M CRCOFLUI DI C SYSTEM FOR DETECTI NG A BI OLOG CAL ENTITY IN A SAMPLE
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 di ag38StEEEIELLN trrent systens used
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| abel -free approaches to achi eve a good efficiency. [0004] Recent
devel opnent s have included using specific sub-popul ations of cells as
bi omarigers for various diseases. SubhhixpgGeldf circulating cells have
been used as di agnostic biomarkers for various conditions, for
exanple circulating tunour cells (CTCs) for cancer (Mcellin S. et

al., "G rc[b'dl@t] WAgiohd BRbofiflkehs relhfiCio 4 ﬁﬁéﬁ'@miﬁicpﬂéﬁ*ﬁ; fo?fdetecting 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 using 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 circul ating
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whol e bl odubkhasheart” Circulation, 2003, 107, 3093-100). 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.
[6006] 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
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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
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[0010] The use of additional labels has prevented the conventional devices from
achieving point-of-care detection in a portable manner, with a speed that is amenable for
20  diagnosis of acute diseases, for example < 1 hour for acute cardiovascular conditions.
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.



5 syringes and require lab facilities for preparation. Therefore, the
preparation of PBMCs off-chip drastically dimnishes the interest of
using mcrofluidic devices for point-of-care applications, which need
to handle small volunmes (for exanple a blood sanple froma finger
prick is about 50 ul), at the patient's side. [0013] The concept of
centrifugation has al so been used on chips to provide punping of
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However, the systens are usually used to trap bi nwant ed parti cl es
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syst ens. 5mall cells (eg. red blood cells) go thlough while retaining bigger celis (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



Summary [0016] According to an enbodiment, 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 fluid connghi G51416802) Howteher, climaiseams ardusshiy eised ao fitapi ldg pmosan@éd

to the first. port._qr the cond rt flo etween the.first porf and
the. SecondSiisie it Ruag TN SO RaHBSsbecios” Eodie BESRREs bireoysiERbties
Drawi ngs [tROAi4harl ﬁbﬁé’h@ioﬁ’&@éﬁh&lﬂ%ﬁes linkRly Sifiedre PoBessed NAREIE tfasG@MS radcK
refer to the sanme parts throughout the different views. The draw ngs
are not néeeyenef trapping i Bglsgstedpphasi s 20 i nstead general |y being

pl aced.upon illustrating the principles of the invention. In the
foll owing description, various enbodi nrents of the invention are
described with reference to the fol Sawingydr aw ngs, in which: [0018]
FIGS. A to 1C show perspective views of a mcrofluidic system
according to various enbodi nents. 25[0019] FIG 2 shows a flow chart
i 1T ustrat ijomep A¥esARE Hhoim BRPHiReh R BRrAdIE sPdtbii B de@¥HieMbiological
according to various enbodi nents. [0020]. FIGS. 3A to 3D _show

schemat i ¢ SPii@ViB agpmplervolings is preideds yReapicrofluidie evsirgn 9y dprdude: a chamber
enbodi lﬁe.nﬁonﬁ%lred {ORL ke 'ﬁlleGsa %'891‘9&, gvdégffxﬁg%f Mngagﬁep CoMbiWs 9 déection

m croflui dic system according to one
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.
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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.



[0022] FIG 4 shows technical drawings of the mcrofluidic system
accordi ng one enbodi ment. The dinension in FIG 4 is in mllineter
(nmm [0023] FIG 5A shows a top view of a mcrochip, according to one
enbodi nment . [0024] FIG 5B shows a top view of a nmicroel ectrode
array according to one 5 enbodi ment, provided on the mcrochip of the
enbodi mrent of FIG 5A. [0025] FIG 6A shows a simulation plot of the
non- uni f o822 &&Gr ¥cstovel tsl:shrg'@rhehaw'mgs lof thennerablidctaysidm agqoaling one
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i mages ;0f L@l hitnedt, M{@éﬁ%@ﬂ@mfaééhﬁfoﬁﬂéemﬂo&mﬁ&fﬁe%ct' vely,

accordlngto vari ous enbodi nents. 29] FIGS. 8A to 8C show
optical mle¥2ss$ Eb@y&h ﬁlaxgw piulriicn plot eﬁthr: @d&uaﬁozaay slegtiit ficlls getdraied by a
according t.o v 9 shows a pl ot of

ol o 1 PR S BT R IRRAR vartchd oty oo ot o

[0031] FI @261 0RK; a6l sHHR e&lhq}ﬂcﬂpﬁlbfbad:op?l i @6 6DPidroBgrmdefarray with cells,
m croel ectrode arrays with cells, according to various enbodinents.
20[ 0032] pregeding fonvatioys ¢podiMEHSopt i cal m croscopy | mages of a

m cr oghec§RIe ratS ayA W bb G6b! &pntcaqmc?osé@}gpin%geé oPHiGohLaRMe arrays with
according to various enbodi nents | GS.” 11C and 11D show

optical miceltlsoseropling tmqelsumm@dWWDel ect rode array with ceI |s froma

sanpl e Of gh(%g(%gsﬁ? Wh ngr d'fﬂ] resQent @l r'u?r%?cogg%%g#e%@t Hs ea? lglﬁnbla

Fl GS. 12A an | cal ‘mcrosco
array filter and in waste, 1espect1vely, 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.



25wi th CD34- cells, according to various enbodi ments. [0035] FIGS.
12C and 12D show optical mcroscopy inmages of a mcroel ectrode array
with CD34+ cells, according to various enbodi nents. [0036] FIG 13A
shows a system for neasuring inpedance, according to various

enbodi nents. 30[0037] FIG 13B shows a schematic diagramillustrating
t he PCB-based interconnections of the enbodiment of FIG 13A. [0038]
FI G 13C dhoit§ BGpll ot sbéws apddaniC enpedaserreemntenisas babedonaa chemmplebf die

the system of t e i ment F 13A. [0039] FIG 14 shows a plot
of i npedared® gﬁﬁreg’ﬂ’é’ﬁ@e%%lg{gdi}hg‘to various enbodi nents. 5[ 0040]
FIG 15 shous] FIe! o4 QhowdTREGIMIC Of NBRSdiREERkasiimeat, Ndddedin®@fto various
sanpl es, accordl ng to various enbodi nents. [0041] FIG 16 shows a

pl ot of i W& easurenment for a nunber of sanples, according to

various er‘m {U& Itf*‘?gt 35 shows [aogl%?]of Fgﬁedahz SR %eﬂle?tl e anuhweg@@%gplﬁsg,

measur enent atch processing sanpl es, acco
t o vari ousicenbinditoreartons end@diBEntE G 18 shows a schematic cross

or ogent ¢ ot b8 FIGad8 b g ! P4r Fstienish o Mertes. Ry oDufor o ygPes
shows a plaatording ¢eldrictoumbedimes@r di ng to various enbodi ments.
[0042] FIG. 17 shows a plot of impedance measurement for batch 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 Pescription

[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



[ 0045] FIG 20A shows a plot of cell count on the el ectrodes,
according to various 15enbodi ments. [0046] FIG 20B shows optical

m croscopy i nages of mcroelectrode arrays with cells, according to
vari ous enbodi ments. [0047] FIG 21 shows a plot of cell count on the
el ectrodes, according to various enbodi nents. 20[ 0048] FIGS. 22A and
22B show plots of the filtration and trapping efficiency, according

t o vari ousféhdodentm sThe{ 0045} eFbGEmeB art mop BEresfavily muttiatialexclusive as

nlcroscopy |na s .of m elec rrays wth cells, acc rd|

Va1 ous enBBRHERe BB B PR BT B M b0uET e PRRLR e hv
detail ed dﬁﬁﬁﬂhﬁ&ngnnrefers to the acconpanyi ng draw ngs that show,
by way of |IIustrat|on pecific details and Snbpdinents I.n which the

i nvent i on [I] Berigpa cpbedinenithway RERHEEinBrRtrellfl sty japdcp jmppthod for
suf fi C'ﬁ”%efi@ﬁx?éqbﬁl&@@é"agﬁﬁeé hosg a%0§éffs| JnEGmInﬂﬂlEelP@ @ftﬁ &ﬁtlpélﬁqmp?@ved

t he i nvention mbodi mént's may be utilized and structural
| ogi cal , amdowance ran@aﬁfﬂ@hENge@thmyozbmthard@om tahdeast deparcf ithe agsoeipied
t he scope ;. 0of tpe 'W%%QEH%%I e various enbodi nents are not

necessarlfvmﬁﬂ z%??y excl'ld1 V€,""%s sone enbodi nents can be conbi ned
W th one @o03mpnariotdembedineats Mt Srotide faomitrafhildie shaekh madtasSmethod for the
detection biological entities, such as cells or biomarkers, and for example peripheral

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



[ 0051] Various enbodi ments may provide a mcrofluidic systemand a
met hod for 5 detecting biological entities, such as cells or

bi omarkers, with relatively inproved perfornmance and efficiency,

wi thout or with reduced at |east sone of the associated di sadvant ages
of the current systenms. [0052] Various enbodi nents nmay provide a

m crof luidic systemand a nethod for the detection biological
entities, relagvelpsmabhilsbarofbeltrraiiedBMV CandEPGs mex dapdodatgkfrompndieilbloot0

bl ood nononucl ear cel | BMCs r .cir.culati.n dot hel i al ogeni.t or
cel Vs ( epets iyl of (AR oot B BRESITE iy P BbS
vari ous emadi s¥BObSed bi thedirdffdroncdiof 15y 9KDs Ny EPAS kadistharblogeeells. In
chanber for the detection of the biological entities. The

mi crof | ui dRECEy SRRGImERSs.pwesfi et dueh 20 ERGS Bayibergegichcally beligda for
m e of Ui i gimG131Rieiro o8 UeflsC 83k ORARI ANHING et 300 9H)s AL 1810
embodi ments nmay provide an integrated mcrofluidic systemfor the

| abel - f r eenagpttemtly asvlasé tpenigrieteadly abediod ERSisde itheaPMBEs i ofdRBMCdFteetr
circulati Q@ gggot helial progenitor cells (EPCs) in the bl ood of
patients, "80-as to provide an integrated bedside diagnostic test. The
m cr of | ui q0ese} wakiors Fapodinemisdal hrofidan el i dofnds anficeo i dip agyateno for

for exanple isolating perié)heral bl ood nononuc| ear cells (PBI\/CsQEor
20 ci r cul #bfayngnadehel piBMEs geRPEs froaed redativelcaaliiiend sapwla{<oby 1D,

sanpl es, clfi : 0, [ a1 ] bk J
andr arat g i sfsencE Rtk G apaAClh Gtk AN A0 bR R ERAC A
rel ati vel yuls-oypeacsuchysst dm PRMIBS4¢r ERCyantdus reimboidé mant ell {dse  Various
m crof | ui di ystem may provide the functiops.of preparing cells

o o  PRNVCEp el A BRRATH TSR PEryO SRR OB BLE S 5! e
25 det ect ivith hhemSgldidies, 1kigg PbePRéAddRioef the cells may include
isolating, enriching or concentrating the cells to be detected.

[0055] VarlP®iTd Verpedembadigentsympy gvovade & wiwpiludie cyaiganand pningled thet
syst em:i ncl.udi I el i e PCs.. f

ol o 51 oo A treBer R Bl o o e ot e e s
i nf or mat i onthodistangumhable surfaey nlaekeps; 0j @ chabedin baiweld nuproflvelis elp It inmya

bl -1 r e dP Rt eE e B At HeCH L B BRI R G 3E P RS el
be abl e t @ sdriti6s bf whole blood.

[0058] Various embodiments may provide a microfluidic system and a method to prepare

20 a PBMC or an EPC sample purified from a whole 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 pm to about 8 pm for filtration purposes. The

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

10



relatively small nunmber of cells. The PBMCs or EPCs may be isol ated
fromother blood cells and transferred to the open chanber for
detection. The systemnmay filter out other blood cells based on the
size difference of the PBMCs, the EPCs and other blood cells. In
various enbodi ments, specific cells, such as EPCs, may be
magnetically |labelled, for 5 exanple with magnetic beads, for
further i sph@bihobesahdn sRaceRIdtRhl Ofhe n@thisraf@filtrehpy povidegnetativelyl lyrge
i sol ate tge[\ magnetlc IIy Iae? E'gle] PCs fromthe PMBCs in order to
det ect 508 Arqac: G]re%‘f % BAPYRENELICHESY pr ovi de a net hod and
a mcr Of | yoghog \éﬁ%ﬁﬁéﬂﬂﬁ&ﬁm%& AH Ij}gwée §Qﬁéﬂ§dcp£hd0§ nF&Nﬁ:éldRrsyEtpﬁéswftﬁ am
a relatively small blood sanple’(< 1 11), th a high

ef fi ci encyppemetgnibar imgludingd dMeFHOIanWef?i dﬁaﬁmroffa@nolq@@@@mﬂdnn apample
speci f| C ¢ h, as R

rare cdll gic?éns.’ “%are?ﬂtggganéﬁnggalu%‘ n’%‘s}? rra%l}%?lgv edsc,fgfo tﬁgg?%l %Hr%lsn% S
resul ts i miaroflaidid syeferciadre tleamblopdnﬁg/sf thmopért dchambm nahis fehmtmitasshe need

usi ng | abel -free detection. r s enbodj nents. rovid

mi crof | ui dPic@ §'9‘§“Bc"é‘ff?%ﬁ’d’°‘éﬁsr9ét[q% q‘?ﬂ#ﬁ d“i‘gcsp'ioot\r/‘i“a%’nﬁ? ﬁgﬂ %éia UG P the
det ecti on gfec6& lleéwn &H&@b}aﬁnf BiMes Q11 168Ckr Qﬁaxﬁ’ﬁl@@f ﬁﬁ@ic' infedBBSechbld In
di stingui shabl e surface markers, in a cha in a single

m cr of | ui degoushimbadinaentsresynall] sagnld wjames meg b@é{Sé‘étal%lﬁ with seqaertis] batch
The qué{cséu%ﬁi]\n%\}gﬁtﬂé S&é@g%ﬁ&' ftﬁeyﬂﬁi%ﬂﬁ?&{c tdnl @ SOl ution of whol e

bl ood 0 riou LTrent s provi eamcroflwdlc system
and a net Heabo] dn aemEr anﬁ(&hmexﬂalvtﬁeosanqﬂe bxfag lseapphﬁeqol]wl ljassnlg ftha)mmple

whol e bl ood | t hi m fluidic chi
o of L ui AREVEYLEOR M) Be PHIBGRATLAr i P merorBfc R ok oipiae”

t echni que ah@ r45iQ IR0 RSN Bity @bel RECRA, ok 08AN110 PRMCSAMERES, by the filter
preparation region. The detection region may include a captu

surface f ohileiromaying &gy kialpgisy eaiin @tdad%elﬁeéecfﬁﬁil weigh gass fhﬁ%ugh She filter.
i ntegrati i, @f,i6 %A; oRiGRAL 'I\??sl JE}*&@%W&E@&%{)&?&&%&% fPorf hORER

25 chanber In a p of Various ment s |m nat es
t he need fand transfereadgé drerchmgbproivesdstedtion newdepkdotmatdveen di f f er ent

dul f i d h b [, |
o 5 1S B RR o S B B Rbbuchf e

ni cr ochanr@kss chabet,M@vinge: speit isti@aderfosdiddiitzed With specifiofdapiue Bokysbem
may i nclude a menbrane havi ng a _pore size of about 3 gmto abqut 8 gm

for filtrdbPoiPRRe Sudess. mandeITHshiir A Fenpare or rf’&}ﬁ"%S itht é@%yatﬂ%tacwhfh

the mygro Pkégwecofﬁwlsgﬁatl Qnmomg %lalaﬂhmce@g@hﬁqay ﬁ%@pﬁx@md@w&r@%
si ze separation nbr ané lter may provide relatively large

filtrati odluid eemmnuicationeily |thﬁe¢1;antheg lor ¢l ¢apruse @mé«'wp efld ticepeys, may be
[0059] Var I Olied or connecrpacf~I go the cyan%e?%y rganveﬁm r-(Brt mx%rr]c()jchgnﬂascgu% lth% glfﬁud

system wi R
such as a buffer solution may be provided to the open chamber via either of the ports for

sample processing and washing of the detection region. The two ports may be coupled to
25  pumps or syringes to move the buffer solution along the fluidic microchannels and the

chamber. For example, the pumps may be used to input the buffer solution into the

microfluidic 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

11



open chanber including a detection region, for detection of a

bi ol ogical entity in a sanple 5 volune, where the sanple vol unme my
be directly | oaded into the open chanber of the mcrofluidic system
fromthe top opening of the open chanber. This elim nates the need
for a transferring process or flowthrough fluidics to transfer the
bi ol ogical entity to the detection region, thereby m nimsing cel

| oss, for vebﬂarrptmviag thd luibkdfgicali entity oarindetdetsnred ahd theaniffen solution to waste.
embodi nent s a | unes e _used.al th.s ntla
batoh 101 aBRaBr RS RS SRt EREAe R, REY b BaR trbiet B 4R

[ 0060] In o)zslanssin@lﬂsreaidmdueiame&ndtt%s&am Kol aldéhtiptiiol B @sﬂedaad d%a@ﬁiﬂag
the sanple through a filter, such as a menbrane filter,

mi crof | ui @ &eshlgrdpmthe, claﬁnéhsr the, dp%tr%& ’@gé’ﬁo(’frtéﬁ ahﬁn?%@rﬂh% %ﬁpéaqtrode

entitysto,[gy %ﬂqﬁf‘ﬁﬁ@haﬁlﬁ’& % 3MRLG MG, B tre IHMeédi'@s thiy b& 1o‘MHehe

renovi ng any biol ogical entity not to be detec pass through
t he filtemrnd/obatathed ¢n thlecsglrfwlofélmmtcyer@godPBN@stomaptEmby biodogeal entity
detected is,t

chamber  wiLPe SRETEET Ty e Salet Bk o Oy PR i I8 enity

enbodi mentsbe deldat&Cln Oafhdi@@m(bﬁdmﬁmsbﬁle phioMeltedodd artayenbobd eaniighredhe
open chanber, having, a caBaPure surface functionalized wth specific

capt ure mSEREEHE SO “Wf@méé ticieddy ealndussediclseiraniinresiy o &S%ﬂyné%%%i‘ﬂﬂé‘e

or detjgct Qﬁémtc{i@étmﬁ%!‘t&%&@ﬁwél%ﬁ@% BL gssace of a biological entity.
The mcrofluidic systemmy furthér include two ports in fluid

comuni catP$3] Wi viriausembadmisals, the migeollaie gystens ey doaherTndudevp mevahlsy
e oGtk SRS | Dah BGef MO TG00 Tl Lo BORY bield in o

m cr ochanfef & Su¢ such
provi ded t\rﬂ:mz{fyeof@b@dbtéﬂmaﬁb@iomarahemidﬂ&’lemfodé heay atit maﬁﬁkftlcmﬂiﬁnemay be

processi ng and washi n of the det ectl ion, The t ort
coupl ed t Pf&'“?ﬁ?ﬁb%la et oy 1 %tgonﬂaénﬁto r‘HEﬁ‘ F@gﬂ%%ﬂf gFlBﬁé t“taﬂe

flui dijg mes Beltanae ki@t tiae b@élﬁﬁiagﬁetmﬁw 1¥BPASthe lBR MRS 7Y A8
used to input the buffer solution into the mcrofluidic systemor to

extract tHacroglgpiradeayofn fhienambedimsgisyt phhality eihmagactainadyobd piogided
system I E%p as a buffer
sol ution, Slﬁ%aggélvgéﬁsh K%E’ttﬁ#égug %g%ﬁ@{} %a‘f]‘%é{&%%ﬁ B nl(agg t he sanpl e
with the pMsHbé catiownimbodimhentdeahe diodegied dnttyf moy beheappednat ¢het dutatigh
the filter, .the by retaining the biologic ntlt t o.be detected .at
Lhe 111t ofeeiGie] Be Birgu PG CHUGE: ) Haraa ey Ll ooty Beft
and t he blﬁfgfdafraﬁphbﬁlbmgu&mee A backflow of a fluid, such as a
buffer solution, may be flowed through the filter in t he opposite

di rect i on 19485} ¥aoes ambodimgpis ey piEidsi yrfaes arkesddsntificationhd higemnax ped
as retai “E@luﬁledt@ye id\h&lﬁ% ggclﬁé‘%aﬁhéﬂn%[m%?es&ﬁta%c drfBHd&?gizcﬁneﬁinp‘iéﬁe

chanber or the mTc oeI ec an-ay Wt anber. I n varrous
enbodi menestibodegstspeaiintd euthebs qwislyadbalcpr owicdeld (EpdAdf) dtTEChedCbA4tone

o bo. det CH'da. Mol 8536 Al Hek® ORYL IREPERGL "G Bk Fi BY
t he bizel ogidvaledeRirtiiey ehBodithedBireGt MEvidk Mutasle Bisskee REQIHTANE &, exbigle, a

m croel ectrode array may be configured to generate naon-uniform
el ectric fiygpgdbady m%‘erb@ualeéﬁ%éher%ﬁaf adgrestagd grayided fpyymegnetic 3pRiRg

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 interest, for example after a
washing process, only specific cells coupled with both the first and second antibodies

30  would remain on the electrodes.
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10and i ncubation of the biological entity to be detected. 100631 In
various enbodi ments, the mcrofluidic systemmay further include a
novabl y arranged magnetic el enment configured to provide or generate a
magnetic field in a vicinity of the detection region or the

m croel ectrode array. The nagnetic el enment may be a pernnmanent magnet
or an el ectromagnet. The generated nmagnetic field may help to trap

15 t he bi dDog] d&rioenteitbyditirats hag edde magrétodcald g hzbdluidid sstemhéor

detection.reqgion of ,the mcroelectrode array. Ln furfher. enbodinen

o phur ar | edathagh db@Sic S @R P G s Shbbn abfort HoHiEACTRE A St
magnet s ONEPEYY inFREN&oRintEYf Mok Bl¥edled100 i), MRGA dsthdifkéliive capture or
enbodi nents, the blo|ﬁflca| entity nmay be trapped at the_ detection
regi on of IMObH{zatigF prfl Hicr dajectiombyyininmogheniptsy eeynlek with electrochemical
di el ect.ro I . t1 4 G ceatOq fi . i .
[0065] “varBuane i e odlisc U oo s Olip R el 38 S P AR I ARIE dhrey
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ant i bodi e For exanppl e, anti.-bodj es specjf] pithelial cell ..
Shes o' nESGHFED CEgERk RS R A B SRaEls dsfectERGR: [pEpd oG bprghera
endot hel i allodtBdis@nupleat RUS (PRHACGERATISHR frodd siRCsizedylobe s2aples @vh tddon-
Furt her enbodi nents may provide nmultiple marker separation. For

exanpl e, &hily §HINZa ARG FANPTREIC BSCEBRIPE &8 RPedside BOnjtering sYsisieried Poighd
provi ded f.@r ¥ . g, %?lfé)ﬂﬂ i SPERIsEdnFi
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after a washing Qcess,. onl pecifj.c, cells, goupled, wth.both th
flret and aBege’ RE RSy B0osRrt obler i Rash P ol fefeipiohl Sast
[ 0066] Vartteatusene dbadone pagichRyly ihdgdhe studtRinkoSuchngl rélativiety Gfst wépdiration
systemfor integrated cell detection for relatively.rapid separation
of rare eRiRAHersl ?“fg’%a]éfﬁef nidkigatign, sl as spata s RSP LRSS P SHAGT e
bl ood < 12Qnldiget cARK (BB EP@S hiieédabRe] Gidel MBaCHPEM A applications to be

i mobi l'i zation and their detécti'on by i rrrrunoc%em stry coupled wth

el ect r ochewiforped i mierp defakryelysie ngitegs 0d A5 ocal i sed detection region,
such as o el r [ )., I .

be. bl ood JA0KTT SRR, SAbOFENE A rbigle mdilGy T TglePll S AR ol RE
enbodi mentlgsisray ral blowd tchits PRBE&E with itmanaemagietiEREpastidroWhasblBod %armple
peri pheral bl ood onucl cells (PB directly fromsnall-sjzed
bl ood samSPBET1 ggﬁaﬁpéﬁspmém&i ﬁa%all\{%ﬁrgp%ﬁaﬁ Sirdon secﬁsgsn%%&r
test, 73 bedmtige ofmntiond RIS St SMinehiuth AQrde (NH,CHohr GalserRpRfié. aalicn
for healthcare nonitorin drug therapy optim zation and stent

i mpl ant  dé8i i olysiwaki aggntvasddbine ceathenitaeNeHGEY) alak ow t AE obudfes| |and
det ection _t - it hi-n 1 o, that 1] i i

be. pr ovi A Bl ptid \RAIT St Bt LB B QiR bFRHe
parti cul arthesddiunucgbmatesint thalistrisiffeSsdticn mey alkso Vigicyiod ass bbepartatcesn

, || ker. ident]f.icati | i al
et chment T A, AT hufGRobrat By diind Sraltle rmheb el such
enabl esa W dRaghailgBedls. ThE ImApasedbaddp ! hHabl AREbIA-10RePehLEMBEBedd (ie.

mcro total anal gsi s systens (RTAS). [0067]  Various enbodi nents ma
provi de aTRASPRidbeads caimied Mt amtBPEy)sios canplingr tor the BRLes whish may al| Bsd
cell's (RBGL iWel by ’8 ﬁ,‘%"d??l‘i@‘ﬂ?é lafd SRRAAG b9 Mmnla6 l%hﬁ&%r R Qicrofluidi
cont ai ni ng EPCs ahd 1 nCs may & ??lil%ti éﬁ y9p?nénpar% an ?npxedﬁ\l/al? malc
| ysi s buf fsggtem 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 simultaneously perform removal of red

blood cells (RBCs) and cell surface marker labeling in a relatively short time, requiring
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20 solution of chem cals, including anmoni um chl oride (NH4Cl) for
lysis effect (ie. NHACL as a |ysing agent), sodium carbonate (NaHCO3)
as a pH buffer and et hyl enedi am netetraacetic acid (EDTA) as an
anti-coagul ant. In various enbodi nents, the sodi um carbonate in the

| ysis buffer solution may al so function as a bl ocker to cease

Na+- K+- ATPase. The lysis buffer solution may further include magnetic
el ement s, abaehl0 REnutes, madmetyi esiedndshe Toveplettgnef ihe ﬂzrelaaistiqmgndbéetection

ti body-1Iinked t bead
ggt: bgdi) p:A’gCrSESggL{% 90 tlhfubqe ourEgéglo%n?xgﬁ %\%ﬂtﬁ%ﬁa}{s H%s% {ai\{mlvgly higher

capture ofefﬁdielcﬁla&srlgﬁigl(:dem%@mp by i mmunochemi stry in the
m crof | ui di C sxfst em of varjous enbodinents. I n various enbodi nents,
sel ect i ve [R048 T yariqus exboringents.y Ureslygf Drbes solwtign seayyinclude japproximately

sol utign CI(BUW“NHQ:F he &RCRaHideevar mM‘%ﬂ”ﬂ’&'a%doibohPQO(ﬁpnﬁEﬁlc”‘Pe)éds

occur. Such a preparation process sinultaneously performremnoval of
red bl ood Hetdvsr, (t(RBOS) baappreahted $ut fhiasencentritéom dfAH2IGlmepyibe imthe 1ange of
relatlvely It i about 10 m in
the compl SbPurogRY FRoolrdI0 by BRI o fRef bR 10 BRE ! Rl b
than 1 houange\drabousl(emboeh At SOrmM d’r&ﬁﬂhge bfaticak 30irvell & ddo@NEI0 mM,
effici ency a}tﬁjer lysis (> 90% EP %006 In vari ous enbodi nent s

the |ysi s SBel thatthe goneentgationsy NEE {mé 8 AR L welYlerBPus 24 B Nr@PC’fM
10 nM NaHGEBs: DolmiM @Iﬁl@@%ﬁb&iﬁbo@@@o Qﬁqnﬁﬁ hl?oulﬁﬁﬁgsapp}é&%ﬁethat fht‘-:

shoul d be appreciated that the concentration of may be in
range of a&PeAsntradpong N@H@Qmm@l@@nﬁm rgnge of aberp 1@ @M mwg@ubflo%mi‘di fOIO

of about S0 MR o egsoof AEG! Pl 3o R @ SRR oL TR AR

may be abaOtmMO sudid thaﬂ)t(hatcoﬂ@nﬂMonadﬂbNﬁﬂﬁm mMy Hd)alﬁhh@tlf) o) abddt 28baM,

s oncomt PraPaf i T Ehent, dn, SN mot e R Shoh gollcinad Koy sl be

100 mvis f px@&ﬁﬁﬁ't@at&hé MentﬁﬁtloﬁQﬁlED’ﬂ&nWEeolnatlﬁ@%ng'é%ffﬁﬂbﬁ)tr 0.01 heN1a8
of about 10 mMMto about 20 mM such that the concentrati on of HCO3

may be ab@heutld md, famexampior range afydout @61 myl tapkaut OsomMye reissof 2boit

Concent r att an ot CEPAl O3P8 £Re BEatens BAPRAPLTNRG: LD e e

1.0 mM f@nn@naﬂpine)féiD%gmybé abcmetOIOanabd\tt 0.05 alddugbodt & 1 mi], d)ona(fn@e
of about 0.,Q1 ou or a range of about 0.1 mMto about
1.0 MM s ?Wﬁﬁﬁiq@bﬁ%%h@ﬂ on of EDTA may be about 0.01 nM
about 0. 050069 I2RedusGrdbodMiendh ahe bRod sidbleabDt be Qmﬁedrwnﬁrthamm bulffer

m 20 00691 I n various enbodi nents, the bl ood sanP rr(%y be m xed

with the B¢&fign ffbf%t taoyelumg ﬁat&kfmﬁ&lt(h%\ﬁ@g 9 6PRAFBIALAN of gputNE M)

(haV' Ng a;£OR6ERH 101fto<’>}bmJEn Ja?%ug%ﬂ‘ cf?m@n@oc e [N 98 Rintd Fhelmkni @
10. In various rrents tota ume of the m xture

sol ution tml;mbxemhgbeleshman 1OI®pr [0070] It should be appreciated
that the f netic. bea mayb ferent .in 25 various .
enodi nent 70BN G A DE RToEaP! Sopt bRl de i Rer e
magnetys ¢ REdslE- enlbddiddnks) a@&mg@hmﬁ@nb@ of 8¢lisQo ¥k cdupBdMahitke B8

per 1 cell is EbOVIded For exanple, in an approximately 20 pl b ood

sanpl e, t headsubeariogs cmbediments, baationok hmagasiigebasfls a%rohpeiblsmrwd@d For

PABCS, coct BTl oy oA, 3P0 000 G, TORLICPT e O

30r el at i vednge ifgbet 0. aury@oﬂPMBxgmebtraspb@cadg tgabout 1<c)ellloomE)PdgeTherefo;e
provi ded. Dependi ng ora the size of the magnethcmbeggs (for exanmpl e
m cron-si ZBRY° DOBemagner Beads B bes eaaye rther pgbpgments, a

appr oxb rratl@!it}'ve%gﬁ)i%hgrqgﬁ)@ oMRERGIH behR@ASS 1N A8y BE QYdV%g. Depending on the
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[0071] Various enbodi nents may provide a method and a mcrofluidic
systemfor the relatively rapid separation and detection of rare
endot helial progenitor cells (EPCs), 5 based on the selective lysis
of red blood cells (RBCs) and i mmunonagneti c enrichnment to separate
the EPCs, such as the CD34+ cells, fromthe bl ood. A sanple

cont ai ning CD34+ cells may be prepared and m xed with a sol ution
cont ai ni ngizkled G, mmmadEﬁﬁmHmleamqrmdyed mageetc hemgn et handpedetssized

i 1 o al SGARRRE TG B T eR gy PAREE REHE PP RS BRI o e

CD34+ cel l[00ma] kRfiSusS bbb iR WedyYprbtida ar @bibd ved ahmeioﬂhldi@sﬁﬂtelﬁlf@ume
10 mnutes., Such a_tineframe satisfjes the requjrenent

for
det ect i on elpiiycsr ramit spearation xd fetectioan @leteﬁ@téféwbu)@g@wra?%n@ﬂ%
CD34+ Gel hgseandh hd8elBlint Y4 Ss §Pllthb'ld?J'a JERY (1@301) ﬁ%ﬁnﬂfne&%@ﬁétﬂ%ﬂn&lﬂn&ﬂ?e
m crof luidic system of various enbodi nents he m cr of dic system
may filtero Shf@laéamlp!l EPEs sadn@emer @Dé%mdliferfmm thet hleO'd:DSzlsanméﬂ tentying 5

| ocal | sod STt mavareiseded ot butecht & ey BRRFHE Sl ofericos

m cr oel ectEm[d:e ealﬁeamaiodpinakaiet:@@hew bl Orhet eolg@dreGlidyv @bly kB Qldie or
and concent rat e the immunomagneti cal ll%t | abel |l ed CD34+ cells, which

are coupl &g digeting tsgRels dn BE"aa@TIPIBﬁTlB #eo fabelinge fhecantibady-lipksd, wagnetic
trappi;pg aBghsi TP Me! EB3AYANG kPR AtmERAdeSudP i Q?eléﬁ\%rs%hetﬁﬁé 8f §bout 90
detection and quantitative 20 neasurenents.” This

speci fi caltigutext Pedt at heeDB4 sagelidss ther ormuirbiaens| fdeDéf’rbl detgdiione After
ot her rensj |l u d P I

expr ess Cﬂfﬂuﬂ% N4 the dami n’éﬂje %e%%mﬁfé chéélfmﬁgﬁgﬂ%g— ceﬁ%rgi thev,mnu)ﬁmreds%%lhl%lr]n
away. [ 007zl Béafdadub‘ oe @hﬁ@ﬂaﬂemt the maigrqiiuddic destaml c&‘b'&irroﬁf embd&mt’mtst dihe

met hod. Such Jabel- free ct|o nmet hod nay enpl oy i nce
measur eme AHCIGRUdDE ALY E‘E 8§E‘B o sancentrgff apd ¢ 'é%l tﬁﬂg%%% + cells by

W0201Q505049&idd ber éell@%lm%rnoggg%tm%' Sﬁbs@?tﬁ:ﬁﬂ?sdﬂoﬁaﬂs@d magnetic field

i ncorporated herein by reference. For this detection nechanism the
capt ure siayaleceanilichita thheidpish of ﬁlmmmm@igcwlﬁt%?méwhm @qﬁecgl@noreglon to

el ectrode eiQ&xv@lﬂfﬁ&&g%% QOnc\éﬂtilﬁF i S‘nc:i:ll Kﬁgn&{cal;lfp aﬁl:l hEAL cel

comuni caton w't h™a neasur enen e el eclts’ro es
may be pros deaplads valt}rﬁmargneﬂlced:teactsdeom reay . mibrt&:l@treéd,rthdmbyn‘aypm and

speci ficall Qpr ovi de nmol ecul e as anti bodi

or “spec, fMEebRPpE A RiHs of B dhe gPear et i deggiopeeta, doaniatve
renmai nh Ng nR@§dréRees. Afhid mpsrmocsf)aﬁm.amyreatra&quecadztwenshfeomeﬂueslbb@dﬂﬁple
may be passivated with a repellent material, for _exanple polyethylene

gl ycol ( PEdjle othes r@v@emg@elé% shelyasanrstysesk RBSE ind $BME, ottgh do ot express

direl ect ' ORRGHIiforl HEFbe ban el TG 1R YnfIRBRGAMARE rchfiRyfiel 1 8 on the
el ectrodes to ac te ce capture a ncrea ency
5[ 0073] | 0073} N@ueummdﬁm& slay prdiede adabebfreodetasiohandtbors Hech dabel-

used and t.he det ectio i on be ,correspondi

b ovi ded e SHEvEm BoPed FEY el mReoREe GEPRERNHH SrboRBhn it e Bscoy
exanplke, aefdaatibede in NdOODHSSOROSEMiSddNg MRpheabes 00D kehishr disdesure is
pl asmon resonanc dnéSPR or_optical ring resonators, or

i nt er f er oMSPEEAE V%Bbégalea%e t har Jais sletechon meehamis nihe RRWE Fyrfice

capt ure suﬁﬁlﬁpﬁler%n%aﬁaéﬁ R AREN Whipdle ! dbondfhs] Y £mieQAR! Wi arc

spots of capture nolecul es, such as antfbodies. Light may
channel edlinkedt preirc slgttoied cameauru@tlng vgiﬁoaaneewsremnbyr detegon system. The

il Tum nati I%Qtrocié(s)(r:n%ylb%%gowc? I§ as a¥mcr0%1%c odep anayI lﬁlg 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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[ 0074] Anot her possi bl e detection nmechanism nmay use fiel d-effect
sensors, such as 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 nanowi re arrays
may be |linked to a nmeasurenent systemto nmeasure the resistance of
the silicon nanowire arrays, which nmay change when a bi ol ogi cal
entity, suwidstradesangebd pasis‘ks'atcép{ithraextpdiﬁnt matesial, ffezce(an{pmﬂﬁ@yethylene glycol

ot oct | on (BFO-20M RECRT o dbreare Bharcs o PrtisRs el SRRy

stai ned wahd dsacdndue disesellshai tmweb@oc&xcmt adeneﬁatmgearbapmteeraﬁ(almctrezgslat
source and the em ssion may be detected by, for exanple, a
char ge- coplid®ncdevi ce (CCD) camera or a photomultiplier tube (PM).

[0076] sl n 6W3E)rﬂl?rvaﬁg&0@h1@§&h§ntsa o%ﬂ:?acfeté(ch&w rﬁ&'ﬂﬁﬁl%é E;ﬁia)wgg hds@@ and the

protocol may be carried out by flowmng a fluid, such
sol uti on, dtenpmvgmgmnenam b@rcoettev@ndmalef rmch&qd @mo‘nﬂmi m@gmbh)émns based on
assi st spegi d|c cel | l.ect roelec e _el.ectr

forove amyoIoRGR s REiT, roh st el ST p R Rag bR e
[0077] Varugis ﬁﬁﬁﬁﬁlﬂl mhﬁcer(symldreypuadiemtghes@baid aﬂgﬁexﬁlomatﬁnl mal &8s
during transfer_ between different sy ens or nple ei ng | qdged at

i nt erfaceéls%%svaé%ﬁetsthflé?%%mws\m% fa?}}‘f?\ﬁ“ W&Y%E?t%ﬂeél“%ﬁba gold
syst enyi N 128 Lahifin sﬁat%kbup%e nRACKRISuBH afakfibelRE! Wi Itﬁla?%efem]ﬁeled
whi ch provi‘des sanple preparati on and detection in a chanber.

chanber miy tiyecapinreopenusiiephssoniesratbyrdpcigHomingdon bﬂ@lllseds%ﬁ%m@ ab@ ba
for high %%Q%MEIVIty sensi ng
[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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and provide a relatively high efficiency |evel of cell recovery

t hrough the detection process. [0078] Various enbodi nents may provide
a mcrofluidic systembased on the fluidic notion or flowin the

m crochannel s and the chanber froma section of the mcrofluidic 5
systemto another section, thereby allow ng seanl ess integration with
| abel -free detection. [0079] Various enbodi nents may provide a

m crof | ui dind wyetem whtivhblyaltgartgeoyskvel ddeslinstovesy) thincegha thee geteciios
sanple pre aratlon nodul e or systemor a rotation nechanism for
centrifug i 10[ 0080] Various enbodi nents may provide di agnostics
for cells [esm azisut kebdéhRalsi 9ay pfoviRRr i plieodhidi @Qd:nmb@&ﬂuﬁi her fluidic
cells (PBMCs) or rare C|rculat|qg cells, for e EPCs, | abel -free

det ect i on MY 11 Be MEHOEHB ‘éan%%t‘:@ﬁ’i“hﬁrt@%ﬁéﬁ“%‘r%ﬂﬂﬁ P g fluidis

aut omat:ed (st %Bﬁeprﬁ&ﬁﬁs'tﬂ&eﬁ? Jighatd Vs%!n}ﬁelsso%tﬁéﬁﬁo@r\glth label-free
di agnosi s, ~prognosi s and thefapy nonitoring, for exanple for cancers,

car di ovasclgteationdi seases and graft nonitoring. 15 [0081] Vari ous

embodi e nt[ﬁ?ﬁ&a‘?%g%/ Iﬁ%ﬁ cgedSI (rxjr?ayg%rro glogtm;cm ﬂ%t )thi)cho v%lrsltlag u%”d

det ecti on, GS oglca e NSuth *agEs AT

circul ati niged sorReHuiel defarftC&RY e pRIpehatias mﬂdkatolﬁ €ystah ops agaiintmechagibhs
(EPCs), fromrelatively small bl ood sanples (< 100 I AD for diagnostic
pur poses. WEGrBHUSBodi nents nay provide an integrated nicrofl uidic

syst enyf OV[OGWT Vo208 ehbSEmERS Sl p‘i’&‘w&’é df &E?stlbé“fofr Reud k&%%%e RatiRAlT
so as to O provide an integrafed bedsi dlagnostlc test for

' nt egrat e@esaqumléﬂwﬂ mmdemgm CBMGR rgrawpmglgtlrcgﬁeas rferieXampis BREs,
more fi I %]%?h?ﬁ Héf(é&?nn f‘ If&%%‘reéra{eﬁ qu@t@]%%lﬁ?ﬁlgﬁ ‘iel%]ﬁl‘p qu)autnFn?{&l

the patients rovid I ons

sanpl e pr epaemt wokh p16cre®sm1g fae réihtmm!y $@nloets ands [dexgncfnsm lﬁegﬂosmamidut}&rapy
based on anti.bady-anti ecognltlo and re ativel h% hl sensitive
Plscor o i ety

| abel - f r e UHBERGfRE SRCEF R AR 2353 Bgn 4

PBMC sgnpl [@03191 WVaridug &hBddiMety map pRA%Ge b%zsr§a@69 politlct-caRY PDEY) Prock@ing and
exanpl e, in the decision naklggbtrocess on the type of stent for use

in a pati étectiondnless than e, chibradesioad antitéast sucheoszp cirenlyting bmeur cells

enpodi ”E“\tgné"fr(ﬁ“ts)p gwféaﬁ‘[ a%re&l{i&ﬂﬁ ﬁm?&ﬁ{o? %‘@@P?ﬁi Qﬂ%ﬂt {ERi leS/ aﬁ%i&% BfifpteRN

of cells Ive ensitrv ivel
t hr oughput{(<arod &} f&Odlegmsuc/@hmohaaw Casdus e“ﬁkimdnnms)ﬁiaynﬂOﬁdsyﬁhﬂﬂgmﬂ
 ncl ude SizxLiLl%%ﬂld?chlsy%?emap thel Sc;[llfr%efdle‘gégtligneof 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 ul 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 of[0883] Vausue rinbddimentssmay heotide m tnidreflwflicusydicon sycdudémg anegpen

nean a fluipdigc system, ncludi ng one re chanpels ip.the

m or omet e PRAREE aaTatied Ry hats “ide Plood o Ty g Grepliyod Sl aspd on
where a san@differttdiRBhd @t dTelifomi cdrottolbLiony dnfitignsitiah eRBpeR €hamber.
m crochannel s based on fluidic notion. In various enbodi nments, the

10mi cr of | UPfi4 Tég stier{lwdis wetemmpfigrowherabadimense Ay be Bradyped & a relatively
nicrofguiqggcgggﬂﬁnéggggg ldpkhe context of various enbodinents, the
term "detection region” n%y nmean a region where a biological entity
may be det[@¥5¢dn therontaxt afusriewbanhotentnss, thdternd Emarofiwdic spgent mapyndan
provi ded in, a,chanmber,, for exanple at the. bottomof the ¢ er. |
Dart ous. elfBiH EAras nind e R aE o anbelS i B btk et Bhe REPRE by alto
may be cameirefhrredh RuhichabtheRNwhabel sainpRevoliahe alaly 08 prdiideddo flo®f in and
exanpl e inPedance measurenent or sensing. The detection region may

i ncl ude afl@geter Bdraochanppls bagrd epelyidisgawtign. 5 Inj varigrs edqtioduacnty. r g
i ncl udpng yYRK AL dRAY @RS BCARAEECPE mhBbib RARAASPRILIdR! chip.

el ectrodes. Each pair of "el ectrodes may I nclude an inner el ectrode
and an out[@486¢ e thercdexhel varpus embagimententhartgms fdgiestipi aggion” may mean a
substanti gl Ly, SHEEQUAdseletangry 6l gelhodey JloYalline RO me dotec
enbodi nent &'t Re“EPett rode, pé’i Pa%Te STHEETr 0dedMgYs FRR R delile SRt
array mnay éﬁ@cgpﬁﬁytﬂem}eﬁda% it F&h_ﬁlﬁbefrpfbrﬁxahb& sflahe dbitan dfg@é ehur?lﬁem. In
vari ous enbqdi nents, the biqglogical entity nay he trapped at e .
detection‘?%@ﬁdﬁﬁﬁénﬁﬁﬁhg“ﬁﬁm %EW%%Y BﬁHGP@ga§m§F“c§E@BWE1ﬁ?Y%SﬁFﬁFQ
mol ecykes ouf Phse@XATRAHRI-88E | ReLiSS methfl, GBPIMEBpROIGRUARE FB¥%uREnent or
provi ded and/or attached on the surfaces of the electrode or

el ect r odesenspg. 10be Aetection Wegien mayx inchde ey lgefsodsmaopiiimehtelectrpdas erepm
"open chanper” or . e sl utiaon y.
fl ow or p%gloflﬁggg%aﬁh (%JAI} ?}lecrral ?I{nm?ﬁ%&c&g%geﬁéhgérw%aanﬂ%& &laﬁnén\%a]?%tfé
enbodi nentekptrddes. Bpeanpaiheidieirobesanay incjpde pe ininageledtrodethd an vmeddectidde
open chanber. does not have a t cover, In various enbodi ments, the

t er m " chamB¥Ps 3 RRpPlyEgRanshagg, t%ﬁ&ﬁ?}@ﬁﬂ%@[%@@lﬂfﬂﬁﬂf@? T ariols
f 1 ui d 260MmaBb&iaich@N'thd Bleb@bRL ipal} §0elebtfoddl fdrehe NhicsR&Ecthons afhy anay be
m crofluidic system may nmean a conmmuni cati on between two sections of
the nicr oPsitiprsdat dieshadiem onthg defeeiinn sappdinmemioss embedmewsmilipbidesien
may be a dj& ' Lree t ' .
tho i or of 11y SIRFEH e hoifbihitEihn BF besnEh AR R HE L BfucChy
sections icapthieemplatiied) domeemilovansesticsonThotaitive mblerdéd wiagh e pyesidedn
5100891 In _the context, of vari odinments, the term"port" may
nean an o63‘§{Pﬁadt,a°}éedroélctg%§urgafesa(%lci§?/$l?€m F8{}?18?th°é‘te%i neans for the
passage of0g87p i thel dbnieRt bOWari@FLOHJIRASs, thd@erml pef lchidhe” Syt @BAdTRY
include at least two ports_ in fluid conmunication wth the chanber,
The ni cr ofhambsr ©rsy shawelviieient solglom maynflew qropass fhgyely phgemalpeiante
of ent rancgyfier foftkifiol. M aflbe Ghbdtiflbfis SUS LBE BRAHeP Ghid %2 BpHid. 6
port providing a neans 10 of exit or output. In various e O%IHE ts,
each port oftey woedsetha dpeh khambtpey |dopsindtdrmive sttopicovareln VEhieuhehbaliments, the
cylindrical sth%ﬁ%u;e may. _be a sinﬁl continuous structure. In
various e di® <, MEHETRAGPT o%’egf PHefical structure may have a

| engt Roi n[00%8] TheO g&nOFinakieidt commimitMioab dbltreRtibiMto fibE deffaem| Rc@ordsanQe
of about 1 mm.tqg, about 2 nmmor a range of about 1.5 nmto about ? mm
such t hat MitellpidicgShstery M5¥ #1580t 2 1CHMUREHIn Petyegh, two sections of the
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15 about 2 mm about 2.5 mmor about 3 mm |In various enbodi nents,
the hollow cylindrical structure may have a dianeter in the range of
about 0.6 mmto about 1.5 mm for exanple a range of about 0 6 Mmto
about 1 mmor a range of about 1 mmto about 1.5 nm such that the
di aneter may be about 0.6 mm about 0.66 nm about 0.8 mm about 1.0
nmmor about 2.5 nm In further enbodi ments, each port having a hol | ow
20 cyl i ndrnigrifiuglie spsteme Inayariavs | andedimdnity; sthisagrased oaticn poay iberes direct
havi ng the_di nensi gns ..of . approximtely 0..66 di aneter.),. x 1. 5mm
(hei ght) SRAREBAT 58 Toafer JREY B I el st Bt SRR lidighasfreR ™™ may
respecti vehgludel bee for rbrep@tdriening1eactibgs o theo patif bétheers €0@ NdctdE tdfothe
or vice versa. However, it should be appreciated that each port or
each porti“_&‘ﬁloéllmdé‘é%ﬁteﬁbrt may have a different structure or

conf i gyr atjheyd) N hd @AY EvaHdRS hiBb&Rents 2e drEASIO ay MeMPld Gthing, a
enbodi ments, a third or nore ports in fluid conrunication wth the
chamber nagcebeons @ity ethvidizg/a mgassubt &b bessagerafdtuid. ds yaos feimpadiatensntic
and di nensj. - {:009 I n various gnhodi nents,. the,term"bi ol ogi.ca
oty RIS it motpaon Heh Yt AFRP S TBOLS v Ui ' luplia Bl M Eing
a bi opol yrhimbdr. &he anterdthiidiorsyttar maf .inclide aerinlet @ettl promding mahestde
eukaryotic cell or prokaryoti.¢. cell. The term"cell" may al so

30i ncl ude BT HEFI%h HE% T e s T 1Y GeANS o Gt PRyt PORGIEFRES
syst empi NGFusiing Suthkti 1 vREQReER) dimers, Teab®lporiaidy ave BeldMBl SRinkirica
bi omarker including a circulating tumour cell, a |lynphocyte, ‘a CD4

| ynphocyt etragidrearf he niwdiowve pylaidripsl otjeiaiuro mayebd 2 Single taonimuong kangigre. dn
cell" may j u&a R d . QL [
g ol uéd%ﬁ%’%ﬁ}]r]%‘g‘f‘ca?éﬁﬁ% A eg’_gl@’i‘gﬁﬁéﬂé‘gﬁng(‘%f"f
t he i Mmunebsytdtem toab@itdgemi foorxarple a angeaf bieduall noaltd abolin@ nire Ak range
"bi opol yner.". may J ncl ude a pol ypept | de, nucl ei.c acid, a | ipid
and an ol ioéﬁg%ﬁrﬁalﬂndt .ag?‘ff%}]{g‘ffg‘t ?fﬁlbfﬂ\%ﬂ%tﬁt‘@yl{ O ]E)F’E}biag%ﬁt 1e§n’fnfr’c’y
may hayge ab&WY anhaboftor 5i AeUBAtdhOR ANEMC ARt HEBUL Rnibb8infls A8 heflow
the m croel ectrode array. %0091%. I n various enbodi nents, the sanple
vol une mayyhelngahitasursmay havemiiigmater Hde pnge @f sbawph 0 el ta #howdyd BaL a

o 1 he open Snahtcy ey OFatra® Q¥ Thr 88K O GERRLEELp: ki O T

t o about 300mmni, suflothatdmndhectar mange abbutadhé uim,lalplt 066 atwoubbd@00.80m, a

range of apouyt i to.,aboyt. 200 pi ra .of about 1 pi to about
10051 " 2 P o oD 45 ety BbufercdiiiRnes Kagh por aslith £ Foliw
to abayt 20limiricaBsthiRAGE ndly iAdedd a 200 aall stndRuttonsORvitlg the dimaganelof
about 50 p.1 to about 500 pi._or a range of about 50 pi to_ about 200
pl, such epaexIpclEndApem fdipneieie % Lonmndheghty st apppximaiglyyd Sonm
pi, about /3 i : i i i

b1, about GEBT o Pane e eBlesp SRl A i reRanay 8068 or 8L e
det ect i onppaignen virgyeisacendeves ihlonbldieappreotitedahataach pdri oheashportion of
| ncl ude ong, 0o iToS: R § Rl SheGHLRNE S SHEN:ARorl W01 BAL %0 digforery
el ect r odes] h'fBur PRI 1S %of T BT BHESTC ST XOPar e O %t & rlbéfgs, gfé?ﬂ
pai rs 20f dire&isiondas variowe ledofidichs, afthiel echmbadests iai ki€ etmpanicsticd with
el ectrodes or twenty four pairs of e,I% trodes and _which may 20 be
arranged i haBRer Ry by proyided, haging syitable siyiotures, configuratonsgng dimgnsiogs.
2x3 array500@0]'33&?vﬁ‘i&;@Ye’xnb%d%ts?rtH@ﬁénna‘b&?fggi@i e@oy” BnaXRiesH & BomAkLX 3
array, a 2x8 array, a 4x4 array, a 4x6 array or a 3x8 array. Each
pai r of t hell,edneengrmalies a rviiys ipadiclida@ bippdlymen oreh gempindbom Hgrepdh. Slteelerm
el ect rode.hawmi Iy ape ant i « ST Oun

t he perine er I{(:)l?y ?rﬁgu(ﬁgﬁéngéﬁgfozl&crg OEJé.a P%ﬂ%??%ggﬁ‘e%gg%gﬁ%n%@ ) I}lﬁ’egﬁo
el ect nodeschmly Dperipherl dfoogahehontitle@niellm c2Bpifahd s swtdne inchwlig] 5

or conductive materjals.
wh\llte blood ceil, a 'f cell and a T helper cell, a biomarker including a circulating tumour
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[0094] In various enbodi nents, the inner el ectrodes may be

di sc-shaped el ectrodes while the outer el ectrodes may be

hor seshoe- shaped el ectrodes. However, it shoul d be appreciated that
the inner electrodes nay 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 outer 30 el ectrodes may be in the formof a
narr ow st celp Mmhpfg)mtecmﬁﬂﬁ‘bﬂmm}@pytegdmém eiathelalbgogertifoalcel.  The term

surrounds“t e ter le, gon-e ng_ i nner .electrodes. The.
Sner o kAR T Sy Haids FORRERRP R Bl yEREEAE! B fhf SRantiian
el ectr OFE&elEfB%lapexldlﬁletﬁﬁﬁﬁr edlleatbl@ﬂecﬁ:il h aekvaf ﬂﬁugmﬁmb@gt-:témm pTogbﬂiie)r
outer electro S \'/ e orte ther to I’OVI atlvey .

bi gger suPF%&%ﬂF a#‘ga Cﬁﬁ TﬁeFeélasgw@egrmlwwc uikia ?xm@tl SaAdpcleicacid, a
el ect 1 qegipiRn b GANLIRLARE. i dhithdeablinldals, 1R AbYELYekIthey have a
sensitive I rrpe ance neasurenents or shorted toget er to gener ate a

non- uni f o4& kedior fa mqub@t@bmaumcamw@w@éhe mr&begftﬂleph@‘pels¢ts)d@@zﬁ’y I n

various e nt.s cific tur ecules
andl o - at (ALY ok SRR efs” 8P e TRLFIIET oF Bhieod R Bl e
Di el ect r ophetdesingle VaBAnKﬂQW‘lbd fwhdle baot samﬁlearoluacﬂnm que often used for

separating mcroparticl by inducing a varyin ati al
non- uni f o $H°8 &V?l}%éﬁﬂﬁ?@mm&féeem 1R O Hissh6R By ermwdaa“maplume in

gener gpes tﬁk‘l@ﬂ%@éf aBb&Gt ;El' t& %ﬂ;od?@?@]ll %@}Iéx%gﬁ' A%h f'aﬂmﬁ INA4S GBdut 300 pl,

di el ectric par I ncl udi ng for exa a cell, thereby resulting
a diel ect racrpﬂlgarcéta"bomf bpk®. abpGOBR) pl]'heaxrgeejfeubbutl Ic;,tlpuoqbeutt 108sploh rape of
nedlun1surround|ng a particle my ct. the diel ectrophoretic_force

exper i enc@PBy HIe 2baat o ¢ lawscwo{@b%q leulttﬁéboqtéork&raelasﬁq ok 3boubt W Hitts
th t

loctric PrafolalnBrbErbEMall oh WFEpRe RGP uForEhume PP Bodd o8l 6l
pol ari sab Izeo uhanoch that b chantdinkg Haeeh volunid df absper ide Bb‘(ﬁlt 3 ieibouoiEal,
toward low electric field regions (negative DEP

15 about 20 pl, about 50 pl, about 100 pl, about 200 ul, abou% 300 pl or about 500 ul.
[0093] In various embodiments, the detection region may include a microelecirode 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 amray, 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 4x0 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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[0097] In various enbodi nents, the electric field generated for the
di el ectrophoretic trapping of may have an electric field m ni num
occurring at the centres of the inner 20 el ectrodes, thereby
directing the cells towards the capture nol ecules. In various

enbodi nents, the dielectrophoretic field generated may be a negative
di el ectrophoretic field such that the target biological entity my be
concent r atebattradest iney bk ab¢ viarking feletrddesi adntie omearr ¢lecigpdet malyebeceefitrerse

of the inner_ electyodes, thereb nhanci ng i npedance detecti,on

Sensi i vi (PRt Roul TE s slFofiend FrRs lrPie Tt s ey 1P
various erhedieelsivelyidg@draGifideCata 1iifetadse 3Pt e, WAilé bR inner electrodes
m croel ectrode array to Induce the dielectrophoretic field may have a
peak-t o- pea® %ﬁr?ﬂqﬂpﬁ%midﬁ’l@%y famigtatigely dpgusengitive ympgslangroneasppmgntsi Qs
exanpl g a sh&@&ﬁtogéth@bﬁtgengra{]e y n%ﬁ)—uﬁ'ﬁ% ekGiY filed BRR HRnels QIQQU&?pgoﬂ)ESI\!
to about 5V, a range of about 0.1 V to about 1.5V, a range of about
1.5 V to dPb&l). 10 wirions embedigentsf spebidiat captufe vidlezubdboudy 26 pwyvidadcdnd/or
that the electrical signal .30have ,a peak-to-peak anplitude of
bbout 0. 1 AR g e RGeSl B L Os U about 5V, about
10 V or aljoess] Z0el¥strdphonésik | BulsnosbmcheBA! &, a tdaknigtie gaenayedofor tHRirating
el ectrical signal applied to the mcroelectrode array_to induce the
di el ect r opHEToBRIElES & FEYCIBS ian YARENE afbdiagy  Awsuwifenn kakecitisahpBeld
100 MHg, f(@Fele@%@ml'e@ic%e[@qgﬁ ﬁé&rﬁ@é)ﬁ'ﬁeqﬁg Mi&?p@gﬁ%ioé Qiﬂ\‘lﬁ%dn a g e
of about 10 kHz to about "10 , a range of about 10 kHz to about 1
MHz, a rarideatfic phdigte, indinding doratramplel @ 0ceNHehepgbyaresaltige aoflickbioepthordsic
10 Mz to OQQUt 100 MHz, such that the frequency of the electrical

si gnal nayibé about 10 kHz, about 100 kHz, about 1 MHz, about 5 MHz,
about 10 NBIMG] dihe Wiel2ridVipiopeaizs uif tbé nidditind kuddOidingl H Gaddie mhap affeed thes
enbodi nents, the el ectrical signal applied to the m ¢croel ectrode,
array to i%irélgpleq{sm‘df%?ee@ipﬁama by B8 ppidicly néwaﬁw%%&t FemRie R gisaRle

anmpl i tiyde fy ;aRQHbubin MedR WK BAUBPEY n&ffoRRE @lard hMiZelech A9 Rlgid?
various enbodi ments, in order to obtain a high sensitivity at the

det ect i on (PesgfiverDER), philapipguicle bt less pplagsabdd den ite derrgundgmg medium will
i | ect i ion. |
M Croel ec ﬁ%@%ﬁﬁ%ﬁ { fgéf Ry oWz @fom%gg%ggdtﬁ%%ﬂgﬁ%tﬁg BEP§Y! ONn- 1N

vari ous e eac ectro nmensi on of about 100
gm [0100][0097] havatios enbatimomst the ¢lberié ifletd genemyted don tipadielectioghbestic

fiber neshes,.aégol¥ngr 15 fiLt%rgfr_a funct i onal f%]ter haydgg.
coated ant’aBBGE &L B P AFedecin TPl piRmua, Be R R the95RES ¢ HHy
be nmade Ofeldabddse MeareHOUNSINECTHE, cdlR! Welaktlsy BREcapdat YABIBYEITEt RC K ¥Mhidike
(PMVR) or pol ydi net hyl sil oxane (PDVS). I n various enbodi nents, the

filter mapmbedigenisniicatielestiapheretic figldagensimtrdamae e 2 19gativq digleptrophyrape

ST}, B B, AT L B e
minima coccurring 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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the range of about 2 nmto about 4 mm for exanple a range of about 2
mmto about 3 mm such that the dianeter of the filter nmay be about 2
nmm about 3 nmmor about 4 mm The filtering area of the filter may
have substantially the same dinmensions as that of the filter. In

vari ous enbodi ments, the filter nmay have pore sizes in the range of
about 3 gm 25 to about 50 gm for exanple a range of about 3 11Mto
about 30 ghetrizalr sigpge apfliedboutie Biogmal¢ctroddatrty R0indme the dageoplioretirofitld 3

gmto about . a range, of ut. 50 a ran of

about 1o gt Sibefersd o St 00 o5t L BEE T afiPls SeRf SSam,
such that jaxhizlth @bohtaso mmzaam{g@ ¥ abButof0 RBAW akou@ND MHEBUA rdagd BT about
about 8 gm about 10 gm bout 15 gm about 20 gm about 30 gm _about

40 gm or aB&le t5@beph! béanse op oyt dedHzip 00 MHz gy rangp ef about
appreclat

b1 b1 gt cal O AZ}s Mt 104 [, BN B e ROHcREY Bt it ERrRARGRAI Ry BE 141
In vari ouéOéﬂ{mdbmmmtOﬁ kHAaboutck didharbhebtsS MHz, rebont Lﬂ MHIulatth Ay biHem

Chanber il ha)H A gt 00 N AagwT mbidfie S5t e st Sy

pm for examelsicRel-afgR DfayabMiucdihe Ridledu@pRdetd fidl@0ndy. Halt @pedk-foditge
of about 100 gmto about 250 pm such that the m crochannel nay have

a 5 wi dt haepligdeat syt b5y r&o@@?ququfrﬂﬂmablo%[ﬁzwo pm or about 200
Rm 11, vaqd (ﬁaf Irggps le”é’rﬁ'éoﬁ médi€ il &a&cﬂaaa%h n%]hh&}{ﬁu%t)h%{ eﬂetdet&uwe
range of ou p.mto a bout 100 pm for exa rarige of about
50 Rmto ad:gimt, aleltipsly small anger déctaidewr a 20icReletwodebatay B8y gﬁmrmngad on

B N R i
or about 3Ghipod pad 101031 In various enbodinents, the filtering row
rate or the flow rate at which the sanple and a f|UId (eg. a buffer
sol uti on) [&408] pusyiays embodigisntshiefiilicr may e arrapey filterhBbasinegsbes & aplymer
ot 4501 B 67 Bhctnd Wil AL A (IAMAL) A5 Sber D BBl mens
pl/ m nut e thef ﬁhelemambleenaler dhmlmﬁe aim@utyr&eplpblyethiﬂeaetpnlabdhylnwﬁs@rylate

Fange of - BIMALE SelyiRiysicRa e oM Oe GuPt HimaRh 4y Binnbets
50 RL/ m niembhrshealbobt KOG Mrdbddikng, tR a8 bako Werth Riolyrhibdhate

to about 200 RI/m nute or a range of about 200 pl/ m nute to about 400
Rl / m nuteme§ﬁ”é4ﬂethat the filteri ng flowrate nay be about 3

pl/m gt ey, ﬁgg Ly R LhfBh B 'ﬂteﬁts % er ﬁiv@d%érﬁmn@%%n@%f diameter in

pl/ m nut e, m nut e, out 20 nute, about 300 RI/m nute,
about 400 tkplv‘angmm& ghoutd oub tQ@Bﬁ@‘#pﬁlﬁlnfom ekample aabuget ofGOOUFS fomi fughout 3

fl
uhi ch o { PP Ehger HegPrar SartToangiores SACZNE Rbalighnind bRt ,

t he opposiThe fillefifg bie@f tHe ﬂlfee nialyl Haﬁraéubst’anﬁﬁmﬁﬂhs Sahe diredmeioas hdithat of the
retained biological entity at the filter, nmay be in the range of
about 200 fifen. rﬁlmatl@u&W@é@ﬂ%ﬂt%@@oﬁlmr/lwﬁw%?mﬁ@%Ze%wéh?)raélgﬁo ahoyk 3gim

about ,200, ablo%gou#nggal 8@11%1 Whe 89981 LRYS Bhor? 3530 %@&% ouf$°

pl/ mi ot e ecor a ran n nut

about 800 pml{ombdut 20 psxucahrahgeabf ivear Bagkkd avout athmiraa/ldage ab@bﬁut 20@m to
pl/mnute, about 400 pl/minute, about 600 pl/m nute, about 800

p1/ m nut e 2brut 4Boun, arengs ¢ BbaRtnlBken to about 30 POBIT 4 IAngeef @agt 10 pm to about

nbodi th hi t. the fl te

S Obut t oS0 aH Abstuy 4 s b8uBeR pRivGgioT AR E e mogtl i Faul i b
port to regnye Bbiters MANabous PE fhd aboilkiz0l |08 Al £NLint dré®out Y REmb{ be
the range of about 15 pl/mnute to about 400 R /mnute, for exanpl e a

range 36f abwided1 SloRieven riushould balspprecid®d tRaY thenfiites, may havf:gensom@btm
15 Ri/m nH%&enh%g%%QHe biofc))glcﬂ yn(l)Jxl &l t8bd Ali¥&a 8r al%%ldtto EQSSP Umnute to
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10 range of about 5 minutes to 60 mnutes (1 hour), for exanple a
range of about 5 mnutes to 40 mnutes, a range of about 5 mnutes to
20 m nutes, a range of about 5 mnutes to 10 m nutes, a range of
about 10 minutes to 60 mnutes or a range of about 20 m nutes to 60

m nut es, such that the incubation duration may be about 5 m nutes,
about 10 m nutes, about 20 m nutes, about 30 m nutes, about 40

m nut es, d0102] It Qaroud nttd diniendd) chet mGPochamialudRthe nhidbBldidid syswmt cowsding

o oot | moiEe L PUR AL GHEPEIH B eaE i (B hambes Thi bRt the
met hod nmay.,.i i di i i
Ya gg%&&ﬁ@; gp%\ﬁ% EJ fHBuo RN AROEF ey&%ﬁlé U8 of SHoLESE® | ErotaBBut 100

sanpl e volu e chanber nmay | ude a detection region for
det ect i ng pnher Hranpogf dmiut €O futnyto ahsww 20dipwng seci thatshe miarochanndl Imeychav2@
conmuni cation with the chanber; and providing a second port including
a filtér iidh efi tposbrftusncaltaubn OQiton gaeut dpRmFeer aBol ek @i nlm vinamsd
provi ded t LF - pOr: I first
port and (Hbolepis e Bl el Ry RREAPEIRRTH iy i, SERBAC k%o béd
embodi ment19o e, &t dxeehplear raf@t @eibbiglquil k@htgt C60 uand Fdnge bhal@us 20mingo
volunme using a mcrofluidic systemfor detecting a biological entity
in a sanplabowdiOuse or 25anghof ahaut 8P I @i 2oyl e Fush thad ithegnigredhamrsd may

a s | .
'l ude o e sbEEE et Fibitan T RERe B Bul Ruo g gl B bl R AT ERop {00 .

first jpor t[o103) Th wadowosmbaiigaits, oMe Viiltehing Teove haeterhe dodh aats @t amikhpet
conprising a filter in fluid comunpication with the chanber; and,

wher ei n a Semblecandr o fluitbee: ¢ e ssphugienp ate pasped theougB B dilisere TP
bet ween t g6 ik enBQ dr iRt Nans %Tt@in&dpﬁ’ﬁé'in?,mtﬁ%ﬂ%tfbléél@al%ﬂﬁff&?‘inay'b% ia0
provi ded. The nethod may 1 nclude providing the sanple volune to'the
chanber; phorangd nfjalhdue 3f ilimidute do taheutfG00gtl/mpionte, foo epassle tahengaopiteut 3
volume through the filter to retain the biglogi.cal entity, renpvin
the bi ol ogs?/eravut%m Fhapt $ QG mipte; p Fange o goatitd HiRRiEe 1% %é%nﬁ@fn%g

chanber;  qad.dgt86hd 59 p%’?l?mﬂé R At 3bo %@Mi{}%‘[%’ 4 Bh09Lr Bh&R- 5ol hiduitGo

show perspective views a mcrofluidic s em 100, according to
vari ous enbogidend/minutie mhgr dfaboitdioo ($yshemd dun?g0 ldénipoevirdedngerof
integrated 5 with a mcrochip 104 to forman integrated mcrofluidic
syst em 106b¥r209siel/migutenie W@Eé@%ﬁf&m%oﬁualéﬁ@ét% ltggingy gy patsgmay be
entity in . u for 4 I Faln D, b I
col 15" (perbe] M/ AtRl Ty (/R RAE S0 Ry 008 P RRRHEE 30
m crochi p.ulAdimvar bigd$ 200D Qiliniiied, Saboth 8001 girafnlutel dibouts¥SH qiindiddte/mapout
have the di mensions of approximately 7 mnmmx 6 nmx 3 mm In various
enbodﬂﬁenﬁ@?HUH@WEQOmﬂ@ﬂUQKMéhTOWBnay have the di nensions of

appr oxi mat ; 7 T i £l ykdi

105" may 1 | hidn TER s bRty e B R B o Whithes SUT AT
a sanpl e \woffanrecluddg ichassértrotflioshe fil&Gbin thayoppesiepéirectbarnd ehs filthation
ot her words, a sanple yolune containjng the bi.plogical .entity that is
Lo be det datcsth ITHBmts W AP OPlgieaLoheh by Bler b B 5t hactnaes phat
m crof | ui 3h | SMFEEEd Ao OO@Ellﬁﬂﬁlté, b LSl a Mg O laubsti HoSyiRhRme180
via the chanbers 106a, 106b. Each of the chanbers 106a, 106b, may

i ncl ude a abe 366 i/venudetasetgeont abewi200 pl/A8ayte 1Syt GVl ginaterepengeiofe

capture surface the bottomof the respectiv h ers 106a, 106b,
for detectPpi "toﬁé%?IBPtﬁéP@ puteid; lgninyis, g ifﬁﬂéﬁ%ﬁff@ﬁgwﬁt@w b, oot
det ecti on i : j a| : t
hown) . wALE Su/Ryd Bu APRmIBR WL 66 4B NES Q8 ST QAL 2 abolR

108a, 108hpoorpymimtd he surfaces of the microel ectrode array. Capture
nol ecul es ma

be provided and/ or attg&hed on th@ sur face p%ﬁé?e
mi cr oel ectlVHEE Ivangns egbedineise herashing | 8igice die By ity 2brhich@eiud (o5 8r
det ectsiyon .y, fbesohaRinY iLpdtdehHuER (BN rsPFor® BE Bef deborld ok 188l dineAhon-
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connected to the chanbers 106a, 106b such that the first port 110 may
be in fluid communication with each of the chanbers 106a, 106b, and a
second port 112 that may be connected to the chanbers 106a, 106b such
that the second port 112 may be in fluid conmuni cation with each of

t he chanbers 106a, 106b. The first port 110 and the second 30port 112
may be arranged substantially perpendicular to the capture surfaces
of the detsFébﬁﬁcD Bidl®Gd a0 RE 8 ay 1Bt the[@dde?2bf hFowars ausirRedhER01US0
the mcrofluidic system 102 may further include a filter 114 provided
at the secdminperipr exempleryeangt pf spout 12 pifaymie tq shoah e pdmiguteh a ppge of
second por 1 The filte be a nenbrape, filter, ln variou
erbodi mont Loty T kY s 16 FhovtdborBmPGis acdnin ob kot DYt B WIS
conf i gur atspepyidiniidl & SREOHHRRE 50 %ﬂ#?nimﬁé td BbSk RGO L IMRARELS, a AMEABHEEbut
hori zontally in the second port 112. [0113] In various enbodinents, a
m cr ochannél yliminutshiowrourd(0 hd/minvtei ded remgecolupbett HY AlVmewteptir fbat 0

to each of . the chanmber,s,106a, 106b. In various odi nent s .
o achanaaD MY S Rath  The B iR RRLd SotoL o Lo Stsob Gk minpte.
112 to ea f nﬁ?@@g : 3 i : re
t han one %?%gggggﬁne ,’sﬁ@ﬁzgggga%&gggbﬂ#gpggﬁanné gﬁﬁ?ﬁ#ﬁ?ﬂ&%umﬁB
m cr ochani@l0$] & virous embodiosh@nthe bilogien) etdy pf avemsicbritoe pocifit didldgceal

first port 110 to, eac f, the chanbers, 106a, ,106b, and .tore than. one
i er ochaniaf b Betls o eSOt e Tip gttt sRRR AT e R R e
m cr oclhangles of ABYLt PEmpu@si 16 6d nlifuieOU MR e csatped riddetof kbSuttsan@arh

of the chanbers 106a, 106h. [0114] In various enbodi nents, the first
port 110, '@ ARMAnHeHaFaes 06abou deHnuigh@ J0HBinuies, gBemef 4evkS mimteste

fluid compipicatd QRodbE fboBReh nhiie! 1356 it ofa Tirgk bf ablt B*ATRLS 8
buffer solution, provided to the first port 110 or the second port

112 may fl66wibetssesh thiicthé incgbatipordurativg nsycet dpeuise oomdespayaut 14 minutes,
t hrough th nmbers. 106a, ,4106h. . Acgor di,hgl. a flui r.oyvi ded .t o e
B ARG ot oty b W Biked byt Rgits Goesctt b0

first port nay 0 eac
chanbass hileaes.106b and t hrough each of the chanbers 106a, 106b to

the 20 second port 112. S mlarly |n the opposite direcfiqn, a fluid

provi ded tH1&7h&n é’%"&:‘ﬁﬁ%cfnﬁ’(?g’c‘mﬂsz an‘ﬁifh‘?q @?W%W@gs%%ﬁ'ah‘ﬁgﬁsyﬁ@ (3]

igg h of t f@l@te@tﬁiﬁ%?ﬁfo&g@ﬁ@mtit Qkh s@ﬂFIeWM&HQQ 5860e®f ThESARRTHSS Mclude
a, 106b to the first port 110. [0115] In various enbodi nent’s, the

i nt egr at edrevidingf kharghes conftguesd togecermgyihd samerolume! whereia the chaniber papf
contact p 6 : I . 1M i eq. 25
oo s o) WA 1S 000 b 0B NG BFRRLP: MRl T
t he m2or oebmeatunedidorawitayhepehamnbele dndipravivingle seohd port riedudins a fit8ain fluid

108b. The plurality of contact pad 16 .may,.he connected to the
T or el oochBuigEidn, Sy AR e e it A T 0 S Rt
shown) . | Regtadl '51)@1&@ FloRFBeklicIR HeFirstlpdt and FReEcHld fohBhiRuEl Beichymied:.

contact pads 116 may correspond to the nunber of the el ectrodes of
t he mi cr od0M8t boyerics eapodimemtss gonrihodiortdetectinglathielpgied él s sandy,

108b. I'n VARLQURIRPAM SRRES syl i dbilihd ¥ b0 SN ALY iR3LEmIR Golume,
25 the microfluidic system including a chamber configured to receive the sample volume,
wherein the chamber may include 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, 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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may be made of gold, titanium platinumor other netals or conductive
materials. [0116] In FIG 1C, there is shown a netal hollow pin 118
inserted into the second port 112 to act as the outlet. The netal

hol l ow pin 118 is further connected to a tubing (not shown) for
removi ng any sanple. [0117] In various enbodi nents, the mcrofluidic
system 100 may further include a 5 novably arranged nagnetic el ement
(not showml)e bibbgicelxaunipt; eeracvimgthe thioleged] ieguityethnt thediley icdhe detegémergibe
a magnetic fi ekd !')n_the Vi Gi nj t)g. f '%‘er detection region 108a, 108b.
The magne®! HgPhEBOGodidJebistne DePRIPF R B ect i on regi on 108a, 108b.

The gener 3dR@] PRESELA € @ Shélv PB¥pdRal O vieWs of aAnithBufliObREC 800, 2BédrdiMg
t hat have been magnetically | abelled at the detection regi on 108a,

108b. | n Vavpbers erhedimenint $he nHeofuigitesystaay 1B may e pevideh oninpeigisét
or an el ect.ropgy: . 1 I ' t i . r
ports on P 4 iaikhipl ) it X2 @SR NG AR By 1 o ol e
provi ded popemsientdnd féttdtioni ofga priclogsslesntithyini acasaki nglubiee o1 lekenplag

oo ovt qeaee oo PR s UGN B PR sBRbb e G B
filter 1l4caByidde rhidRcRFENh Seribud dllRduB:d, Gl mEcOd¥ii@ib sdteR N O Mdyligive

second port 112, or in other words, arranged vertically in the second
port 112, thendisignsiags of snpeaximpelyt 7 sy 5ot e & A gpoiriges ewpedimgnts, the

advant.gges,: : i e ypﬁ%:}, Hﬁn,h may
be prc}@i dznd(.:&\glg\lg? h?#ﬁgigiﬁggﬁféﬁ? g e t1 gtﬁly?v\n%%c’ﬁgm?g%n%mbe
provi ded $@idH] Thatmiclofmédic astbar $02 fnoayr iRudehandaér sf gharibare IKlvant)ests
or even nore.chanbers may be ovided. .[,012 I n i 0 enbodi nent s,
Che m or oPPTIAH 4 SEhier Ry HelRie My Ciuptrtia) Bihalte” T bR
pol yet hy| en@nbdp® |1y Feich Word] acinplatvelufii}aiting Bl hidlogeilhenkis haxiane be
(PDMS). In further enbodinents, the m.crof|uidic system 102 may be
made of meEtEptedfasRoNgifsI teolagioa satitis & Provider o Sy ipiemoijuiden SYYHR QY i%n
of thgsm %@fdt%ﬁb& S¥RAEMi Qdster 28RdviaN A et e bR M 0ol i 6éh. birkRA b

entity using I npedance neasurenent, wll now be descri bed,@% way of
exanpl es ahambrot 106ayil06k,i rozs incjudg 23jespRivavardetedionuiegivn 19§at 1bvipmy

S f(r)ersptt:crt]f\'\fe pcragg% g&r a%Q, gtn{%eq:%ﬁtgr%t of &eOEeSpective chambers 106a, 106b, for

detecting the biological entity. In various embodiments, the detection regions 108a,

108b, may include a microelectrode array (not shown), wherein the capture surfaces of

20 the detection regions 108a, 108b, may be the surfaces of the microelectrode array.
Capture molecules may be provided and/or attached on the surface of the microelectrode
array to capture the biological entity of interest 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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peri pheral bl ood nononuclear cells (PBMCs) in a bl ood sanple.
Preparation of the 30 peripheral blood nononuclear cells (PBMCs) may
mean concentrating the peripheral blood nononuclear cells (PBMCs) or
filtering or isolating the peripheral blood nononucl ear cells (PBMCs)
fromother cells or biological entities in the blood sanple. 101241 A
buffer solution may initially be provided, directly, to the chanbers
106a, 106H1 1% Toreridulembbdindnsa el zeiciosﬂuiﬂi@s'grstmd 102 may hufHee inchaleut filoar

may be pra |ded | the he cha eL 06a
To5b. whi i fEhAS b e g ffes T oy bERERAGE vy 5 Sond
enbodi mentg:t tine tHefAIRE 130 nkHyl 92 FRNbEM ANRY.] @edaﬁ&lsfeaﬂblodﬁh@énfs ihefilter
vol ume of the chanbers 106a, 106b or provided sufficiently to cover

or over | ayl I¢Heaynbe Prowided tin @dorizprial configaratipn ap thengseenshp@t Hhh suria rathar
may be.ta normal i zati on purposes.
oy boft adfdf an AR SsaLaUNG (R uaa, d?’ré’“féga, 106b, nay then be
renoved. HOWSY én yamctuswmbbdmtmtsadvmmbalg’aods(nomthmbfrbe@rmédetdaﬁomouple
vol une of the buffer. solution s.106a, 106 n order
Vo ditute Sndrd bt ribos L mprebet IRty 4 e ewa A hehn
106b, to %@ﬁc%ﬁ@l@@&ﬂ ﬂﬁwemmaycberprcwlded&e chiifle BECIESRNES OF2 to each of the
saturation, for exa bl ood cells and other constituents or

15 bi ol ogichanbaniPea n@@ﬁh ﬁntfﬁéll%F@Bﬂdiglﬁﬂ‘ﬁi raoreghan ¢ st BIIEh srdiasdne
108a, ;108 1ch3hsﬁﬂel e% %?%axg{%iseﬁl £ mdrol3Gndlt, %%gbggkqv?dﬂéh' Byco%le
|nterest t Is to etecte ere ore, prior to pr ding t

bl ood sannh@ﬁmopmhél@haﬂbhm£ﬂkﬂﬁambmsﬁbﬁadOGEnﬁﬁunmvdhmnwwaﬁmnnanmd
buf f er squH{o W thin the c&gnbers %OGa 1 may be enDVEd _mﬁfﬁh
may be abdtt F’29 B ERCRY RS PSS %’F{ﬁr?é %‘*fr TR %ﬂ‘é‘ﬁ{ﬁe‘?’? DB vide
106b. The tbtagk hasgbad paY 11 hereackZf e clpinderdmdat mebhe chanbers 106a,
106b. At this stage, the bl ood sanple may conﬂakayggvar ety of

bi ol ogi call0EH iR |Vé’§ouss‘ii’él?9d5§em%dhﬁlf’6ﬁcp%“% t 5% Bep- d8PP-sandnipe
ot her el IsgoonhMoRdeh bieQR fuf ddiinfRMESn R&h@%clg%@lcéu@g thaE 9%—1@@1 o eﬁampie

filtration proCess may then be carried out. The sanple, being t

bl ood samallmf@r pahnte, wiotvided e thedfritenortsidOuer |tl@nsewmypq§eile?xmmaﬂ@ed>etween
t hrough t cond PPf, r 5 e I n

attached t% ﬁ%e 8%ogdf ortﬂﬁlgmom% 5W§§PEt%J hnﬁ%hghﬁé%p Hﬁ?ﬁrloé
the filterActddlinghy at ied snemmﬂ footht ﬁisl?bot'tol 1\[\)&3536 flowhieoranhé Fiest \pohulrm tof

Lhe chanberdh dons chonaes 105 ‘D65 Ak dyBuet sk ofys Hhanepn ioap T 1o e
this sh ageecohh%oﬁah@s sﬁmﬁargﬁmrtﬁ& @fgﬁﬂ%ﬁe aﬁe&ﬂae éﬂhfdgﬁodiaéd Whht gedohé phed

bl ood cel may be renoved to was he secon ort 112 30may
general |y 1@2: mpydtb v Gowhpeacondpors é%weeaalﬂ pé?hep'a%bﬁg 1068 dQ@]altfHélough

filter 11%aoﬁ&‘?h§&%%@mﬂ%£ rbé8 1Y £itd 56 RFo.def i ned as the outlet or

t he outl et
[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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[0127] In various enbodi ments, the filtration process may be
performed for a nunber of times, for exanple two tines, three tines
or four tines, to maximze the retention of PBMCs and renove ot her

bi ol ogi cal entities, for exanple the red blood cells, through the
filter 114. Therefore, additional buffer solution nay be provided
through the first port 5 110, with the second port 112 closed, to
fill the g¢émawber 51C.063,thédt®fbshoamch inetaf sitdve pindi 18uneerted@ntdahPbezond port
within., Further filtration_ may en be carrie ut by extracting he
sanpl e t hlbtighatie th B lfletih?"qlo)&’ R euﬁ@ﬁ&ﬁteéﬁ%aw

W t hin th@h&ﬁa'}@lelreﬁloilr&g%n g,aq&ge may be renoved through the filter 114
and the second port ¥o waste. |In various enbodi nents, as the
first por{0HTDIreyrigenenbidipeis tjlgemlca@ﬂladicmp@m & s Birthen dnalyde a
buf f er solut| fir 1 s

or the |nllréotvaﬂgratntan§%il?§§ne 1%) %{th}ein% g om%P{ ?or e?(ax%g EI[:' gl%éﬁé?héo%%ghxghqg
filtrati oprqvidic@sgenefateod agisaic B i tlr&SVIdi’(m]y béth@r@@nbn oepidrh €08aapoily. e

surfaces of the detec |on re 108a,, 108b, | ocated bot t om
of the chéfﬂ%sé?asgﬂ%@ay  REBitio %%Eéew & [gtecategIop, @98 ﬂ@%ﬁ@?&%ﬂ%‘a
di el ect r opl@h&R fFold ﬁﬁym@ﬁ)tto@xfa bR LREI dnfiRy MAO1QE Bken cBBally labelled
i npl emented during the f tra{Jl on process to 15capture the PB on

t he detecai & d@mthleg@aawSzoSBSb [bl?@]ouﬁtemﬂﬁ’élw dhe mpaenet Ay diei an

proce lls or the PBMCs may be retai ned
at théﬁfl I%Jian%zf&%mak%leg{&gggri%ﬁe red blood cells are renoved to
waste. | OlmB] [ vatichs rentbodinency arthird er hwoae boivn irofluieBEsminicanon lwath the
cells retaj ilter, 114 to e e the capture .and .

ot ect | on CHmhORD MaVELdD. o it vide tn om e rbY PGS O AU Hhe
second pO'Tﬂteﬁ- are¥vhidthe MRidié hbssPOMhe tHidDolth&&§drts b tor ik tnot B€provided
direction of the liquid flowis reversed conpared to that during the
filtrati oHVlT@radél%s In other words, a backflow or a reverse fl ow of

t he buytfep h r dy ot hereby
e DuS! 10| f R CAURLLIE BECRIY PRkl kRpRALRITECc! pesch
the c hanbeomﬁg.lﬁiﬁmn il @8xecaugivort Hat ot et wedyayatgedtvedivsfie iy the s¢cond

t he detecti e ns 10 08b of the chanbe 106b. [0131]
After t he PBRAKMGHAbRSY Ao P BUFR FEPraRA° CE FRACPER of ¢ he
celI's to féeofhaahensikO6abod@ehs, billgudt J;}@ﬂibaﬂdaia@r b@hped»e@etdroph@mﬁﬁs

and washi ng as part of the detection protoc i npl enment e? to
ou

concent r ac@bpigeais| meresthan feo ghanghers BAY Pé@rqy#ledl%e%thawgfﬁ chagyoers
exarrplg Alhdr¥er %&%@&B&Q%e\% e@lflantltnz?s I‘Pl%tx ﬁ&gﬂoﬁ?me& egi ons 1083
108b ODuri1 ng the washi ng process, urd | owed t hrough the
first porﬂﬂlﬂlbhamﬁlonstemdaoslenm ph@r trmc_n@ﬂutdm rS&Meiﬁbnmpeb@ finade of

bi ol ogi cal are not captured ur f age,.of
m cr oel ec? ?@8’3 %rr“a ayp 0l113§ eé‘qug& i Ef% &y on&@%Mﬁi lmetthy{gﬁoxane
det ecti on (reRISYNE fli@R embO@mentef thé lﬁﬁm@ﬂaﬂbﬁﬂy&eﬂ:@l@a mayOmadeayf heal, for

carried out. The PBMCs ma%/ﬁﬁe detected using a | abel -free detection
met hod, sﬁW@%aﬁuﬁB’é‘H’éﬁ‘rﬂf@e asurenment. 5[0132] In various
e”b()d'zﬁe”t[@lzz{ e dﬁé‘rk’ﬁdnod@ IR BfcPSRuidB Y s@&nﬁ@?%&é%idorﬁéetté’ehoﬁ 6Ptthh' 'b?ol@élcal

t he PBMCs at tection regions 10§ 08b to increase

recovery eﬂtﬁtws@g éppedancasaedspremeshivold mﬁrbtesiescrllbed thacxay! waxgnbléfe@si Tty
be perforgns or athirdtine or a fourth tine, each tine after
capture o TREBeMcs at the detecti on regi ons 108a, 108b. [0133]
Accor di ngl[@/l,23] Thy aiitiofaiderbecied? snayebe hagd dor ghecihregsationbaridf datection of

sol ution, . :
penp era(ij%qood mononuclear cells (PBMCs) in a blood sample. Preparation of the

30  peripheral blood mononuclear cells (PBMCs) may mean concentrating the peripheral
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10 to the first port 110 may be configured to flow through the
chanbers 106a, 106b, and the filter 114 such that the bi ol ogical
entity is retained by the filter 114 and a fluid, such as a buffer
solution, provided to the second port 112 may be configured to flow
through the filter 114 such that the biological entity is renoved
fromthe filter 114 to the chanbers 106a, 106b, for capture by the
capt ur e nmbleedulmesomtcteac heetls t (?BiMIEs)s ar fldteingf ot henldthig dreoekepterddelood

array. [0134] In varj di ts, . it al.so..be .pgssible to
ol sirent Tprbaaheria U BAROR R R e S s R e pa el
vol unes ofjordag Abhdrd sslantd Ray MialBedirowasd QileaBg ULtk icBahers 106a, 106b,
[0135] After the processing procedures, detection of the PBMCs

capt ur ed GRlorm e tond e dbiogted ar iRy uEy SBRt B FRg ek oviled s fillHbes
2 showg a Ll QW GRA br &Qfeharlawm@at, 11 56k, Av iR qg g%@é a ggmu{ea&tas b9 R

m cr of [ ui gh C system according to various e 0137] At 202,
a chanber abenftigungsdinents ded ngfer selusampiay begtravided & Ml dralf dlegl yolume of

tner et B2 SUABRS EOTIEL 255,y RS A B0 of R 5 DA R

comuni cakigf Wi th the chanber is provided. [0139] At 206, a second
port conprising a filter in fluid comunication with the chanber is
provi ded; [%78] fmeiBpFlages | MeaguispsY; dedy ths dHkent pf st fskarogpd (pgnal for

secongg poabnﬁzllaxvgon €0 ThepdrdrSoiBh teifdl iHeMBaRBEQ NB6P A0k, AP HEH
t he chanber. Fabrication and experinental data [0140] The

f abri cati ba refiotade Hiwewt.| tiviutld By sdeniagéousapimaistamnd oditawe vokimg ¢f] the

now be descrd bed .as fal.l ows,, by v of anpl es .a of Li.m tatioeons,
SM orof | Pt CouPBay i e bs s Aot SRR 55 4B WnBiThe oyiBa bl Blede
vi ews of gariple rpebiddddioCths \ehh@berd ABoa, aleb) i fige heocastngeaibai MiiimizeTthe
m crofluidic systeE\ 102 may .i ncl ud %Vbottom i I#' con mcrochip 104

i ncl udi ng “8CHCBY O 8F SRR Kr SRR By ol B80d e I588¢ Hhegecostuetts o
and a pai biddqidhl ChididsUh EHISBATRRSIS, AARR detd QR reBiohd 16da, POSH, wiich ARY
a second port™ 112 with an 10 integrated mcrofilter nenbrane 114,

Each of t heevpali ¢etestioniof ilesf biglogica! enféprerinterestoiiat BOBIe drigeidday Ehegefore,
vol une of t 4 .1. fi i . i

o about 8RR PrudinE e HPS FRINE REfhe shhh 106 T8 aEaR RRE: 5 6
t her eon t beffai dohaion wikldn dehéhambed 1d6a,i Nicbgmay dd ranotdde whichi monbe about

m crochip 104 to forma m croel ectrode array ( chip.. Therefore,
the det ecEitbrbsitgghadngt B velwmenf thegha %BTScloéi'ﬂs]togﬁ %fé}?b sygte may then

i ntegnat eq 9%&&'&9 8 Itthd %&b@sCIrOQQ,W@b.l%-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.
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[0142] FIG 3A shows a schematic bottom view of the mcrofluidic
system 102, according to various enbodinments, with the silicon

m crochip 104 including the mcroelectrode array 300 renoved, for
illustration purposes. FIG 3B shows a schematic cross-sectional view
of the mcrofluidic system 102, taken along the line A-A" of 20FI G
3A. [0143] As shown in FIG 3B, the mcrofluidic system 102 may

i ncl ude a [p129% T eartdidrhdbdiatentsc therfdtra0ad, proowss inay be pedoraied fb;apmrhbqrexfs
304 and a bott?mtape | ayer. 306. Based or} FI GS. 3A and 3B,

m cr oel ec{ie O FAVPEIYOrEHAEE SHCHSd PY WBFR0 MPFYPZF 6]i’le Bqte”tnﬂg of
silicon mpgNacHim &%v@%eleﬁ%@%n&uh@s fhexpapictthOnd thodidefs Qmﬂg}%@
106a, 106, and the 25 bottom surface of the plastic chanber 302]

repr esent é'dtebﬁrlff ha&herefore ddiiitinnal fusfeg oglution mpgzbe Providesd thsqugh ke first POI‘t
enbodi e ruc

m crochi p 1?8 \E}}ﬁ tﬂ% E%B?%Smtqgr%% |&a eft]l é%egl%é bg?%“%’%i?ggn%%p ﬁgo tbfgrtﬂ#

t ape | ayerdﬂﬁ&&he Ismmphr\i/imluﬁ dhioibeli fikratisn ntdyethbwhelcanmdrmmbat extibatpe the

| ayers 304 and t he ttomtape_ | ayer 306

doubl e- si é%‘BPIFé%‘BUng%f eef@a% ohr af Sestinin B bt ff‘a‘f’iﬂan#%?ﬁh@fﬂee%
of the tapecl ayes,smad0%k @RGvaPBirovsh SREGHdr ek ¥nd BRGEESHIHBLIQ2 VRN RS In
enbodi ments. The internedi ate tap e Ig&ler 304 includes the openings

310a, 3lobranelcsrwpéan@1tms the fuﬁépcfml mgy generally ahdsce e a8 Btk ancgit for
112, rg Sp%‘é@;ﬁ%lu hﬂae{’fhgtfﬁ@%t&a)l@%e%'o@‘ﬁéd A0t nﬁétmt;ﬁ{e ihigChdides

t he openin ace o astic ¢ er structure
302 and th&lzsmé:mbmuwsb@ﬁmdnﬂdﬁﬁadunwg/tmdﬁtrm prheessn loologicelcdntioeemay bay

300andthesi|icnmcroc 51014 nbodi ment s

The bot t oRTERHE™ B9 ebnIh g ier fie dPme ey O, Rifb, SHAGT a8 bitom
corr espong@f i dhemb&ie 1064, $D6H)@ésfaecll$@1yarl'@e1teftﬁe Seadatoraidt dididerophoresis, as
respectively. The bottom tape [ayer 306 further includes the opening
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el emenks QiroRA e s@cfonﬁﬁb%rtrm@r@fth ‘tﬂedi'h% @f@iﬁf@m&&%{eh thfthd difection of the
configuration of the l'ter.” I'n the enbodi ment of FIG 3B, the filter

114 is i nmpigeidefieveds mensmcmar@bm thit doinii the fidiration Hirpeesthdn sdeo Mot
112. 1n th odi ne?etvel(‘)s]; Ilf fs 5& bu@ﬁar chiuttI%El gé‘)glgh_ltﬁé @#0%@35'& f ﬂelb

the verti cﬁ‘fk ot guratien in ¥he secon erefore
filter 32@eiforednfhcgby eempdngtbeekliyfrom thé‘lﬁltwallllﬁl aad tlfahhffemﬁgdmi:eﬂ@td the

322. Such 0 confi rat o) ere atlv | ess prone to

bl ockage saerabere S | . Stiihe Arerel o mas e PB4 € e B enrE Ginua 8o be
appr ecisat ggs Bp{q.legﬁggngglscmgf I wﬁgl c system 318 with the vertically
configured filter 320 may be inplenented in any design suitable for

appl i cat i dWE31] [Adten The baphﬂaw ol theehritrtli sebiies | anilt the Hesaplar 196 theppellscioathed
that any QH%%&S %6% rﬁ%éb nﬁmﬁ@%ﬁh &0 %fé?eclr@ﬁ’f%es%soﬁn@@qsﬁlﬁ'ge RYaHOLP the

tape | ayer
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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25 [0148] Surface chem stry, as known in the art, may be perfornmed to
attach a linker, such as a thiol linker, to the mcroel ectrode array
300. The mcrofluidic system 102 including the plastic chanber
structure 302 nay then be nmounted on the silicon mcrochip 104.
Capture nol ecules for specific cell capture, such as antibodies, my
be attached via a EDAC/ NHS

(1- (3- Di metufydeant o mipydictddetanl c agtigdipieniigedetection of the PBMCs at the

Ry ool or e T Ok ORI o) COUPLIngoko el LIKEE

m cr oel ectpEades ahdy2 e 3@ ubify RASDN AES Uehtidh ndiRf2e! Subtas ”ﬁﬁ&ﬁh&%
for exanple polyéthylene gl yco% (PEG. Therefore, thére may be

| ayer of @msmnrgemtncl udi ng linkers, capture nol ecul es and the

repel | %nt 1'1ou§ %%%u?i n&s ¥h %aqg{lgarvgyégge:s# }an %X}%La%g] ajft%g %}%legto?d

on the SI|ICO mcroch rlgerator £
preserve alie PBMUsadtnhé hﬂedtimnabglcmam&ai &&8tofo Ihheaseahé edol@ayefficiducy. In

buffer sol ution y.. b rovided in the 5 mcr u tem 102 t

protect t Wé“%‘bgaﬁtn%dl“é‘i}'@{’) they hffclgfq“épwaffwéayehm #tfgl 3 Gt piot ﬁ)g‘étﬁ
net hods  aginkd)OyMR tinfe 408 calfthre BBMPBNISES thé @éte&?éﬁ%élﬁlsqroeﬁq{)% rozen or
vaccum st or age. [0149] The use of a repellent material on the device

surface ndP1Bbveredingly, wt carveb embpdentyr ¢ 8yid3oghrag @lwésr ?Ri\ﬂf-lcﬁ’pétﬁ‘fideé
adhesign ly { e

ot 't nelt argdf ErORLE Mo FRG 4 ERe e A IS APRERNARRS, 106, A Eld B0

of the tarfdet bl mjchg]hat dle lﬁoibgrcgd dngityrie Iratmw@bytlsrﬁiiet 114 ﬁliEBszluiEll ﬁchéﬁs a
shows the_technical dra s of the plastj anber st

accor di ng PP LG, BERY %H% they sgeond Ig‘m)w % pIcg Wecgtﬁ’a "é °“g the
struct ur e i3 114 sicBPthattRé bRIBgAM 19SS r&xﬁﬁ%ﬂm théi FEWE 13060 tHeechambers
di mensi ons of the plastic chanber structure 302 15in mllineter

[0151] FI G06BAl&Revier 2pwfs Vi el oFapBirer ieeleetesp atbwbed de ce diuigee cp(foﬂ?é

enbodi zen m%QI%Enéﬁ%Yal{%ﬁ provided with the mcrofluidic system of
various e Iments e mcrochip 500 may include a m croel ectrode

array 502 [@ltd] dn phmmalaﬁbpdm[enEsL gabayi gl bé pessibbowrisptanent @ sécmenmlémphe

504 504b, 504 04 ti |
conf1 act p&&"scessﬂcig B\ COth ebffeﬁ'rfé%ntt%gwe%oﬁtﬁﬁtb%ﬁgdg@%% b bBé’mC‘eSSBd

connect ed stqueatiflly.nt ed circuit board (PCB) for electrical control of
the m croel ectrode an-ay 502 and processing. The m_crochip 500 may be

a si | i con IM3} st phe Tiacasgee grrogererepCagiBeiiong 0§|t5§1£31\6@§)¢,¢é§§1r% Oﬁfaghe

reduce,t he,;pyx %%éde%a? qel,eqbipua, time of the biological entity to
bel ow 1 hour, which may all'ow the use of the microfl uidic syst em of

various erfbtidl FEGt & sloves poﬁkm -apfrt c2ile iiR@@)ng 25methotli foy hepuiacturing a
di agnosi s _and |to acut e .and cbhronl Sd| seases, such as heart

at tacks. at BPRERoLEIesp debloiff i PuBl bk
[0137] At 202, a chamber configured to receive the sample volume is provided, wherein
the chamber comprises a detection region for detecting the biological entity.
25  [0138] At 204, 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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[0152] FIG 5B shows a top view of the mcroelectrode array 502
according to one enbodi nent, provided on the m crochip 500 of the
enbodi nent of FIG 5A. As shown in FIG 5B, the mcroel ectrode array
502 includes 24 pairs of electrodes, arranged in a 304x6 array. In
vari ous enbodi ments, the nunber of the plurality of contact pads 506
may correspond to the nunber of the pairs of electrodes. [0153] In
vari ous erHabgicatiot snd epehinpakal dafa el ectrodes may be identified by its
row number i.cated on . the left side of .FIG 5B, and i

nanber | adoHiTTbATRRE S dfcnRuigesska’ Stk rnealist oyl upe
el ect r odesiotbed ACloles, 35 WS lexfhfed 4adRt lifdkigxanpl e 508a, 508b,
508c, 508d, and an outer el éctrode, for exanpl e 510a, 510b, 510c, 5
510d. In various enbodi nents, the inner el ectrodes, for exanple 508a,
508b, 508 king el ectrodes and in the shape of a

di sc, am.ﬁ%“? gﬁt re@ﬁ%ggﬁodes for exanple 510a, 510b, 510c, 510d,
may be ref[&tﬂﬂh@&i&li@ctormamuamﬂemmmhewshfa@mmﬁﬂuadhcwsmshﬁé etchm:lmg to

substantially surround._the. i electr es, .far, ex | e 508a, .508h
2000, Bobane YBOGRET ielnitahite Syimh aamvdhdhasa Bies sTegdmiogith
may be shqus efclidgeh hﬁlrcroeﬂeeume h@a)ﬁﬁ{ﬁﬁfdrlﬁahn gAbEIEBE Qatelin Mid & peaeln
other to function together as a collective el ectrode, to provide a

rel ati vel ynigiofyidic §}Eﬁmb&é§e lg@’ealoﬁbn A rfuplenet 1d0naid ¢ weeand Bt 1142 twigh an
i nner gl e 3. 08 Gr o PARLIIBY Bmbers 106
controﬁleg&%ﬁgﬁvi th%?£9$ﬁnggtfvE?y Efé q%%n%ft?@elg%pg anceerS %
nmeasur enmerlDsgb onays}hme hedhihoget dbent 4. i Thehmembrane dilltex bimay batel oporaisizh
each other to function together as a coll ective el ectrode,

to
generate ©°f3beptshap althg nRereelarradsraay) 240 may bej fomped: tharein HHER%%O“ the
di el ect r opRRLLHiGodHFTd4 or IHf%gl%@a JnQﬁyélhbd}ﬁnﬁr@h Rfteh %mpg RlidrGelt Q8-

[0154] FI G ©6A shows a sinmulation plot 600 of e non-uniform
el ectric farey d‘dEAgwhnpngF herederet e aietdcte:inet@gloophbﬁetmlcrolﬂmgilmysgeané@%mm

by a g?cr%gmﬁﬁé&gggg q%P gﬁégé%hgﬁ%to various embodi nents. As shown

in Fl ted has electric field mnina
20 occun- i[oge2pFIG. heAcetmvrsea gherhhxé: ibofig@h eile®Cbf abkeSnicifiniic \wﬂémus@;d

for negative diel ectrophoresis (DEP), rect and con ntra
tar get ceIaF"sor%Pgttﬁe"ft‘f@Hﬁr"é‘B bashmeHy Wﬁhnﬁleeﬁh&% deigckigr 1 ‘ﬁﬁaﬂa e the

measur ementicrobiddrnik aﬁlag‘?:o@ %Iﬁ&@wsfoﬁﬂlu%’ﬁﬂo%%ulﬁﬂs@i OSICOBE $hoRYE sentrtic
m cr oel ectrode array
cross-sectional view of the mlClOﬂuldIC 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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cells, with an applied electrical signal having a peak-to-peak
anplitude of about 1.5 V 25 and a frequency of 1 Miz. FIG 6B shows
a plurality of cells 604 concentrated in the centre of the inner

el ectrode 606 of the m croel ectrode array 602, as a result of
negative DEP. [0156] Referring to FIG 5, in various enbodi ments, the
i nner electrodes of the first row of the pairs of electrodes nmay be

connect ed idcudel eheipuiiiagd 3 y0ap3 10©péﬁr&@porma¢5t05&5ﬁm port meo and the second port
30|nterconnect|ons 504a, 504e. The inner ctrodes t he second agd
third rowd breypseiyshy rHegniegnedise 6%’@%&%90“0 l%hw@elf“éﬂfh? Gpemag 312 suc

bl ural i 1Yyt JCARLACLE 24O nithBert Aot 1861 GANRLARES 108 108048kay

The inner el ectrodes of ‘the fourth row of the pairs of electrodes nay
be connectentadtthe hisrqslagtrads @IWY(ﬁOO(aoﬁtmhqgad@C@dﬁp\lDé t he

i nterconn s_504c. h [e ctr h ar hor

el ect r Poal 4L CAs B ol PPl APeayeh ot Befledy TR (Figg3fed "
plurali ty3ozib contgohdipgds tﬁ@ﬁls\llpartt e anmlt ﬁabcsedsmﬁqidromsz %ﬂhctu&ﬁﬂ4ﬁhe

[0157] In various enbaqdi ts, surface chem stry per dto
f unct i onaPP¥n f#ps 1 ?Yﬁép6g$‘gﬁﬂ9§)é‘§ aﬁedfrpe@sag p gt ta%@ﬁe Oéglémfsm
508d, and fhf,LUlatuk! 8t hRABR cHaftbeRXAITR] ?0@6191?& SoHeRe 1Rl Boro@dAdde

of the m croel ectrode array 502, with a |inker, such as a thiol
| i nker. Capeus@ MIté@ﬂllwm@rfJCéwem"rfl c cell capture, such as

antib e th b 1 i EDAC . . .
o0 S0 ST D3RS SARPEACTES 1R, RaFERS Mimoncd in e verica
hydr ochl onoﬁ@ﬁi\&timyidm theySeﬁdepbﬁi of id @}het opds, mgarized voreicdllynikelie skbend port,

surface of the sili rochi 10 whi.ch na e silic oxi de, not
Soverod DFHARamRY GFES Bt Tasn e S bl pte e Bl T SBEenf |
repel | ent sRLAfE &lde vfe@f oﬁ%ﬁﬁ@bﬁm@fé's}’rﬁ&ﬁﬁl@ REitH4 y&ﬂhal(ﬁ%@lgm‘é@ 158l 320,
Various enbodi nents will now be described by the follow n

i |1 ustr at BeaeTHBR o ] gopodiment elwrgmbodimeny ok 1G4 is Sfmlll%ré@ %ﬁgen}t@ﬂgmnt
In order tpg i’éséﬁtmh@ fé.g%hé’%%éﬁieﬂﬁrﬂ%% Qﬁ‘t Eftid:Bfui ?i‘c %}F@mmegée@{ek stﬂéc

syst em of “various ment's, a sa utlon 0 ture
such as t henfiywrdt@h of dlel fiteafln The erﬂﬁ)dimerphﬁ]iﬁéﬁ ttkm/ltemglt& semplemented in

i G V= ML NN S A R
12000 cel lagtei soopdaompledrcRied iNVEe ws@E]l configuration in the second port 322. Therefore,
the filter 320 is configured parallelly to the wall of the second port 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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[0160] The cells were provided to the mcrofluidic systemof various
enbodi nents using the procedures of various enbodi nents as previously
described, and filtered at different 25 flow rates and back-fl ushed
or back-flow at different flow rates. The cells were then incubated
with DEP to establish surface coverage of the mcroel ectrode array.
FIGS. 7A to 7C show optical mcroscopy imges of m croel ectrode
arrays w tpplyegilylesie g6 DRBG)IgTherefoss, tmuesmey‘rbedllmmbﬁ coaTilﬁg lmﬂlﬁdlﬁ@.llnkels
m croscopy i mges re obtai neg using. X51. ht Hi

Power M coB&EEpBO! E%fw@fﬁwﬁ enm%missugﬁ e Jpe W\‘Cé aﬁystrﬂ%eﬂ@%
of cells 7QQnea (szhalesyrléo@a%&échimomngyo@ %Hdoﬂea MiFigdfatbP 2o dhdsBive or
filtration at a flowrate (ie. the filtering flow rate) of about 400
til/mn amerintaiochafinotionsities (Eﬁl-‘_biJE tantedalpprnt Apuffenspletipn RnGe MRvEkdwsthan
optical, m 0 s f

o or oo oot BRLURRY st BPI02k, B D tort kb, AR ARSI el Bpmepry. gt
(i e. the backdel mshodst)knotvnab ol afsﬁﬁyg:le/md] fenekatipbedrddd, ﬁmm bhvd.'aEBn
for about 5 mnutes. FIG 7C shows an optical mcroscopy inage 5 of
cel | s 706 SB¥2&he surface of the microel ectrode an-ay 702 after

backf | ow gj14] fiheWndeatog 9f1e et BRErAl b heaREvitOCHbRAL Adt WedRrddEBy
for about 16 mnutes. [0162] As can be seen fromFI G 7A «cells 700
are presemticigplestiedes am)ac3é’0 ofeduops mercenseifisc adhssien aofr hiplomical a¢ntisies tand
filtratio €SS.,: Leh

the. ragor aeeRR PEigbELARANR, SOt vt Al by RARE b RAPYRL e
t her ef or e,nuﬂibexrﬁyhdomxﬁeﬁiiol@hiabmmwrswdgtwmmﬁt| on with DEP. In

various e ' t a multi Ien er.of t filtrat] rocess

bo. ar i cdUE TG 1 Siiinites GHETE Giaie 2 Fiserlait hamadngre 05

towar ds t hec.orBARha08e Ehlbé(ﬁﬁlentloﬁl@?’h $HdwadEé pladi cHadeP 8€kdub@VB02 in top,

efficiency was ascertained by also staining the cells on the filter
be

menbr ane (sttery 2ad prosbresterahiviedpand fhsrdimgrsiense! the riastia chopmipsy structure 302
I nvi trlggenanﬁmgtegéya%t ains living cells and produces green

fl uorescence . and 7E show fl uorescence nicroscopy i mges of
cells 708 {Omlhﬁlfééﬁashwsrmtnprvimeoﬁd mtoemchﬂ)lm(an@bouéhgw oht 2nibodixait,ghat

after filtratjon, re tjv accordi ng ovarl nt.s. .The
{1 or escerd T IPBEED By e GugoDERE SBER bt AEtH R e e e

Upri ght FlsgohesGentdeM ﬁ[@@&éﬁ&@da\&&@ 502 dnld B lshlity@f@ReRichl interconnections,

i sothiocyanate) filter. The cells 708 retained, at the 2Qnmenbr ane

filter wadoregpmpin ditar Pbnotie P4 208atfopeannegiongo a plurality of contact pads
20  506. The plurality of contact pads 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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[0164] It should be appreciated that other conventional nethods may
al so be carried out to establish the nunber of dead cells and cells

t hat have passed through the filter. [0165] The nunber of cells
retained on the nenbrane filter, being about 200 cells, is relatively
| arge and may affect the detection of rare cells, which may be
present in a 25 relatively small nunber, for exanple 10 cells or

|l ess. I n goiB3] [ORarids ﬁﬂm&ﬁ‘mérﬂs FaGib pait Bfaddétirédes inag Héelldblﬁxféﬁ‘by IO bow
after backfI%M/ may  be aff ed 3 %ﬁhe backflom/rate and may.

i ncubat ed "YALERES ¥ &éteéfontt % Hloel HE PE@ddisycplnmp pumpegy "ﬁe‘P iﬁﬁs%on

i ncubat ed Rus LARIA, Eslé yEdéH'o? 9‘[%:@4%3&9¥ 8f elEaﬁ)dééJﬁqfaﬁ%hﬁfe anfher electrode, for
m cr oel ectrode array shows an opti cal

m cr oscopyximplgS084, 5&)&113 I5§89,n5q8ﬁea®mﬂf<att@ e(bffctlt)ﬁ@ 8o eragtpde b Bt £ ibe 510c,
array Ogégf)é ®h I 'nl ﬁsrean%o'% t%%f Oweﬁe%ﬁgde% for g?%nglcgg&g%gg Bogc 508dfa

wi t hou i nculbat’ton ows an optica roscopy
cells on ths lSeUt’Vf)ﬂ@IGg eltctidies and ¢ii del dape oﬂe digd; ayhiB0fe @ﬁteﬁﬁ:leatlodes for
subsequent backflow at a _flow rate of ab%ut GOﬁERI/nln and |n§ubat%on

with DEP F&imBlEUl210 0 AlYes 106 may de relsmnge slectads: i welbeis

view of FlysedBe tﬂdi‘glhlﬁ?ahhﬂgf @irfoth@iteViBheY eie@{r&?es%i’@%m}ﬂé 56%, kesb, s08c,
present on the microel ectrode array 800, which may affect the

det ecti on 5@$¢ i 'Eiileemttgl elﬁctrgtilﬁcfﬂi ﬁl{:ﬁlméﬁ § K0z &FOb ﬁb00m5 t@cbmamba |Sh0®d§9@[d‘@m

f||ter|n M/ra ow ra provi
that a Subhabﬁb’dd, ad haybvdxm 4 mtlam\teeyvbiggaf sur&b&: amanﬂoeeremysebﬁnm}owlﬂbdthen

the mi | ect r od i 681 FIG .
000 of SamEiee clsraisn ot ramisnd 50 S, She. S0 ripv s SoamolanpigruRls for
enbodi Mentga; 4 N%gostengg% Wased@B ARRM RS 00BdrRE BERRA’ A inOfedichl

filtration of froma b ood sanple, and is shown in terns of the
nunber of ce@mugmeﬁoq Weh £aqht asher(ta Sungtipe fagethengge ofllcchyseleaiiogs ta Zeusmate

cel! 915902 GRRMIS hohiRirBAF ML ke 130 4nauthe dﬁléfgé?l%hté&%sllf?bﬁ) OffeieB§

f||ter e nu S remal ning on t ter ter
fiItratlommmhdghah&émmwm@mm@ﬁsaang i n accordance with various

enmbodi nen 1 1 The round.data n as represent ed 906

oo obt At BIG 68 sp s p S GEE, BOA BE Rie RSBGPS aelts 2Bgne
pl/mn, Waist & 4 Mieles@drhoretid Fehi, RMarited b;aénﬁ@@a@c&ﬁﬂbaﬂagmc&ﬁ&nngmous
obtalned for filtration processes at a flow rate of out 400 pl/mn.

[01701 FI embedimesatiovs shewn gt Flh PAnthe clsstisield augeatest hasploptsic fig
the sypf a%@ éha% %Céeﬁlﬁ%«?‘?&fr ‘E}Qeuﬁﬁ%{ WeckO92, aflieh Lhdnt Ledd @8 %Iega@we

flow rate of
dlelectrophoresm (DEP), may dlrect 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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20 incubation with DEP for about 5 mnutes. FIG 10B shows an optical
m croscopy i mage of PBMCs 1004 on the surface of the mcroel ectrode
array 1006 after backflow at a flow rate of about 600 RI/m n and

i ncubation with DEP for about 10 mnutes. [01711 As shown in FIG
10B, the cells 1004, after backflow, was incubated substantially
uniformy over the surface of the mcroel ectrode array 1006. 25

Spi ked bl e@ercpriepasat @b, 5044 2 ThAliond:r ol&drodEB4f drl fosrth aowedsrdne halrs alf

progenitor cells, EPCs) were spjked in about 1 f blood and were
provi ded tel?cfr?@srﬁl%’r‘tﬁqoé}{‘?ﬁ@ tgylag Ripabty Hagpagﬁéﬁ@mé e @sipgpmections

processed sgCOofgl age,t@echla@esptvafcﬁ% 810l 2Bl &e&&@mﬁmﬁﬁe&tﬁm@aﬂl each
previ ously 30described. In dition, a pure blood sanple was al so
prepar ed afigr prybesoetciad @Q)ihsl iphigality of erontget palsdds e tb¢ Injerednpgefions 504b,
enbodi gen ﬁ 4§S Pr eviously described. The CD34+ cells were
specificallTy captured on the mcroel ectrode array using negative

di el ect r o7 $n Sar{ddkhbodipeaisf duefasdtichisyy, ag bgpertfirared an finaticlise the

m crofl uidics wash away the _nons ific cells 0173]. FIG 1
shows an &HEF ceiﬁctrﬁiiisr dec shyrnlsagea. o108k, éP%%oSéhS@cﬁfrﬂlo %‘ltP‘éﬁleW(f‘&? s.5for
PBMCs frorg it e%@ms@opfsmws@o&ﬂo@% mﬁfaefe.rcne&ga&ay%@hl With Qflmkaesd’m{?a
involving filtration at a flow'rate of about 50 /mn for about

m nut es, &l Baekf C@pwwpewlﬁ@ﬂwédr $PRPidie, cel cappurfe] Mhraata@tlhﬂdieab@w th@@(be
ul / m (t t h tr an I he

whi | e \M(t%%dshgws an I (E::??H ) r(Ff;(\:/c% me'ﬂ&ramg&g’fo ﬁrg gtﬂ%egpr%&mlde
mcr oeI ecﬂalydhtfbehlaﬁdaM }qfdrdibz@mcjﬁxﬁudeafcbe;ﬁhr@ th whiet ]hlfkrm wasdsurfacp pbtesdicon

carried out, at_.a ro Orat of . about, 50 ul/m abou nut

oL a] E icrDein v EhiEh g b SR LR oV 6 aropiee Fos Y S
array W t hng@lel pasdivaea s aﬁmabaleﬁ{ maﬂ@hlﬂecbrlemﬂﬂepal%@meﬁe lgltyl’:@t(PEG) at
a flowrate of about 50 ul/mn for about 2 mnutes, and

per f or ned [Q148t &ariges gmbodimenta vall gfovabe descsibed g /ths ﬁolkw«p&é}us{rﬁaﬁe non-
EL?nSflﬁ”?%lﬁer)&‘ﬁlpllé into the open chanbers, while FIG 11D shows an

Jurkat cell filtering
[0159] In order to assist in the development and testing of the microfluidic system of
various embodiments, a sample solution of cultured cells, such as the Jurkat cells of T-
20 lymphocytes, having the same concentration as PBMCs in blood (ie. about
6x10° cells/ml) and in a volume sufficient to saturate the detection region, for example
about 12000 cells in about 2 pl, 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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15 mcroscopy imge of the same microel ectrode array of FIG 11C
after a further washing process carried out at a flow rate of about
50 gl/mn for about 2 mnutes. [0175] Wile a relatively |arge nunber
of cells were present after the backflow processes (FIGS. 11A and
11C), after the washing process, nost of the cells were renoved,

| eaving the CD34+ cells on the surfaces of the m croel ectrode arrays.
20[ 0176] 1400 adietiit iand incudprévnatvith TP fesabolit Cddutes elFIG. ABIGh&Bdrt optitdl S
spi ked in about 1 ul of bl Ff?d were proyided to the mcrofluidic

syst em of ™&OPORY BABoA felkt D%0r s Bees af hecinrenlriofle aprRe /02 after a
procedur e, k¥l bOUFIHTROH AN kst 3. ML c@ﬂ§gfyra Scﬁrabtaﬁldso@%/hun and

capture was carried out using negat|ve fic capture
nol ecul es ifonbat@n3«ith DEP| for alﬁﬁlﬁ Gjrﬂﬁ‘n]lteﬂ [CH M%mschrﬂsﬁﬁcslhnwrctsb@y 1mage

t I h l,ect 200 wi
B! 6ot &R G CerAtr e 1 ehe Bt e haEas, L e BEKIRY b GegaRe o
carried 0ldEmﬁtSO@Bf/hq%ﬂd%&xb‘aﬁo@t%ﬁHbE@%r Mo OmliRfesabout 2 m nutes.
FI GS. 12C and show t he optical mcroscopy inages of the

m cr oel ect916dk Aar¢eaybd 363 {owhFEG.sadvplelsc @it arenpregerCigy hecarfass of the
bef ore an?m P%l?c::]tr % e%séh' g agtep S:hestﬁlggﬁ i rg:?efgij\tvkgﬁs eanL At nﬁ{ %g{ﬁel%ﬁs

about 400 or ou m nu own I n
and 12C belfoox ewhhi tha&{mﬂ:garmr@iwmd pasy thk@aighvbt ynehirge filterized thdrefore,
cells were present on the.mcroel ectr&dﬁgf}r ys 1200, 1 02. After the

washi f§ prsessedipated,furingeinghatian v tW&O@ﬁJ&@ oH@eNts, w%ﬂp e

washed awgymbEosn th@ ﬁltFﬂti@fl ?)%c%ﬁ:st l‘hﬁ)}dﬁe 8drtiaY od2BRovRtheSARPIE, Whidh!
while the CD34+ cells renai ned t he 5mi croel ectrode array 1202y

shown i n bBlagd sample, @Wéldﬁ@qm@fnbrp@‘tﬁmrc capture of CD34+ cells by the

capture i#]l%gml?gdcﬂpont A& SEARE EJnQ %a@%é%%é«f@%gls%%%%ﬁ PRIKEAs on

bl ood, w egra I npe ance tion procedur e
of vari ousheeﬁﬁtmmarmmm: Lamgde&mresbed dabdmeaiaMple felcdig Aﬁﬂéagdn‘altmgam)a}mi
proceSS|n sanpl e, edanc re edance
B bect rigsc B IRTec s FUEPBE-et Beet AUOHSTRtt | B or DR Teahrt HApetee
on the m %ﬁ%b&@&ﬁﬁﬁl@s%&"&@ys 70BN@tafiRH la6a WL rARIREE 0 By EdMRed2NE Graste
spectroscogy in a batch operation node, which was able to detect

cel I's at w&pafiltasiop, semeqtivalyniserQding tpODTIcs| ?@170‘11%31}% r éhatfjupegsgence
i R
Cel | s, VadiatoagopEumnthtandii TCdfldorescein ISothmcyanate) filter. The cells 708 retained at the
20  membrane filter was estimated to amount to about 201 cells.
[0164] 1t 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 ul/min, without DEP

incubation. FIG. 8B shows an optical microscopy image of cells on the surface of the
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Cardi ovascul ar Risk", N Engl. J. Med., 2003, 348(7), 593). [0180]
FIG 13A shows a system 1300 for neasuring inpedance, according to
various enbodi nents. The system 1300 may be an integrated PCB-based
el ectronic system for the sinmultaneous detection and nmeasurenents of
i npedance based on 24 pairs of 20el ectrodes of the m croel ectrode
array of the mcrofluidic system 1304. The system 1300 i ncludes a

PCB- based JiBRs4E@5RHrra$ %0 aftkrla Qb sédhehiishicRfow 4t £ fBRNaleSo GO HEDQNGHIAY
to the 24 pairs of electrodes. The PCB-based neasurenent system 1302

may be conrnédtcabation veitlcBREP dereabornt) wamesoFlGedCLgiong a dose-upsasiivnal wew
ft Lahvi . | ne
custom 11 415 o Antaf e sdely e SEMEDERIA b Bt BELHAER R

t o t he neasuy 80®nthicly sihenffdd 0z dancttivo effle@enny of gekdctoeld for e @jcr¢thodic
shown). The system 1300bf(ﬁrther i ncl udes the punps 1308a, 1308b,
coupl ed r SXPEROT VUIPSEHOPHBIEPSy st and second ports of the

m cr of | ui dpfe7$ iskRMrd 30 4ariditecrMbiRaents ARAflt w ite alS Beh bRKEHP RAK
a buffer solution to the mcrofluidic system 1304 and to nove the

buf fer solnayi waed 40 bpgravigedisothei asubseridlvapniianan fval eheslichamisey my be
30t he m CE’%‘Jsi‘?grdgitnﬁlﬁéx’?‘%‘g%&la”ae%%ﬁd%]tecgblg 13B shows a schenatic

diagram il as I'nterconnections of the enbodi nent
of FI G 13M68TFeGPCRhdes &plordfs wf eample BystaivnlShidensy, acrondog éd varmus

the (FPGA) hoard 1306, via. t electric i nterconnections 1 . ..The

BB o po kot Rt 8 Sese OHHBEE Bpoet oo NP Erp SO i pligeiph ot
mat e wi t h pBACS GORELbIBbd datdifte 0dnd 19 sibwWiGR tedisdof(tHaughber ofcansl pn Udlffiter
The PCB card 1316 further includes the connector 1318 for connection

to the mi éroelresengge canmy Wib o A FelsbP07iagriasis s kagkap 4aieFH0d: The
13A). 101%?%@%1‘ 81 St h O el regé}E td #HeIRimtR} Bt Qéﬂscl%lnaﬁ{ﬁ!iét %n’(;i ?rl%yﬁ’i‘%er}?ﬁ#érs

(for exanmp 4 cells), 1 npedance neasurenent was I ni
recorded ifritrstive apd bgekilow mhcesding, hufidcerdased with wmidysembadinientst he

sosenc BTy 6gko S0, 3 EObr TER o GEL P e

processes Raeaedhingfbe rita bl Bttt 20W QDHNTE MhSle ¢ afdatahgoifs, als @gHireskhted
entities in the sanples were renoved, leaving the target cells on the

surfaces o 9Bever: obaled darrfidaticarnreaessel ppetien cate abalwut vbmw{minas t hen
recordec aRfhof MBI Lol SPRECANER S Sockt WFBEME: R orlnt sbidfe 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 1000.
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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15t he mcroel ectrode array. [0184] FIG 13C shows a plot 1320 of

i npedance nmeasurenment wth a PBS solution containing cells for a
channel of the system of the enbodi nent of FIG 13A. For conparison
pur poses, a plot 1322 of inpedance neasurenent based on a
conventional set-up systemis also shown. The plots 1320, 1322, show
relatively good correlation for 20 the different systens for the
channel . Thee getifRally t4ruree phabe Mi@deladrdlid 24ral Rding aicgativichdelbetaplienrsiy
at which the inpedance change or sensitivity is the highest. [Q185]
FIG 14 sKeWR):aPprbe apibuivofecpsriemaee aaoastneiities 1orvay rfye fegpon-
sanpl es, gﬁ&ﬁﬁéyeﬂg to various enbodi ments. The plot 1400 is shown in
ternms of t per cent age change in i npedance 1402 agai nst frequency
(i n | ogar (8173 §6&l E)A Bu@us aQBﬂJ@Q@G}lICF@JS@p}im@@o@ﬁsa mewlésﬁndesal‘t&yr with

phosphat e er.ed I ihe (P r I ut i.

Pepr osant BN ER SR PDIG PO RE 138 BhaRRuth (T FRAS nfivine
W t hout ceilltka&:,on%a FloR @&aITlabeut B ﬂlhﬁnrf@luﬂiﬂ)udaﬁrﬂnﬂ@é ah& bdckDBw, péttoried
sanple with cells after a washi nﬂ protocol in accordance wt h vari ous

embodi mentwsice.s auﬂ@pfr@@@ftab@nlﬁﬁ)w grin (tvaney thahwrangsaed play FRNCs dnto thempsn
per cent age ange | d e 1402 aobserved at 0

1406 and f&ﬂgngrgmﬂ gggcgggesoﬁf% %Bé’uca H%?g%P$ %gﬁ% ﬁg @é e
added, anthithels@rotereray SEFIGs 1 hacgr amadhm&afngrmmte% car[i0d 8u{ atFaI ow
14 shows that the specific attachnent of cells on the el ectrodes
resul tiéd rﬁeaﬁﬂrﬁ&$ lsmin fAr hewt 2 @RPUtEar t of |npedance with a peak
1412 at arg| Vg U R 1 RREH O 1A
5.58 int rms '?]hl@_%?ggggﬁ Pml{}gscgﬁﬁrﬁ% s@aﬁ 'Ighe er eqagg‘}r’llcy ] S
t he peak %ﬂerhemﬂn@:&t efSspikeel ﬁloequﬁncﬁlmlomm ahflavheatbiofjabedt 506pl/min for
sensitiV|t IS observed for these cells and therefore serves aﬁ t he

basi s for 2bt % pégpliencyd tasflosh quriarped tres ¥ deveet theat &8P d/min
during mg@ﬁ§e§%@%r§n n{)&h&ﬁ% cdill ﬁt aé @ameﬁargbe% Uit 98, A HRRIAGBCal
neasur ement r a nunber o sanp according to various
enmbodilfreniscrofdopy pinage 4500 smnmbodcqwde afraept PBM | Guafief adutthesrwaghidg
specific CD34 cell tur and n terns of .the inpedance
change LsgPesssamedonLy a iy B wahpRtD i bR P aitiied i n f he
sanpl e 15Q¢h75T iRl 0124089 z%gén&mealomeéhshaé@gle@an afieH@BEkflow processes
nmeasurenment or s ectroscog carried out at the frequency of

appr oxi matidIGH. 380 ardt 1C)rpEcithe westiphpioress. eyt of He C§léw1=r@ rgmegved, leaving

appr oxi na 189] FIG 15 shows

The. Fesun 1 §BFF, RIBLRER BBl it AR IE i ch vas a PES
20 [0176] In addition, separate 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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15 buffer solution with a volune of about 4 pi, wthout cells. The
measurenent for the negative control 1506 indicates a background
signal corresponding to the buffer solution and this neasurenent
result was renoved fromthe nmeasurenent results of the other sanples
with cells so that the nmeasurenent results represent the changes

i nduced by the cells in the respective sanples, excluding the effect
of the bufiéE8] selsibwornn FAGE.OM0hnEIZE biford thet hashinghoosess, kercladisell tisrge

for asanple Wi t bout 20% CD34 (qr EPCs). cells_spi i )
appr oxi natamerofige fiywers ispunis0ae naﬂogsﬁw&ﬁ.aﬁai’selw% lﬁ‘ﬂ ﬁg%thw“fﬂﬁhmg

about  33%p{dd3d GRdsk HfShk kM| lﬂcladlﬁ’§$h@tdﬁﬁt @0k UdroNyARdP away from the
(appr oxi matel y 0.99 mllion cells/m CD34 in PBS), an approxinmate

4 pl sanpmdcipeletirafsaoey 8208, @Eﬂw\@el:‘llFéGs]rﬁB&édlﬂﬁlﬂl@aCD ealis remaingsl a then
1512 P
anpr ox s mar ey UL e 192, ds IR Bl 1280 401 e Sodfe B OF R

buf f er solcells Wnthd bdpure apybecnids msattl&l icthebdcirbdeodirage 11260, mZO:bf CD34 in
PBS). FIG 15 shows that the signals observed correlated with the
nunber of cells present in the sanple. [0191] FIG 16 shows a plot
1600 of ggﬁﬂ:ﬂ'lﬁ&)d'%@ﬁn%?e@%&dixﬁ%e@an@é‘ﬁ&@éﬁdﬁf sanpl es, according to
various enbodi ments. The plot 1600 was obtai ned after cel

puri fi cat ilO79BOaia ﬂ}ge@rqcp@jlreeqﬁﬁ vergisu pabodimants sas [fgsaaibedh 4bew ersfopfthe
t he tqtal ce € 1 f 2 S th

agai nap 1 RSPRGHER o BRRASor Mlfed Moo sEREBhoBREE a0 Bmen o
i npedance mpelhmfeesmnmos@oms pec caoisd epy fcrrathe ide@conrt ofithetdeés t:amumé raythef

approximately 380 kHz. T det ctlon ti or the sa
D oxi maEPYeISgr o T S el R e el By gine, by

t he resul bFelﬁﬁwn RS Rk Wis BRDoMetebBleab Nt l-élaﬂlvelF?B&an aluinBérs $01 060 @Ms), 5
wi thout cells 1606, a pure_ sanple of Jurkat cells 1608 Eprom mat el y

4 pl of 3vAthPlagyely beties seasiteity Saanidhy cl@éqallgjswneﬁcgahw-@fqu Ou 9Ate ERGis
CD34+ I A
gel s bﬂo%g:(mgﬁg]mgfb m/ P(Fché?lfal §ﬁ§9§gﬁ @%ﬁ% Lo it

of approxinate Ion ce Coda+ cel s ang
appr oxi matCatdiovikScybdr Fb'ﬁk”4N4Enth IM@h 2083.1338(M), ¥B).Jurkat cells), a

sanple w % 4+ce||s roximatl 4 pl of sanple
1o Taken 1R, AT SwS it kRl fOBUSHE B mbegedfordie i Ricks
cells/m @ﬁb@ﬁérhsceﬂﬁe&yasﬁ @pprrﬁw weRdreiny gife P RCBEbade2dedtionld B6tem for
cells/m of Jurkat cells) and a pure sa Ie of CD34+ cells 1614

(appr oxi miiteFynultapgous detcehpn | angnmegsureanegis of Lopriance dippesd) on o2fo B3N8

17 shoys éle@ﬁn%es %1791@ nﬁ’i&o‘ef&@@&’&“&ﬁy%?%%ﬁmﬁd;é Ofstd2l 0, pﬂ‘lf&%?%hﬂ%@“
a nunber of sanples, according to various enbodinents. The plot 170

was obt ai r:re:dhda$ 2 @CB-tBed melasmnw syt d302aindludipgdfdhenretd dorgsgonding to
and i s sh |n te edance ¢
o 5 o DA Pty SR Beghiback np RER b SIANGREE Sy § Mg DB bHpofiE

was obt ai Itrewlcdaﬁ@ﬁ& a(ﬁd cbmtnﬂréamemgmaa;mqb&emiof@farsp&htas bsleopy. carri ed
out at the fre&gencg of approxi nat el 380 kHz. 941 FI G, .17 shows

the resul 1485 YR &3 fupthsr owrhdese Iaymﬁm'(’) gappgble 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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20 1706a (Batch 1) and a sanple of approximately 24000 PBMC cel |ls

spi ked with about 240 CD34+ cells 1708a (Batch 1). FIG 17 further
shows that when a subsequent batch sanple of approxi mately 24000 PBMC
cells or approximately 24000 PBMC cells spi ked with about 240 CD34+
cells was provided correspondingly to the Batch 1 sanples, the total

i npedance change increased, as shown for the sanple of approximtely

24000 25 ITEMZH G| B3EL IR o( BadiBhticiagnd ilikerasaiihe @ CH-bapd ixtomiceldhs
24000 PBMC cell s spi ked with about 240 CD34+ cells 1708b (Batch 2).

Resul ts f &f the aophademess oERIG 1§ be dde AG Babased Risamu gt 6¥iEem A3Qy is cppnected
appr oxi ma %%;E} BMC Gl i 7 : tah .
appr oxi rratt(g:t%e (2400 ﬂIzBI\/Ci??gl‘lhi t%p?%%&a\%ﬁﬁtﬁ}agﬁ%ﬁ?&%ig I%D:S),I?i@ Eg(l}iqﬁs board
1708c ( Batldfo gjay imil@le aconséntavs] 3t A athichbie atapt@DtoGDBd withehd sonwpétke th 1ol

t he PBMC s i on 0 be,d ctgd. e d tion tine.for the )
Lhreo Bat aneet viart g ras B G° o R ol 5, e ifBabClhe Bnceiyr
of appr oxilngg €bycotAtin RBM: e@drbdetiott airie df dRrphixifiadielsystédm 304 ¢FICH

mllion cells/m of PBMC cells while each sanple of approximtely
24000 PBME38¢! s spiked with about 240 CD34+ cells contained

appr oxi maljg 85 FoP le@lichATRhE i G bEieHT il bitics Rfor RAAK TR LIS
pl of 0.113 mllion cells/m of CD34+ cells and approxinmately 10 pl
of 8.88 niilnpedsmce wlehwitamiend aPBMByaktadedinght presinge of diel buifips padutagngbut

detection.[01951 Magnetic . beads, .1. pmin,size. and pre-c i th
ant 1~ CBod B odares, SLar R disl PRl 6F aBRPueL By BRLEEH fbnal
sol uti on \Bubfeqaentlyahiie thefitesionabickfiow ahtevphi@paiedsdey atrding i@ rarious

solution with nagnetic beads, in val.une of approximately 4 pl,
Sont ai ned CHIPOENHa MeELHERTIAPFEH eafltlzsplﬁrtgwﬁaﬁsff y%@w&f%ﬁ%‘fe}% theg

MM NaHCCB, 5 8etlceMMoERRAsdRdeAHOME RiBRR]10RANE s DeRgedAte tehdirdRe®iwad
beads per 1 cell, suitable for 50-1000 CD34+ cells. 101961 A bl ood

sanpl e washanhgpordedanil ehiangestinéhy imytedasgfivese swoined pprveroall demlegirodes of

m xture w ) jo of lysis buffer solution: blood of 4:1
and anl(?apﬁlﬁ%%%ﬁ%{%?%e% 15 m xture solution was then prepared. The

m xture wge184pduidat #d shows alydert 1300 of mmeémcelmemmeimnswﬁhtmﬂBﬁmotmion
L XS Sel b BB, e RLeRaned. L e fonge, ol 2ppr ori TR Vo,
FIG 1A wesmph@n pissfes, a plot 1322 of impedance measurement based on a conventional

set-up system is also shown. The plots 1320, 1322, show relatively good correlation for

20 the different systems for the channel. The dotted line represented as 1324 indicates the
frequency at which the impedance change or sensitivity is the highest.

[0185] FIG. 14 shows a plot 1400 of impedance measurement for a number of samples,
according to various embodiments. The plot 1400 is shown in terms of the percentage
change in impedance 1402 against frequency (in logarithm scale) 1404.

25  [0186] FIG. 14 shows the results for a phosphate buffered saline (PBS) buffer solution
without cells, as represented by the square data points 1406, after a pre-wash with PBS
without cells, as represented by the round data points 1408, and a sample with cells 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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for filtration and detection. Preloading and prim ng of the chanbers
of the mcrofluidic 20systemwere carried out with a PBS buffer
solution, provided at a flowrate of approximately 30 gllmn for
about 1 mnute. 101981 The chanbers were then maintained hal f-filled
with the PBS solution. Approximately 5 pl of the prepared 10 pl

m xture solution was | oaded into the chanbers directly or through the
i nl et por §0187] FiG. alt4|Sanath§t tha@kﬁfclfmmmghrpﬁtrtmés@b@nlthe gledmddaresetagiin An

25vari ous .enbodi e ts re th i ed 9 B 0
Was provi FEE R 8 dug fetvia\f R 8 lmé’r (:g “%?‘ %"Qai{s?}lfatﬁ) %'?ﬁ)d 50 °Re2
filtering (édlﬁwpdnah@ t@ftheasnmecnﬂappﬁo&inyatédy ﬁls’Srmmeﬁrmrofa’moﬁﬂqu6nd3ﬂ inUd esiting

renove bi ol ogi ¢ entlty or cell such as. Cs,. At
the end ofAfle ﬁmeﬁ'a%%rf%ﬂﬁc@é lmén i e %&?@wi‘?%la%hlgﬁeﬂ
hal f-1il| @&lsﬁm&%ﬁsemd%lamesef&ns a@&a{ere'iorms&%%s thefbtaﬁg bl thé maw@y

nost of the be retained at the [ter, while npbst of
red bl oodﬂ@éBh@lChlmleGdhefiet@éthese @ﬁ}édvm@@ut@@mﬂ@ste t hr ough the

out | et po

2pcs 1 et o i 810 REHPRS BaforbRiblog mapitite psBlelh k3 LAGHLEDL e
of the EP@Sqorcani’ESJasmbyémbcm;ms p’ﬂ“be/pldedjsamwmxginamdfaieafmuPBMC pnmﬁcaitinn a
5 backf| ow push out the cells on t f||t ere
enovi g o RRIRCDR4irel Rehies P ot BrigRy o 1 IPRECDRF FEAE TSR3
chambps Qbaihf&hdlBEB&IthRNof egsmgnsoé lkémlncmergaﬁ?& 1508e ﬂ&%ﬁ@hgoo s
was provided throegh the outlet port at a backflow rate of

appr oxi rratoblayleé('?ﬁs | nimpedanck mepsisern ¢ b SPESIRREGORY [gR1ried opf pY thy frequency
0201] Th t

cot it on PhebbEfid BROGERS MRS ALERSH' Gf B e B Wit SBiimacely 20
?plorom _rramhmeSBpe:tbaﬂ:hmdneésmg about 2 m nutes. Aé tthend of the
Iftratio wer e t

The. back IPRG B cEaEs fHIHE Eaatony X FbaltHG Pl o B L Poh o

through tRerauidigionP@Rdilt adfohdndatkiduew manﬁﬂfaﬁt 8R! ORI BEAYEnRAP for the
1.11/mn until the chanmbers were fully I'1e

negative control 1506 indicates a background s;gnal conespondlng 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 pl 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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15[ 0203] It should be appreciated that the filtration process my be
performed for any nunber of tinmes, to nmaxim ze the retention of EPCs
and renove other biological entities through the filter and the
backfl owi ng process nay be performed for any nunber of times to

i ncrease the recovery efficiency. [ 0204] The sanple with the
EPCs was then incubated in the chanbers for about 20 15 m nutes.

[ 0205] TheaddCon Mayehific€ apiasiresietnoit Beecibedope| @Gliddoder ar fay fitquehbe of
detection regions of the chanbers by speC|f|c cel | capture based on
ant i body- &RPTOgERE ASYnkEF- onthe ﬁeta‘rtaert% fat aen eamRlR gVas apgsPigpately 20
ef fici ency,igfirel f& vERFDrREssife m croel ectrode array, a novably
arranged magnet, configured to provide or generate a nmagnetic field,
was provi dexp2] FiG. 162510wis thieniesulttsdbr 4 bpenpie of apprednaelet al PRY bufféresolution

gener at ed ghet i ield may help to the E t hat have been

magnet Pcalfi{o© ‘al‘ié(fq 38‘% atple n%aéf}i’é%loéciul‘a]ga& eﬁ? E@SS (erpErematRly ﬁ'aljlné’tf
vas then neppy&Gaea0eh aoMagiad GeREOCLSEAmPRS wREN fesuedvAtcEzMagNNg 610
rate of approximately 15 pl/min for about 3 minutes by flowing in a

PBS sol ut i(apprastimeteyh 4t he addusdngtle rieketn ifroto at exwhea i eappramdatelyt ST porf

f:grer: Qhegﬁflolééalﬂan[ﬁ%ﬁ%@llﬂgégﬁi é‘ h@pqg%gﬁ%i%?%[&%{] % Eﬁﬁs%ﬁa/&g of
enbodi MeNtyga e@@)oﬁlsa P@w&l@aﬁ&l@% épaab%a?éiaz%gpﬁéxaa@v Qnalosud

illustrating the selective capture of an endot hel progenltor ce I
(EPC) 12800@skeadmar dnﬁ:gute@f\agpnoﬂmsatﬂy‘ﬁqdloﬂﬁﬁﬁs mlrﬁmﬁ csid/mt bf &E%Jap&llsraad

of the EPC 1800 occurs via 1gens for exa
1802, on @pRopEtdgdh MJ%Z% Hélhemeil%mk ?fﬂaﬂﬁaé%el s} gpd %R'aﬁﬁ%plist’)@m“

dep03| ted I 6. The EPC is
further coglli &ﬁa\txn%&’#ngm?{é%%@(ﬁ%rgﬂ%ééen A"ﬁl%gbgﬂ CEIQ;@SSor exanpl e
1808. As 5’("19@]1 FIG. F1 $howk&, plbhE70galfdmpbdaate odesidBan far ientdhr ;mtci;edﬁdg of a

i nt egrated th a m crochi p. 1810. . The r ochi a .Si 02
mi crochi p PUPRE HfSARPISS: r?tjc%g’ﬁ’{%lt%ﬁ%“%‘ﬁ efﬂﬂla&meeﬁsogfﬁ }%é@/ ¥t b&%}{}fé{f’?&f
by thesel g bQHﬁ@at:%ﬁQﬁd 1flil.‘9ceﬂ)lac5a§’ru‘{@taﬁ§ 1yv,b,ﬁoklvrﬁmr@ﬂﬁ4 beit (Sl &1 eaénce
1812, for exanp %’Zy ene glycol 10 (PEG. The m crofl ui

systemis Cbéilm\?l(%iéd’/@ﬁ tﬁPf patsa] ﬂ}ecapﬁ@ngaﬂnm@ﬁme P@E@nplﬁdﬁ%xahﬁpb’ta
per manent ;FRgRAL bbfa[i']ea Iﬂgse\dloch' i r?RaXan%re n]iegﬁngljngﬁt E é%%? 1&18'%-d OKE at the

assisting in the selective nagnetic trapplng o
shown in Eﬂe@enbﬁpf@mmlmetemm&hell (WBC) 1816 is not captured by

enhance. t RS ERAGL? ERCH FEpRrHG 15 BVTAIEIcL B Oy Ay SoReliais S

80% 109% qvesa @a@&ntmﬂnﬁmﬁplé foR RPpragin®eddy Qa060 PEMC kells spilted Witlapkiulg
force may be enhanced with near-field flow and/or oscillating flow.

I n vari oug4ebBdireeht §708adRatchily| H1G.| lgwWurthereshews dhat phep agbssrugf datch
sanpl e, SE&JH fzs?ta I{rtaﬁ shdopIEMC AREh @ﬁil ; t%] J@MO@?BM@¥&1§%§1@§

cl ose as pos magnet positione evicinity o

m cr oel ectmthdaboat zzaycaaz& leells wmsepltowa:lqu|cngeapfmd1h§yrtaglmBatchllIsgzmples the
| abel | ed 20 ce nmay .be enhanced. be ac |e ed for

by | ower | 321 RPREttGr 358 PHEASe s CHARBAPY UGk S PeleBiafiE oo
osci | I2at i PgMd ewls Efoek @tht@.h phandfth©vingle bh@pmhﬁlyfmeawwy celBrspiked
back-and-forth throu m cr oel ectr ode or the detection

Fogi on, 1 Ofihcsbatp P BP3ME el SR (Baich dimiNrgUIEMor oI Y 48D garn are

backf | ow pgpy @&eﬁ’é%%miﬂfe Mﬁﬁﬁpﬂ&ﬁmﬁfmoéh(ﬁ%”f’ﬁMd GelfN h%@e{Btaf&ﬁ 3) and the
probability tor the magnetically labelled cells to be capture

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  be detected. 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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250n the mcroel ectrode array. [0210] The enbodi ments as descri bed
may al so be used for nmultiple marker separation. For exanple, a first
anti body may be coupled to the cells of interest and provided for
magneti c trapping while a second anti body specific to the cells of
interest may be functionalized on the surfaces of the el ectrodes.
After renoval of other cells not of 30interest, for exanple after a
washi ng poboeasislionodd ly/ntl pE PBMC celd viile eathl sachpld dfhupbrixbmitbly 24008 PBMA
second anti bodies would rermain on the el ectrodes. In_various

embodi menedls wrked it byt 240kD34H csbpaeniaingrhanpasrimatelyet 1b pheampla dakgn

on e S kIS0 S0 PR RAELID 6 e o

exan ned. approRiviekageo of oy ARliodlsinldf2BMcE kéln cel | s/ m of CD34+
cells were 5 mxed wth the lysis buffer solution and were incubated

for abédut 10, 20, or 30 minutes or wthout incubation. CD34+ cells

i ncubat ed al so used as the control
masuremn%@cgﬁﬁceﬁ%&rﬂp ‘Tti!@f%ere di l uted and counted using

henocyt onga1ds] Mdgeetid beadhat ponin §ikéand Prestrave Witlplaot-CIBA0amdboties wat|

counts and is shown_in terpgs. Qf the cell count 02 a nst
i ncubat i oR"PRIFE 2 giutedinp Iyply huffstsolion with ,Swﬁkriwaf?ngrﬁﬂ?ff%ée grepatsd
10 mi nut e?ys %Psamsht@ﬁh nﬂgnélld%cruﬁsnﬁf aabolg%ﬂfaﬁéﬂmmgm Lm cgmmeda
| ysis buffer solution was ob3erved. However, the viabil

cel | s 1dr offipelccobyerapponxf aprelimnashys Whe NEBRCI, ri@ubMtNaﬁCOB rﬁal WEM EE)TA

i th the POSHER PR Gt Pl L S0Thokor Bt oy <lpaPlaple T So%b0°

measur erremD3(4prQ;§u|§t not shown), a whol e bl ood sanple vvlth RBCs was
i ncubated with the |ysis buffer 15 solution for_abqut 10 m nutess

and t he r&ll?ﬁl Aswa%éﬁr@mglwaaﬁ&mw%%w 9 dysohubier s3lBtigaestofE pmixture
| ysed. S o] I
appr oxi ey JoBATR AL HEARYEF Wbl Vol 9P 41O Eh SpRRRE 1,00
in blaed (mqoipreosoilutmhems tﬂﬁﬂ;ﬁ;:pa&‘&ﬂ(rhannixﬁ@é)@as:mbhlm)edtibr disdue rl finmeuteh dn
i nprovenent .by i noma ic separatiagn on the 20 tra n

em‘)i ci encyar&%‘rnﬁgﬁgﬁﬁ@g %%a’d”éx etSOJPHEH CBIWeéepdﬁa?% i ng}éer rgpge of
CD34+ cel Lgypakithesy sitegnet i ¢ beads. FIG  20A shows a pl ot 2000 of

cell count and is shown in terns of the nunber of EPCs on el ectrodes
2002 agai H&t97k pi wesofitidis systehl Sodxemplsl the 20badinPrieof HSu(1ts v shen wrad

an | nor eash e NIPRL A1 CRR A8S NFTRARPRS BaTEd, 8P ldicromici

i mTunorragnetl C ne he aver I Cl ency
i npr oved byStaii)O\uéle camed out with a PBS buffel solution, provided at a ﬂow rate of

approximately 30 pl/min for about 1 minute.

[0198] The chambers were then maintained half-filled with the PBS solution.

Approximately 5 pl of the prepared 10 pl mixture solution was loaded into the chambers

directly or through the inlet port. Filtration and backflowing processes in accordance with
25  various embodiments were then carried out.

[0199] A PBS solution was provided through the inlet port (ie. the first port) at a filtering

flow rate of approximately 3 pl/min for about 6 minutes to remove biological entity or

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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25 80% 100% conpared to CD34+ cells w thout magnetic |abelling. FIG
20B (left image) shows an optical mcroscopy i mage 2006 of a
m croel ectrode array with EPCs wi thout nagnetic |abelling while FIG
20B (right imge) shows an optical mcroscopy inage 2008 of a
m croel ectrode array with EPCs with magnetic | abelling. FIG 20B
shows that a substantially higher nunber of magnetically |abelled
EPCs were E(Pmshw)ebb mmﬂelﬂeatfﬁlﬁb fifitazy Whileﬁmmfetharefdab/lood%drs,anﬂ totlzanelbeare
observed that the were ca ured mal1 r} gol d

mi cr oel ectPBRHEIAR @fast R EhORS Y R P %%%P?fplé‘?ﬂface t her eby
suggest i ng?:muyma}deﬁ {IRBbvd: IBSEPOS rHRSPAURO HItbMRRIRNGRbIE/hE 64pna8 -and
102131 FI shows a plot 2100 of cell count on the el ectrodes

bef OL e alnde@ﬁt!@r of tbm@?ﬁﬁg apfBe esoltionndas groyfednthiopghethasousiet phE BPEs
?lnrr;[a gie %ﬁé gﬁn %r%%ﬁ@‘g(ﬁaﬂﬁ{[ out Thd %glg %ﬁgb@pﬁ gif go;‘gloémouﬂ th{ﬁégﬁaﬁdn?n

04 re provi hent
magneti c hmaﬁﬁelt and hendEEiGag th@pmklxxitomhaebl;an%&)orr&lymdtﬂacﬂdnem@mnwfethe

applied to K 4+ cells i ood.a e bl ood s

then pr ov RIS BB G }am%{é\eff D8 bt G RS Bt
processi ”Qpplé*xﬁﬁ‘(e??hdo @V&ﬁﬂﬁﬂ@t%ﬁ&ﬁﬁm%@reﬁﬁﬁﬁil@d assist in trapping
the CD34+ cells on the electrode (eg. mcroelectrode an-ay) 10 and

t he magnet02045 Thi henemroesss was ospettod W diving inEhRBS eclutionsthsdughy thehiatet a

waoni g prbiasdinais g oot AupSinie e rEnar SRETEREIER aFfftnd o

di ff er encend filtrbidiéh fzblest, theetHal®Brs @ mamtdilt® Halfcfieal ectrode array (ie.
nunber of EPCs remaining on the mcroel ectrode arraéésfor t he

i ncubat i orﬁﬁmlr@ll@ba%@owrwegesams meﬁ% by dowing i & 885 rglutipathraggh the

I ncubat | O%u{lét;ﬁ%rtoaft 232 O\K;LIQit &Eﬂéf?%g Jll)nﬁh%lﬂ it thi Wdiderd\were ﬁully

conpari son neasurenent was a I'yi'ng "appr oxi mat
2000 magnéille¢. beads with a range of spi ked CD34+ cells |n bl ood

(appr oxi mat el 00 000 and 3000 cells), to assess t tenti

rate df tH¥ %ﬁg %pp@a § 9?9%@@5 et b Ajltr ioP| ROGRF MBS PEHES EST a.amj

nunber of KB4t oraRhdsStohiiRl (hRRERSLLE oPERAS andPfciRive roaiwmlogm‘al EdiRicg 0
magnet and after the final wash. Table 1 shows the retention rate of

t he EPCs dnoughehafibiercaddle b@&ﬂmﬁmga’yocﬁ@rm@i e parfomed Gl EBNDUTEPST G SmEH
EPCs wthtmg el %@g‘de%@ﬂg WIthOUt magneti c beads. The results
e fie

show t hat )eads, around 50% of the CD34+ cells
wer e was hqmzoay\ﬂye dampleg withetlii BRCs \Amht'hmg intubpted Howvehee chamietsh for about
magnetl C l?gads the retention rate was inproved to approxi mately

72.1%3nd '8F'8¥S: 25 when the cells-to-beads ratio were 1:1 and 1:2,

respect i vedas] THEEPES HJaS/ Beistiealn tﬁé}ﬁicrdal&traa@éﬁyr 8 dhddbiebn &dgions of
magnetic beads is 2000 ghetic beads for a concentratl on of CD34+

cell's in theechamhes bdfsm@ﬁc ¢elb candwr basedipasadbedy-ap gen Xeoearidpy. 1o ordadp
PBMCs in 20 Red uf trgﬂp?r(}kd)efﬁme-ﬁéplo? e EBEE SR i@ nfcAefectiBde EE@ a movably

Retention rate
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 ul/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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Nunber of EPCs W thout 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 ments. A sanple of approximately 50-1000 CD34+ cells spiked in
5 bl ood was incubated and filtered using the processes of various
enbodi nents and the final cell counts were exam ned by counting CD34+
cel | s on t[AO8YING. &} dorwsodsshemelr gobmggcaonsl crepsdloprtinEIE schZAve hapisrea

001 2290l LA S A! LAPEIRS, 66 SR Mol M S60°
I nput cel Iseleetuirt capiitd oiid BPEI 1800 22Bxs hiwbinkiing dfi 0P34 affigens, fol@xample
|1 near fi tl%oioornt Q %P&el%% t\l’?th?ﬁltle (L‘,B%At antibodies, for example 1804, deposited or coated
5 on the gold (Au) electrodes 1806. The EPC is further coupled with antibody-linked
magnetic beads, for example 1808. As shown in FIG. 18, the gold electrodes 1806 are
provided or integrated with a microchip 1810. The microchip 1810 may be a Si/SiO»
microchip. The remaining portions of the microchip 1810 not covered by the electrodes
1806 may be passivated with a repellent material 1812, for example polyethylene glycol
10 (PEG). The microfluidic system is provided with a movably arranged magnet 1814, for
example a permanent magnet, in the vicinity of the electrodes 1806 for assisting in the
selective magnetic trapping of the EPC 1800. As shown in FIG. 18, a white blood cell
(WBC) 1816 is not captured by the CD34 antibodies 1804.
[0209] The use of immunomagnetic force may enhance the average EPC trapping
15  efficiency by approximately 80%-100% over a non-magnetic trapping approach. Further,
the trapping force may be enhanced with near-field flow and/or oscillating flow. In
various embodiments, near field flow refers to the flow of the sample, such that the
magnetically labelled cells may be provided as close as possible to the magnet positioned
in the vicinity of the microelectrode array so that the trapping of the magnetically 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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10 filtration and trapping efficiency of FIG 22A. The results shown
in FIG 22A and 22B indicate that the detection limt my be about
100 spi ked CD34+ cells (approximtely 0.1% of PBMCs) with a good

|l inear relationship of the trapping efficiency throughout the full
range (r2 = 0.96). The trapping efficiency was about 15-20% (for
exanpl e about 150- 200 cells per 1000 input cells may be trapped).
15102161 Amaaplp afarlep RepieapumedEid perfasmed based on ducdiéfrehomakess SDEHand
trapping effi CI ency of the nmagnetically | abelled CD34+ cells over the
correspon(ﬁ 3nunber of CD34+ cells without magneti ¢ beads, for

mul ti - bat ¢ 3] §RES/EAYE NIBL! B tBe g@@%fﬁ%lﬁtr@m (RIRBEL il RRUDA+ ddhe
EPCs on the m croel ectrode array 'f different batches of EPCs with

magnet i c b‘@aﬁsxaandeCEmawagh @@tapmgmmﬁhc 2@emdbon fRils/mined (R ediverts,
each et ol g BRI SRR LORth PRRLREL TRLSh ARBRETES0, IS T LT
show t er pertromn r%rat I on process 1 n accor dance

vari ous emjmdummb@uém ICIHMFH d’eHi inbaliatdal mfPBmmtEE{:@mefadHo EBCss the throtd

magnetic beads, 62 c 1000 S were trap on the

mi cr oel ecPIERECTEEHSy ] %ﬁP% g Efa"esdlﬁm anfp ey g%m ocytoinele) afigr

were trap Mbat@ﬁbﬁﬁﬂ Ul@%b%s a ﬁlo% ot that GheoRhitsaRP fOmb AR teymd 8P B ERES
was added, followed by a 25filtration Eﬁocess The results show t hat

68 EPCs aneum180Epginsidncabatioagiesi 190 FERGD sliomsdhat fomigaeiarion ewa of 40 d
EPCs 'th
ppr o B b2 B, RESRAEhIMGLS4 Qb R HPRE i by Ty splogan wes

process. ‘bhervedstlotevah dmexdalﬁh@rtofl]DEPCsel]a nitdotd b&Rﬁpz oxangelyr #9p @dhen

f EPCs th t d d
r especti v A A A T Y LR RS

with a totcm34ef ccpR¥iX tHERl Sk YuBeO QolERES is 20 Rasktd. AW DEPERES nieBsurement
accordance with 5 vari ous enbodi nents was carried oout to transfer

the EPCs (xssiraghawn) Aavholg hleed sappitwithiR&(sevascnsubgied ayithaihe Lysiggbuffer

| t, t
esul s SROUEN: BT RAIEL 358 PSS Sh it ABPRS 08 BRI Wl ol
I\/UI ti-bat MCﬁsnmreL)sedlg Nunber of EPCsWthout beadsWth beads

1SE62153 %&qg?%1é)n§prag1zg'n3&1gasurement 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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Backf | ow78355 10[0217] FIGS. 23A to 23D show optical m croscopy

| mages of mcroelectrode arrays with CD34 cells, after purification.
The initial sanple with the Iysis buffer solution of various

enbodi ments, contai ned approxi mately 1000 CD34 cells, 2000 magnetic
beads and 3500 RBCs in about 5 j.t1 volunme. The purification or
extraction of the CD34 cells involved filtration at a flow rate of
about 3 1%ddunitrdeddctratdo arfea,tandinot be sheamitrichipuhatacg hérely alggedting nlibimal
m nutes. A backfl ow process was then perfornmed twice, at a flowrate
of about 6EH2 iﬂ?sr'FPhS“E’ﬁeélﬂ"e’%tr”é‘ﬁ% 2BFF GICYUA’ EPCs into the open chanbers

and then i[@fllstb,)@ﬁ@.dzf@ﬁo»@@gtﬁlotlﬁoﬁi dTWeBScoufls YRR BRCRERS B3for¥@id tahena
carried out at a flow rate of about 15@tgmn for about 3 m nutes.

FI GS. 23Avemhbing 3Bocshnvend ps isbawn it dewsscoipihe] Bigesnohe tefpstrode 2102 against
m cr oel.ectr . arr. , t 4 | | e _the hj. ) .

w1 b U G R SRR G TR P 1A Rt (ARG FEREE for tre
m cr oel ectattachéneat 6@ mazidiic@eads to ehd BP@S pproxhaately A0 grapiacdssds were
[0218] While_ the inventi has, been particul ar shown and descri bed
with ref e@@ﬂ&é_f?&les*aﬁ@éﬂ%g%ﬁs%m_ e iﬂiebléﬂﬁwa&‘%%wﬁ%@é‘? B35 fg e
those ski lphig@flufdid H8te! &f validhs #RJdRHEERAPER sy, TAOHBVADHarftlad InapRet
be made therein w thout departi n% fromthe spirit and 25scope of the

i nvent i on veis ugksk togesdst by trepmangaihe cgllaphnthe eagbodeEgemistodqggrode amray)
I nvent.i,on t I pdi.cat : ] ' I
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array (ie. number of EPCs remaining on the microelectrode 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 ul of blood).
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5a chanber configured to receive the sanple volune, wherein the
chanber conprises a detection region for detecting the biological
entity; a first port in fluid conunication 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 between the first 10port and the second port through the
chanber. 2. The m crofl ui di cTa)st detacarnste fig BRCscl ai m 1, further

conprising: at LeasL—ene—nLeLeehanneL—eenﬁg%uped—pe—eeupLe—the first
port to the chamber; and at |east one micr ﬁﬁﬁﬂéﬁeconflgured to

coupl e the seco &l be hHeqdO 't system
according to any one 0? clainms 1 or 2, urther connrlsinq a third or

nore ports in flubed conmunicati &i.ddbth the chand®$% 4. The

m crofluidic sy iy o—3—wherei n

t he 20detection 0 on S COﬂfIOJr d to detect °bi ol ogi cal entity

using a | abel -fregogetection netsfpod, 5. The megokluidic system

according to any one of clains 1 to 4, wherein the detection region

conprises a ni croel ect r ode array. 25 6. The mcrofluidic system
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final cell counts were examined by counting CD34+ cells on the gold electrode area using

O & C v, o8 Y

a microscope. FIG. 22A shows a plot 2200 of [iltration and trapping elliciency and is
shown in terms of the number of cells captured on the electrodes 2202 against 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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entity is retained by the filter and the fluid provided to the second
port is configured to flow through the filter such that the
biological entity is renoved fromthe filter to the chanber for
capture by the capture nol ecules attached to the surface of the

m croel ectrode & ay. 58.The mcrofluidic systemaccording to any one
of claimse 5 to 7, wherein the mcroelectrode array is configured to
gener at e appioginecdly d Pl EECE ovak slraneadded, Thidowddchpf I fliirdion s9sse mhe results
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m crof | ui BPCsSyistt amgaaﬁolﬁeﬁﬁmgegpacmyy Qmieerqhe (ﬂl@ati’ﬂﬁ Protd@sdd, invdleingithree
t he chanber conprises an op The m crof | ui dj
syst em ac8EBssgith 6t%ﬂwféﬁ@0asmé?laﬁﬂ%ﬂ EPC alt@ckﬁ;'/wé P@C?ﬁstlﬁé°q0i4af1%? wih

conpri ges v@rimr@?ﬁb%ﬂﬁ-nentslgras Iﬁ?ieénogﬁtotfol tnGief (RYBPEMALHL £ tHQ fiiter Aihe
one of clainms 1 to 11, further conprising a novably arranged magnetic

el enent ccmcnoglmteqﬂetmapfr e desulis e dhat I 8f ERCH aidh 355 EPEs r'wery tigbpadhier
detection Eptdly ﬁ'lout magnetic beads and EPCs with magnetic beads, respectively.
Table 2: Multi-batch processing

Number of EPCs Without beads With beads
Ist 62 153
2nd 68 214
3rd 71 310
Backflow 78 355

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
l/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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13. The mcrofluidic systemaccording to any one of clains 1 to 12,
wherein the biological entity is selected fromthe group consisting

of a biomarker, a cell, a eukaryotic cell, a prokaryotic cell, a
manmal i an cell, a yeast cell, a tunour cell, a circulating tunor
cell, a blood cell, a peripheral blood nononuclear cell, a cell of an
i mmune system a 25 white blood cell, a T cell, a T helper cell, a

| ynphocyt ehusain@iodtel yypho eppeadedaclpnsgediallathangs [whidncendofithal thalmeaning
progeni tor cell, fetal cell, an organelle,. a virus particle, a
D oot yrornd Snigke] puftarensy Ohins sEief 4T HoRnRp i bR tbiactd

ol i gosacchari de, and any conbi nati on thereof 3014. A nethod for

manuf acturing a mcrofluidic systemfor detecting a biological entity
in a sanple volune, the method conpri sing: provi ding a
chanmber configured to receive the sanple volune, wherein the chanber
conprises a detection region for detecting the biological entity;
providing a first port in fluid conmunication with the chanber; and
provi ding a second port conprising a filter in fluid conmmunication
with the 5 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. 15. A nethod for detecting a biological
entity in a sanple volune using a tomcrofluidic systemfor detecting
a biological entity in a sanple volune, the mcrofluidic system
conpri si ng: a chanber configured to receive the sanple vol une,
wherei n the chanber conprises a detection region for detecting the

bi ol ogical entity; a first port in fluid comrunication with the
chanber; and



15a second port conprising a filter in fluid comrunication 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
t he chanber; the nethod conprising: providing the sanple volune to

t he chanber; 20providing the fluid to the first port to pass the
sanpl e volune through the filter to retain the biological entity;
renovi ng tHeAMS| ogi cal entity fromthe filter to the detection
region of the chanber; and detecting the biological entity. 25 16.

TP oot ot 2o s A g oI 05 BB BB
arranged ﬁﬁgﬁﬁﬁﬁﬁmghgﬂﬁﬁhmﬂgﬁg. The nmet hod according to any one of

claims 15 or 16, wherein providing the fluid 30to the first port to
pass the sanpl & SBmbae corimirsh tQ Hecefye ther sampple eyodyme.t wWherging fhsg plaamber

entity is c&‘ﬁBI‘?&E QQet@Etidn%g‘i{m @J}Qle{ei:fﬁ?g 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

10 port and the second port through the chamber.

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.
15
3. The microfluidic system according to any one of claims 1 or 2, further comprising

a third or more ports in fluid communication with the chamber.

4, The microfluidic system according to any one of claims 1 to 3, wherein the
20  detection region is configured to detect the biological entity using a label-free detection

method.

5. The microfluidic system according to any one of claims 1 to 4, wherein the
detection region comprises a microelectrode array.

25
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

30  first port is configured to flow through the chamber and the filter such that the biological

entity is retained by the filter and the fluid provided to the second port is configured to
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18. The method according to any one of clainms 15 to 17, wherein
renoving the biological entity fromthe filter to the detection
regi on of the chanber is repeated at |east one tine. 5 19. The

nmet hod according to any one of clains 15 to 18, wherein renoving the
bi ol ogical entity fromthe filter to the chanber conprises providing
the fluid to the second port. 1020. The net hod according to any one of
cl ai ms 15 flow theoughite &iter ﬁ@héb&tlth@ biofegidsil ghidyils a¢mesiedi frym dompltersiesthe
I ncubatin | .engit u f

dot ect i ng PHER; S oSRAEE BR{ e, YanpB] mRRhRL AP S RSN 8 e
of clainsnﬁﬁoaaaﬂmpaﬁuyther conprising a process sel ected fron1the
group consisting of dielectrophoresis, capturing by capture

nol ecul es, inpedance neasuring, and any conbi nation thereof 22. The

met hOdsaCQOV di PEe hAc@AYIdRN Systfn %E@ir@iﬁ %8 dn9 ok of\IBIRI B thNE Khetéif the
conpri ses 20a buffer solution. %e me hod according to any one

of cl ai ns migoelgetpgle appe iseopfigyed %PBP@W@Q@MP@?WW §wes. a bl ood
sanple; and 25a lysis buffer solution; and

9. The microfluidic system according to any one of claims 5 to 8, further comprising
a microchip being formed on or in the microelectrode array.

10
10.  The microfiuidic system according to any one of claims 1 to 9, wherein the

chamber comprises an open chamber.

11.  The microfluidic system according to any one of claims 1 to 10, wherein the filter

15  comprises a membrane.

12.  The microfluidic system according to any one of claims 1 to 11, further
comprising a movably arranged magnetic element configured to provide a magnetic field
in a vicinity of the detection region.
20
13.  The microfluidic system according to any one of claims 1 to 12, wherein the
biological entity 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
25  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.

30 14, A method for manufacturing a microfluidic system for detecting a biological

entity in a sample volume, the method comprising:
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wherein the lysis buffer solution conprises: a |lysing agent; a pH
buffer; and an anti-coagul ant. 30 24. The nethod according to claim
23, wherein the lysis buffer solution further conprises a plurality
of magnetic beads for coupling to the biological entity. 25. The

met hod according to any one of clains 23 or 24, wherein the |ysing
agent 5conprises amoni um chl oride, the pH buffer conprises sodi um
carbonate and PHwiding ja clegehgul canfigurerhyie irgesive the sample volume, wherein the

et hyl enedi_am.net ti | .. ing to claim
o5 wher e u0E EbRARSE d:feeAl Lyiond aclaf RERRILAEAUALID 10 $0% M
to about 150 nmploviding 2Hrst gdreimthiilh odmawaoatthnngiti theahymiosrpamdf ¢l ai s 25

or 26, wherein a volunme ratjo of the amonium chloride to.the bl Oﬁ%}
sanple is bet wBENIIRg 3 feqnd, gort comprising a JHEr 1y CHLEYPGRTRE #Ha
one of scl ahimbetbaddo 27, wherein a concentration of

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. A method for detecting a biological entity in a sample volume using a
10 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
15 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;
20 providing the fluid to the first port to pass the sample volume through the filter to
retain the biological entity;
removing the biological entity from the filter to the detection region of the
chamber; and
detecting the biological entity.
25
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.
17.  The method according to any one of claims 15 or 16, wherein providing the fluid

30 to the first port to pass the sample volume through the filter to retain the biological entity

is repeated at least one time.
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15 the sodium carbonate is between about 10 nMMto about 100 mM  29.
The net hod according to any one of clains 25 to 28, wherein a
concentration of the ethyl enediam netetraacetic acid is between about
0.01 MMto about 1.0 nMor about 0.1 mM 20

18.  The method according to any one of claims 15 to 17, wherein removing the
biological entity from the filter to the detection region of the chamber is repeated at least

one time.

19.  The method according to any one of claims 15 to 18, wherein removing the
biological entity from the filter to the chamber comprises providing the fluid to the

second port.

10 20. The method according to any one of claims 15 to 19, wherein detecting the
biological entity comprises:
incubating the biological entity; and

performing measurements for detecting the biological entity.

15 21.  The method according to any one of claims 15 to 20, further comprising a process
selected from the group consisting of dielectrophoresis, capturing by capture molecules,

impedance measuring, and any combination thereof.

22, The method according to any one of claims 15 to 21, wherein the fluid comprises

20 a buffer solution.

23.  The method according to any one of claims 15 to 22, wherein the sample volume
comprises:
a blood sample; and
25 a lysis buffer solution; and
wherein the lysis buffer solution comprises:
a lysing agent;
a pH buffer; and
an anti-coagulant.

30
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20

24,  The method according to claim 23, wherein the lysis buffer solution further

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

25.  The method according to any one of claims 23 or 24, wherein the lysing agent
comprises ammonium chloride, the pH buffer comprises sodium carbonate and the anti-

coagulant comprises ethylenediaminetetraacetic acid.

26. The method according to claim 25, wherein a concentration of the ammonium

chloride is about 10 mM to about 150 mM.

27. The method according to any one of claims 25 or 26, wherein a volume ratio of

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

28.  The method according to any one of claims 25 to 27, wherein a concentration of

the sodium carbonate is between about 10 mM to about 100 mM.
29.  The method according to any one of claims 25 to 28, wherein a concentration of

the ethylenediaminetetraacetic acid is between about 0.01 mM 1o about 1.0 mM or about

0.1 mM.
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