a

microfluidic system may mean a communication between two sections of the
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10 of exit or output. In various enbodi nents, each port may have a
hol |l ow cylindrical structure. The hollow cylindrical structure may be
a single continuous structure. In various enbodi nents, the holl ow
cylindrical structure may have a length in the range of about I mmto
about 3 mm for exanple a range of about 1 mmto about 2 mmor a
range of about 1.5 mmto about 3 mm such that the |l ength may be
about 1 nmicredliédit systbmnmin Lari@ioethbodim®nts aﬂiﬁutoxﬁnﬁniﬁﬁﬁoﬁl’majadidta Jigan
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confi 1Pgour a? P%ﬁts)&aﬂ i %r@{lﬁssggﬁ%%gﬁ{g’l %ac\ﬁ/ Oﬁtggqgﬁeh%%%% Itr‘r'%%?@ ,Cyl%nﬁ]gcal
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"cel " rmeyboacl BR3P abbed 1ee, %1M§m%%rlﬁﬁv\%16m&9&1tqqﬂﬁr‘[§ Gh&AN 18I dr a rénge

cell of the imune systemincludi ng ite blood cell, a T cell and

a T hel pex abent|1.5 mnbjocibarikmm, seth dpiige senaiby ey be sheyt 1 mrarbouicked mm,q
| ymphgcyt I y n I r I e
o m oy Eosee ot R 23 AP Rl STERL Y ilouB BRI, 85 ol
The t er mcyimdnmal startwe Iﬂa‘y harey a dinoletedién thetrammgsof abaltl0,6 mnbﬂombdumbﬁ Inm,a

cell of the i ne s p eII and a | cell. The
Cer m ~bi dBbryRRe S sy o borl PR BHOR il £ in of fuste oF et ighnio dBhy g
and an ol i gasacabrihdehe dAmERF hlialy'%eeiﬁde BBhnS abdu ®.48 @hDab&R|0. L ainh,t Y
may have a DNA anchor for |ncubat|on and g@fture on the surface of

the ni cr gopect-Poye af alapt 2[-%6911] oy futhgy pybedimspsdsash most havieg ahipfpw

vol u bl-Redke %ﬁ%p be a
whol (ra%bl Hp‘gé% e volu #ﬁgg Lmlgtnanégg%f%lus e g?%r\gn%/meuﬂﬁleﬁﬁ%nsnﬁer
or the orwploeﬁhaatbler Orﬁéymha&barmtmﬁ)l wmé.Simm  (Weight)e andingprafimatelyutl. Smypl

to about 500 for .ex le a.ra of. _about |, to abo

2 ange. diamstsot 15130 (R ep st BPE ne e B S st B Spfcgigeerd
about 10Gottichlor \acerwadﬂ@eﬂafvee&oiﬂtsh&ﬂ@be hprédigied thaeaph poR of aﬁtglqao@fﬁon of
about 1 pl to about 20 a range of about.  20Q pl to about 500 a
range of BHdEPTSH2Y MY aa@ﬁerense@um Yr configurgen gnd dpputatspa phfferfﬂer
about ;s20Qy; plnsiHGh VEH&IS S dSHATD & thiFor RS pBrty B HER RinndReitioR i
about 5 pl, about 10 pl, 15about 20 pi, aboup 50 pl, about 100 p1,
about 2OGh@chanéasomayB@Olqwidedrhaabmmnaﬂ@stpicwl{:soctgﬁfjgmanionmnckxljmensions

mbodi h d y d f
i o oy 0P G S 08P 1R B el SED R it AL

of el ect reellpsn ofuelldai vlmsoﬁar@dle,ca bivgeB/mes iox ap@initnadion ah@es OURS term
ei ght pairs. of electrodes tvvel v% pairs of el ectrodes, sixteen pairs

of el ect r&8bsm3Y ipglaig ¢ pkavolizarslobp revierxatisfel. ake A cleliminay Asope
an- anged 1h51u§e gﬁnﬁl{eﬁﬁyblo@d IebftoRlcledY celft 23A & fh@ﬁmnﬁmlxsgstéﬂ 1ﬁ3!1ud1ﬁg 2%3

array, a 3x2 2x4 array, a 4x2 array, a 2xb arr
array, a wkg bslmda«yell a T4oell andragly helperdoed, abromprker il Bhug: aplrrtaalratmgatmhour
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25 platinumor other nmetals or conductive materials. [0094] In
various enbodi ments, the inner electrodes may be di sc-shaped

el ectrodes while the outer el ectrodes nmay be horseshoe-shaped

el ectrodes. However, it should be appreciated that the inner

el ectrodes may be of any shape, for exanple a triangul ar shape, an
oval shape, a square shape, a rectangul ar shape or a di anond shape
and the aulles 1$@pkdeses RoOPS lpmphdasted ind he chdvilliafl progemitdrawllst Thedterm
havi ng a conpl epent ary shape t hat s%bst ntially surrognds t he

peri met er SBYAYHIE qedr %ﬂﬁﬂ&&%@ nagppgliag|cgl oF 8 3edst cqlhe Tom frgp “mammalian

el ect r odeg " RayRfcIbdea WAt RE1LE] B166d OJES RMfREInAHLRS sySkRC b HRARTIIRY

be reference electrodes. In various enbodinents, the odter electrodes
may be siveltaad atfergletetle rThedenpy Guonddyraert edaatinahedoya polyepptide arifugleee aidba
to ingregse Lti-vit | | he inner.electro na controll ed
 nai vidudhig ror P pagh i i eyl AORRR AL oy SRR o
5 short edNagetiefoitidcdatied aidecaptunosh the sfidicdo€ theathicioglekirb dxthitapat
i nduces di el ectrophoresi s, (DEP). | arious enbodi nents, gﬁe?ific

Y

capture dB?%JPé’%ﬂWﬁfﬁB@dB?%sawagw Ut PRY Red Riepd e Y uee o
the m cr agbRChahpeey R0 by Bk §hakld RBRNGLESISvol@fe kKnown in the art, is

a technique often used for separatlng m croparticles, by inducing a
varyi ng dpe22idh ivgrieusrentheilfragnis, dlechamperadr the ened chawbgrghast keye rophoresini ¢

ot R B0 PG S SO LB LS R
resul ting angd 6f At QRN 88due 200 1€ rahQOSBIbolN e LdkEhiRft 10 LRLARGSt dfesS
of the medium surrounding a particle may affect the dielectrophoretic
force expbritehpkd abguttIaulparange babont pat toj abbet 2thjaly a rangaof ebout 200 ul to
pol ari Saba gut 500 pl, a range of about 50 ul to about 500 pl or a range of about 50 pl to about
200 pl, such that the chamber may have a volume of about 2 pl, about 5 pl, about 10 pl,
15 about 20 pl, about 50 pl, about 100 pl, about 200 ui, about 300 ul or about 500 pl.
[0093] In various embodiments, the detection region may include a microelectrode array,
which may include one or more pairs of electrodes, such as two pairs of electrodes, four
pairs of electrodes, six pairs of electrodes, eight pairs of electrodes, twelve pairs of
electrodes, sixteen pairs of electrodes or twenty four pairs of electrodes and which may
20  be arranged in a 2x1 array, a 1x4 array, a 2x2 array, a 1x6 array, a 2x3 array, a 3X2 array,
a 2x4 array, a 4x2 array, a 2x6 array, a 4x3 array, a 2x8 array, a 4x4 array, a 4x6 array or
a 3x8 array. Each pair of the electrodes may include an inner electrode and an outer
electrode having a complementary shape that substantially surrounds the perimeter of the
inner electrode. In various embodiments, the electrodes may be made of gold, titanium,
25  platinum or other metals or conductive materials.
[0094] In various embodiments, the inner electrodes may be disc-shaped electrodes while
the outer electrodes may be horseshoe-shaped electrodes. However, it should be
appreciated that the inner electrodes may be of any shape, for example a triangular shape,
an oval shape, a square shape, a rectangular shape or a diamond shape and the outer

30 electrodes may be in the form of a narrow strip having a complementary shape that

substantially surrounds the perimeter of the corresponding inner electrodes. The inner
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15 than its surrounding mediumw || experience a net force toward
high electric field regions (positive DEP), while a particle that is
| ess polarisable than its surrounding nmediumw || experience a net
force toward low electric field regions (negative DEP). [0097] In
vari ous enbodi nents, the electric field generated for the

di el ectrophoretic trapping of may have an electric field m ni num
occur ri nglatrotidsemae nier ths v@(ﬁkih@&elécﬁﬂ&és antDtlel @aér deaded hesrelibyrefelence

directing. the cells towar he capture no] ecu] es var i

enbodi merfl&tofsse B ¥irus r%rBWS%%% the gptgr @Eﬁ%?%ﬁ é’&ayng‘i/ shyate, tﬁ%ﬁ%@l.t@e
di el ect r gpbARSE kQatlVeB) Qg?&%ﬂlfﬁ&a&ea{ 3€ind 184S SEndHilyO GhfatheaRidr leYecBYesPe
concentrated at the € rical m ni ma occurring at the centre

of the irmaf bfec@vémileﬁtleglnﬂ@uﬁélwefbweéamaladilgig:%ﬁinﬁm@l@mp@ad@t @easurpments or

Sensi t ' V'sil nggtﬁgr {oh en@ edafngr-unﬁg Ieiec cofgle(? q%é§m%§dlel%§tggp%%l8éslsl n

variols & ettrica Si gha
m cr oel ec(DtE@gle Iar\raamui embadimeﬁtsl hecificedapaire (ir[lﬂm&fslrﬁa)f belptovided have a

peak-t o- pea | jtud he.ra f about 0.1 V to about 20 V, for
exanpl e é‘tf“gﬁangéfF %‘6’%&‘?0’3 im%Fr'P?rlg%’é’gﬁfm% V, a range of about 0.1 V
to about pod4 Iﬁel’é@tﬁﬂﬁofé&saﬁol&m@k i e tadt, ?spﬁ’%chﬁlqﬁe \e{ﬁe@uEe@nﬂu‘? sé}falﬁi?@m

1.5 V to about a range of about 1.5 V to about 20 V, such
t hat the @Emﬁicm b:fgmuclﬁﬁy Bovarrine appidly- tnenpwslernamsldactrirak  6eld

about, , t
2000110 el oy Sy B 5
el ectri cahelsatgm@larta&plmcéuﬁmp forthexampie ae¢ic tthavetey ea”snla;ag taoduehqumotdm

di el ectrophoretic field may be in the range of about 10 kHz to about
100 MHz, 'P%F exanpl e a range of about 10 kHz to about 50 MHz, a range

of about [86944 %etcﬁelaaﬁutp ﬁnwch fle AdHAEn Qhrrahlidg 4 Qakldle hﬁya&&utt thl:

, a range of about to about 100 MHz or a _range of about
10 Mz t oliglpeipphangtic Kﬂqze expesiRnee dty thp eartickeyuArraytice thahds @pé‘cpcrlﬁlwble

el s At Sl e ROl bRl
enbodi mernpssititeNPER], ediile iaqaiticds thatils legs plolagidatil @ titah éts mncowdinganedicie will
array Lo Ladice, (1s ALl SLACRIOL Sl Seld S L DB peck L peak
various qobeqinenisus embodidRhts] theObleattid freldigghersed ot ithe HiledtopHdeetic
detect Ontrapping of may have an electric field minimum occurring at the centres of the inner

20  electrodes, thereby directing the cells towards the capture molecules. In various
embodiments, the dielectrophoretic field generated may be a negative dielectrophoretic
field such that the target biological entity may be concentrated at the electrical field
minima occurring at the centre of the inner electrodes, thereby enhancing impedance
detection sensitivity without the need for labelling of the sample.

25 [0098] In various embodiments, the electrical signal applied to the microelectrode array
to induce the dielectrophoretic field may have a peak-to-peak amplitude in the range of
about 0.1 V to about 20 V, for example a range of about 0.1 V to about 10 V, a range of
about 0.1 V to about 5 V, a range of about 0.1 V to about 1.5 V, a range of about 1.5 V to
about 10 V or a range of about 1.5 V to about 20 V, such that the electrical signal may

30 have a peak-to-peak amplitude of about 0.1 V, about 0.5 V, about 1.0 V, about 1.5 V,

about 5 V, about 10 V or about 20 V, In various embodiments, the frequency of the
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region, a relatively small sensor electrode or a mcroel ectrode array
may be arranged on the detection region. In various enbodi nents, each
el ectrode nmay have a di nensi on of about 100 pin. [0100] In various
enbodi ments, the filter may be a paper filter, fiber nmeshes, a
polymer 15 filter or a functional filter having coated antibodies or
charges. In various enbodinents, the filter may be nmade of paryl ene,
pol yst yr esdetriqabkigailppiakio the myicetleytkdtetanay b aiducé BiNAgle@rophoretic field

pol ydi met hyl si | oxane ( PDMVS). ari ous iments, the filter y
be 2 nendRaABe i} Pedanse %ﬂ%#ﬂ%ﬁ?ﬁ%ﬁ‘eqmﬁﬂﬁ?\&l%tfglﬁ SHARpIpa rapge of abodt
Sterlitectyap) MealoROBANVEABRMSNSF atefil 98 Rtz th bY@ 1OVSIZS ARAH T W Sut

the filter may have dimensions in terms of diameter in the range of

about 2 nif kilz wobant U Mhg, afrengecoiabphie! MHzaiegbows 1090HE of arrangeoofabouit
3 mm suc t i r fa L ter b . b 3
A T e e T
subst ant i Hl kijz,t dbeuts ditekHi naoat dridHasatiohatt MHzf bsut i1DtMHz, dbouyv 20 IMHS,

enmbodi nment s, e filter e _pore sizes.in the range of. about . 3
pm 25 to 5640 %'Izp?ﬁ 595%‘2%  geriogs EPedimsplsy e ST Hce Sk ol
pm a I angfhdhickbtirode hird) foQndRe ke AClcROphdrelid HER! 18hy RRRUL pedk Spia
about 10 pm a ranggﬁ of about 5 pmto about 50 pm a range of about

10 pm t o @udifedesd apentdr> ¥ apdadisqemerpbiout bMIE-t o about 30 gm such

t hat fi i .8 Sj 7 . . .

o aou 1 VAR, BBl Blacda? dhufh, B Mgt S3livRy B 0 Qbuch
or about refiogm rehaiyelyesndll sensvicttettodeHpveemaneeléctrodd enrbydmbe bappurgdamed
that the filter.may have an or i ze, depending on the bipl ogical
ont ty ortht SPESE HEoR e SPMS et idib SR Peote iysSs Sl et
embodi menfpaye fddgingl cr ochannel's of the mcrofluidic system coupling
the first port to the chanber or the second port to the chanber may
have a wil8100]iln vehieus eamhpdiménts WarfiltGOnagnbe o papiso fifter2 fidegymesheara polamel e
a range ahout . .ar e ut 100.gm to
about 200 5" LRl e 8RR sSR ARRcRof ANERsCln RS e
50 gm abhetfilEDthagnbe madeibf poaliqar) polyahent, RMktigmnel polyalkidlifetacrylate
enbodi nen t he m crochannel may have_a height in the range of about
20 gmto TN fbeolaﬁameﬂbvﬂsﬂgseawp@@)r Fhyios Betmens Bier Degde
100 gm an&aRdse afiteRb@btan2Bmbdd¥inka, QHQ%ItéQnngmb‘éraaStéﬁﬁ&ﬁ Pé1y&dPeiHate20

gmto about 30 gm such that the m crochannel” nay have a hei ght of
about 20 membmapdut 40 gm about 60 gm about 80 gm or about 100 gm

10 [0}03] rj ' t ' '8 : r . ow
rate Bt vt O Rl SFRREERE'Gr ShaFhy hh¥ dBReb AN Bt ekl bn
passed t hhougize bfiebduit 2trem tbabowt amm, titreexainpleogiangt ofalicut § mxh to Abant &st
at the filter and filterin h bi ol pgi cal _entities, may he in the
Fange. of Tifogena e dinteEP o ha Haringy B ot iibe ooy i phcut A i
range of PROflterBgIhdandMud alitOomaPRMle shOfailalliiiidagie BmeANIR RfhAkOWe 3
gl/mnute to about 200 gl/m nute, a 15 range of about 50 gl/mnute to
about 600filgr/ fi yaxtoes embedimgatsothe dilfeumaybavgipors fizasan the rangsaf ah9Q 3 um
gl /mnute, r e_of about, 100 gYmi nute,to about 200 gl/m nut.e, or .a
Pangetior - BBar DoamolrRITEC e a o0’ 4Py i MO Baon A ahgt
filtering,fli9Wh&a® [IBYa %g@bﬁ%oﬁ :{JPﬁa%%B@b 1PRAUE rdifhedr dBbIU4 gm to
about 30 gl/m nute, about 50 gl/m nute, 100 pi/m nute, about 20
gl / m nut egboabBupm39eange bfrabromt &0 pabiowabout( (gh ok marize of allom i 0 2@5@Gbout
04], I n_various_enbodi ments, the

gl / m nute or about 60 | /m nute. [O1 ,
backf | ow &K1, %lﬁﬁf%éa%ﬂtgvﬁaﬁ'&%g@ Rfre %eﬁ? e%?]bézuﬂﬁ el ARG 5 g, gyt Syhim, about
sol ution);d SmpP f i i i i

the f1 trid fobARREEs B UGR J0endeck o LB wishe ABRATLE St SO Sy
t he fid t eprovided; Hewever,t eshoddde gipredioed t120Qhg filtod mayehave aapquire 5260

| /mnute, for. exanple a.ran of oyt 200 pl/mnute to 25 about 800
9 depenc{mg ont ebleologmﬁe t?ty or ce?IPtout)e ﬁ%teredpora owed to pass.
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[0105] In various enbodi ments, the washing rate or the flow rate at
which a fluid (eg. a 30 buffer solution) is passed through the first
port or the second port to renove other non- specific biological
entities, may be in the range of about 15 pl/m nute to about 400
pl/ m nute, for exanple a range of about 15 pl/mnute to about 300
pl/ m nute, a range of about 15 RI/m nute to about 200 gl/mnute, a
range of [@bgR])tIn5@riRlY ehiudiRedts) thd alitroddingld bfriieuhiroffuidiaRggern fcoatligt

50 RI/mnute to about 300 R /m nute, .a range qQf about 5100 R/ m nyte

to about 150615 BPHITh diccsgmbaT ?rgﬁaée@ﬂdézaad? totharbrrPAYPe e f_bwgﬁglaq thsoo

pl/m nut g,y bbitao JBH% X%%Phétgyﬁ]?ﬁo‘? e%b{plgé‘ rﬁ@%lﬂ)tfa%i\/t@b/ %f&%‘égm 100
about 20 [ /' m

about 50 RI7m nut e, out 100 RI7 m nut e, o} 0 ut e, about
300 gl / m putoe aoangaod abord Q00 pin o abtiite200104,3Gdh that tha microshaarkladaynieave 3,

the biological entity of interest or the specific biological entity
may bé i nEgHRPEadYY; %h@nsabwacl@%m h@%léBdénétstqbeateZ(a? HEY fpvagous
dur at i . . . ot

o oo ek AR SRR 1By L R A A ThPH 26 Rl G

about S5 MOoYteSof &xadildn k€ 6f abduf SNGA t6hbARQVY phn, Airfpe @F abdut 20 pum to
m nutes, a range of about 10 m nutes to 60 mnutes or a range o
about 20 aboniutbemios agange ofgbewt 20y ko ebeat 3@ pen, sybubattthomideshsnie mayay

be about 5 m nutes b 10 m nutes bo 20 m nutes, abou
mnates. DuBnieiERuraRnft B Ao Ao &R BaBtHo R, of ARt (e
10107 | moyes]ilpusirieid emboEifetits, theNBkdig fiOr raRNoH Metfw fMte &t which the
m crofluidic systemfor detecting a biological entity in a sanple

vol ume | sSapwly infed. flurhdegret hbﬁernwuti%blal'ﬁ‘déa%%ﬁf@l?%ﬁl& il gietain the
confi gur eﬂolkgigﬁl%%hygf {nPiBes? AR &P lclﬁﬁrﬁltel‘{\%,%tﬁé isﬂagicm]h&ﬁﬁ*a@st BYbe in

include a detection region for detecting the biological entity;

provi di ngha rdrige ff apant3 phmfrutd ©@ Docoéftunl/aatbie forvixhapiche ranpanbebqgut 4nd
provi ding a second port including a filter in fluid communication
with the HARRBE abiy 4%@?@%% asrpgecP gpant Juelipmnyter tn @bgyt 20p HEBYRutG @

t he sgco 0 : fd n

thr ough CHLBCpE aton? B BERHRE R, i dob3hRALE, Tiéhel? AEEORSULLe w
det ect i ngabaubi(ol Oghiaad, £fihpdé yf Abdual aKifthiauead dbdit 260 nHmehue ®f0fhhgd ¢l C
system for detecting a biological entity in a sanple volune, 25 the
m cr of | ui @est 39% pEmnue quabcwg 480 g amipete, sushfthguthe diliceng dlo@ (e may be

sanpl e vol une rein_th h er. my | ude. a _detection. reqgion f.or
det oot | o beS ARG afRE A PRl Aok "0 e B oE MRt

wi th the @hambel abaitd260 S@eaneePabdut CIDUP [i/midige, datfout 1400 jlPminlitél dibout
comuni cation with the chanber; and wherein a fluid provided to the
fi r st20pori00gi/minete oe eyt 6Ydbr¥minutens bet ween the first port and the

second pg@&o ‘{]gfr“(r%{é ([f)llhsteefll% . hamt S\?rg?euﬂr?ék cgw ?z}r%é)\éli- ﬁqgg%)év;rr??e a@&h@%?ang?%ﬁ%g. a

i ncl ude ovi e ec provi
fluid to Buffer fsblusibn)piarpasied thasghtthe fid@rl ehev oppeaite direaisghtot the flirktioar

to retain the biological entity; .remvin tg, bi ol ogi.cal entity from
the filteioEss ioHEmaxe Beariaiet bistisical Ftth & B AR eyl s dEes HGoPMe
bi ol ogi CaiOOE}mrhltthe to about 1000 pl/minute, for example a range of about 200 ul/minute to
25  about 800 pl/minute, a range of about 200 pl/minute to about 600 pl/minute or a range of
about 400 pl/minute to about 800 pl/minute, such that the backflow rate may be about
200 pl/minute, about 400 pl/minute, about 600 pl/minute, about 800 pl/minute or about
1000 pl/minute.
[0105] In various embodiments, the washing rate or the flow rate at which a fluid (eg. a

30 buffer solution) is passed through the first port or the second port to remove other non-
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10109] FIGS. |Ato 1C show perspective views of a mcrofluidic system
100, according to various enbodi nents. The mcrofluidic system 102
may be provided or integrated 5 with a mcrochip 104 to form an
integrated mcrofluidic system 100 for use in the preparation and
detection of a biological entity in a sanple volunme, for exanple
peripheral blood mononucl ear cells (PBMCs) in a blood sanple. The

m crochi ppddific BRlodeal 2enfititd, GRIY B 6 @ehiange lof abat DUSL/Aies kdrabsig, 4obhe
m crofluidic system 102 may have the di mensions of approximtely 7 mm
X 6 nm x L@/mpnvic] for gxample s rargsediaheuitls, nlivhigutego Abayt 8% Lpmimye, r&ayngfaqfe

t he di t 1 1 0110

e ot TS SRR AR BB Fef Db BN 1 B
confi gur %()t].@/n{lﬁﬁgl ¥ ane SRADLR %%Mﬁﬁﬁute'ﬁb ebehaIe Ak as r&%@ Q)f BB
be open chanbers. 1 n other words, a sanple volune containing the

bi ol ogi ca]lOOemlt/mmytet tatbawg 300 blémmeteeot edrangerofigbauthEi0 pl/oliroge ¢alabout
entities, rOV|de crofluidjc sys 102 of 15 the, .

i nt egr at e’rﬁ’ rH (’i“rlB‘i‘tanPg]? é’a% & V@HinYERtg Nay phd %i\ﬁﬁnk ui%é'é"“fé@‘@mlﬂ%h
of the Cr}ggﬁ)ﬁa ﬁute ]H%QQPZO@&M/nhH&lB%gutaﬁdOEf.ﬁB’ﬁﬁﬁtE\SFalﬂ)%Eg@d lﬂﬂmﬁﬁg' on

108a, 108 ving a respective capture surface, at the bot fom of  t he
respect i @l dniyeriais dGadinidné) thefloslogietlemtityngf mﬂae:sﬂamdh@gpecﬁ]c teoibgital.

I n various.enbod ment he dete t|o regi on 0 |nc ude
b o ool BB Ba% b8 MDA OF it SR Rr Gy e & MRYien ¥ b
20 thg dehggidfeBoitey klﬁﬂ&es]-@%,mﬂaﬁﬁb(l &), 6 dxBRpRU hAELSE Bbut ﬁﬁmutes

m croel ectrode array. Capture nol ecul es may be provi ded and/ or

at t ached ®A0mpButEY; BfraRge @ﬁb@% THinEEes & HE MBS, aFangg of douhp minwes thd 0
bi ol ogi C%ln 1?,& ' J Yangé og R @Lftqg[mfngfes qg%@%l'nﬁ S OI Q%a@p&f{%fbgum ﬁﬁl’lﬂt@ssto

may be speci Iological entity of inter for detectlion.
I n varlou%hammmdnmemﬂswﬂeamhm@ﬁmi&mm@hammﬁbgdﬁmﬁapnmﬂababmuwommnmms

h 510 T ' flui t
ope oo Jo5l af RAHS bod S, thcl SgSHRLET 400 TR b B boan g
106b guchnmhaﬁ the first port 110 may be in fluid comrunication mnth

each of the chanbers 106a, 106b, and a second port 112 that na¥
connect ed 1%/ 1{pFapeuserabedimens & motrd Jorc menwastiiipe 2 Jueolyidinrys eﬂﬁor

may be i Yefd-Hhg 2 GUTHRIBI CRtilyoR adhtplE36matis ghﬁgﬁha'ﬁﬁ rﬁetﬂ&ﬁfﬁay 126k

The first port 110 and the second 30port 11 be arranged
subst ant i pabyiging @r@@nutrmnﬁgumd) tat tvecivathe yrpls woluaee sheteint the chanter tiayn
regi ons 10 v.ar f

u roflu
Cyot om 1090065 4 AStrioar Hton daet e R4 BioRERA L bl o B P o le”
pgr t fjlullz coilﬁilﬁimﬁdahbﬁ Emﬂﬂtﬁe OlRymbze; anﬂtlﬁ‘@dflaihgd satdnid ;iohansledmgd il tin ﬂlﬁﬁ
The filter 114 may be a ne rane various. enmhodLnents, the
filter 1IRMHREPIGEOD MG fé?s& RO F\IHJr Wilsrﬁtra% tsinrliogﬁr%%lm"ﬁw it piye or the
second pQktontldrt Rfws Yereddiehe HUPFHBandahE SRERIpIOMARANM dh¥mbBr. t he
second port 112. [0113] In various enbodi nents, a mcrochannel (not

shown) ndy1&8 Iprenpeeembastivenipl amethedfipr é@teqimgta hiokgicel ety vk sample

hanb
honny e Bae BT bRl Pup B R i B P DS B R e
chanbmsr s tﬁ@ﬁﬁcmﬂl@ﬁﬂc?:sysieﬁi fnarutdhgr a ehdnchett memﬁ@uemmrlecdlmmecnample volume,

m cr ochan . suc two 10 crochannel s, three nicrochannels or
four micr aﬂﬁléq@ Hf?ﬁpms@fw"% tretign EF&HWIQ  fiecting 12t bigvetcal AL S

each of tfie chomiens céi%amca{%bwu@ﬁé BB Bert Eweﬂa SREndhéit @&Hﬁwﬁ‘é a ﬁﬁé&Ch

as two microchannels, three mcrochannels or four nlcroc annel's,

be provi dedluidcangnpiieationevithtbopltpmisytand vherein @ fuid posvidedeto éhﬁaﬁmﬁémf or

106a, 10%{6 second port flows between the first port and the second port through the chamber, is
30 provided. The method may include providing the sample volume to the chamber;

providing the fluid to the first port to pass the sample volume through the filter to retain
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[0114] In various enbodi ments, the first port 110, the chanbers 106a,
106b, and the 15 second port 112 are in fluid communication with
each other such that a fluid, for exanple a buffer solution, provided
to the first port 110 or the second port 112 nay fl ow between the
first port 110 and the second port 112 through the chanbers 106a,
106b. Accordingly, a fluid provided to the first port 110 may fl ow
from t he thé bislogixat éntitQeinoviagaie Kblobhel akianbenshd ffa,to IGdetedtioh region

t hrough each of the chanbers 106a, 106b to the 20 second port 112.
Sinmlarl wafiﬂwcﬁﬁ@ %a&@&@%ﬁwﬁﬁ%ﬁ&vp gicalenfifYyi d provi ded to the second
port 1126[“%9] fRIGY. iAlebrk%oﬁ%%?Qcti%rvtiexﬂs]@fJﬂic’?@fﬁﬁdi@fs%étaﬁ 10D 2FRSkhe
106a, 106b and through each of the chanbers 106a, 106b to the first
port 110.to[\@resy embodmmentsu st hermistifhadie systerh d 02 rmasybapeyided caraftegtattidc
system 100..may er ~k Nel r.ali .con 116 forned
t her eirg]n gvrgltﬁerpié:ggncthf éolr;ﬁqg r%%‘liiag @&%ﬁ%éﬂ(ﬁﬁ%ﬁ% a?f% |f;e yqo SI8roH “ac it
pads 116 prepardeni indeldetettidncal ac bivhagidat adntion invat kanigle volwanigefoe cixamge

array provi.ded t he detection regions 1Q8a,, 108b. The plurality of

cont act ﬁ&&gh%i@tl?fﬁgms%o%mwﬂé&?e@ﬂ%%a R rﬂﬁé?lawély 1 apay

pl ural it Weof siBé@Chfckdchlp. C}iﬁnﬂﬁi%ﬁé l@ﬂﬁoclﬁﬁ@ﬁts,&P@Méroﬂﬁiﬁicvﬁgﬂeﬁfiﬁt)g may have
el

enbodi nents, the nunber of the plurality of contact pads - may
cor r esporifle ganengions gireprropimatdhe 7anact foaass dfmmhl wrewe embedinsdts, the

array,.(nat.: : | i I j OUS
enbodllorren ls??&? W(;l)oélq%#a]fhﬁ? g/h% g:ﬁlhglgstrl\%nggif Elggggﬁ%ﬁ}p r?rgﬂ;gn %gqﬁ%éed% 1%g%{c')l d,
titani umopl@tTiheunmicaofldtivesystant dl02 meay dociddec tai par rdt drninbkes. 100a0 AD6B,
In FIG 1C, .there is shown a tal hollow pin 118 .ins ed into the
Locond pdPEIENS (g Betvad SHENEUIEES. Tho BERas Hohol PRl i 6 Gren
further C&Bﬁiﬁ_@lﬁ.eﬁl dtﬁhr&vc?rﬂ@iar%nbwolﬁ[ﬁ@%ﬁtaihﬁl _tﬁ@HE!Gg'i‘th aitity SRR ©-be
[0117] In various enbodi nents, the mcrofluidic system 100 may

further idstactedearnong pdonbiolpgial ariies imrvedaddodhe maseilidist systremiPe, of
for exa : et .. i id at et 4

fleld ﬂlﬁéﬁt\? Ei ﬁil%lif”%f?ﬂ{hhe %gletcl:ﬁ) gﬁmaoﬂéc’g?%ag’{bf%ggi%ﬁo@g& e rrzéfg%é“’t
may be padaimbend@opellthy mag indudct repectivgidereci®@B8esgich0B8a, TORD, having a

generated _magnetic fielc mayg%l otr t he bi ol ogi cal ti tEat

ave. beerHRgNa Foat yofiafort dir RotPnsTabs cobrane Bane 158k, [opel®

I n vari ourtRfiBo dhdTBidldzical RatiiRgRL i@y dghodinéhty) ahdrRlbRBoNTRERAE 1@8a,an

el ect roma]g)get. [(_)118519 I n_various enbodinents, a third or nore gorts

in fluid OShnBAY &uds miarerledede pEAb & shown),; Wiowh theeprie prigesddd

to eage e dolebliGl 're?@oﬂ%r AGS B8, My HACHE ARt i tHe! InfEEdIRG0AE GRaEN

the fluidic access. "The third or nore ports may or nmay not be

provi ded Gdpture andldcutes mayl{90vigdd ami/druttatied carthoslirtasn b thethieroklettrate

114 may ba%‘alngl:aepnt{%gtthee%i!)l%gltca eenyi%! (gfl iﬁt%ll"est for detection. The capture molecules may
be specific to the biological entity of interest for detection. In various embodiments, each
of the chambers 106a, 106b, may be an open chamber.

25  [0111] The microfluidic system 102 may further include a first port 110 that may be
connected to the chambers 106a, 106b such that the first port 110 may be in fluid
communication with each of the chambers 106a, 106b, and a second port 112 that may be
connected to the chambers 106a, 106b such that the second port 112 may be in fluid
communication with each of the chambers 106a, 106b. The first port 110 and the second

30  port 112 may be arranged substantially perpendicular to the capture surfaces of the

detection regions 108a, 108b.
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configuration in the second port 112, or in other words, arranged
vertically in the second port 112, which may affect the flow pattern
and provide certain advantages. [0120] In alternative enbodi nents,
only one chanber may be provided. In further enbodiments, nore than
two chanbers may be provided such that three chanbers, four 20
chanbers or five chanbers or even nore chanbers may be provided.
[0121] | r{ovEY ilowsrieusbmdiodimdnss, tliehaicrofbuidit lsysteth d 03 yatyefontied 2nalmde Dflter

made of pqlycar.bopate, pol yethyl en I hyl net.acryl at e. (PMVA) ar
pol el oL S TIESafcn PORRY PO 1 e R et o R e cobisd Rl PEFEIAng) o
system 102y, bendBEG 10k HBt B a nleibreafiire 18 VEAbIR dHBoRIm&HE She filter
25[0122] The operation of the mcrofluidic system 102, based on

det ect i onll4fmehbe prayidsdiis A hasirontel, configurptioppie daghsssond aettirldAeen in other
now be d i - ot limtations. [0123] The
mcr o?l ﬁd‘.ﬁ@égg‘g‘%‘%ﬁ?ﬁ@ggﬂ&% lg)é&trjgs%g‘%ﬁjf@r@ﬁt%é preparation and detection
of peri pHetH| Iblvechsnmitadincdreqia mietdchannPBes $hown) andyl teqadowdedtoecouple

P ti f th i pheral bl opd I | BM
o Cond BNt TG RS per eR Peppasa o i B ariows 1EvpPERES) ot
filteringnRfochfleBinohshdwif nRS Hceviatd Rl QAplcRORYE] faf 1€21d Sach BBIYeS)

fromother cells or biological entities in the blood sanple. [0124] A

buf f er schambes 1Ress 106h-t Indirther smbgdigiantse rorafihabeng picrqchanneh setlnatiers
106a, ;,106h:... r - ' ' sal Ut ian
oy i AT AELRES, 1R BhARaRATPbechs sRbob ARt The koLt b
106b, whitbhfirshpotid\e t@cachl afrtee dfantiosut064, Hibb, dml mbtegh@mabnesmicrochannel,

enbodi nent the buffer solytion.may be,provided to fill half the
Vol ure oriEhe Ginmber Bt han 0T e B Peris o by pisgaisd
or overl ay chiljfe theGERl @6#tN00& @kh a¥the[c8dmdbdrs A06al DGERdance nmeasur enment
may be taken as a background si%ggl for 10 normalization purgoses.

The buf f dP1 atvaBRusRbedimens BRdHBepyt 16@athe Thepberke 62, iibpand the
removgd. s'égﬁﬁ\ij%& L1blar AUy p&nﬁﬂﬂi@ﬂoﬁgﬁg{’%ﬁg %gféﬁkd’&h%d? aFluid E&.aéxnglger

vol unme of the buffer solution wthin t ers 106a, 106b in o
to di | ut e huisr selbbey pentided] totht Sahpire! K avhelsxtondperhél T mayiflewsbet:o@a,

106b, to easge processing .and to m,ninlze,the occurrence, of

saturati S st POkt Sy T SEBROORPE oh s MARIER, the S HBRSE | 10000k

igsbi ollggég@aw{i]@%i 4 el provided tdthe diistspurpll %50 mﬁﬁr ﬂl;)!nefrdﬁ_t tﬁ@ltﬂrﬁrpo_ﬁegliOOtPS
a, , 1.C ma prevent etection of .the 1 0l 0gl Ca entit Q

i nterest BARPT e %haﬁ%erscﬂélé@cloég.anﬁ*ﬁ@%%ﬁ@h o the chargbesy 406l 14gP %/Ch&he

bl oodyesanpl&digdit N, ARREY $n HEEAposkE HarectibrC 8 i ProVikd MRt seddAR port
buffer solution wthin the chanbers 106a, 106b, nay be renoved, which
may be ablddtmay faw figai thg serand poft 1 Ado eashipdgherthambersdRambOL and daough
106b. Theeaall gtotge %l?a%e?s ﬂ%%, f(%% U the first port 110.
[0115] In various embodiments, the integrated microfluidic system 100 may further
include a plurality of contact pads 116 formed therein or thereon the microchip 104. The
25  plurality of contact pads 116 may be in electrical communication with the microelectrode
array provided at the detection regions 108a, 108b. The plurality of contact pads 116
may be connected to the microelectrode array via a plurality of electrical connections (not
shown). In various embodiments, the number of the plurality of contact pads 116 may
correspond to the number of the electrodes of the microelectrode array (not shown) at the

30  detection regions 108a, 108b. In various embodiments, the plurality of contact pads 116

may be made of gold, titanium, platinum or other metals or conductive materials.
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20 be provided to the chanbers 106a, 106b. At this stage, the blood
sanple may contain a variety of biological entities, such as red

bl ood cells, white blood cells and other cells, in addition to the
PBMCs to be detected. [0126] A filtration process nay then be carried
out. The sanple, being the blood sanple diluted with the buffer
solution, may be extracted through the second port 112, for 25

exanpl e OY1MBdnFIGE 1€, puirys shdvac hedktdlthollbe He ¢ 08 thspiaed infol e skdond rpdetr

to pass t sanpl e thrqugh the filter 114 and the second port 112 to
wast e. Th]g%éﬂtaf: & PE - 5%16 m?@fl gl W @hhif SeurshsParechd 8 L ubingi(pot

vol unme OfshBQﬁ)bﬁﬁiH?ﬁcﬁziﬂgédXisﬂmEi%? chanbers 106a, 106b, may be renoved,
for exanpl e about 2 pl°. At this stage, the PBMCs may be retained at
the filtdPliA4nvirarioss tebodiswnis sl nuetoflyidimayystan riéfowey fusharaiselade As

t he secon 1 . g | | u e I

after %paslg?‘%gf)% ﬁ}%néaﬁg}%g%ﬁ Efei%}gélﬁl(ﬁ%t &t%ﬁlgi ?g{: %;Er)]ag% géofgtlﬁﬁﬁ ’ %@%@ombe
defi ned gsotiie opgédeedte armidnetiofitklah thowicinity[ 1R Hetbstiovaegiond08a, 108b.
enbodi ments, the filtration process nay be perfor f nunber of
times, fﬁhee%s%ﬁﬁr S5 PesiEwed bRoge It %é%c_tl IEdRf T&f%_@é?-?@iww%
the ret er}h&@@ti@fiellﬁ ANED tEHRY BioRNAN elit) :tlihg h&aRl be‘éﬂ_lﬁﬂﬁghéﬁalli Rbelled

exanple the red blood cells, through the filter 114. erefore,
addi ti onalt thefdeteetigpregiond 0%yl 08k %r oetiesdembrdbmetis.t the mpgnet mayr be a5

110, wit 0 losed, to fill the chanmbers 106a,

106b, Wan}eﬁ&eafﬁﬁé%tgll {%?l%%ﬁ%ggghpl e within. Further filtration may
t hen be déit18]da vatibusymisodimenas,i nthidhe margloets tilh flnid)torhinenisamandithp dret
112. A certain valu f the sa Wi t hi e. chanbers 106a, 106k,
Ty b+ SRR Pt A0 e BY PRUEA 19 cisi e FES LBIBRGPofser & Erisasip tie
wast e. | nilfinh Qkks 8RB asces@ SThd irll of SordSdrts asPor Yy SR MR Hadidedde
used as an_ i ngut means for 10the buffer solution, the first port 110
may al so Wéh @8ftftmed as the inlet or the inlet port. [0128] In various
enbodj.me I t BeLEd ti 0 ial Qgi j til g

be prfessembﬁc?rlqlt’fhfgﬂg%pt uP IéAI!gltS??hg%g ﬁg%l ? E‘?ﬂ%’??gu %&l?éélé@rc:%tﬂiegggﬁgm
108b, | ocanfgurationt inghdedcoudpat 11 herdnatibewsrdt amng&DGinticallySp det sevamidy .

Therefore, jincubatjon a i el,ectrophoresis,, as _part of the detection
orot ocol Dol 2Rt HEite e BEP AT RaT Brovide AEnER “prlaty” o

15capt ur o118 1PBMemadine e odidicatt i0dly begichiishekO8ay bkO0Fbvidéd128] fulther
the end of the filtration process, nost of the white blood cells or

t he PBMVCSSHR(ipRALs, @rosp g tye chpmbers mayybeipravidgghsych thagdhreg charplers, dppr

bl 00d,cel d,5mBES of BYDURHR c\?@%{:r?mc){e%glg]aeﬂs g%ag'{b% S)E‘O‘Ii&d': ecover the

fraction of PBMCs fromthe cells retai ned filter 114 and to

enabl e t HO12 dhureicandenbodoenton thi miveotPBMCssystenb ufl2e mayolbat imade i af

ided 20 th h 112 Wi fi . 110
P oeed.  bireRaRE Rub Ry BEE Bt efit WM b by BRblyetroRane

conpar ed POM$AIn flkhémgnliddindrtd, tHeahiciTudios@ssn 10may bemad®biiGetal for
backfl ow or a reverse flow of the buffer solution through the second
port 112 §XMplsFyRREE o fiegileby renoving the cells fromthe filter 114
and t1ansjesd]ing dpbatiseht Sie hcibhfidkhSeRAT H21088d od B8Beti YT ihd Hahgiche
cells may be transferred to the detection regions 108a, 25108b ofg t he
chanber s en06aysini@ipedfoe BEpsusément, willendvakkddsovbedf by Wey bidxfamplesahdindton
and the tlr an%fer of the cells to the chanbers 106a, 106b, incubation
and/ or di éqné%’top%'phor esis and washing, as part of the detection

prot ocol , [0023] Tie mitpdfRi#otsesterol 020MNEE BE aéde fdr ke @RdphSitian abddetection of
det ection r.egi onﬁ 108a, 108b, for exa ge at thg m cr oel| ect r ode Frray
of the ddicEehstah Itoggirgq{gom}_ gy ce lsdpBMCs) 1n a blood sample. Preparation of the

30  peripheral blood mononuclear cells (PBMCs) may mean concentrating the peripheral
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30During the washing process, a fluid nay be flowed through the first
port 110 and/or the second port 112 to renove non-specific biol ogical
entities that are not captured on the surface of the m croel ectrode
array. Subsequently, detection of the PBMCs at the detection regions
108a, 108b, of the chanbers 106a, 106b, may be carried out. The PBMCs
may be detected using a | abel -free detection nethod, such as

i rrpedanCGaldiﬂiiS&ntﬁr@ﬁﬁdﬁald&ﬂ?l@QBMm) Vi {4 'ﬁngﬁnge b odolatng Sthe Lﬂwigbaﬁlkfbﬂw
process may be repe afte ure of the, P e detection
r egi ons fewnuqle%efﬁﬁ’ﬁ%\é%); %@r ells gy iplpeise ?‘E‘i“éﬁwhe pigog samrlers
embodi m‘f"’[i)§24] tA %uf‘i’él%fdn%}ﬁ"n%%i@i%ﬁy H@}Srobﬁle@ edJe@flﬁﬁQ tﬁe%haﬁab&ﬂ@' l'béa t1oBE;
or a fourth tinme, each tine after Eture of

det ect i orbefceg|tb¢1blom®8mplroswrm{l®eﬁ33]? %b@%frrcﬂomjiogl m@)nbwmvaipd to fill the
embodi n‘ent 15_e umtlél ' E’the c%%*nb@x% 1% 5) “fofﬁ 1wﬁ%# aa/ghgai.'ve %R%Ymﬁeﬁge out 29 ;f”ue

first polelrl e conrigu re ‘to the ¢ rs

106b, anChlﬂehﬁUfrct bﬁlﬁdﬁdlﬂﬁﬂts ste buffhagolitivd hapbo giovided eafillt yalf the velaienstd
by the fi ter 14 and a fluid, uch s a buffer solution, provjded to
the secorlt® emo%yogéemdﬂaﬂ‘fl Bl PERVEHT AYGHEY the nflﬂos ptrodeg
such thatytbe b| ol ogical entity is renoved fromthe filter 114 to the
chanbers 106a, 106b, for capture by the capture nol ecules attached to
the surfd8E23fAn W@p@mcerm@ﬂ@mmMemawhg/ tak@y 34] a| hackgrqupdssignal for

erbod] msnr}o?‘mah at1orr1?¥uu1% Wﬁer d R)?l?f%f E)c!l {tﬁrﬁ tﬁ%@lsbﬁﬁgem%%agggeﬁgy

proce55|ng eren T Umes d sa
be pr ocesl&ené:meepheihlomhd:ry it would bb&ﬁsﬁitag@xbﬁseto mbintat acessinn@lume of the
pr ocedur

S,.. detection of th a n th croel ec [ode
B Py Pt SRR AR b LRETO 205 |Hib s et foo Endittsobgguen bo
i 11 ust r atdapglerpaeidb® o 1Ry cHiBMEsardddl i1 0b, 3o @h&rﬁf)&ééb&l%%n&%hﬂﬁimlze the
according to various embodi ments. [0137 At 202 anber configured

to recei \SCYIKRICS AHfpfadirgténn fer |e§aIpP16v1P3(j &l blgedr eslls atnldeO’éPFa Aeystituents or
conpr EZ]eSoA?i glgélle&lttlltl i 8 'b?cQ) df sgil:npﬁ? 2 | : d@:ﬂ:cﬁ&? ﬁo(?lls q@k& 8? r'\tvfutc?f| mrﬁ;'e ;

25[ 01 | rst port cormunl cation W't
i s provi deevenf Ad8@jonAdf tﬁ@@uolaglszlcmtidr pﬁ)mtermbmhntus tnfe detected.eTheriore,
fluid conmunicatio

pr ovi ded Bt gt et Blaod G R SRalb By 0% IV Bt UgLTPIPRE of st
port and BufRr SelGeRHwRANt the BhahgHs 10, CoeH ety be 1emoved, which may be about
2 ul, being half of the volume of the chambers 106a, 106b. The blood sample may then
20  be provided to the chambers 106a, 106b. At this stage, the blood sample may contain a
variety of biological entities, such as red blood cells, white blood cells and other cells, in
addition to the PBMCs to be detected.
[0126] A filtration process may then be carried out. The sample, being the blood sample
diluted with the buffer solution, may be extracted through the second port 112, for
25  example by means of a pump attached to the second port 112, in order to pass the sample
through the filter 114 and the second port 112 to waste. The entire volume of the sample
may be removed or a certain volume of the sample within the chambers 106a, 106b, may
be removed, for example about 2 pl. At this stage, the PBMCs may be retained at the
filter 114 while the red blood cells may be removed to waste. As the second port 112
30 may generally be used to output the sample after passing through the filter 114, the

second port 112 may also be defined as the outlet or the outlet port.

28



Fabricati on and experinental data [0140] The fabrication of the

m crof |l uidic system of various enbodinents will now be described as
follows, by way of exanples and not limtations. 5Mcrofluidic system
design [0141] FIGS. 3A to 3D show schematic views of a mcrofluidic
system 102, according to one enbodi nent The mcrofluidic system 102
may include a bottomsilicon mcrochip 104 including a mcroel ectrode
array 30001%H Inserious dnﬂjmdimérnsadled[éltmﬁmﬁ pocan thay begierfoofiednfoe b afimbeds fc
chanbers 106aLf 106b, - a f| ﬁ'& 10 and a_second pa art 1%2 with ar%
10 i nt egrdt€d % BP9 et ‘H’Eﬁbt ﬁémftf'f4°r 4t 5P, OHBIRi%e 1B retention o

ni cr of | uiEkNICs AadRetove baRAbioldRAI edRits,ToV &k athp¥thb A&l lﬂfmo@&ﬂb‘tﬂlfbugh the

The menbrane filter 114 nay have a pore size of about p. m
ni cr oel edtl Feesdé4arTrhﬁ§ﬁ>f%oa4ﬁ1ﬁgpnalebtfffﬂr rekytioh arayi by MPVIﬂ%ﬂé@whﬂh@ ﬁéﬁtlﬁoﬁon

m CroGhi Py h04;@r mb QE&?R@&?PI clbﬁ,ﬁh?d k1GRY cHA 53 béh ji%bté?ldfrBrﬂhﬁel

m croel ectrode arra ere ore, edeteétlon’ regl ons
t he m cr ofilute me@samphst wnhmOZFurﬁger ﬁﬂitbmonnnagﬂahénb auriddhentsiy extmntmg the

mcrochlpl FIG, 3 sch rratl bott myje t he

o of Furaretplgh i gston oag 3AmA e pSoR S e e
si li con niogs,0mEbPmAPYe tentdved imigudhhiBe fnt@xmalaaatﬂﬁ@séeorﬁrﬁowl 12060 wannved,
for illustration purposes. FI.G 3B shows a schematic cross-sectional

view of tYiEons epbrdiges.asdhe fistpand 10 mayasnentnge v 45 snanputaneags forg
FIG A tLQ}lu"i%e]l s&%uﬁm;e%\gfrusg?ﬂ Fo R al(%cbﬁe M@ by ﬂ&b%l or iRt R %&% may

include a plastic c ructure 3 womterrre iate tape layers
304 and d0B28]tlo matlatpﬁeemlaylémelﬂﬂ GluriBa shedfilbatid mcessAbla]m@mBBmttthe may be

11 con rirersin 5 BtedeTas dhur B BT reRs O afied Sienled: B itiems
106a, lOG)ftl@d’kdl&hib@LSZﬁéﬂQDBI@ma@'détfvalge THerdffi@, Rb@ntibs ashdibletophdsis 6

represented b dotted line box 308 in FIG 3A. Ln various
enmbodi meriag, o H@ g?t%f‘é’tOPcpfeT?ﬁﬂlbé?aYsP? deplsrmentsd durng the fHirptigmarpcess ©ne

m cr oghi rbaﬂ,%mb@sm 5meu@&a{oaﬁ n%aﬁseldsaﬁmsbayers 304 and the bottom
tape layer 306. In various enbodi nents two internediate tape

| ayers 3dM1ZHd\tthe endof dmitlapeon myesss, 306t phthebehilcalepd cdls or the PBMCs
doubl e- si t hemat | ¢

of “the ¢ B0 iR AR o Wi Bosltac R WG BATRRR Sl P €™
enbodi nen$30] 1Ih @rded tefageetr dicelricipe ot‘ BPRICs3em thenedlle dasinéd& the Ahemgs
310a, 310b, corresp nding to the first ort 1 0 an t he secand port

112, r esg@8tIPVRERRIC the captiiecfeditentin od dae PRMES, sohuffes soldion; ih preraded

t he openithgu3 H%e%é@éhd&d?ﬁﬂ@ Wﬁftﬁ&ﬁxs%oﬂt heo Blodst 's&hc‘tﬂﬁrfﬂ@&u&ltbﬂ%? te®
302 and the chanbers 106 contact thé mcroel ectrode array

300 and tlimwidkflpwdsmevieised sempy ed@mthat during the filtration process. In other words, a

backflow or a reverse flow of the buffer solution through the second port 112 is
performed, thereby removing the cells from the filter 114 and transferring the cells to the
chambers 106a, 106b, such that the cells may be transferred to the detection regions 108a,
25  108b of the chambers 106a, 106b.
[0131] After-the backflow of the buffer solution and the transfer of the cells to the
chambers 106a, 106b, incubation and/or dielectrophoresis and washing, as part of the
detection protocol, may be implemented to concentrate the cells at the detection regions
108a, 108b, for example at the microelectrode array of the detection regions 108a, 108b.
30  During the washing process, a fluid may be flowed through the first port 110 and/or the

second port 112 to remove non-specific biological entities that are not captured on the
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5[ 0145] In various enbodi nents, the bottomtape |ayer 306 includes

t he openi ngs 314a, 314b, corresponding to the first port 110 and the
second port 112, respectively. The bottom tape | ayer 306 further

i ncl udes the opening 316 such that a surface of the plastic chanber
structure 302 and the chanbers 106a, 106b, may contact the

m croel ectrode array 300 and the silicon mcrochip 104. 10[ 01461 In a
further eﬁm:fmﬁ b rthe ntit:reelled:tmderaxmy lSeb:’;eqpetrelryeKibtectidnnof e PBMGal the
configurati in the or, i.n Y r arran

Certi cal 1eRfion AR BRE” R0 Sy Sherbly® L0 JPBE ey BEABRE wn Theg
provi de cEBNEk nmayd\banaag@@d ukin@ aaﬁaeasiﬁwsde@ecﬁslhaﬁahm ScH€asV iifg¥édaced
mcrofluidic system 318 with a vertically configured filter 320,
accor di ng2¢8WsAEYenbodi nent. The enbodi nent of FIG 3E is sinilar to
the enbod i)t Larifls &hibadindBhts, RS bdinde, HSIB@ES?IITEI t1%p edp%‘f Q'L

m cr of | ui d| c system except for the configurati

t he enbodher@BMCH atFtthe@antlhglohs 1%, 108k td 'slctemtﬂ éﬁemoedm erfﬁclhm:y In
hori zontal_.confi at| e _second rt 112, t odi nent , of
Fr 98, eraoy RS d Pk I RSB mRE b met B Pos e E PR G R
in the saﬁmdamime&?a captieroFiigr EBMOB @t the dewttiondBgibss 103af 1036r ed

paral | el le[¥ tQ the wall of the second port_  322. Such a_20confi guratl on

may be rdP3lviqeprdingly in variensienbofiegeiy a fid, sucheasa hutfer selgemwrvadadon
on the fites ﬁl%?]%brt {fo SBPHL éoﬂguﬁﬁ% %w%%qgﬁ hﬁtchtmselghséaofl bieth, Ahe& the

system 318 w t he vertl cal configured filter 320 may b
i npl ementf@terili alm}n th@ﬁh@wols)mqahmtléy fsaptaapf.l;[by@b@tﬁltmélft P@iaﬂ}udl such as a

vari ous d be ate t ha he
Pt er moa B pARRVT miag8 it BREPRE TS HeF s s B OO R o o
provi ded.fil&b 1[1@34&] th§iu1ihf: amtcﬂoglbtﬂrmﬁtyny rerAdved o thenfiltdiel 1artd ,thmmanibels
performed to ach a Ilnk such as a thiol linker, to th

i ot el eckiBad0dh gw O LR R A S les, aftashe Ao e APk He
pl astjsc GhRPReLusdd afdure 302 may then be mounted on the silicon

m crochip 104. Capturé nol ecules for ecific cell capture, such as
ant i bodi d8134}dy vagoust anzholdatenys, at @af N|p|g;~..51ble to implement a sequentlal batch
(1-(3-Di % ori y
S0succi ni A L SEaRo e e et AR A b IPE ARG Hel A"
m cr ochi pedhtialig. covered by the m cr oeI ectrode array 300 may be

passi vat th .a repellent mater f or .exa e o) et h

gl ycol ﬁgb’yg] ‘J‘?fffé B oPIRCeSF g YO eﬁe dﬁtepé%ror{p#l c%]gltdjl ﬁ’d'?‘[}(ﬂnn&e
i nkejos, 1ﬁ§we%30mlﬁg%4%&ea}jwfohﬁ&1 repellent material. Subsequent ly,
the mcrofluidic 2ilstem 02 nounted on the silicon mcrochip 104 may

be st or ed13p1 FIBef? shpyatoflovocksite a0 \ibusating anmgthpd; for manufacturing a
fiincti Orlfﬂrclzlrotfhzgcﬁ%@steﬂxb%?fog@hg% LA%GE em%ngfﬁfeﬁt?,r sol ution may be

provi ded m cro C system rotect the coated
| ayer. | nMOa37] ektrPdR] wehaemﬁmdbm@utreﬁ, toatdudvre the ezma,ge voktriead prevédednohereinn
the art be ,used, for anpl e froze r . vaccum st orage.
[ 0146]  THEY ERET Sarhpsgen PR enrers S deireRa B tEce not

covergd bw138] At204, a first port in fluid communication with the chamber is provided.

[0139] At 206, a second port comprising a filter in fluid communication with the
chamber is provided; and wherein a fluid provided to the first port or the second port

flows between the first port and the second port through the chamber.
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m croel ectrode array 300 reduces non-specific adhesi on of biol ogical
entities and 10i ncreases specific detection of the target biol ogical
entity, which may be hel pful when the nunber of the target biological
entity is relatively small. [0150] FIG 4 shows the technical

drawi ngs of the plastic chanber structure 302 according to one

enbodi nent. FIG 4 shows the plastic chanber structure 302 in top,

bOttOﬁ]anﬂﬁﬁﬁﬁﬁsnﬁﬁ@bm@ﬂﬂhmﬁhﬁﬂﬁaand t he di nensions of the plastic
chanber structure 302 15in mllineter (my. [0151] FIG 5A shows a

top vi ew [BH& Thedptyication sbte raicedluilingvsian o SaoHsamtedHRents Wil noMypebe
provi ded gt el her o!ﬁb&rﬁ QJaJ M@%ﬁx%@%@éﬂcﬂi YiilaQbiss, embodi ments. The

m crochi p 500 may I nc nlcro ectro e array 502 and a plurality
of electrical interconnections, for exanple 504a, 504b, 504c, 504d,
504e, for,.co tion to,a plurality of contact pads 20 506. The
pIural|tJ“5?°@%ﬁF§gfeﬁﬁﬁgg§06 may be connected to a printed circuit

board (PEB)41] ®IGE! 2L td 31 3how edhetnatic Olewk bea Micrd fleldecdykesiel 0a doayrdiibto
and processin The ﬁleOChl@ 500 may be a siljcon_mcrochip. The use
g

of the PEBeKEDedimEnynAhe prGe éwgstﬁaﬁ 107 appciaclude a&PH@I@ssslmg 3 pgehip
det ecti onglyl 1Hau<‘ﬂf1% tahl’ﬁlcpée@éc%ﬂé %af 3bd F ﬁs@ ifahtrte 'H@féEmOdMé'ﬁcPE' PaRYof

all ow the use of The mcrof di ¢ system of various enbodinents I1n a
poi nt - of -1mar0§lu(dm)1a1215@et1106mglﬁﬁbr adﬁlagpom BlOaaml aosstengy pm‘g 132 witlutae

and chironi ¢ di sease such,as rt ks and. at he Q cl i S

o o L Stk A TS PR 08" e h GRSKEALSE RLOSAAIE R8BS 1060
array 502086Ga4¥hd @ a Wwlene oLl r,memrhe ﬁfeﬁ%kﬂﬁdﬂ&ﬂili’lﬁlajﬂhﬁ@& bR spQ0
of the enbodi ment of FIG 5A. As shown in FIG 5B, the m croel ectrode

array 502fjahevtudesn. 24 hpamg)ebptleflee@ma}bm maarbeaf@gt@@ﬂ ithﬁnfan 30 thigreon the
array. | incgh mlés'r%cm”ti@&" {T%?e[gﬁate& on n%@ g”%g H(in) hg;lgeuﬁ)i %r ¥l}1910 %81 tda ct
rs of

pads 506 ‘fray corres ond
array (MEA) chip. Therefore, the detection regions of the microﬂmdlc system 102 may

15  beintegrated on the silicon microchip 104,
[0142] FIG. 3A shows a schematic bottom view of the microfluidic system 102,
according to various embodiments, with the silicon microchip 104 including the
microelectrode array 300 removed, for illustration purposes. FIG. 3B shows a schematic
cross-sectional view of the microfluidic system 102, taken along the line A-A’ of

20 FIG. 3A.
[0143] As shown in FIG. 3B, the microfluidic system 102 may include a plastic chamber
structure 302, two intermediate tape layers 304 and a bottom tape layer 306. Based on
FIGS. 3A and 3B, the microelectrode array 300 may be provided to cover a portion of the
silicon microchip 104 corresponding to the positions of the chambers 106a, 106, and the

25  bottom surface of the plastic chamber 302, as represented by the dotted line box 308 in
FIG. 3A. In various embodiments, the plastic chamber structure 302 may be attached to
the microchip 104 via the two intermediate tape layers 304 and the bottom tape layer 306.
In various embodiments, the two intermediate tape layers 304 and the bottom tape layer
306 may be layers of double-sided tape.

30 [0144] FIGS. 3C and 3D show schematic top views of the tape layers 304 and 306,

respectively, according to various embodiments. The intermediate tape layer 304
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L01531 In various enbodi nents, each pair of electrodes nay be
identified by its row nunber, as indicated on the left side of FIG
5B and its colum nunber, as indicated on the top of FIG 5B. Each of
the 24 pairs of electrodes may include an inner el ectrode, for
exanpl e 508a, 508b, 508c, 508d, and an outer electrode, for exanple
510a, 510b, 510c, 5 510d. In various enbodi nents, the inner

el ect r odggeluded ﬁl}@@i}%ﬁﬁl'gg35@@310@@&%sp5&ﬁ§&]t05lﬁ8ﬁrst BBY 1€ aN®ihsisB@nd port

el ectrodes and in the shape of a disc, ile the outer el ectrodes,
for exanpllé BI@stively.obhe Mqumediatedape laygy 398 fpdies inchdes Bropenringds? sich

inthe s . e S hal | e
eIectrodggﬁg#%%ﬁgigﬁgﬁ%ﬁgggé%gé%gbgng%gg?bggg%ﬂﬁgﬂgggggegﬁg1g%??%ggs,
f or exanpbetadlBamidddstrodd Bicay T0ohd thesilidtva sieorchipd 0doget her 10 or in
el ectric ni.catign with C ther to f tion together a

cot 1 et Jul RER e, dB° oy Toe ey S0 gisdives I akiingf ot P
i ncr ease 39@RSédite¥pdridingdi the firfiepdriNNEY afd @fet east@Bport QN2 exapgetieelP.08Re

508b, 508c, 508d, may be controlled individually for relatively high
sensi t i veofipidapmisreridaduriarantlades thesopsningp 10 syeh tat a swrfacy of thecrlpstieal

comuni ¢4l ilul823) Ghi The LRTHACT RN 10GSHRP Eoi Ang AibBOL IR

el ectrode, to generate a spatially non-unifor ectric filed that
i nduces direly 809 awbthe sidisors m{dDe)p 18her eby resulting a

di el i [0 G h - simul at | ! 0
0 TIRLOAS L b4t S % WS ReCHSRLAN 0 ot

di el ect r ephfgiehtidh ihited gcorgieies, af Bcbthy wortl, air@led SRRy Arthéyecond port,
according to variouys enbgdi nents. As shown in FIG 6A, the electric

field gertdreh adyraitecelhectloy Pafiem endnpiovics Fagcrdipnipsrg- 101 HE sbewt es
of the i %@ﬁéma%'e%ﬁfer\%%g%f a WkoRuRenskaesh & Wi H%Qifcbl}'ﬁ%onﬁgured filter 320,

di el ectrophoresis ( ), may direct” and concentrate the target cells
at the centoréngdd onchemborhmenteTheembufementont Hlapdd srrtwil arela sl embpgstiment
[ 0155]. FI B.sho an thcal .mcrosc i f a mcraoel rqde
ar t 2y 0TI Barc by (R AGRntir RARCACHe TR Rlc, Rafenh g T B
peak- t 0- peakgiangyn dfubkefiledr. MtheltmBodm¥ni2 FAGB3H, the Blyianays ipldmdvitil in

FIG 6B shows . a urality, of cells 604 concentrated |.n the ntre of
the innertﬂ%n%HOngéo%l%‘r%P“tlﬂ&W%P P@éﬁﬁ?gcelat wa@e pont %fsﬁg‘r_- Pbetet
of negat iy BEPis ihiplenfniddah ohd (&l Qofthdaratdn ih TheVREdRAUSHETOALERIS .

the inner el ectrodés of the first row of the pairs of electrodes may
be connedhedilien 32fAeis ptonfigiied ypasdlledprivadbe wal9{506 se¢andt past 322. Such a

20 configuration may be relatively less prone to blockage as a result of sedimentation on the
filter 320. It should be appreciated that the microfluidic system 318 with the vertically
configured filter 320 may be implemented in any design suitable for applications.

[0147] In various embodiments, it should be appreciated that any number of the
intermediate tape layer 304 and the bottom tape layer 306 may be provided.

25 [0148] Surface chemistry, as known in the art, may be performed to attach a linker, such
as a thiol linker, to the microelectrode array 300. The microfluidic system 102 including
the plastic chamber structure 302 may then be mounted on the silicon microchip 104.
Capture molecules for specific cell capture, such as antibodies, may be attached via a
EDAC/NHS (1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride/N-hydroxy

30  succinimide) coupling to the linker. The surface of the silicon microchip 104 not covered

by the microelectrode array 300 may be passivated with a repellent material, for example
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30i nterconnecti ons 504a, 504e. The inner el ectrodes of the second and
third rows of the pairs of electrodes may be connected to the
plurality of contact pads 506 via the interconnections 504b, 504d.
The inner electrodes of the fourth row of the pairs of el ectrodes may
be connected to the plurality of contact pads 506 via the

i nterconnections 504c. The outer el ectrodes, which are shorted and in
el ect ri calolyegiviene gdwol FEWY. Thereftgd) (hérb @fayiR)a lagercArRBGieS LN Miakers,
plurality of contact pads 506 via the |nterconnect|ons 504b, 5504d.
[0157] | rFaRrs Balsculanard therderslleat patadd. Syhspquently, themjerplluidier waemeld2t o
function

5080, and"CRE ot i SFLafATRURPADY 1 o SERE) B 2 R 1 s o
of t he mi rogineinetbe ﬁu@eomimayosma coatpd hayer. A mi€ter solstiohmay ba pravidst in the

131:’1tn Ik g:ﬁ?dl égf%roﬁ@gldlf ﬁ%‘ﬁ Cnglgl%_ﬁ[ f Or?tg elafclo Ctgé: gayﬁb%%gé%ﬁves gx%ﬁoaa ments, other
(1- (3- Di needrhgd methbapiOmolyn: id-thé bﬂ Intear teoshed Mol €xample dried, frozen or vaccum
hydr ochl ori de/ N- hydr oxy succi nim de) coupling to the linker. The
surface of®#fe silicon microchip 104, which may be silicon oxide, not
covered hyjidjeryy qroeiregt Féﬁgﬁelﬁ”nﬁbérﬁpq)n”@life %Vi&ésﬁllﬁﬁg eghtWebrdy 8! |
repel I ent” material, for exanple polyethylene glycol (PEG. [0158]
Vari ous enisodiectodes amiay | 3(foveduecsd oguspdseis bslhetswe f)f)lblltzdwng entities and

i usfc?;?tll GEashd spetcljf‘% de %mn S tﬁxog%é {ol %ﬁ ethh %na?rtbghl 10 [w%eﬁl G

In or 0 “assi's e deve ing Cro
systen1ohmm&kraﬂﬁeem@ﬁ@km@ﬁﬁﬁemﬁyaamnhedgemunlon of cultured ceIIs
such as the_ Jurkat cells of T- hoc avi

concent r dP1IN HS- Prrkevy ﬁhemt%éal%l éra é’Pﬁ?uP% 63618 S%mggmge) Sta%an?rﬁoé’f
vol une sufcféRingnb dne e%%ﬂfn%? Fie ﬂeﬁ&@ aheg,lersegbganbefr%-ueasenmzema

12000 cells in about .t1, was used he cells were provi ed
to the nitsitom @d@i@sewmﬁhwwndﬂb@émmeeﬁ ofehe Blasiisi ghgmbeyestructure 302
procegurqﬁ]8 H¥$ enbodi ments as previously described, and

filtered at A arent” 25 flow rates and back-flushed or back-flow at
di f f er ent[0131)¥IGas &showhetapeliéwg ofie ndcrbiiap 500 audadied towideniddithent, that

establish su face ver e of the.m croel ectrode . K

7C show dBtX Reproide B PRIL L0t FEReTRRS, o Repikrochip
cells, acmrlﬂmﬁcm@e Xﬁﬁél@él&;tﬂﬁi@@ﬂhﬁﬁﬂﬁ gnd A PAr0B} bCMctiidal [RGE@R¥ctions,
i mages were obtained u5|n an CléB us BX51 Upright H gh Power

M cr oscopéer eguira 644a, ﬁp@ Phc, SHWAhs 0da. opcrmmrtion orpBuepYy pheanach pads
cel | Sy07 005N Thd %hﬁ‘éﬁtgl B Eoritdct b% 506 may be connected to a printed circuit board (PCB)

for electrical control of the microelectrode array 502 and processing. The microchip 500
may be a silicon microchip. The use of the PCB-based signal processing may reduce the
processing and detection time of the biological entity to below 1 hour, which may allow
the use of the microfluidic system of various embodiments in a point-of-care (POC)
25  setting for diagnosis and monitoring of acute and chronic diseases, such as heart attacks
and atherosclerosis progression.
[0152] FIG. 5B shows a top view of the microelectrode array 502 according to one
embodiment, provided on the microchip 500 of the embodiment of FIG. 5A. As shown
in FIG. 5B, the microelectrode array 502 includes 24 pairs of electrodes, arranged in a
30  4x6 array. In various embodiments, the number of the plurality of contact pads 506 may

correspond to the number of the pairs of electrodes.
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m croel ectrode array 702 after filtration at a flowrate (ie. the
filtering flowrate) of about 400 [tl/m n and incubation wth DEP
for about 5 mnutes. FIG 7B shows an optical m croscopy inmage of
cells 704 on the surface of the mcroelectrode array 702 after a
subsequent backflow at a flow rate (ie. the backflow rate) of about
800 1.11/mn and incubation with DEP for about 5 mnutes. FIG 7C

shows an [0ps3]qalvatibey asbafivehtsRgRh J0ir cRtlk&rodes nly B Rleptifiddabe itfrotvhe
m croel ectrode array 702 after backflow at a flow rate of about

8000ni n awenbieh g idicassd o ths ledside of FKhoR andeityhgabymne gumber; gpindicated o
be seen ftﬁ@ FRrF1G. /48, Egéhl tHO %’{a ifs of '@:I%éﬁ%ﬁ‘es E)rtlﬂﬁutﬁel*gn 1% ctrB&la‘? for

m croel ectrode array 702 after the filtration process means
t hat not exhinplerfd8a.cd QSQ $08onsSiwandian diter erestindantor Ekdmme 5&1@&1 Spéls s510c,

o B RAE ehbedenife PRt it el S0 ah B PES fRder

of the fithiy B¢ wonkipg eietsdditydie tBakldpe bfaudisé, Ontileote toneer SeldtRbéss, for
whi ch nay be a bl ood sanple, towards the nmenbrane filter. [0163] In

addi t i on,exeHelenxrs P b eXlP5.c5 10 c jravake redaeicesslerdadey and ibthe shepf qf
the cell Sho%sﬁde%fftlshsﬁéntlaﬁfmmﬁdtﬂ@a Bﬂelaelécltﬂdeéseﬁﬁ%%nﬁu%oéé %8}?%@9' e

Calcein AMby Invitrogen) that 15 stains Ii1ving cells and produces
green fl U®BdsThnower eFROEEdGSYfma:mdnﬁlE 54 0m i1 04, Lﬁéﬂ@@@dmmyrhe@ho@@hpgether
I rragel% OfO cal | % t1~710§ I‘ &t aunqga eac oﬁqer 10 ﬂ] %I’ 7]00€t eg‘dasce co?legtilv%
I n waste éf]{‘e Mt spe actordh ﬁg r,[% various
enbodi rrermatroa’ds)etofﬂluﬁdeaqelaﬁeelmb@gg@s @mﬁa(:elamgasmm& ek igivitg dwhidd 1@
an A ynmpus BX61 Upright Flyorescent M crosc

i t h TC .
(f1 uor esdBRS cfesBodrsoldy sramRly 3933, £O%b, SBfe SO8Y: Igas\%c%@'tgﬁaégwﬁua fiy for

20menbr angafil.diy %gﬁ"@éﬁﬁﬁ%'lﬂﬁ@@a@cé hrAREAENE Br %Q&‘t@d #@dtheeb! & e]fegzgﬁ@éﬂ
It should be appreciated that other conventional nethods may al so be

carri ed cwmnunicasiorpiithglach pidenterfbagtionftogethed ag akpldectinel eleetrdds, tofggnehigy e
gg?r;regntehaf ?# %quil r}goélit dr%i%a {:cqégghcel at, %?QC%% e &F lé’ :h§1e lgt@é%i’ngl% °'°§he
affect t hESLﬂiﬁiﬁZtﬂIBI@ﬂlqﬂlofeﬂbéorce| s, which may be pr esent in a
[0154] FIG. 6A shows a simulation plot 600 of the non-uniform electric fields, giving
rise to a dielectrophoretic field, generated by a microelectrode array, according to various
embodiments. As shown in FIG. 6A, the electric field generated has electric field minima
20 occurring at the centres of the inner electrodes, which when used for negative
dielectrophoresis (DEP), may direct and concentrate the target cells at the centres of the
inner electrodes for impedance measurement.
[0155] FIG. 6B shows an optical microscopy image of a microelectrode array 602 with
cells, with an applied electrical signal having a peak-to-peak amplitude of about 1.5V
25 and a frequency of 1 MHz. FIG. 6B shows a plurality of cells 604 concentrated in the
centre of the inner electrode 606 of the microelectrode array 602, as a result of negative
DEP.
[0156] Referring to FIG. 5, in various embodiments, the inner electrodes of the first row
of the pairs of electrodes may be connected to the plurality of contact pads 506 via the
30 interconnections 504a, 504e. The inner electrodes of the second and third rows of the

pairs of electrodes may be connected to the plurality of contact pads 506 via the
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25 relatively small nunber, for exanple 10 cells or less. In
addition, as shown in FIGS. 7B and 7C, the cells 704, 706, after
backfl ow, may be affected by the backflow rate and may be i ncubated
on one side of the mcroel ectrode array 702, rather than incubated
substantially uniformy over the surface of the mcroel ectrode array

702. [0166] FI G 8A shows an optical mcroscopy inmage of cells on
t he surf afercehndckiens3 S0ALG r5084. eCItHeolcﬂﬁelaéléc&gsodBQef afd eyurthi dolvr af ttenpaads of
flow rate of about 200 121/ mn DEP i ncubation. FIG 8B shows

an opt i clecHPETSTaRbRY coReed orthe g elup ity e £anack Dpds 008 Vi the fpgerconnections
m cr oel eciouo d?h@&ﬁtayd&@l%d@sf Wiichhrs WR3RY 4Rk bagkdd e%ahnﬁatﬁdn%ﬁ et

of about 600 1.11/mn and rncubation wth DEP for about 10 m nutes.
FIG 8C sinlnmmaarbnelcos@ctﬁp tg thetplunlaly of cenachpads| 186 v@Rthe imeticerter haps $04b,
relativel 4harge nunber of cells present on the m croel ectrode array
800, whi ¢ %‘ay affect the detection efficiency of specific cells for
t he m cr qH13¥] dh ©afois\eaibedinthtsy afrfaoe sShedtieg niy e perfbid 4d fililteondlive the
in variouys enhodinents, the filtering flow rate and the backfl ow rate
may need 'BRFTHAEGHOEGS okl cxannln 2088 3Q0MDs 948 218y 2bh dheranier élCFéTfo‘?OﬂS &1 |

nunbers n@ympR ﬂb&"@ld@‘%l@@ élb@ cﬁ“tﬁé ﬁ?dr@&éa%é@al%f S withl IRECSIdhOR
[0168] FIG shows a anpl e preparation efficiency,

accor di nghioblivieeri @Bmmnemd@n f@Eﬁl@@lﬁC'mél OQPT@te 900 asastiotsiiesi mey theaded

|02 tsﬁgwﬁr :?tﬁ r gﬁ Irrg/no?1 n?h]:atir?u r(‘rglgr of éFI S othy aﬁmn H 11?1%@99(3 %gmlb%dllﬁld%

per cenL agﬁ'dﬂni;c);h]oﬁﬁ?m Myctrcisxylﬁeaﬁmuféé): csa)lpISﬁCthfoagahm&t Eﬂie stk folf d}/d gﬂ&ltoiﬁ
904. The nu r of c e Tl t refers,to the nu of cells
r emai ni ngVGPCERel O g@L 19°P|°e<+ ndrpoxgied werm’awegﬁ%%es@w( 00; 1,

accor danGgaymd sM@JtécPHﬁh‘é‘@H@ BR&H: $natekial, CHERhmPRSolRUNENE 21RRPEN S,

as represented by 906, were obtained for filtration processes at a
f1 ow r at d0B¥8] Afswigns 2obodimenty will pgiv b depaibsd bar ibe dalavipy jihgsératiye non-
repreg entE‘q Fé/ %’81%’1 were obtained for filtration processes at a flow
rate of a i N7 mn. [0170] FIG 10A shows an optical m croscopy
i mge of PBMCs 1000 on the surface of the mcroel ectrode array 1002
after fi I‘]}’%Etio a flowrate of about 200 nl/m n and 20 incubation
W th DEP a egm,gi nutes. FIG 10B shows an optical nicroscopy

i mage of [PBMPIn 1P@4 1onsdifienShé Hakophent BB MshOeF a6l MRdsadic aysteB0
after backflow at a flow rate of about 600 nl/m n and incubation wth

DEP for atsgoes ambofimgatest squpley sqlutien ehowwradeefts.guch epthetIhekag gliscof T-
1004, gaf tlﬁ‘ﬁ?ﬁ&%' il She “&%&atc%ﬂc%g;ggés@“@ BRMCENi] OfiBby Q¥CTabbite

surface e’m croe trode array
6x10° cells/ml) and in a volume sufficient to saturate the detection region, for example

about 12000 cells in about 2 ul, was used.
[0160] The cells were provided to the microfluidic system of various embodiments using
the procedures of various embodiments as previously described, and filtered at different
25  flow rates and back-flushed or back-flow at different flow rates. The cells were then
incubated with DEP to establish surface coverage of the microelectrode array. FIGS. 7A
to 7C show optical microscopy images of microelectrode arrays with cells, according to
various embodiments. The optical microscopy images were obtained using an Olympus
BX51 Upright High Power Microscope.
30  [0161] FIG. 7A shows an optical microscopy image of cells 700 on the surface of the

microelectrode array 702 after filtration at a flow rate (ie. the filtering flow rate) of about
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Spi ked bl ood preparation [0172] About 750 CD34 cells (or endothelial
progenitor cells, EPCs) were spiked in about 1 p.1 of blood and were
provided to the mcrofluidic systemof various enbodi nents and
processed according to the procedures of various enbodi nents as
previ ously 30described. In addition, a pure blood sanple was al so
prepared and processed according to the procedures of various

enbodi Menfpd |AfmiRr LM iRtbhiof G3h HERder Ad8t SRS CIHIS, 7Bh8ws an optical
specifically captured on the mcroel ectrode array using negative

di el ect r oplmsespysir@PERY cedpéed pichapidseody the vuyntledtnde andy 8108 after a

m crofluidjcs t a he no ific.cells. 73 G, 11A
Showe an BRERRS HERISE A, Arans B e hedrBS 1, faibait A1) Furth 2ae
PBMCs f r ahdubBors R IDEOfor RB6 8 iRk, FGEeTC RHeWS i afticaNm@rodcbsy MRS
involving filtration at a flow rate of about 50@p|/n1n for about 2

mi nut és, Anellntldion thevuriser phihmetcrogleede atran 73 digr bagkdlovrat adlom raod
LT (b IARh abd ABAEh GBI FPMS | Bhfintde open chambers,

whi l e FI ows an optical mcroscopy inage of the sane

m cr oel eqbré)ersataraye GeerFlflom FI@, 7Af tcells d00 uid hedsemashitng sif:ee esSthe
carried out atf a flow 10rate of ﬁ out 501.11/mn for agout 2

[0174] FIREcropretredsofEayafpZopfier db Dliyatipn BEasEss: Mhighemenns dhatinet 6%?%%‘?65@3;9

array W tihve &lvhatdd e hdias Mt pa3P itﬂf%hgﬂh@%mlﬁfﬁﬂeeﬁltéri Anar@&rF%, at

a flowrate of about 50 1.11/mn for about m nut es, and backf | ow,

per f o¥mednaynbe sedimented hugng ingtleation ailo EP6OM parjous embodimeals, & agltiple
transferr I into Il e an
oo enr TEELSCRE S AoLien T80 SHATRALE, 00U RS, B B0
11C af t erbl@od samiphee towaadshthegembone ditecarri ed out at a flow rate of

about 50 in far. abpu m nutes. [0175] Whil.e a.rel ativel ar ge
o oer oriBiedTig aqfied IR becknt ARy v AokartotteA By bSuBbing sl b
and 110) ,thefilt@ méhi-aN@eitmd D 1060688 Sdye TR xfhplk RlCR AR MEMPitio@BMBA,

| eaving the CD34+ cells on the surfaces of the mcroel ectrode arrays.

201011561 stainsglindng ¢dk and pyeapeserecariploeasceee.CHES. 7T0eands/Exshgwaihgaascensi| s
spi ked | rlnﬁﬁﬁ%pyjmﬂgés of cells 708 retained at a membrane filter 710 and cells 712 in waste
after filtration, respectively, according to various embodiments. The fluorescence
microscopy images were obtained using an Olympus BX61 Upright Fluorescent
Microscope with an FITC (fluorescein isothiocyanate) filter. The cells 708 retained at the
20  membrane filter was estimated to amount to about 201 cells.
[0164] It should be appreciated that other conventional methods may also be carried out
to establish the number of dead cells and cells that have passed through the filter.
[0165] The number of cells retained on the membrane filter, being about 200 cells, is
relatively large and may affect the detection of rare cells, which may be present in a
25  relatively small number, for example 10 cells or less. In addition, as shown in FIGS. 7B
and 7C, the cells 704, 706, after backflow, may be affected by the backflow rate and may
be incubated on one side of the microelectrode array 702, rather than incubated
substantially uniformly over the surface of the microelectrode array 702.
[0166] FIG. 8A shows an optical microscopy image of cells on the surface of the
30  microelectrode array 800 after filtration at a flow rate of about 200 pl/min, without DEP

incubation. FIG. 8B shows an optical microscopy image of cells on the surface of the
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of bl ood were provided to the mcrofluidic systemof various

enbodi nents and processed according to the procedures of various
enbodi nents as previously described. Cell capture was carried out

usi ng negative DEP and specific capture nolecules for CD34+ cells.
25[0177] FIGS. 12A and 12B show the optical mcroscopy i mges of the
m croel ectrode array 1200 with a sanple containing CD34- cells,

bef ore angicafel@irode MAESTBOVGIRF # GERSq et Bdcﬁﬁowtt adlowlratd AVMbbaL &)oqiumm
about 400 141/ min for about 2 m nuci1 GS. 12C and 12D show the
optical randrembainn VitPES fof ah@lﬂélfﬂmnmts@ﬂ EBE r&édghoasragglost AP Begiianal vew

samp! & COM AN, SSLS PSLL 8,000 A'LBL AR 0O RLSEESRa.

m nut es. anfa® B06lwlkish ﬁhg\affeatnhé:ﬂﬁnoﬁ%ﬁimlﬁy :b2 €pdeéfcodelis fdrahsnamsdroingdic
process, a rel t| vely Iaé]gne nunber of cells were present on the

m cr o8l ec¥FERe é{f’“i‘oa‘&??@? eni02. After the washing process, nost of
the cel | 5016 I tdidRee! RS aEbRAemb&limEnt¥Yahe RSHEHoRWAY Ahl Qe Bzﬂ:ﬁﬂow rate

m croel ectrode array 1200, as shown in FIG 12B, while the CD34+
cellsr ermashwddﬁ betnsovded sor et @ substpatially pptimup dovel af celhmwmbarn nrYy Ge
12D, due S cells by the capture

mol ecul e QVIE%lﬁe %ggllrléﬂg@g%%%gﬁg%&%g%? 80 1202. Spi ked bl ood, with
i nt egrat e[dlﬁam"éﬂaacshowdeh@rtatlmﬁ df&hﬁ]@]h jspargtidnheffipience ducoadiag to anaiss

errbodl msnt s desc 3ve fo 10 pre aration and cess
oo o e o Bt e e Plot N GPipiEAS HAGHbnt Lo Pichg i eed HOGERR d19
spectros mc%%nﬁﬁbrobﬂdarﬁpﬂ% £ is shewsl gt @ﬁﬁ& @ﬂth@fnuInB@r @f&iell§ of WY FR&d
on the mcroelectrode array. The cells were detected b npedance

spect r osdapy herceatagatad Hnblﬁewale i18A0Gsells) AR %lnﬁaﬂwalb%ﬁw rgiet 4 The
cel I's at 1olal by elik @”ﬁ%'fhﬂay kS0 Qlﬁ OO0 G8! !aﬁs? rent¥iddifl é]?ltﬂ?eg #11‘(8' Xfter

better sensitivity inically-signi ficant cuts about
0. 5% EPCdiltration dmldtbackﬂolw priocebsibg,, in AGiordanbaithgatmdenitbelinantsPr ogeni t or

Cells Func Car di ovascuyl. ar sk" . .Engl .. d.,
2003, 1534 DAY aga3 R (FPRt O oo SRRSO S@Stwl@%@nﬁgﬁ%@%@fﬁﬂng
I mpedanc gyro@64el afth RBwlrdte\RabAH 206 MR, WBifeShe IPRreSHEs Sl 3RQeproienha
an integrated PCB-based el ectronic system for he si mul t aneous

det ect i orby#i98, weraobragred dosfilghtiompeckasesat b Howdateof 2poup 40 gl/win.
[0170] FIG. 10A shows an optical microscopy image of PBMCs 1000 on the surface of

the microelectrode array 1002 after filtration at a flow rate of about 200 pl/min and
20 incubation with DEP for about 5 minutes. FIG. 10B shows an optical microscopy image
of PBMCs 1004 on the surface of the microelectrode array 1006 after backflow at a flow
rate of about 600 pl/min and incubation with DEP for about 10 minutes.
[0171] As shown in FIG. 10B, the cells 1004, after backflow, was incubated substantially
uniformly over the surface of the microelectrode array 1006.
25
Spiked blood preparation
[0172] About 750 CD34 cells (or endothelial progenitor cells, EPCs) were spiked in
about 1 pl of blood and were provided to the microfluidic system of various embodiments
and processed according to the procedures of various embodiments as previously
30  described. In addition, a pure blood sample was also prepared and processed according

to the procedures of various embodiments as previously described. The CD34+ cells
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20el ectrodes of the m croel ectrode array of the mcrofluidic system
1304. The system 1300 i ncl udes a PCB-based neasurenment system 1302
i ncl udi ng 24 channels corresponding to the 24 pairs of el ectrodes.
The PCB-based neasurenent system 1302 may be connected to a conputer
and controlled using, for exanple a software such as Labview [0181]
The system 1300 further includes a customfiel d-progranmabl e gate

array 25 &rPehycifxady dag@d Gomeaticedlecfoddfrieamy adRiive SitRtemhbair
and to the _mcroe] ectrode array, (not shown). The system 1300 further

i ncl udes OFE)penepdic1a¥dady 15t98RIt0R gl dep migpluidicsetoywash away fhe aen-
and seconsge&ﬁggélspf the naicrofluidic system 1304. The punps 1308a,
1308b, are used to supply a buffer solution to the mcrofluidic

syst em 130474 AAGt ¢ 1 Aoshews e dpifckemigrodonpy amagd ohg miseveldetibdi erray with

' h | d t h f .30t i |y di 304, .
01827 FHEMESERan Al S BEnEate Ot agu P retioPat B AU Haig,
I nt er connfaerhiicing aCovi e eMdMRdt 5B [Imef for hbaut 23AnuthnFGB RS erformed

measur enent system 1302 is connected to the (FPGA) board 1306 via the
el ect ri cawidenstay bomnrascef abeut A0/ miTevi¢HHmafrapderred theBBMasiniorthe opka a
connect or %Ségr v\,hiﬁ:lﬂ3 iﬁGad e%l tQ mate \llgafh 1tche conr}ectgrofl?f&4 01;11@5

a PCB car 181 alSJ’gh‘Yer card) 189 h&" PR RL RIS dPPRer Oh 18T (RS

t he connegiicafelet@dde ity COFIRANAQAE fteimvashirg] Botese @it roay ad fiblke

mcrofluidic system 1304 (FIG 13A). [0183] For detection of the

tar get biraiecdrbet SBn/min fog apoutdaniytesf or exanpl e CD34 cel | s),

i npedanc e i st 1qal s }

bur fer sonraaconee 1 bt R ARERE Il FRESERES Bln LR, |
t 0 measurfeorh hiee kg ypitted bipiod) afteSulisaipmesttd flowakteerf dbbet 50 lul/mat if@n,
backfl ow and washi ng processes according to varjous enbodi nents, npst

of the bidPwig? dainuightand; askilow; pafames twicenal & Hosniieal apay\G0igHlimie
target cell: t i t nGe
roacur et g s ] B 8 Ml RE i hah S, ARCTIEL | B Shot SRR
sumed upniswscomsl imaghef dlesame auieweBttrddst dvaymif FlGel Ke bitadefugherayashing

[0184] FIG 13C shows a plot 13 of 'nPeda cebrre surenment wth a PBS
Sol ut i on REOHESTARTLP Al f Hops7ee sl dhpsh Al pligin o oty SPBiE:. ( he

embodi nen1d] Whie a debfivel5hrg QURBE SIRRIPWERPIESAt dePitRbadidhdy Plocesses

i npedance neasurenment based on a conventional set-up systemis also

shown. THETGS.dtl¢ argld ). jaftep thesyrshing erapessy B1ogt of dlesticedls e rgmmioyed, fesving
20t 3 RS S BT A O cd Line oprsented
sensi 1o Vi [0y76]9In tabiditibin, GBESite samples of CD34- cells and CD34+ cells spiked in about 1 pl
of blood were provided to the microfluidic system of various embodiments and processed
.according to the procedures of various embodiments as previously described. Cell
capture was carried out using negative DEP and specific capture molecules for CD34+
cells.

25  [0177] FIGS. 12A and 12B show the optical microscopy images of the microelectrode
array 1200 with a sample containing CD34- cells, before and after a washing process
carried out at a flow rate of about 400 pl/min for about 2 minutes. FIGS. 12C and 12D
show the optical microscopy images of the microelectrode array 1202 with a sample

containing CD34+ cells, before and after a washing process carried out at a flow rate of

30 about 400 pl/min for about 2 minutes.
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[0185] FIG 14 shows a plot 1400 of inpedance neasurenent for a
nunber of sanples, according to various enbodi nents. The plot 1400 is
shown in terns of the percentage change in inpedance 1402 agai nst
frequency (in logarithmscale) 1404. 25[0186] FIG 14 shows the
results for a phosphate buffered saline (PBS) buffer solution wthout
cells, as represented by the square data points 1406, after a

pre- wash [o118) ABhowntiRAIGSC €2 A Sind a3CrRRdre SIRNvedhidpy prob&s,r Oruldivdbt large
poi nts 1408, and a sanple with cells after a washi n? rotocaol in
accor dand®mher ot GeHF METRPIEYBbeR themistoelsstrodsrye bk TBY2. éfisr thei vashingar

data poi %éc:cf;s‘l]'lgost-rgfetlﬂe&é?@rﬁhﬁlg&nghtﬁg%ﬁﬁ béme\g@ﬂ%cﬁrasléﬁ’% gsf‘rEn‘ﬁegle

for the ta points 1406 a 08 were | ow because only
present, mctderlmmowﬂayddﬂ@schs showh ind e 1 248 rvehileshel CRS4-b aellsgemained on the
measur ement s

Cor o e i cleehgde Bt Pact vRRRAR Pl o e 0BE bifal balfe BE psgt

i npedanceellyby ﬂleaalﬂe@lendlé&zesain tBe Dibek]l BHdk hizaysqQ00,82ppndi ng to the
val ue of approximately 5.58 in terns of the frequency in logarithm
scale). The frequency for the peak 1412 indicates the frequency at

whi ch t heg il gi6igba, ﬁﬁﬁpﬁitégrﬂew gédsﬂﬂé%%%ﬂoﬁ or these cells and

therefore 'serves as the basis r the frequency that should be used
to det ect[MT?éleElI@Iﬂhfs pdoreilvrg n’éa@uowmbsdm{e@m{a; déb@lbe%alsimw&)rathe

pl ot 500 of edance neasur nunber .of Ies accor di ng
to varl oPEERAISH ARh (otiiRe p‘ﬁgt%p‘&%{)%md HEPS e dfPR, msppimenl “or
purifi catlmcpada@ad spqeatidobe Waddrrtdl dut dapiherdtectom of mesmrmapmxddecmrmcof

t he |rrpedance change 1502 10 gai ns the ercent age of CD34 cell s
spi ked i EHE egsﬂ% arisodhe PRl HP’& o5t WAL BT B ORSaRY Phe batch

i mpedanc e, RRas! En%HE rUahlél{ waP ¢ PRERPYclGAE félzﬁﬂre%haaﬂtnu%% s[(<Q00€ AN, of
appr oxi matel y 380 . The detection tine he sanP e was

appr oxi mawigh ylazl@elmbnmresgnsg@rﬂytthmqhe phmefébfsﬂlmgﬁcqnoqlggﬂf ¢ aboutiB5% HdWs

t he regsul r I ol BS 415
buf f elr% Soflaothlgogln(l-\f}\nllm %1%Llaﬂgg%ﬁ1kl?\;tﬁelfa?jﬁ ernt(]‘t,5 ?gl’lsumgé.l]ziu\’\ﬁﬁli:ﬁ 1'1:) %d
measur emgdrdibedscileRisEY &L iBnel. ¢.avied. piOOIiSM(T)nﬁSD&)at es a background

signal cor di o the buff ution and this nmeasurenent .

resul t V\B\lgifoi%g é?‘gr%?ﬁ"% ﬁéyﬁ%‘Bsf‘?PB?F%’E“e?s&‘HgtI@P NG ACHNHBE ' AP S
with cel lgQiddnad Tﬁ\?sﬂ&ﬂfﬁ USORREY bé 88 %t&gﬁat”e@?t%@d@.&d Ei@@tr&ﬁ@@;@s@e’in for
i nduced bg the cells in the respective sanples, excluding the effect

of the buh¢ simalisngeysofetegPnoaTHmeEsUEEMaES fofr iMpsdansh dyased (e 24 alrs sof
for acsanpl & ot dt PR A %%aﬁ&{thgr%ézﬂmdlc system 1304. The system 1300

includes a PCB-based measurement system 1302 including 24 channels corresponding to
the 24 pairs of electrodes. The PCB-based measurement system 1302 may be connected
to a computer and controlled using, for example a software such as Labview.
[0181] The system 1300 further includes a custom field-programmable gate array
25 (FPGA) board 1306 connected to the measurement system 1302 and to the
microelectrode array (not shown). The system 1300 further includes the pumps 1308a,
1308b, coupled respectively to the first and second ports of the microfluidic system 1304.
The pumps 1308a, 1308b, are used to supply a buffer solution to the microfluidic system
1304 and to move the buffer solution along the fluidic microchannels and the chamber of

30 the microfluidic system 1304.
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cells spiked in approximately 1 pl of blood 1508, an approximate 4
i1l sanple with about 33% CD34 cells spiked in a PBS buffer solution
1510 (approximately 0.99 mllion cells/m of CD34 in PBS), an
approximate 4 gl sanple with about 80% CD34 cells spiked in a PBS
buffer solution 1512 (approxinmately 2.4 mllion cells/m of 25 CD34
in PBS) and an approxinmate 4 pl sanple with about 100% CD34 cells
spi ked i oe8APBIGHUTE showsd sehbdmicldiddramanpdi@ih gl OB-Baset idtbi@bnnections
cells/m of CD34 in PBS). FIG 15 shows that the si ghal s_observed
corr el at ed thy gpbodiae ohBEG- 13A. Jee BECRybassd mcapuyiemerd sésdierp (102 seenngeted
FIG 16 £ . t1-fi@r .
Sanl o5, A e B S 1 e T O P e
after cell30puryfindadd oeondéetod] Hediith & adaptbd mapttamdth thadonnsctehbid afn

terms of t t ot i npedance ange (9%, 16 f 2 pajrs of )
o ect Poddst CRAIb L PRE" FDe 67 OB PeR agh T i for B BRlpig Bigponncotor
obt ai ned 13hagedcnedtivRad ARE tidTBESHFRBRALY @ ISPRCIGMEEI0RYsteAr 13108 FImt
at the frequency of approxinmately 380 kHz. The detection tinme for the

sanpl e waldfapproxi mately 20 minutes per batch processing. [0192] FIG
16 Sh.OWS [bﬂf"t}] op WkdeStid0bf @e %ﬁgallﬁolgéicﬁpaﬁiﬁéé Hp&gﬂsgfoq‘ &bm@ﬁ%lﬁﬁ E:(Qfs),
solution 5 without cells 1606, a pure sanple of Jurkat cells 1608
(appr oxi rmenpedapcel mghsupdmedit rwiak liniballycekbdrdédvin b piagericatof tled budler selusemipte

ith ab % 4 lLl.s 1610 i ly 4 pl of | Kk
from B miihe 0F P ko if GITRAERL 78R8 S poD: 12 el e BERERR G

CD34+ celdubsanentBp pfiexihselleition] Badiflo@f andl. Wakhitigl grb@Bses @kt ding tOvarious
Jurkat cells), a sanple_ with about 5% CD34+ cel]s 1612 (approxinmately
4 pl of <EFrEneDt (yReAL tedriclasinthatifies br the spmBles W&t‘f‘eﬁ&n%’eﬁgi legypingythse3
ml1ion Ct%:gletsééi‘ﬂs oAf nCBdakes BF lhll% ﬁﬂgoe%ﬁf)@é(hlm.el%pl@aﬂf% ggztﬂ‘m%&}tlwas

mllion celll s/mM of Jurkat cells) and a pure 'sanple o + cells
1614 (apphoxieperded yndicipingesf in3heritpedencecedre spprmed fup OpeYall thel dlesjrofe1d3)
FI G 1357 stﬁéJMCI_gengtl%ge%g.QO of inpedance neasurenent for batch

processi ng O & Atnber of sanpl es, according to various enbodi nents.
The pl ot [07$N) FiGs 180tshowed bt €320 4bimeddanqeuimbdsutaieno withnd PBSewilition

cell capture, .and js_.sho in terms of th otal {.npeda change_ (%
1702 for “9Plapung §31!§f f0g|ae\é\€%glegf?tf§g§fsr?§1 0? H]tée F?}S%élﬁﬁn%aﬂ%f% i%ﬂ.Fel“he
plot 170Q QR r?&@ 02sied 1972 bMRGHANGR HRRSUMBAEEHsedbn FRDAVERDRAPY
carried 03?@2? thlf(au refqueﬁlcy of approxi mately 380 kl—|zt.3 [1(13194] FIG 17

shows t heseremssystesn fslseshewip|The plota pprb AP skey rdaoaly swicoss]atien faQ
1706 B : e i 4 el | lked
at £ b S oané BirbledAihidnd RIAC o findP BHHMRY S GAR0H TR At RasPlnt
t hat wherfreusntyseghehtthdmipeiasabirge of sappivay isntht klgliesP4000 PBMC cel | s
or appr oxi 4000 PBMC s..spi ked with about, 240 4+ cel] s
O PPe oo T S, B4 iy T O B adiin M Sufiapt o § ETbE oL samples
I npedancexcehiangao ivaE6@A&EkbdiBetS NIWE ploen 40 e SRWRlig t&hsad| nﬁ@gsélaaﬁ@gey
24000 25 PBMC cells 1706b (Batch 2) and the sanple of approxinmately

24000 PBMhargs ipdmpesiapesi ARR eEaipy dipaueny (otegpritima seale) 1768b (Bat ch 2) .

appr o, et 9 35066 “RERE B BEEE 15) Eenthld BRMel Wil PEST BRI Sution
appr oxi mavidiopt 24308s RBMSeted by tlepighad data poisty d406, 24i@r Eﬁiﬁﬂwmig&vith PBS
3' Eg8gBﬁ/Ea\t§ hoblf ?:fdﬁ!: %F%&;pr]éZen%erhobv},vrsth% ?c?‘&ndaé%?augoilﬁg ?4(%?%?1’3- a(s:,f?rlnfl)lg with cl%ﬁ(sj after
a washing protocol in accordance with various embodiments, as represented by the

triangular data points 1410. The percentage change in impedance 1402 observed for the

30  data points 1406 and 1408 were low because only PBS was present, with no cell added,

and these were used as background measurements.
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30 be detected. The detection tinme for the three batches were
approximately 90 m nutes. For FIG 17, each sanple of approximtely
24000 PBMC cel I s contai ned approximately 4 pl of 6 mllion cells/m
of PBMC cells while each sanple of approxi mately 24000 PBMC cel |l s
spi ked with about 240 CD34+ cells contained approximately 4 pl of
sanple taken froma m xture of approximately 5 pi of 0.113 mllion

cel I's/'m [0f87¢P3d 1 £etols tidi theaP iR hitRh@kxt oFQell ordihe 81e8@od®k kdshlRdll in an
cells/m of PBMC cells. 5 Selective cell |ysis and detection §8%1%H]

Magnet i ¢ iBgeass, N1 tpmredh BTy @ aﬁ@peéﬁ@ﬁcoﬁﬂbdi WE4kh 14he j atcmgund
bodi .t h
ant i bodi G(éonéeg&ﬁug foRAY @gﬁ%ﬁidfﬁk fsaam %%#ssofq}fé f “%lnfﬁf}mbg@tmht

sui tabl e ‘concentrati ons. epared’lysis fer
magneti c sbaia)ds’l“heifmqaeml fiorgheo peakplpti@xindimated yhe4ﬁq:11u,en¢:_somtt whithdha hilghest

final concent r.at.i o I‘OXI 150. MM NHAC1 H 0.1
M EDFA SRS © %YF 8 %é‘&ééheé?f"%" JeLMeP 85 Lre S%?S‘g@ %ﬁ‘?ﬁ“’y
cel I, SUlthzﬁ@h@llcﬁBéu&@‘tcl@&@ct%éd‘elﬁ@uhﬁ nle@ski®henfs, bl ood sanpl e was
then mxed with the lysis buffer sol utlon to forma mxture with a

vol ume r 401881 §1Gy i/%ﬁ@"{ﬂ?f rlet 1509 qftimpadange gsasugimept forghpumpper of samples,
|
%grf”éé%&%%ﬁg@&v&ﬁmﬂeﬁ%&ﬁeﬁe bl Qb W8G0 HRERHtRE ngd;%ﬁiﬁ;ﬁrlﬁhg{ﬂ%%lﬁg&fdﬁe

mnutes. "I'n various e
m xt ur e sofl speaditc B4l prapes; edd iin shdven rrawgas of t}&pipmdémtwhqgeaﬁ)eo

= e ToE rstads Bt BARes R EE TR Sl S7D o apit (0o ad

prining abtdidtd whan®elrspedhndenfeatinemend ot s@b(ﬁrog&bp?)/cﬁhﬁﬂh oA aethedrdghaty
out with a PBS buffer solution, provided at a flow rate of

appr oxi mf@pyroggnzﬁq:lyrﬁ q ki gb%@f’teithﬂ Hipe dor the sample was approximately 20

minutes per batch processing.
[0189] FIG. 15 shows the results for a sample of negative control 1506, which was a PBS
15  buffer solution with a volume of about 4 pl, without cells. The measurement for the
negative control 1506 indicates a background signal corresponding to the buffer solution
and this measurement result was removed from the measurement results of the other
samples with cells so that the measurement results represent the changes induced by the
cells in the respective samples, excluding the effect of the buffer solution.
20 [0190] FIG. 15 further shows the results for a sample with about 20% CD34 (or EPCs)
cells spiked in approximately 1 pl of blood 1508, an approximate 4 pl sample with about
33% CD34 cells spiked in a PBS buffer solution 1510 (approximately
0.99 million cells/ml of CD34 in PBS), an approximate 4 ul sample with about 80%
CD34 cells spiked in a PBS buffer solution 1512 (approximately 2.4 million cells/ml of
25  CD34 in PBS) and an approximate 4 pl sample with about 100% CD34 cells spiked in a
PBS buffer solution 1514 (approximately 3 million cells/ml of CD34 in PBS). FIG. 15
shows that the signals observed correlated with the number of cells present in the sample.
[0191] FIG. 16 shows a plot 1600 of impedance measurement for a number of samples,
according to various embodiments. The plot 1600 was obtained after cell purification
30 and specific cell capture, and is shown in terms of the total impedance change (%) 1602

for 22 pairs of electrodes, against the type of sample 1604. The plot 1600 was obtained
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[ 01981 The chanbers were then nmaintained half-filled with the PBS
solution. Approximately 5 gl of the prepared 10 pl m xture sol ution
was | oaded into the chanmbers directly or through the inlet port.
Filtration and backfl owi ng processes in accordance with 25 various
enbodi ments were then carried out. [0199] A PBS sol ution was provided
through the inlet port (ie. the first port) at a filtering flowrate

of appr oxjas@t ohYindercoi Meds@fenzBo 6l Eemo@wwSCdlﬂed RUDVE (h Bleq@ned! of
entity or cells not of interest, such as RBCs. At the end of the

filtrati GPRERYEY, 38 EHana e dsteqiiqnetigi §or ht samplsl was pppresimatdy 128f ¢
to stand After filtration, nost of the EPCs may
be retai nrg te@g&h%t%ﬁ%‘r&g Ile nmost of the red bl ood cells and

ot her cel[DF9AHGr éfrelved thoresslst for & karapiglof tyfyeoxdutatetyt 4 pbPBS puffer doheaion
second port). [020%& In order to recover the EPCs retained at the
filter antittioyt el k606ne euist sreplarsd 6%%9?%1698 tipRpreprately, 4ppk of
sol uti on AR SliAad of MAHENedBE PULhiie RORE 40Bu@ 19 BHBKEL AMINGIs10
process to push out the cells on’ ter, thereby renoving the
cell's frdapdrbeinfatdly et (dnof tampisf eked rign he mislurs dfoafpheximheiyber il Ocrf
the detectiaon regions of the chanbers. The PBS solgiéon was provid

ed

t hrough tthb!3qntien cellg/m! 059%4153?1@6&1}?@{@1%?&&9&4 %{nélﬂlgn gely/ml of
1/

P oceas. wulka LIB) SIATREL Bk abenl a4 obagicoiSc12 i naldy 4l or bRl

10 porpt ahkea fidrh heifiktuge 6f Pproxahareloss j@lﬂﬂ'@@&ﬁﬁiﬁlﬁﬂﬂ)’ceﬁsfﬁﬂ bﬂCﬂ)?:ﬁGE:elmw
2 mnutes. At the end of the filtration Jprocess t he chanmbers were

mai nt ai ne@pivximately| 0g4 of # 32 aijlionieell et RE Juskit aefls) pet @ pureiample @b £33

by flow n B n utel oLfipat a backf | ow
rate of a%%rg% n(:: §P§1g'€geﬁ)y%“ ﬁ%lgrﬁ%ﬁg%wﬁ/@ Of(ﬁ#%%bgrg were fully
filled. 15i19%3G3G. L1 slsctmd plobe7@PE! igpeddred nidaairethbie (bt bdiglpriobdtsing QEQSS
may be perfor ﬂgwfor any nunber of tines, to nmaximze the retention

of EPCs dRénbee @P&Sh@tcmlﬁ‘ifkﬂ tggridens cambofimenss. (FheqiosH 709 was Plptﬁléﬁdaﬁtm
the backfd.oWnRGRIACE ]pgaﬂc ba E’éi‘a"tljr@re[fﬁdis s%w@wteﬁﬂy‘eﬂhe%taf mqifeaaﬁc%

I ncrease the recovery ficiency. [0204] The sanple wth t
was t hen qhnmgpb(&‘o)ewﬂizrfw A2 peinnnbhdegrades, aatm;ertth@mﬁ afisamplssl 704. The plot

1700 was obtained based on impedance measurement or spectroscopy carried out at the

frequency of approximately 380 kHz.
[0194] FIG. 17 shows the results for a sample of approximately 24000 PBMC cells
20  1706a (Batch 1) and a sample of approximately 24000 PBMC cells spiked with about
240 CD34+ cells 1708a (Batch 1). FIG. 17 further shows that when a subsequent batch
sample of approximately 24000 PBMC cells or approximately 24000 PBMC cells spiked
with about 240 CD34+ cells was provided correspondingly to the Batch 1 samples, the
total impedance change increased, as shown for the sample of approximately 24000
25  PBMC cells 1706b (Batch 2) and the sample of approximately 24000 PBMC cells spiked
with about 240 CD34+ cells 1708b {Batch 2). Results for a third batch processing are
shown for the sample of approximately 24000 PBMC cells 1706¢ (Batch 3) and the
sample of approximately 24000 PBMC cells spiked with about 240 CD34+ cells 1708c
(Batch 3). FIG. 17 shows that about 720 CD34+ cells spiked in the PBMC solution may
30 bedetected. The detection time for the three batches were approximately 90 minutes. For

FIG. 17, each sample of approximately 24000 PBMC cells contained approximately 4 pl
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[ 0205] The EPCs may be captured on the mcroelectrode array in the
detection regions of the chanbers by specific cell capture based on
anti body-antigen recognition. In order to enhance the trapping

ef ficiency of the EPCs on the mcroel ectrode array, a novably
arranged magnet, configured to provide or generate a magnetic field,
was provided in a 25vicinity of the mcroel ectrode array. The

gener at echfR@INR6M 6elfsifll 6f PEMIChRIIP vitbletehétPsdntige EP4SHréNRkehpYMH0EBMC
magnetically | abelled on the m croel ectrode array. [0206] The magnet

was thfen celerprilses ‘aﬁfa ahomla?éﬁi@@ﬁdr@ﬁ%lé§§nﬁahl§d BERPY 4l of \rersplerigren
i 15 1.11/ i .3 m i ng |
e o PB XTBB ARrSuRHD Bln AR bue BT SR8 4, °

the inl etap?fbﬁdmatéﬁ@_[l@%ﬂa8.§8‘Hﬁﬂi@ﬁ%€'ﬂ§/ﬂil ofdei@ctcen) of the EPCs nay be
carried out using inpedance neasurenent in accordance wi th various
enbodiSnents. [0208] FIG 18 shows a schematic cross sectional view
illustratd . . | ure of an endothelial progenitor cel
(EPC) 186%%gg%€§?§§%ggﬁ%ﬁgggﬁﬁ%s enbodi ments. The sel ective capture
of the ERCI930Mageti¢ibsade] & (vh nelisikg ol ftb3datantvityems,.CIDDY astitdiks were
1802, on the EPC 1800 with the CD34 anti bodies, for exanple_ 1804,
deposi t edrepargloandetiutedgn atlyss beffer splatipn #iitg spiede sonegrmtionh d heprepaged

1505, - As Efiopdterouflof U BRfbtend SKEC (TRUDRHCor RSl 4 it Holafhed o
T Cr OGhi p.The. 1 8l 0l N porL1onG. of 1 he. ur.crochi-p 4810 not covered
by the ef@étatﬁsa%id@s@egr%ﬂg%%&p%% Rt a2 Rt T s PRI ot e o0
1812, forcmxangdie pol yet hyl ene glycol 10 (PEG. The mcrofluidic

systemis provided with a novably ar r_an%ed magnet 1814, for exanple a
per rranentIOE% Aeblood sample wasdhen myxedwithhedyse byl sslutignee fasm a mixture

assi sting .,n._t | ecti i rapping of,. PC

Shown | n et REuRE R bLRIORIR oBbRRRI0d ot | dRe S wbiiinadig
t he (384 mixturbediteh 480dhen pRPMRY. Temixswre afas linvubmedrigra@butcl Of aina s Ny
enhance t he avergge, EPC trappi.ng 15 efficiency by approxi nately
809%400% ofEPIS %ﬁﬁwﬁ}m%t e tn?%%ﬁ nﬁ’iﬁ‘ﬁﬁr 531 De PURPHER | It Hae t PAgHI Hg
force may, grneethowt h near-field flow and/or oscillating flow
In variodgpgﬁggﬁiggﬁggﬂinear field flowrefers to the flow of the
sanpl e, d0t¥]tAhaticrofieidivage, dal ¢xpripibthk | cedodiatens ofrBG.bA, prasvihele dseas

cl ose as possible to . the. magnet positioned in the vicini of the ..
i or oet ecPr itetaf o At PRI AR B et Chec st clp PerbRfie
| abel doed Rbemellefe TRYield ot MR e PBRST B FeiT8yutdeh, asablided it f Drricex amp! &
by | owering the hegght of the open chanber. In various enbodi nents,
osci | | at i apgroxireately Sed/anin forraheuttl| BWUEFE t he sanpl e repeatedly, or
back- and- hr Hg@- h i el r eqde ti .
regi on, f@?ﬁé? altlﬁc}p Icg y lér e%glglt g%ﬁ%y ‘%@%‘%%Fq‘?n ﬁ%{;p ﬁ%cpfﬁ[?r ta}ftgi tg%%ar?gﬁuon'
backf | ow Agproxinaeds el of theidpated 1Otk O sdutidnor sribadedantohke chambers
probability for the magnetically |abelled cells to be captured 250n
t he mi cr gbieely pioberugh tiiginlet pori.djiltretien endhsgkiiering prosesesinaceadansgyith

al so he %ﬁguiaﬁbdﬁuﬁlaﬁtplvemr{ﬁéMEﬁaﬁmr ation. For exanple, a first

antibody may be coupled to the cells of interest and provided for

magnet i ¢ 024 pA RBSwhiukien avas proviidd ampgoily idgaoitf(ic thedirstyorg et 4 Sltaing

interest gmy he functionalized,an Lhe surfaces of Lhe qlactigles o
cells not of interest, such as RBCs. At the end of the filtration process, the chambers were

maintained half-filled and left to stand for about 5 minutes. After filtration, most of the
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30interest, for exanple after a washing process, only specific cells
coupled with both the first and second anti bodies would remain on the
el ectrodes. I n various enbodinents, the nultiple marker separation
may be perforned based on the different markers, CD34 and CD133.
[0211] The effect of NHACL in the lysis buffer solution on the RBCs
and the CD34+ cells were exam ned. An average of approximately 2.2

mllion Cﬁ*d‘s%ﬁ@ b®tetSEhEH 4t tREhiltsr, WAKIE nRsThX@d r¥d bldod B@lld el ghdubfi@hire
sol ution and were i ncubated for about 10, 20, or 30 m nutes or

Wi t hout itR@aYRsk P oYestedmgush heppdetipar isathe gegond PEY- sol ut i ons were al so

gz ﬁgt 23 t Q?Onng‘?ﬁto%&r t&?@c%{a’éretﬁ? Pes r&%ﬁe%??t‘fﬁé ffife I'a%i Wé{ﬁabﬁ- tjh!-:-'tcg[gu %rh‘?ld

enocyt onet er ter I NnCu t1on.
1900 of tdeectet |ofctharﬁmsamdPB§ siigiom ivas tpeovidedothrotgh del butbfd)lmm irQ@Z
agalnst i.ncubat.ion ti 9 sho t hat for |ncubt|
0?1010 Hrkiiung Braredgo e P‘étsthe s BE e AR reba g b Sa fiy
the |ysi shduflfeprand Qldﬂ'&ﬂeﬁﬁlgV\@@ SIS ab REl chiiavay &, thé hRtedti@birddidng & the
CD34+ cel |l s drop I‘OXI mat el y 50% when the incubation tine was
PR PR 56 ided

30 mi nut e@ambﬁa S@lﬁ o1 ta& Pisvited ithiorgh Heumdles ot oy arbackflowngie-of
cells wth tO6d sﬁonglﬁﬁmﬁ%e“éhag&fqeﬁs%veg? Hif§S. In a separate
shown), a ole o

measur ene Pm resu sanple with RBCs was
i ncubat ed0291] (ThicHeteliyg beockusfWarreddasd|bytflowing ar a ABSWbIuTiOn dirowgheths irdétd
the result shovved that apErom mately 99. 9% of the RBCs were Iﬁ%esed.

[021210 A ROSrAbArifISEing Aedsa PIOM%at%lVédﬂ@élﬁcf%%‘@élt Byniaypt yit e end of
appr oxi Uq@ﬂg 2 spi ked CD34+ cells
in bl oo:jrq ig%rragg]?gate Sﬁgg%g%g%g%r anaznt%é}%(gﬁkggfﬁés to determ ne the
i mpr ovend 202}y hierhaciiovegy ptacesssegsareatedrbyoftowing i Pi3Sagppitiog through the
B4+ ool MUELRERER CREURECTE obae meletk SBDAERERG JeBrognot o fly
cel | counfjeand is shown in terms of the nunber of EPCs on el ectrodes

2002 agai nst spi ked EPCs in bl ood sanpl e 2004. The results show that
an i nér edQ?Qﬁj Thaleydd befappegigtedctpy theyjdliration prpsess Way &g nerfopmgd for any

i m"runoma feh i C

| mpr oved Ty teborEnGe b ARACHEYALARE JreReR A bR BIqIAHRa encies
magnet i ¢ thmlug]h therfgter bid3he Badkflplvdig proceag ey b pudorared dpt dnyahmbecsfasoapy
i mge 2006.0of a croel echrlode array with EPCs w thout magnetic

| abel | i ngto\}é?ﬁl?aée ECO¥HE gl i mage) shows an optical nicroscopy

i mge 2008204 BheMGine v HRdEpasr s \WdnhidsbatedVid NheRUAALIS for about
| abel ling. FIG 20B shows that a substantially higher nunber of

magnel® caldyinugsel | ed EPCs were captured on the
[0205] The EPCs may be captured on the microelectrode array in the detection regions of

the chambers by specific cell capture based on antibody-antigen recognition. In order to
enhance the trapping efficiency of the EPCs on the microelectrode array, a movably
arranged magnet, configured to provide or generate a magnetic field, was provided in a
25 vicinity of the microelectrode array. The generated magnetic field may help to trap the
EPCs that have been magnetically labelled on the microelectrode array.
[0206] The magnet was then removed and a washing process was performed at a washing
rate of approximately 15 pul/min for about 3 minutes by flowing in a PBS solution
through the outlet port into the chambers and out from the inlet port.
30 [0207] Subsequently, detection of the EPCs may be carried out using impedance

measurement in accordance with various embodiments.
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30 microelectrode array. Also, it can be observed that the EPCs were
captured mainly on the gold mcroelectrode area, and not on the

m crochi p surface, thereby suggesting m ninmal signal |oss for
subsequent i npedance detection. [0213] FIG 21 shows a plot 2100 of
cell count on the electrodes before and after a washing process, and
is showmn in ternms of the EPCs on the el ectrode 2102 against 5

i ncubat i qp268] 1G2 19 dhowkneschBa A & sckiicR] #kPAilLSFRIE thseldbivé bafRure

provi ded for the attachnent of the magnetic beads to the EPCs
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m cr of | ui em of 'various e I ments r processi
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Ferovad. g BF 50t Jashelrgroopnd sPls Y EPG Bt oaidisif “BbyRglinked
magnet i cahdgheti@b&lds, o BREpINAY0D A VaRRetinaTEY 10Yhe JORSEEADARE P8EHS Sre

The results also indicate that there is minimal difference in the EPC
retenti oPreddel eninfograted piithed wigrpeuile 1810 alhe microghimBb@l0 wpy p@s SYSIO;

remai ni ”Qngfbfgﬁl?:rﬂé FJn%%i?%hBl%ﬁs 8f ih@kicloRhipt 130 nBP&Bl%Pédoﬂzeﬁak @Eeﬁ&de@o

m nut es an m nut es, I'cating that anincubation ti
10 m nut €806 ma:yﬂsqfaﬁsiim't@hwlth Ea@%dﬂ]sntAnuamqdeil&dhl eeagle poiecthyleasglytdo

duct I 00 bead h
of splikedPERa ARt TP Lo T Bokiebd e A b R0s o Bo600

cell S) t ex@aSpRSpdriendn® heighétOh hatwcifity b IRaneldsCiB0b Yol alBtih@h the
CD34+ cells over the correspondi ng(_ﬁnunber of CD34+ cells wthout

magnet i ¢ SBlEaliNse magnes ttiaawﬂwf ther ERd 899 Msmghoatn @nfdCaf 8ot Whie blgodpell
wash. Tat(t'w?Bé &1848ndt *&%atﬁ%???ttﬁé)@Dﬁﬂrﬁlb%wE hgy£PCs on the

m croel ectrode array f erent concentrations of EPCs with
magnet i ¢ [B208) SThangse EFCsmmhdroagnemdort i map eatiznce The aversge tEPG Hmnpinﬁat

vvlthot t etic bea s 50% 0

ey dur (GRS 5 waronaary A5l Speatar e e e bR e
ret enti onh¢ aappingJoicoRhey 8d chbarkpdrviri Aedreleld Tidwlindiidostlatife fﬂfw vhen
the cells-to-beads ratio were 1:1 and 1:2, spectively. The sults
i ndi cat e eHa¥s eRBodimenisy neag fslthHay isferimig) s ﬁewuefatag SpEp 209@ heei ¢

beads f ory,aneenESMuALd wls%ay@%ﬁvﬂ&j asT1ds8 ab B@ssfb‘fl’@@efh@fnaé&@ d00hed
cell's (based on approxi nmat el . % PBMCs in pi ﬁp Tabl e

1: Ret entihdre vieinity ¢ the Em@gelﬂétoeimarr@m Sq daatethNBﬁMEng @ﬁthEP@gneuca y labelled
20 cells may be enhanced. This may be achieved for example by lowering the height of the

open chamber. In various embodiments, oscillating flow refers to the flow of the sample
repeatedly, or back-and-forth through the microelectrode array or the detection region, for
example by repeatedly performing the filtration and backflowing processes of various
embodiments, to enhance the probability for the magnetically labelled cells to be captured
25 on the microelectrode array.
[0210] The embodiments as described may also be used for multiple marker separation.
For example, a first antibody may be coupled to the cells of interest and provided for
magnetic trapping while a second antibody specific to the cells of interest may be
functionalized on the surfaces of the electrodes. After removal of other cells not of
30  interest, for example after a washing process, only specific cells coupled with both the

first and second antibodies would remain on the electrodes. In various embodiments, the
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Wt hout beads Wth beads 1000 57. 3% 80. 8% 2000 57.6% 72. 1% 3000 50. 7%
50.3% 102151 A full range characterization was carried out to
determne the limt of detection of the various enbodi nents. A sanple
of approxi mately 50-1000 CD34+ cells spiked in 5 blood was incubated
and filtered using the processes of various enbodi nents and the final
cell counts were exam ned by counting CD34+ cells on the gold

el ect r oden@figid nikkd?GeFarf il ASEBP BerfdThied bastd oRNBNGi fRrddt Rlarl@Z) €Y and
filtration and trapping efficiency and is shown in terns of the

nunber ofCRRE3s captured on the el ectrodes 2202 agai nst the input

cell Couggzsﬁﬁ%e‘gfﬂe%tﬁg'ﬁfgcfl Iﬂﬁ‘HF Z{é%vﬁlffepgol{l’éi&lecﬂ{ P REE A thd d:ﬁ?f”«f E{n"ét S

for the ts Ion and trapping efficrency o
22A. The wars gkdrsined oA avenagdel b appRAimaately 22Bmiilhidn cellsémt bfaC D84+ cells were

detection limt he, abhout, 100 spi ked 4+.cells roximtely
0156 or _meed ey hOSR shivheR e R nShat i apodinb e ap S i feslr
ef fi ci encyitHolt Raiuabh. Cietf edllk incabged PES IRfhs wkhealéd @e@hfighe control
ef ficiency was about 15-20% (for exanple about 150- 200 cells per

1000 i npukcaswrmgntiy{he, €3 ssle yvere diluted and counted using hemocytometer after
incubation. FIG. 19 shows a plot 1900 of the cell counts and is shown in terms of the cell

count 1902 against incubation time 1904. FIG. 19 shows that for incubation times of 10
10  minutes and 20 minutes, no substantial CD34+ cell loss in the lysis buffer solution was
observed. However, the viability of CD34+ cells dropped by approximately 50% when
the incubation time was 30 minutes, indicating that the preferred incubation time of
CD34+ cells with the lysis buffer solution is 20 minutes. In a separate measurement
(result not shown), a whole blood sample with RBCs was incubated with the lysis buffer
15  solution for about 10 minutess and the result showed that approximately 99.9% of the
RBCs were lysed.
[0212] A comparison measurement was also conducted by applying approximately 3000
magnetic beads with a range of spiked CD34+ cells in blood (approximately 1000, 2000
and 3000 cells) to determine the improvement by immunomagnetic separation on the
20  trapping efficiency using magnetic beads over the corresponding number of CD34+ cells
without magnetic beads. FIG. 20A shows a plot 2000 of cell count and is shown in terms
of the number of EPCs on electrodes 2002 against spiked EPCs in blood sample 2004,
The results show that an increasing number of CD34+ cells were trapped based on the
immunomagnetic method and the average trapping efficiency was improved by about
25  80%-100% compared to CD34+ cells without magnetic labelling. FIG. 20B (left image)
shows an optical microscopy image 2006 of a microelectrode array with EPCs without
magnetic labelling while FIG. 20B (right image) shows an optical microscopy image
2008 of a microelectrode array with EPCs with magnetic labelling. FIG. 20B shows that a
substantially higher number of magnetically labelled EPCs were captured on the

30  microelectrode array. Also, it can be observed that the EPCs were captured mainly on the
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15[ 0216] A conpari son neasurenent was al so conducted to assess the
trapping efficiency of the magnetically |abelled CD34+ cells over the
correspondi ng nunber of CD34+ cells w thout nagnetic beads, for

mul ti-batch processing. Table 2 shows the trapping efficiency of the
EPCs on the microelectrode array for different batches of EPCs with
magneti c beads and EPCs wit hout magnetic beads. For the nmeasurenents,

each bat cldhmict6el&Icde aRal AMdeA odRRE AXdroEHie byt fat80BeeRCoug s tiRigRiRithdlS
show that, after perfomng a filtration process in accordance with

various ehsebiopeier subsequepl impedancpdeteriioss 1000 EPCs, for EPCs wit hout
magnetic [P?gﬁgsﬁ’IG(S 31 GRbY ialoﬁei&f %{OOégpcgell\?m%[L{rﬁ o&hE eiJcﬁEcgeggase@&i%ggcagﬁeT é’l

m cr oel ec e array, magneti c
wer e t r appsting Subsssjuamnt isyshownsiactenos bfittleh EBCs appthe xdlentindd 2 10D @QaikRCs

was added, fol.l oyed a25filtratian process. The results show that
55 EPes dheroaior Epec iy I8 safon SeBBRE° e duind it Propldens Mg
EPCs W t hyttaeight bEthb eaidSetid R8QEG thy/ EPEs. A?p'i’cmhl’nﬂte@fﬂfmb nfgnetic beads were
approxi mately 1000 EPCs _was then added, followed by a filtratiaon

process. appkcdtadhy pked{ddidt qeHain bleodemdshe blgod samppras (hen aravidsg sethe
D s . ; S .
or Vﬂ’l\qc}cl?ﬁ@% gﬂg%’%f GarRRAESpARR P S éﬁ‘%&ﬁ@ﬁﬂ%%ﬂ)b%l? %?ﬁej‘ge% ﬁagﬁ%ts

respectively. A the filtration process ol ving

with a tovalused tosgepston itmppieg yhe300BHHERUSs on thebderdtiote (egpmaweslsctiode array)
accordance ,with 5 various enbodi nents S rrie out .to transf

e pitcs e magheloq HEF RS PGS o Beirbile SR o iR o e
resul ts showetidadly 1a31EPEPCanthy P wdRasawir 18y 4 tasiiedploodss ERfesrelds kgt
magneti c beads and EPCs with magnetic beads, respectively. Table 2:

Ml t i - batiBHiCHF Sk sty miRgryditfgenoepmdiy ERe teteroadaifammihp sugreclectrode
1st 62153 a%[&? ‘%i%%ﬂnl?&@?ﬁ?é@ lfﬁ%ﬁllﬂlé BVt 3RRroelectrode array) for the incubation time
of 10 minutes and 20 minutes, indicating that an incubation time of about 10 minutes is
15 sufficient.
[0214] A comparison measurement was also conducted by applying approximately 2000
magnetic beads with a range of spiked CD34+ cells in blood (approximately 1000, 2000
and 3000 cells) to assess the retention rate of the magnetically labelled CD34+ cells over
the corresponding number of CD34+ cells without magnetic beads, after removal of the
20  magnet and after the final wash. Table 1 shows the retention rate of the EPCs on the
microelectrode array for different concentrations of EPCs with magnetic beads and EPCs
without magnetic beads. The results show that without the magnetic beads, around 50%
of the CD34+ cells were washed away during the final washing step. However, with
magnetic beads, the retention rate was improved to approximately 72.1% and 80.8%,
25  when the cells-to-beads ratio were 1:1 and 1:2, respectively. The results indicate that the
preferred number of magnetic beads is 2000 magnetic beads for a concentration of
CD34+ cells in the range of 100-1000 cells (based on approximately 0.1%-1% PBMCs in
20 pl of blood).
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10[ 0217] FIGS. 23A to 23D show optical mcroscopy inages of

m croel ectrode arrays with CD34 cells, after purification. The
initial sanple with the |ysis buffer solution of various enbodi nents,
cont ai ned approxi mately 1000 CD34 cells, 2000 rmagnetic beads and 3500
RBCs in about 5 J11 volune. The purification or extraction of the
CD34 cells involved filtration at a flow rate of about 3 pl/mn for
about 6 m nutes and i ncubat mgplefiORRRGM rale APEPTHUL €S. A backf | ow
process was then perforned twice, .at a flowrate of .about.600
1.11/min that transferred the EPCS into tR@B@wﬁﬂﬁ@hanbers and t hen

i ncubat ed for aleuty .fg,-- ; SV arried
out at a flowrate 6? about 15 3 ‘M nutes. FIGS.
23A and 23B showoopti cal n1crosspp% |nages of Bbg%ﬁ1croelectrode
arrays with CD3 . GS.- 23C and
20 23D show opt iZY8P ni croscopy 5%ﬁées of the nﬁ%#d@lectrode arrays

w th CD34 ceIISjﬁﬁger—rhETMﬂﬂﬂgg7@TUté§3*“Tﬁ2§§E*WMﬂ1?1¢E?Tnvent|on
has been particularly shown and described with re{érence to specific

enbodi ments, it should be understood by those skilled in the art that

arious c es.in form and detai l de t herej t
Homarts ORISR b Refinafid v it i Gt b bt of,
t he appenfledagddi dibodiiénts RSPk 6%1&\{@5}51@050 100 tDus+ cati gatedinby
t he appended clains and all changes ich come within the neaning and

range Sof Wefsd was Ewuhated amhélt@ueéuwgath@ Prosesses of sajigpsepmehodipentpand the
enbr aced. I $

bi ol ogi ca %ﬁﬁi (%gﬁntls r‘lwere ex"amlﬁécf’g\f({ gmullﬁ Pg4 mxegfrsog]tlfleo%pll(g@ltg&%deragea%smg
conpr i si ngmicroscope. FIG. 221Acshawbarplni02ﬁ00g1frfdttamcm areiceapping bfﬁcsatnjphmi is
vol une, ereln t he ? anber

det ectin gs WA 1 terns 6 nugﬂn[ef P elfsscggtuﬁaddo%t t%e el od’e%‘%bﬁ)f agamst the input

cell count 2204 while FIG. 22B shows the linear plots and linear fits for the results of the

10  filtration and trapping efficiency of FIG. 22A. The results shown in FIG. 22A and 22B
indicate that the detection limit may be about 100 spiked CD34+ cells (approximately
0.1% of PBMCs) with a good linear relationship of the trapping efficiency throughout the
full range (+* = 0.96). The trapping efficiency was about 15-20% (for example about 150-
200 cells per 1000 input cells may be trapped).

15 [0216] A comparison measurement was also conducted to assess the trapping efficiency
of the magnetically labelled CD34+ cells over the corresponding number of CD34+ cells
without magnetic beads, for multi-batch processing. Table 2 shows the trapping
efficiency of the EPCs on the microelectrode array for different batches of EPCs with
magnetic beads and EPCs without magnetic beads. For the measurements, each batch of

20 EPCs contained approximately 1000 EPCs. The results show that, after perfoming a
filtration process in accordance with various embodiments for a first batch of 1000 EPCs,
for EPCs without magnetic beads, 62 cells out of 1000 cells were trapped on the
microelectrode array, while for EPCs with magnetic beads, 153 cells were trapped.
Subsequently, a second batch of approximately 1000 EPCs was added, followed by a

25  filtration process. The results show that 68 EPCs and 214 EPCs were trapped for EPCs
without magnetic beads and EPCs with magnetic beads, respectively. A third batch of
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a first port in fluid comunication with the chanber; and a second
port conprising a filter in fluid communication with the chanber; and
wherein a fluid provided to the first port or the second port flows
between the first port and the second port through the chanber such
that the fluid provided to the first port passes the sanple vol une
t hrough the detection region and the filter to retain the biological
entity atap%;fbﬁilﬁa_ltél ep00 EPLs v tflédlhdllle_@,rﬁl'lbﬁl&ijb%@ H1Ricresends Ptet results
transfers the biological entity retained at the filter to the

det ect i orshpwed that 7DEPERandP b} Bg% warectrapped EmECsovidiongmesnagic deesdsand
further G fh1%iondl t. G f]

the first por%’ﬁff1 gﬁlatgﬁgﬁcc hga?fl%’elre; L gﬁg&g’t Rﬁ%?@'? %gtﬁgt?dr%}l If%g(%:s %n%g?lg&léth%e
conf i gur ddtches wih pltetat dfappexonaely@000 EBCs,hebackfiow @racess in accoddandhievith

m crof | ui di.c system according.to claim1,. fur r canprising.a third
o “hrore. JaFO FRONIIRGS Stmeanist aerbl Ghehr i ERRAmaRel ol fur lorie
m crof | UificfoeRtSb@&IMuass OMdi Bk Ghéwahin 73 EPOERRI 355 IEPCiel @6 tiappPed for
region is configured to detect the biological entity using a

| abel - f r g8 (avithont magnasic hewls and EPCs yithapgneficchesds, iesgpcdivelyst em
according to claim1l1, wherei - ect i j,On conprises a

m croel ectrode_array. jgpk$ﬁgﬂﬁ§?§%¥p8¥%§%@svsten1according to
claim5, further NwwheriofERGs capt uWehomibeads| es conWigilreeds t 0 attach to

a surface of the—n+e%ﬁe#ee%%ede—a##ay————————¥T—Ihe—ﬁgeFe##uidic
system according to c i m 6, mherein‘?he fluid provﬂé d tothe first

port is configufed toyfJ ow through thg chanber and thg firlter such
that the biological entity is retained by the filter and the fluid
provided to the secondrdport is confidlired to flow tBBugh the filter

such that the b%e+egﬁ%%F—eﬁ%rfy—rs—fg@ﬁved—+fﬁﬁrfhe—+§+fef—%o t he
chanber for capture B He capture nolecul es attachgé to the surface

of the mcroel ectrode array.

10 [0217] FIGS. 23A to 23D show optical microscopy images of microelectrode arrays with
CD34 cells, after purification. The initial sample with the lysis buffer solution of various
embodiments, contained approximately 1000 CD34 cells, 2000 magnetic beads and 3500
RBCs in about 5 pl volume. The purification or extraction of the CD34 cells involved
filtration at a flow rate of about 3 pl/min for about 6 minutes and incubation for about 5

15 minutes. A backflow process was then performed twice, at a flow rate of about 600
ul/min that transferred the EPCs into the open chambers and then incubated for about 15
minutes. A washing process was then carried out at a flow rate of about 15 pl/min for
about 3 minutes. FIGS. 23A and 23B show optical microscopy images of the
microelectrode arrays with CD34 cells before the washing process while FIGS. 23C and

20 23D show optical microscopy images of the microelectrode arrays with CD34 cells after
the washing process.

[0218] While the invention has been particularly shown and described with reference to
specific embodiments, it should be understood by those skilled in the art that various
changes in form and detail may be made therein without departing from the spirit and

25  scope of the invention as defined by the appended claims. The scope of the invention is
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8. The mcrofluidic systemaccording to claimb5, wherein the

m croel ectrode array is configured to generate a diel ectrophoretic
force. 9. The mcrofluidic systemaccording to claim5, further
conprising a mcrochip being fornmed on or in the mcroel ectrode

ai Tay. 10. The mcrofluidic systemaccording to claim1,
wherein the chanber conprises an open chanber. 11. The

m crof | wtmsqn&aé%&ﬁym@&afp@hdw A Ams |8l M1 lhadds K@lich édige Hithin@he meaning
conpri ses a nenbrane. 12. The microfluidic systemaccording to
cl ai m 1, ahdirange pf eayplansy afthg CM%Wyheé?fP%g@adWQ%éﬁﬂblaé?(brrent
arranged bel ow t he detection region, the magnetic el enent being
configured to provide a magnetic field in a vicinity of the detection

regi on. 13. The microfluidic systemaccording to claim1,
wherein the biological entity is selected fromthe group consisting
of a biomarker, a cell, a eukaryotic cell, a prokaryotic cell, a
mammal i an cell, a yeast cell, a tunmour cell, a circulating tunor

cell, a blood cell, a peripheral blood nononuclear cell, a cell of an
i mune system a white blood cell, a T cell, a T helper cell, a

| ynphocyte, a CD4 | ynphocyte, a progenitor cell, an endotheli al
progenitor cell, a fetal cell, an organelle, a virus particle, a

bi opol yner, a pol ypeptide, a nucleic acid, a lipid, an

ol i gosacchari de, and any conbi nation thereof. 14. A nethod for
manufacturing a mcrofluidic systemfor detecting a biological entity
in a sanple volune, the nethod conpri sing: providing a

chanber configured to receive the sanple vol une, wherein the chanber
conprises a detection region for detecting the biological entity;
providing a first port in fluid communication with the chanber; and
provi ding a second port conprising a filter in fluid conmunication
wi th the chanber; and wherein a fluid provided to the
first port or the second port flows between the first poll and the
second port through the chanber such that the fluid provided to the
first port passes the sanple volune through the detection region and
the filter to retain the biological entity at the filter, and the
fluid provided to the second port transfers the biological entity
retained at the filter to the detection region.
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15. A method for detecting a biological entity in a sanple vol une
using a mcrofluidic systemfor detecting a biological entity in a
sanpl e volune, the mcrofluidic system conpri sing: a
chanber configured to receive the sanple vol une, wherein the chanber
conprises a detection region for detecting the biological entity; a
first @IrAIM® fluid conmmunication with the chanber; and a
second port conprising a filter in fluid conmunication with the
chanber; and wherein a fluid provided to the first port or the second
port flows betweanmidigflfidic Sistparfor detectingen biohgnrdl palty i hrsamglkk ddd@ne, the
chanber;, the nmethod conprijsing: providing the sanple volunme to the
chanbeicrofluidic system cogips§ingi ng the fluid to the first port to pass
the sanple vol ung 4hreuIboAfRrdetEGhipR HRILApIANDILRE FhdbR tHeOchamber
retain the biological entity at the filter; providing the
fluid cempiisss sdegnidpnseionter deteghing the bidlegitdl ehilyi cal entity retai ned

at the filter to_t.h t ect.l,on reqi of . hanber :, and detecti ng

t he bi ol ogi cal e%%i:&t%yggm ﬁuld%oT‘?%glF%{gonngft%g% cgl%%g%d?ﬂﬁg to claim15,
further conpri si agecondp@t ogmprivingdra Hilt@gh flald @hinminycatitn &ithitled dhiatripe)nd

the detection regjon, via a novahly arranged magnetic el enent arrapged
bel ow the detect P e prov .e.df%éwﬁérﬁtm?& Ao W%;\?Wff@,tﬂe first
wher ei Bof Agd ﬁﬁ@@&&ldéjahqﬁ%ugﬁfﬂérdﬁﬁﬁér_ AcPHaOthe TRIPHSidBN t Be Yt ipdrt passes
buffer solution; and wherern the lysis buffer solution conpriseées: a

| ysi ng thegample wlyhe Budughrthe dgiertion region and the filter to retain the biological entity at the
filter, and the fluid provided to the second port transfers the biological entity retained at the filter

to the detection region.

2. The microfluidic system according to claim 1, further comprising:
at least one microchannel configured to couple the first port to the chamber; and

at least one microchannel configured to couple the second port to the chamber.

3. The microfluidic system according to claim 1, further comprising a third or more

ports in fluid communication with the chamber.

4, The microfluidic system according to claim 1, wherein the detection region is

configured to detect the biological entity using a label-free detection method.

5. The microfluidic system according to claim 1, wherein the detection region

comprises a microelectrode array. .

6. The microfluidic system according to claim 5, further comprising capture

molecules configured to attach to a surface of the microelectrode array.

7. The microfluidic system according to claim 6, wherein the fluid provided to the
first port is configured to flow through the chamber and the filter such that the biological entity is
retained by the filter and the fiuid provided to the second port is configured to flow through the
filter such that the biological entity is removed from the filter to the chamber for capture by the
capture molecules attached to the surface of the microelectrode array.
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an anti-coagul ant. 18. The met hod according to claim 17,
wherein the lysis buffer solution further conprises a plurality of
magneti ¢ beads for coupling to the biological entity. 19. The
nmet hod according to claim 18, wherein the |ysing agent conprises
ammoni um chl ori de, the pH buffer conprises sodi um bi carbonate and the
anti - coagul &nt cOhgnicsefhidit Bydtan aclioadihgel ddimaf edictedn &eingicroelectrode2fray is
The net h(%d according tq.claim19, erein a concentration of the
ammoni &t @'}Fetﬁlrtf’@%‘“ir%e égb?ﬁ:ﬁm? PRItI88bout 150 mv 21. The

met hod according to claim 20, wherein a volune ratio of the amoni um

chloride togthe PhoatcroMiBicEsys@nDeIcORB: do dlatn® 51 fdifher comprisidg-a thi¥ochip
nmet hod according to claim2l, wherein a concentration of the sodium

bi car bbeiag &rmsd e pjisdhe arGatletPdafey about 100 nv 23. The
met hod according to claim22, wherein a concentration of the

et hyl enedi afg net g ﬁﬁ&%hﬁﬁizc}%@rﬁi Rch8indes @laﬁib@%higcig]th&}\ﬂa}r@eﬂ%ﬂﬁisgs fh

mv or about 0.1 mM . e nethod according to claiml15,
wher ei apguraindiemg the fluid to the first port to pass the sanple
vol une through the filter to retain the biological entity is repeated

at | east ong,ti : 25, s di .cl.Qai , .
wherei n traﬁls'f ep?kllenémcfrﬁguléléoTyg%:&ch éogﬁ?% ?‘if/%%%‘gagg“é & tf} 'Lfleq;f I'TJE?IC?%IPH?GS a
t he detreaibrame. r egi on of the chanber is repeated at | east one tine.

26. The nethod according to claim15, wherein detecting the

oLt oheat LR TRRhRR phRE ARk W05 BhoLo BB ERbiE o Hhaoty
27. Therrsigetafhghetoelinegt iifangkdibslobbthevdvedceib relidg ahe Mghghdti: element being

bi ol ogical entity conprises pr.ocess .sel ected fromthe group
consi sF‘?r%tquﬁd tawvg&arla%%gP@,lneaﬁerum %h@o%eﬁt@&ele {f&ol ecul es,

i npedance measuring, and any conbination thereof. 28.The nethod
according tgscl are Alerofigiceiystetr ecbldihgdtof O1GRN 115 @herbid tHef bIoERIUEALR is

selected from the group consisting of a biomarker, a cell, a eukaryotic cell, a prokaryotic cell, a
mammalian cell, a yeast cell, a tumour cell, a circulating tumor cell, a blood cell, a peripheral
blood mononuclear cell, a cell of an immune system, a white blood cell, a T cell, a T helper cell,
a lymphocyte, a CD4 lymphocyte, a progenitor cell, an endothelial progenitor cell, a fetal cell, an
organelle, a virus particle, a biopolymer, a polypeptide, a nucleic acid, a lipid, an

oligosaccharide, and any combination thereof.

14. A method for manufacturing a microfluidic system for detecting a biological

entity in a sample volume, the method comprising:

providing a chamber configured to receive the sample volume, wherein the
chamber comprises a detection region for detecting the biological entity;

providing a first port in fluid communication with the chamber; and

providing a second port comprising a filter in fluid communication with the
chamber; and

wherein a fluid provided to the first port or the second port flows between the first
port and the second port through the chamber such that the fluid provided to the first port passes

the sample volume through the detection region and the filter to retain the biological entity at the
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filter, and the fluid provided to the second port transfers the biological entity retained at the filter

to the detection region.

15. A method for detecting a biological entity in a sample volume using a
microfluidic system for detecting a biological entity in a sample volume, the microfluidic system
comprising:

a chamber configured to receive the sample volume, wherein the chamber
comprises a detection region for detecting the biological entity;

a first port in fluid communication with the chamber; and

a second port comprising a filter in fluid communication with the chamber; and

wherein a fluid provided to the first port or the second port flows between the first
port and the second port through the chamber;

the method comprising:

providing the sample volume to the chamber;

providing the fluid to the first port to pass the sample volume through the
detection region and the filter to retain the biological entity at the filter;

providing the fluid to the second port to transfer the biological entity retained at
the filter to the detection region of the chamber; and

detecting the biological entity.

16.  The method according to claim 15, further comprising trapping the biological
entity in a vicinity of the detection region via a movably arranged magnetic element arranged

below the detection region.

17.  The method according to claim 16, wherein the sample volume comprises:
a blood sample; and
a lysis buffer solution; and
wherein the lysis buffer solution comprises:
a lysing agent;
a pH buffer; and

an anti-coagulant.

53



18.  The method according to claim 17, wherein the lysis buffer solution further

comprises a plurality of magnetic beads for coupling to the biological entity.

19.  The method according to claim 18, wherein the lysing agent comprises
ammonium chloride, the pH buffer comprises sodium bicarbonate and the anti-coagulant

comprises ethylenediaminetetraacetic acid.

20.  The method according to claim 19, wherein a concentration of the ammonium

chloride is about 10 mM to about 150 mM.

21.  The method according to claim 20, wherein a volume ratio of the ammonium

chloride to the blood sample is between 1:1 to 1:10.

22.  The method according to claim 21, wherein a concentration of the sodium

bicarbonate is between about 10 mM to about 100 mM.

23.  The method according to claim 22, wherein a concentration of the

ethylenediaminetetraacetic acid is between about 0.01 mM to about 1.0 mM or about 0.1 mM.

24.  The method according to claim 15, wherein providing the fluid to the first port to
pass the sample volume through the filter to retain the biological entity is repeated at least one

time.

25.  The method according to claim 15, wherein transferring the biological entity

retained at the filter to the detection region of the chamber is repeated at least one time.

26, The method according to claim 15, wherein detecting the biological entity
comprises:
incubating the biological entity; and

performing measurements for detecting the biological entity.

27.  The method according to claim 15, wherein detecting the biological entity
comprises a process selected from the group consisting of dielectrophoresis, capturing by capture

molecules, impedance measuring, and any combination thereof.
28.  The method according to claim 15, wherein the fluid comprises a buffer solution.
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