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METHODS FOR COUNTI NG CELLS CROSS- REFERENCE TO RELATED
APPLI CATI ONS Thi s application clains benefit of U S
woemsitsicohal Application No. 60/925, 368, fil edP@PUE1008/005066
20, 2007, which is hereby incorporated by reference.
BACKGROUND OF THE I NVENTION This invention relates to
the fields of nedical devices, nedical diagnostics,
and cell counMETHODSRORGCAUNTING €HLIBive shown
uni que prom se for studying cell function, cell and
ti ssue engi neering, disease diagnosis, blood sanple
preparation, and drug discovery. Very recently, the
use of GROSS-REFERENCE TOORELATED ARRIACATIONS of
| eukocyte subsets from whol e bl ood has attracted a | ot
of Mhiseapplitationrclgimisenéfit-ofds.8. Prioagivaal AppKcatddhiNe t he
princi ple behind a cell isolation approach can be
60/98$, '3158’ IR ALY 20 ozcm7wr@lreh%§>ﬁ&{e5ymcefp094te@bf #dference.
appiications, detecting these isolated cells remains a
t echni cal challenge to be addressed. The use of

optical mecr t ' i fication of

surface innngégggéaﬁghpqﬁ(§fhh% Iﬁﬂ&?@ﬂ@@ﬁ'ces does
not represent the opti solutjon for point-of-care,
appiThisdnyrion relgfes tq @egﬁeé%gfén%w dyiceomediabfiagnostics,
nmet hods depend on a stable |ight path, |ensing,

and ¢dl @ounting. and f ocusi ng mechani sns that coul d add cost
and conplexity to detection. In addition, optica
det adiciofluidengsteins Ha®e lshvwh hijighpoiniselfoe atuslginf cellhe
smal |l detection area available at a single tine. At

furdcB®nS&TBard ff?suefeh 1n'€9ﬁﬁ (RO hgHESS 1K18bd s&APRIr8Shration,
strategies Iike flow cy one ry

and drug discovery. Very recently, the use of microfluidics to isolate pure
populations of leukocyte subsets from whole blood has attracted a lot of interest
for point-of-care diagnositics. While the principle behind a cell isolation approach
can be easily adapted to a wide spectrum of clinical applications, detecting these
isolated cells remains a technical challenge to be addressed.

The use of optical microscopy for detection and quantification of surface
immobilized cells within microdevivces does not represent the optimal solution for
point-of-care applications. This is because optical detection methods depend on a
stable light path, lensing, filtering, and focusing mechanisms that could add cost
and complexity to detection. In addition, optical detection tends to be low
throughput, because of the small-detection area available at a single time. At the
same time, the most commonly used cell counting strategies like flow cytometry
and impedance measurement (i.e., Coulter counters) cannot be applied to cells

attached on surfaces, despite miniaturized platforms having been implemented by
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and i npedance neasurenent (i.e., Coulter counters)

cannot be applied to cells attached on surfaces,
wele®pilts®wsii ni aturi zed pl atforns havi ng been i nPCEI8200$0D5066

byseveral researchers. Alternative techniques to

detect attached cells by substrate inpedance sensing
seyesaliieseareledrs. Adtgaratiye techmiquesdp detecbatéachad caldeby substrate

reach near unity for detectable nmeasurenments. Studies
impsdage semsingtéquide dettdovdmge @ndat ekictrbdevsurdddesto aeadhatiede

surface areas in a relatively |large vol une-incl udi ng

unfty €6r di6ctablemRtdshRimatRs. USRI Qf usTALAAS 6 plial Aeth SRSto R &t
not yet been reported, despite the need for

fe\gg:gl['lg Bh 'lé‘rg{;] Sgrq%(gecgtr'e?&nr@}&%%e QGRﬁAe&mcﬁfd[ing gven the

catl tection an rreatlon of "Cce

essent i for .nmedi cal t| CS, eC| a
iSRG DG TECToRele AT HOUBH ettt a6t PEAR TCORFD. q%ﬁglfe the
exi sting nethods to detect cells are optlcal (i.e.,
nepd &rgmontical deteetion wrh@étléertlmﬂm@cgpghfpamo@ant ly
sinpl er, cheaper, and nore anenable to point of care
deviDﬂectio‘ﬁcmxdadImmeehtxixm of cdls atte tssehiialnfoantdarali dagabstics,
of intact cells based on inpedance spectroscopy (i.e.,

espRAAGL ATDS oaan@&adiggﬁogm 2Bl @atiogen detedienlamatl cagseskifting
the presence of cells) have proven to be extremely :

t i
RO RERL e ARG o s s
HE | ENTI

bl 0od

sigF AL Bl qteﬁgg CRod ot hmeddE S Lot e brsieyees
counting. cells manmal i protjst, or

da@aegémc&l detgetion amﬁeraug%mﬁplé osyltaﬁtqeﬂa baseden: Fpesanes e

into a channel, lysing the cells in the channel, and
SpertepsoeiNg -catdetestion ofiehangaesgarelectudal ampedanse cawssd by the

cel lul ar conponent resulting fromthe lysing. In this
préa3specHf cdlREhawd prolvar to be extremely practical and inexpensive, but
limited to large cell populations or homogenous cell types (e.g., Coulter counting

of red blood cells).

SUMMARY OF THE INVENTION
In one aspect, the invention features a method of counting cells (e.g.,
mammalian, fungal, protist, or bacterial cells) in a sample by introducing the sample
into a channel, lysing the cells in the channel, and measuring at least one property of

at least one cellular component resulting from the lysing. In this aspect, the cellular

~ component is indicative of the number of cells lysed in the channel.

In another aspect, the invention features a method of counting cells (e.g., a
mammalian, fungal, protest, or bacterial cell) in a sample including the steps of

introducing the sample into a channel (e.g., a microfluidic channel), introducing a
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conmponent is indicative of the nunber of cells |ysed
in the channel. In another aspect, the invention

WO e@Bu8m®ss a nmet hod of counting cells (e.g., a PCT/US2008/005066

nannalian fungal, protest, or bacterial cell) in a

non- {ggldléct{vré%lofﬁ oﬂ?nt'b'me él]iﬁ’ﬂél (:_% &3 ' nsIur gld%(f %tﬁlﬁm 8lectric

channe ﬂU|

|ntr anon- congucti v |o nne
siqdioghe et Fncesuriok %ﬁwpe%ms CEI A e AR e
to the channel , neasuring the |npedance of the
cootustivelsolutiop vdti mbysigaoncrenduetinetsolniion de-at R isteRgank sgjution)
| ysi ng non-conductive solution (e.g., a detergent
and @l lotirgnat leastond ¢edhiorigseatpplemgtancietiefi¢ldtto theychannel, and
applying an electric field to the channel, and

m@@ﬁﬁﬂ tHedmipe@aricBRE HR HanAdl. TR ehis hepaered deckéhsé it the ampeduince
ecrease in the inpedance after lysis is indicative

af@; a‘sﬂ; %‘?&e k¢ c}{enﬁln%‘ér of tﬂerl:eilg'g) ﬁl?'g&ln le. IR tﬁl@ 'as:])ect the

ance 1S neasure xan'p e, S1 ng

domn ele rode DT electr
mmeé%{)%ﬁ@ea%é%f FEGmIs asirgann REn sepfg 1" derode, ora
non- conductive solution prior to lysis is greater than
twp rah glestipde. Besuablp theimpedanased thgpen-copidugiir solyign prior to
100, 000 ohns, greater than 1,000,000 ohns or greater.
lysim issgresthethamd P86 tohnisherciatey ehani 100 0ams; gesater thanHOQ, 090
di agnosing a condition in a subject by introducing a
ol pleitel €ha. 1,060,000Gtimbbogdatsanpl €) containing a
popul ation of cells (e.g., CD4 helper cells) into a

c hanm notﬂey §§[fé9t ﬁ%qnpé}m&n%étﬁfks Afm&Rbd 6f did d%ﬁl a condltlon in

hanne neasurlng at | east one proper
I
a T@iﬁ% 8)9 E‘rﬁrocd%lﬁm aas mg)?{&o§ﬁ£ﬁ%réﬁﬁl:oé? @%8%95%55%% a

R R 5L AP0 KIS lRRSEL

condltlon I n anot her aspect, the invention featur?
celds in therchaunehtand aneashiing plieast@neproperty of at least one cellu

component resulting from the lysing. In this aspect, the cellular component is
indicative of the number of cells lysed in the channel and the number of cells is
diagnostic for the condition.

In another aspect, the invention features a kit for counting cells including a
device, a non-conductive solution (e.g., a sugar solution), and a lysing non-conductive
solution (e.g., a detergent solution). In this aspect, the device includes a microfluidic
channel and an electrode (.e.g., top down electrode, IDT electrode, and a two rail
electrode) to measure the impedance of the microfluidic channel. In any of the
forging aspects, the detergent can be triton-X or tween-20.

In any of the forgoing aspects, the cellular component can be an ion (e.g,,

potassium, calcium, and sodium) or an enzyme (e.g., lactate dehydrogenase).
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devi ce, a non-conductive solution (e.g., a sugar

solution), and a |ysing non-conductive solution (e.g.,
w@2@stiaregent solution). In this aspect, the deRCTYES2008/005066

includes a mcrofluidic channel and an el ectrode

(.e.g., top down electrode, IDT electrode, and a two

r ai IIn ehyeof thedesgoing aspectsithe priopertyrrrsuliing draph theHgsing can be

m crof luidic channel. In any of the forging aspects,
impédanc&t Br iR Hsp&athd émpédahedieak e meawassd-udthg d wpadoyrof

the forgoing aspects, the cellular conponent can be an

clecR8dd, DT eledPBHA SHdYWBwoTall Gleéfbd@nd sodi um) or an
enzynme (e.g., lactate dehydrogenase).ln any of the

f [ '
e R L
oG TSRS 00 Bl BB GBS et e

forgoi ng aspects, inpedance can be, for exanple,
powssivmy safliyg on galgium inghspeeifieglastrede)( e. g., 760 Hz) or
using an ion sensitive electrode (e.g., a potassium
sodiAltengativebl, dieupropaty repdting fronelysinircan & mass. In this aspect,
Alternatively, the property resulting fromlysing can

the¥Bad¥R9A be Infbabited uSHRAGhicrd-Re nARS eeRshiY réddastdr.ed
using a mcro- or nano-nmechanical resonator. In any of

t he ' t A ' :

e 195088 ARG SpedDITRR DO BMLDTAR deein,
l.ateral flow diffusi assay...lnh.one preferred

S G TRAR TSR BOE Na LRSS HE: g f1 or escent
probes and the ion is potassium _|In another preferred
emb&@iPhe preferradeerpbadimenty the prorsrtars measured ysing floregernt
the property resulting fromthe lysing is inpedance.

prdbes yed therion sgrotassiwie r Insghothebh préiferegtt embddemente thefdellukir ¢
channel has a volune of 10 ml. In any of the above

coxgipbﬂmdﬁs a hligeuzomd ik ipedpeaty rewildie o thh\Bsigridirhpedancanin

e

yet another preferred embodiment, the microfluidic channel has a volume of 10 pl.
In any of the above methods, the population of cells and the condition can be

selected from Table 1.

Table 1
Cell Population Condition
Neutrophil Effects of Immunosuppressive drug
treatment
Monocyte Differential blood count
Lymphocyte AIDS
Lymphocyte Effects of Immunosuppressive drug
treatment
Lymphocyte B Immune response to infection
Circulating tumor Cancer
cells
Dendritic cells Immune responses
Red blood cells Malaria
Tuberculosis Latent tuberculosis
sensitive CD8 T cell
Platelets Effects of anti-thrombotic drug
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sel ected from T Table 1. Table 1By "lysis" is meant
di sruption of the cellular nenbrane (e.g., the
woreooBnmess of plant cells, aninmal cells, and baRCBEUB208/005066
cells). For the purposes of this invention, the term
"lysis" is meant to include complete disruption of the
~cellullar_nenbrane ("conpl ete | ysitrgatment nconpl et e
di srupt i orEmibtHelial cel || ul ar Heehipstatus of Vaseniatat | ysi|s"),
and pernpﬁﬁkmmﬁnkg@ off the cellular nenbrane. The|term

"IyS|sI|sL§héﬁogﬁ@nt o 1nclude pﬁﬁughgruptlon 0

ot her [bro hakyt genm anes, Uﬁ. tnEH&H nennra es
and m-t uu%g?lfw e—frerbr aIICD) ;qgry,, Ub?{?‘{?g | ybl st is
meant the appllcatlon of a reagent to a heterogenous

popul ation of cells a human bl ood sanpl e) h

t haBya lmgém&dmpapn gbdecgiulapmem %@q 9%2&1%@ rane
the undesired cells remain intact. By

of plaet catladnimal dedls, andantesial callsp E@rsth@punposﬁsaff thisgnvention, the
cel lul ar nenbrane such that certain intracellul ar

terMONPREER hfeahtoiiclatle tdigpleridisrapgon of thetelhdamnmbmprane
perneable to the same extent, are able to escape the

(“c%ﬁipllete Ngisl’ £ ifloRlete QW%HO? th&B@iulariithbignd F‘ Saffl lysis),

cel'lular component™ is neant any chem cal speci’es

f (13 ”
ancgpe RABAoB R 0 Bl Sl BB RRoRyEaes
i ol cal .conpoynd
8¢ 'élsamneg gt Biolagi ﬁ?@%ﬁéﬁ%‘éé& el FreglipeRos fad
conplexes) as mell as ot her species (e.g., ions and
numwg@nh@ﬂnmnémmk@h) By "property of at | east one

cel lul ar conponent” is nmeant a neasurable feature
By “selective lysis” is meant the application of a reagent to a heterogenous

population of cells (e.g., a human blood sample) such that a subpopulation of desired
cells is lysed while the undesired cells remain intact.

By “permeablization” is meant the disruption of the cellular membrane such
that certain intracellular components to which the membrane is not normally
permeable to the same extent, are able to escape the cell, while other components
remain inside the cell.

By “cellular component” is meant any chemical species or complex found
within or on a cell. For the purposes of this invention, this term is meant to include
biological compounds or complexes (e.g., enzymes, nucleic acids, proteins,
organelles, and cell membrane complexes), as well as other species (e.g., ions and
organic molecules).

By “property of at least one cellular component” is meant a measurable feature

of a particular cellular component.
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of a particular cellular conponent.BR EF DESCRI PTI ON
OF THE DRAWNGS Fig. A is a schema show ng an

WO pp8d3mse nmeasur enment setup. Sanpl es were del PUBDS08/005066
into the mcro-channels through an inlet (arrow) via a

syringe punp. Fig. IBis an illustration show ng
measur enentBlbeEBIESGIﬁIPTIQM&HéTM PRAWI® s ce
spectroscopy. Target cells isolated within a

m ciFid. [l WiaGchaua siiovaihg ah yispelianoe nehaasmentrsetupc Samplasrwere
ions. This leads to the increase of bul k conduct ance

de1w@élﬂﬁto Weinfibro thinkels mug}p&egﬂéﬁmgwwafaas@ﬁngapmpned

el ectrodes and i npedance Spectroscopy to détect ce

”“”’%?r%Bl 'aﬁ 11&s%g shéaﬁnga Ou@%@%d 150008, grine

det ai e e eV|ce assenb

e S B B O 585 B SRR e D s

top-bottom el ectrodes. The el ectrodes were patterned

to @uletan@rntr@ﬁelhﬁ@r ipet- (IduA lepdsde shq ngreashel hubk cenftictanee ehange,
el ectrode designs) or on both slides (for the

whilahpealn dietrooi elret bsingl surtkes ipgtigrned elegtradeandd idpedananir oom
techni ques and gol d wet etching processes. Al devices

spabbScopR 48 dbvctieNdiuitbetsno pi eces of glass slides to 50
nn+th|ck PDMS gaskets (triangle). Holes were drilled

I
cor S JEUET 1 ke ehe AR ARORA, Eta A e AR ol ina
r aphs eda ectra and
e e BEmRBE SN P &Pﬁeg Zﬁ?@" Pain e rotR B e B
obt ai ned of f - ch.g npedance nagnitude and (B)
coplnapelepierdes and{ )Dppxbgttem Aerdrodes- | Theyrdesfrades were patterned
different starting cell concentrations neasured on the
eithddbndbe bottom Thdesdfardh¢ INVE ad ome raikelectinslefdgsigns) catondwith
cell concentration in the frequency range between 100
slids’dfok@hdtop-bottom electrode design) using standard cleanroom techniques and
gold wet etching processes. All devices were made by bonding two pieces of glass

slides to 50 pm-thick PDMS gaskets (triangle). Holes were drilled on the cover slides

and assembled with PDMS ports to serve as sample inlets and outlets

Fig. 2A and 2B are graphs showing impedance spectra and impedance change
as a function of cell concentration using cell lysate obtained off-chip. (A) Impedance
magnitude and (B) phase spectra of DI water and cell lysate with different starting cell
concentrations measured on the IDT device. Three to five scans were performed at

each cell concentration in the frequency range between 100 and 10° Hz.

Fig. 2C-2E are graphs showing impedance magnitude measured at 760Hz
plotted in log-log scale as a function of cell concentration using (C) top-bottom
electrodes, (D) IDT electrodes and (E) two rail electrodes. The solid dots in (C)-(E)

are experimental measurements that were fit to two-parameter power equations. The
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Fig. 2C 2E are graphs show ng i npedance nmagnitude
nmeasured at 760Hz plotted in log-log scale as a
w0 evsti3wss of cell concentration using (C) top-ROL/USINS005066
el ectrodes, (D) IDT electrodes and (E) two rail
el ectrodes. The solid dots in (C)-(E) are experlnental
leasteguarectits Aresshomar aswwelid lines andequaonsaindhegraph Jomes bars
equations. Thel east square fits are shown as solid
inditate shesstthdagliddviiaing from BRe c@rtaypbus measmrerbarts withiti £sihgle
t he standard deviation from 3-5 conti nuous
deRasurenents wthin a single device. Fig. 3Ais a
schematic showing a circuit nodel for fitting of the

FundE or by TEPP UG eatE AETERY TARCCT PO O Rpiapee

used in our study to nodel the electrode/electrolyte
spegjraranghexacted eonductange st RinsHewef efll canseriEatione An ¢azpvalent
which directly correlates with cell ion release. Fig.
cirg@t asad i8 Guastedy tamlodelthoviengodaigdedtroiyte spstgmifouehdracihg bulk
and phase (C) spectra plotted using off-chip cell

soluyisacendirmlce RU,I WhizhGilebtl ¢ onreelines aith@dll @dn déi3e.
cell's/nL in the I DT el ectrode chi p Crosses are the

CxPIik LA SR AANG S0tk RSB () i fhase
IR t%ea* o B S gw@@ hefifil o
t wo- ra|I el ectrodes Li near rel atlonshl

ce%mel@ﬁh%% glesdoda ship.s GrassssaHe dsrfanetmesaa @l data |an‘é| solid lines

dots) and cell concentration are observed using all
she ¢l itdikg cyesset ri es, and the best fits are shown as

solid lines and equations in (D)-(F). Error bars in

( D Rif)3D-BHiagagaphd showih@balicondieie] &), fsrextfaced from

conti nuous neasurenents within a single device. Fig. 4

sphciradn&saRi WD) n}ﬁﬁ&t@@rﬂ%?&ﬁo@és Hyaptee1catd s 88d &F) two-rail

functlon of time’i

electrodes. Linear relationships between measured bulk solution conductance (solid
dots) and cell concentration are observed using all electrode geometries, and the best
fits are shown as solid lines and equations in (D)-(F). Error bars in (D)-(F) indicates
the standard deviation from 3-5 continuous measurements within a single device.
Fig. 4 is a graph showing pércentage of viable cells as a function of time in
different concentrations of low conductivity sugar solution observed under a
fluorescence microscope. CD4+ T cells were captured in antibody-immobilized
devices followed with flowing in sugar solutions of different concentrations at 10
mL/min for 2 min. After solution flow was stopped, cells were incubated at room )

temperature in this solution for 8 minutes, and the number of intact cells was counted

under a fluorescent microscope every 30 seconds. The percentage of intact cells was
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different concentrations of |ow conductivity sugar

sol uti on observed under a fluorescence m croscope.
weDs/13066%81 | s were captured in antibody-i rmobi PCRES2008/005066

devices followed with flow ng in sugar sol utions of

different concentrations at 10 nL/mn for 2 mn. After
caksulatedi iyndividing the susbepeliatact eglisdytetab nimberndicells hefore

roomtenperature in this solution for 8 mnutes, and
injettéornefrdacti swfar soludon. cel | s was counted under a

fluorescent mcroscope every 30 seconds. The

per g8t HYR Ofrapi RFWing Ehp&ianes fil “L&tan6@Mzﬁhﬂh tH%Qbrocess
the nunber of intact ceI s by to nunber of ce

of 881 8 %ﬁﬁ’é' b s ahe ety d‘ét%”iat“%aﬁgg gfﬁr‘%léf ptop of
th é@ﬁﬁ%ﬁ# e e SER qihGe B Besa gl siels 2 ranggentstatep during

g&aph and the shaded areas between these |abell|ed .

sokitiep sxehaages: akhsi impedancadeep brfprarndsié) minugns afiee iagsgiag the
The i npedance drop before and 10 m nutes after

lydimg sodttiongistabsoclapesd wigh sell hsisandiis usdsas @i catl atimbetr indiestor.
lysis and is used as a cell-nunber indicator. Fig. 5B

IS FigrapR 35%}91311 §HbvE AF BotduligCe EINARE CeMBs téSubttRr of cells
nunber of cells captured within mcrofluidic devices.

ca éﬁ ﬁﬂluﬂtrﬁgfbffﬁ%g HQ\E@&C Bu ll?dgnrc% HEGahdeONas Jﬂ(@racted 5tom

npedance spectra “and “conduct ance ro efore and 1

es aft the lLysin ut.i on .
th%%ﬂ&ﬁﬁanﬁeﬁaﬁ%%a% 8p® EBisliied pipeipRAed 3@ Ringes i ASVEEin
hange j ncreases proporti onaII with the nunmber of
th"c]é(ﬂng selibon Meg taliepas the indicaiox F%?W gelt This fpnductance change
suggesting i nmobilized cells can be counted by
inatases piopattiomaly withrtheynumbentdferlle captekd aghin the microfluidic
Nonlinearity of the relationship may arise from
chip) eigektiigeindhétilisdédogelloban bsowmtédbyelebigicalrpsdsurmment of their

time. Each data point in the plot represents
iolTRASHE NG Mnedrit9 Br @REreH6h&Bp may arise from incomplete diffusion of

ions within the measurement time. Each data point in the plot represents measurement

from one device.

DETAILED DESCRIPTION OF THE INVENTION
In general, the invention features methods of quantifying cells or components
thereof in a sample by lysing the cells followed by the measurement of at least one
cellular component. Methods of the invention are especially useful for quantifying
small numbers of cells, e.g., over a large surface area or volume compared to the cell
size. In a preferred embodiment, methods of the invention are performed in a

microfluidic device.
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DETAI LED DESCRI PTI ON OF THE I NVENTION I n general, the

i nvention features nethods of quantifying cells or
w@oroposess s t hereof in a sanple by |ysing the BE/US2008/005066

foll owed by the nmeasurenent of at |east one cellular

conponent. Methods of the invention are especially

us eflyksifegts of laminivestiangwhera lquantifipger obeneer here saby. |

over a large surface area or volunme conpared to the’
popélbtionss afeeells withirpa béterogenbus mhitirerefitellsi(eleh) deben ahuidaa blood

I nvention are perfornmed in a mcrofluidic device.In

saxﬁﬁl%? Fstd‘esfi‘éd theinvBMesH fe@t'i}xé&ﬂﬁé &léﬂﬂﬁ@ 1y<id 6fthe @BsiRld efe
mor e subpopul ations of cells within a heterogenous

sulgB ;ﬁhﬂﬁlg of lf(;e%altl%el o:gad tﬁ(g athgI Htlg+ ﬁnésaﬂi? 1s%)latio of

I nve tlon

the desir el l b | ati on. t ernati vel
ond, i gt e S Sﬁﬁeﬁlﬁ’l%wsforélaf@ HEOHALYYS Mg epest. the

one ore nore of the desired sub-popul ations of cells
desiredgelltnepplptipa(s) ¢an hegaptusedinica smalheolymsiin ghe migrefluidic

popul ation(s) can be captured in a snmall volune in the
devicer bf thesedénobatkiments, only thehdeszedstbeghpubation, is bisky ande

desi red sub-population is lysed and quantified. |
quwaﬁngds of Lysing Cells Methods of |lysis of the

i nvention include conplete lysis, partial |ysis,

selective lysis, and perneablization of the cells. In

one enbodi nent the nmethods of lysis include chem ca

s's € 0. .. W hyopot oni ¢ sol utions) or |lysis or
L bé?b?g °§€¥$§gﬁgpﬁg detergents such as triton-X
tween- 20, and aqt her conmer ci aII avai | abl e deter?ents
and MetBedspfdnsis ahtheyayeatign inghude cpmplete fysis, patiat IYisty» splective
cells or conponents thereof. In another enbodi nent,
lysise ahd germsiablizasionrof et ¢edls. {reonasrabastiment the aethagsiof lysis
(e.qg.,
include chemical lysis (e.g., with hyopotonic solutions) or lysis or partial lysis using
detergents such as triton-X, tween-20 and other commercially available detergents,
and subsequent analysis of the lysate for counting of cells or components thereof.

In another embodiment, methods of the invention feature electrical lysis (e.g.,
by applying a direct current, alternating current, or pulsed electric field sufficient to
cause cell lysing) and subsequent analysis of the lysate for counting of cells.
Electrical lysing can be accomplished by electrodes built into the chip for
measurement of impedance (e.g., see below), or can be performed with an additional
set of electrodes, for example on the surface opposing the electrodes built for
measurement of impedance.

In another embodiment, the invention features mechanical lysing and

subsequent analysis of the lysate for counting of cells. Methods of mechanical lysis

include applying ultrasonic waves to the cells, freezing and thawing the cells, heating
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by applying a direct current, alternating current, or
pul sed electric field sufficient to cause cell 1ysing)
waeesassstquent anal ysis of the |ysate for couP@T/Hg200$/005066
cells. Electrical lysing can be acconplished by
el ectrodes built into the chip for measurenment of
thej aeadarrdiep hemegenizasion oé thsgells oping aHcioorang-seale aegdles
an additional set of electrodes, for exanple on the
shap pfabes edpgoaidriddeb.candl cthdrrmetms khowh in fherartreasur enent
of inpedance. In another enbodi ment, the invention

f eatye afveABENS4H A feladith NgisPRsk i§ BRISHER M nA0A. YRdrex@hple
the |lysate for counting of cells. Methods of

: Lvei s o 0 . .
ys{SGH3R itesnlf BE Btccol st ERCLIAR, e HiPROPIfcntBiar
. cells, on chip ho eni zation of the cells, usin 1 Cro
iming SY5iR OPRORI feck, CXPRSITR Iprerpelsmepfiyudhe it iofiges
~and_other nmeans known in the art. The invention can
interpefiprr with ppwe foyming biolagicakmplegnlgy (@i PITHIShat ure.  For
exanple lysis can be the result of infection with a
| yt iThe wivention alse featwas specifid lysieoé sutipopulatiom of ealisrveithin a
system conmponents (e.g., exposure to conplenent), or
heteRfeh&tl ntixfire bNEclsAth tHNadpettrdagems HWhid iNgudei1psio ghrc bé
nol'ecul es (e.g., porins) The invention also features
lirﬂ?élft%'kfiﬁ&in%mectiegftha? 9@&9@&&1@&9&%@5 cetBlukBcdnbfieR oft the desired
het erogeneous m xture of célls. In this aspect,
reagent s I ch i,nduce |ysis. can be |inked to.binding
st G e AIEAR Y S e s i kol 2
mar ker on the desired, sub-popul atiqon of cells.
congepEatinn gryBgnitude suthigienbiglopg 3 desiged SEoRaRLIaSien o gelks byt
concentration or magnitude sufficient to |lyse a
insdffwiient to lyab fepemainingundesised tells. §theri methods ofi 1gsing arg known
| yse the renmmi ning undesired cells. O her nethods of
in thgsikthg are known in the art.

II. Methods of Measuring Cellular Contents

The invention features methods of quantifying cells by measuring the
intracellular contents released by cellular lysis. Methods of the invention may be
fully quantitative, semi-quantitative, or qualitative, depending on the desired

accuracy.

A. Electrical

The invention features electrical methods for measuring the intracellular
contents of cells. In one embodiment, cells in a sample are rinsed with an isotonic,
non-conductive solution (e.g., 8.5% sucrose). Cells remain intact while the

conductivity of the surrounding medium decreases substantially, and measured
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[1. Methods of Measuring Cellular Contents The
i nvention features nethods of quantifying cells by
woremsusiosyy the intracel lul ar contents rel easedP@@iUS2008/005066
cellular lysis. Methods of the invention may be fully
quantitative, sem -quantitative, or qualitative,
imgedranelinvgeases. Neat, @éls'pﬁ@awan@mrpa@@uctme sehéen fe.gal% Bherose) is
invention features electrical methods for neasuring
adtidik lysivig the etllul Ere relensecoft intradelladdrlians from direecells into the
enbodi nent, cells in a sanple are rinsed with an

mddigth %UdS to Elpﬁlcfe@@iﬂlcédnﬁﬁctﬁﬁi’ﬂyu bR nleBsufable de&¥se in impedance.
sucrose). Cells remain intact while the conductivity

Be%!iuste Qﬁbsgéﬁ faﬂg 'lﬂ 0% W gfégérﬂ?ﬁ k}lgeax?gcﬁuﬁihuﬁé h%ﬂ‘f ﬂh@ lclsﬁ's fich d

neas ance | ncreases

n- con soI i,on crose s a ded,
abiR e AMRE o s &80 b, 4O B pased G ?5}9@#&? pPGgReE. A-
fron1the cells |nto the nmedium | eads to an increase in
pripgirid gubsedheny meapirements o8 knawn scfgeace selutions in trewafcdevice
Because substantially all ions now present in the
camrbel usoah far ealfbrationt dfeaclehleasurémentabsol ut e nunber of
cells can be determ ned based on the neasured

| MpafansiBier AMSddAEnt) theSHRSRIAH FOItu¥E BfelAise B8 A ingil D etérigenino
reference solutions hi the sane device can be used for

relE%De 1%[51@#&9%&{1 e?ﬁé"mﬁﬁ f?‘ﬁ@féi al Be 20Q4BE {151 a mic o-coulter

e I nvention eature the use o a m
det ergent, to % eas l)ntact ce%# .The ,nunber aRfl
COPRIER- ik CRHIeTSaUN S{JYYP J P RGE™ 11:" aE%%ﬁ“t‘S’rpeé%ﬁﬁta%P Y
coulter counter ,works_by measuring the change in
PasSHEWEA @R ety iR p eprdich¥e ey ugh an aperture in a
conductive nmedium | n another enbodi nent, the
i nvdnanatherf eabadiment; the inwention feasnres dresiseiof éon sensitive

electrodes or microelectrodes to detect the concentration of specific ions (e.g.,
potassium, sodium, or calcium), and the concentration of ions in the lysate can be

correlated to the number of cells captured.

B. Optical

The invention also features optical methods for measuring the intracellular
contents of cells, preferably on a microfluidic device. In one embodiment, the
invention features a semi-quantitative colorimetric method based on measurement of
the activity of cytosolic enzymes. One example in this category is a lactate
dehydrogenase (LDH) assay, which measures activity of a cytoplasmic enzyme, LDH,
after its release from a cell. This embodiment may involve lysis of immobilized cells
(e.g., an enriched population) with surfactant to release LDH, followed with mixing

the lysate with an enzymatic solution that changes color upon reaction with LDH.
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el ectrodes or mcroel ectrodes to detect the
concentration of specific ions (e.g., potassium

W@ owBamMesdHr cal cium, and the concentrati on of PEDOS20081005066
the | ysate can be correlated to the nunber of cells
captured. B. tical The invention also features

Optipali aba¢rbarcerafdhe fingl sphuionis mgppadeorito e stapdarnd gugye obtained
contents of cells, preferably on a mcrofluidic

usifig Wysate. oflknoomeeH kbneknmrations to lestimateahd hmmbéragtlygedseHs.
sem -quantitative colorinetric nethod based on

Measy heSR entfodientatbiiNdnYioR fedtyre & Shil GuaBfiZafive SpecadScopic
exanple in this category is a | actate dehydrogenase

| A a
e o B ol RGPS (), s e Pl Rt
enbodi nent ma invoIelsisqgimmb'lizedceils .
comgoREnt, SFh ght PEAEA ThESUYSAS G oo PSS, PRR A Yface using
rel ease LDH, followed with mxing the |ysate with an
a speeifjerantihody oprathescaptuze melringad thaosapiurgd arasy eanchq gintified
with LDH Optical absorbance of the final solution is

using SP8cspectrascapw t rmhatier embodinwint, dhaadentsomfgatuyssat e of
known cell concentrations to estimte the nunber of

01i$&ﬁ@(&oﬁﬂé%§se_d| flucAdrettrobusiTorddi®ition dfpBtassiM@IibhOh the lysate
eatures sem -quantitative spectroscopi c nethods using

solaHbh. 38R MlASTBLe"S l?eaéo'ipe@ted {dtht Blsibe jgent, a

speci fic conponent, sUC a protein in the l'ysate

can be tured.onto.a.netal surface using a ecific.

ant PR RIS e B S ifesting ey Capitgridor sRPiqRpgresis on

nmass can be quantified using SPR spectroscopy. In
celhlysttger T horkean berysed imermbingfier With gracasurement of UV

ol i gonucl eoti de- based fl uorescent probes for detection

absorbamot &xdétemmine the presenpeof speeifis iegnd thaf eomrelary ¢o the

fl uorescence signal can be correlated to the nunber of
coicehiratior 6f cfiet her enbodi nent, the invention features

capillary ion el ectrophoresis on

In another embodiment, the invention features a lateral flow diffusion based

assay. In this method, the number of cells is determined based on the diffusion of the
molecular contents in the cellular lysate. Strips of molecules can be patterned that
recognize and bind to target molecules in the cell lysate. The lysate can be introduced
in the lateral flow device and the distance traveled by the target molecules at a certain

concentration threshold can be correlated to the number of cells in the original

sample.

C. Mechanical
The invention features mechanical methods for quantifying the intracellular
contents of cells. Mass is a fundamental property that can be used to quantify cell

number. In this embodiment, a cell lysate can be dried and weighed using micro- and
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cell lysates. This nethod can be used in conbination
with a measurenent of UV absorbance to determ ne the
Wpe@saswsss of specific ions that correl ate to tPEI/US2008/005066
concentration of cells. In another enbodi nent, the
invention features a lateral flow diffusion based
nans-swgharfial résosaters thaigllovhmeamdreent of mags lewn to the attogram
det erm ned based on the diffusion of the nol ecul ar
rarpen tAdtdinsatively, Bepestfit lilsate coyfpahent chi be paptafed et eaigled, for
can be patterned that recognize and bind to target

ex&ﬁ bRCWifSal Antlida Qfﬁh&tldnﬁﬁ%ﬁor her baprak ?n(ﬁt@tﬁ) Bstilever. The

t roduced in the Iatera fl ow devi ce and e di stance

bR S LA o e e

nunber of ceIIs in the original sanple. C. Mechanica
The invention features nechani cal nethods for
quantifying the intracellular contents of cells. Mass
IIk. dndidagiousinent al property that can be used to quantify
cell nunber. In this enbodinent, a cell |ysate can be
dr i dtheansthodsi dghaibeddiengn ca bvadlyrignasad forembanitedetection
resonators that allow nmeasurenment of mass down to the

andtb @3B AP e8! populStidat Theeh¥thods &6l forld¥&atiéh and
conponent can be captured and wei ghed, for exanple,

coﬁ!r?th%t%faaﬂ c%ﬁ% 2 %Elgﬂ_ﬁiéeﬁg @Jhﬁ e s%[atﬁ 65 th@Rdifin ng ¢ cells

y) cantilever mass o Specific proteins c

n.pe.correlated t
of RSaPE: TR Irveptieh & APty MG RO sedPY i%ta&wgr i,
can_broadly be used for automated detection an
quarfificetion obrelativglyclem consenfrations af celseforsxappls. laQQstO 1000 cells
useful for detection and counting of all cells in a
pesmmplitr. br omedrhboditmienty therievérgivndtatdres thengounting efr@Dditroglls
cells
from a sample of blood. The invention can also be used, for example, for counting of
rare epithelial cancer cells from blood, counting of cells expressing specific antigenic
receptors on their surface indicating disease, counting of target neutrophils from
blood, counting of specific monocytes from blood, and counting of cells in other body
fluids such as urine, cerebrospinal fluid, saliva, and sputum.

In some methods of the invention, quantification of cells possessing certain
cell surface antigens is useful for diagnosing or assessing certain medical conditions.
Cells can be first captured using binding moieties specific for desired cell surface
antigens and then quantified using any of the above methods. Table 2 sets forth an
exemplary list of applications where specific cell count is desired for a variety of

medical and clinical diagnostics. Table 2 also sets forth exemplary capture molecules

that can be used to isolate the indicated cell population.
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Depgmit¢ ¢dlls cel |
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riety of di cal
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nnnnnnn retd

mft
S
(DE
5=)

Qﬂ,ﬁ'@aﬂ o of CD4
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tric AIDQ

pedia -
 Monrtgying anti-thromhptis deue
veeatment ei ns)) . (i v)

Endathelialt es and
progehit@rcellsi ati

ng viral and bacte

Aynnp®bD34t es for npMongoringheaith status of

I vabkulatifrect i ons. I n

Lyagdbéyton, thi

5 AnRVEPBT on enconp

AP&@FLymphocyte count in cerebro-
spinal fluid for meningitis
diagnostic/monitoring and total
lymphocyte count in urine for urinary

tract infection diagnostic/monitoring

In addition, it should be noted that combination of cell counts would be useful

for a variety of medical applications. These could include (i) differential blood count

— including neutrophils, lymphocytes, monocytes, and platelets, (ii) pediatric AIDS

diagnostic (e.g., ratio of CD4 to CD8), (iii) malaria (panel of PfEMPs (parasite

derived proteins)), (iv) monocytes and Lymphocytes for monitoring and

differentiating viral and bacterial infections. In addition, this invention encompasses

any cell count where specific cells are captured alone or in combinations.
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any cell count where specific cells are captured al one
or in conbinations.lV. Exanples To address the need to
wW@lea08250685 smal | nunber of cells immobilized onP@Er/US2008/005066
relatively large surface area or in a large volunme, we
i nvestigated the release of intracellular ions from
IVL. Jexamples | s i nmobilized in a mcrofluidic channel,
usi ng surface-patterned el ectrodes to neasure bul k
conducidiiness thb asge® ddiecaugdmalpedbeace’ @ble ¢inhtsbilipad on a
Mammal i an cells contain a significant anmount of ions,

relafidely 11813k sapmES Qxlea‘bfr ih @Narge %ﬁﬁﬁé tW@ﬁ'fV@§t§ #€4 the release of
menbran€s is central to normal cel functlon and

in RGP Sl b S LS fnomf‘&aﬁmd% heil, 68| Ring

re sus passi

d actlve intr IuI |ons to th
Swgn G- Bttamen ST etaf il tcsniwit chgnggsibrough
oosnotic environnent. Here, we show that by
m@ nce SpeairasepsasMagimalian edlsi donfain ajstgréficans ageunt of ions,
perform i npedance neasurenents to determ ne the nunber
andtighttdmrqlrod semtranspoat adirossodelluneiinbrankes in@intralso ngrmal cell
captured and imobilized CD4 T cells as an exanpl e,

fuonQidHEsptifise B B¢ U uRHEGESVitoAmeaRaAWhER Gel‘l.‘h&%esuspended
cells fromwhol e bl ood, we denonstrate that ce

o PR PPl o o
o T SR BR L 8 onmen. e,

Spectroscopy Conductance vs. capacitance change due to
we; hovr bbby eonpeliedoelqase pfinttasellnlgp ionspwe isap perform
_ conductance and capacitance are affected. In a typica
impedamat impasershientsciptdepéragng the mmbyredentls atdsent insa
roughly
microfluidic channel. Using captured and immobilized CD4 T cells as an

- example, following our previous success in separating these cells from whole

blood, we demonstrate that cell lysate impedance spectroscopy has a detection
threshold of 20 cells per pL, which is sufficiently useful for clinical and research

applications.
Modeling of Cell Ion Release-Based Impedance Spectroscopy

Conductance vs. capacitance change due to ion release

When cells release ions, both bulk conductance and capacitance are
affected. In a typical mammalian cell, cytoplasmic ion concentration is roughly
150mM (Aidley, et al., Ion Channels: Molecules in Action, Cambridge University
Press, Cambridge, UK, 1996.). Given a volume of 0.2pL, a typical lymphocyte
therefore contains a total of 3x10™* molar ions. After lysis in a 10 uL micro-

chamber (the volume of the microfluidic device used in this study), these ions
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150 (Aidley, et al., lon Channels: Mlecules in
Action, Canbridge University Press, Canbridge, UK
WA 2®8/1306555 ven a vol ume of 0.2pL, a typical | yPghos0&005066
therefore contains a total of 3x1 O 14 nvol ar ions.
After lysis in a 10 nL m crochanber (the volune of the
coniributsf # ani increess ebionsedonagntratien.sThesy for ¢veey d00
ionscontribute a 3nMincrease of ionic concentration.
lymphiScytds9 copltey/ 1ysB0nl ay NP pDchasber ooufl @ceeaky diessoluticn ionic
10 mL chanber woul d increase the solution ionic
Neloly
FAEIREN LM, e Sithptt 18 SRR b adsii) it Phllha
chlorlde i ons, . and .t hat pot |un1and sodi um i ons have
ionscp RPASF RN ¢hPTide fonsoand’ Esrg?t peRRgum % sodium ions have
El ectrochem cal Aspects of |onic Liquids,
compheapld eleetrisel mabiity (0b0s, ed—ldﬂ@k@whemcalz‘@mcys oftlpaic
sol ution conductivity can be calculated to increase by
Liuids WiNky-ditefscisncancl00s; edbokat, NI, 30084), the isolition
concentration (Onega Engi neering, Technica

co%&b@%%%h%\é and iogfdcYéatsﬁ b%@:@fﬁ@@dcm%ﬁ 'ZHQﬁcr%Qse of 0.3

is con ct|V|ty C ge Is nore than 50% of

t he.increase seen ei oni sed er
HMAR iRiC coneeRAtion (S Blﬁga QPR Ec e%l@&@ﬁq g?gngwrty%%m y
on ionic concentration in a dilute solution. For a
Resistivityn Abtessddd ®esember 30y, 2G06r). dhisngoinductaviey eange ¢s more
constant drops by only 10 7 for every nanonol e

thdnS0% dF ¢hd Thciedbe M@ﬁh H@Idn@iédl watar @.038 EMERIcH) BN
(<100n“0 Using a simlar calculation, the total ions

cofng)raxq?é a z[c(?tqh(}e? 8 I#e\ﬁgg %8%%@%(1? r(])lnyng‘t%:jc\lé)gi&?ig}%ﬁn in.a dilpte

apacl ei oni se
maier dle ctri n ant

soldfign; Er frolie orilesey Pﬁ%%baﬁfmlﬁlﬁa BRI dFops by
bul k., conduct ance. Thus, cell ion rel ease_ mainl

onboH | fasavesy ranomlainGrasednder canreatratian fea d%ﬁ(emlletm
be easily detected using inpedance
(<100mM). Using a similar calculation, the total ions released from 100

lymphocytes only reduces the solution capacitance by 4x107 relative to deionised
water (dielectric constant of 80). This change is several orders of magnitude lower
than the change in bulk conductance. Thus, cell ion release mainly contributes to
solution conductance change, which can be easily detected using impedance

spectroscopy.

Modeling of impedance spectra

To understand solution conductance as a function of cell number, we
carried out modeling studies to extract bulk conductance in microfluidic devices

from impedance spectra obtained using surface patterned electrodes. Electrodes in
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spectroscopy. Modeling of inpedance spectra To
under st and sol uti on conductance as a function of cell
wWoenoBasoesive carried out nodeling studies to exRCHUS$2008/005066
bul k conductance in mcrofluidic devices from
i npedance spectra obtai ned using surface patterned
a ed¢atmlytedobitionl captbeguedeled asiak @antequivplent scuicuitias shewn i Eig.
nodel ed using an equivalent circuit as shown in Fig.
3A3EG dricorSyoblrg, aval.gl. Micrédlectramedy. Siysie)] 2005; 04E839-838.
Syst., 2005, 14, 829-838. CGonez, et al., Sens.

GodAIRt QY ﬁ'n@ﬁ%ato%@@)heﬁﬁ 201&88801398) ZOMG\KIEer%d, isShe

the diel’ectric capac:ltance (it contains dielectric

d_1eg?§%1f: ca g‘ém&g?eg chﬁtng { Qgct tc%il{rﬁ%u% ﬁgrﬁro%' Qﬁl t tani?kals

ESOUtO

sol ut.io si st ance t ac sth bul k
SUggp IP% e © Zcﬁr etsh’élcf“rﬁ{‘] ‘I‘thnﬁpé{ﬂhlﬁéé E’Flllfeso ution

so- called War bur g |npedance) whi ch accounts for the
resitamese(chargeeansport acrgsatiedntk seluting), izt isithe iderfagial

Rser is resistance of the on-chip wiring. The
impadarct dtheado-¢atipd Vdabearg ﬁnphﬂnee()p mdsceaccagntédpr the change in

[/TQvyn B] (1), Werej V(-1), n and B are paraneters

thdIRPRRNSRAGIen® Bt thRenlRFfABE ratnld%erqg rdsi®arlcasfith® biichsp ﬁ/ﬁl‘ijngﬁ The
the electrodes. This is the sinplest nodel that would

1nt?f198§” C%Jdahcé%ﬁ@%ﬁ#é&@dqgta over the whole

uen range at times. Materials and Met hods
Calﬁ@ géﬁSﬁ'mas purchased from Mal | i nckr odt
Bak & Kent ucky). Dextrose and Trypan
bl ue solution (0.4% were purchased from Si gna-Al drich
Wherej = V(-1), n and B are parameters dependent on the properties of the

electrolytes and of the electrodes. This is the simplest model that would properly

fit the measured data over the whole frequency range at all times.

Materials and Methods
Chemicals

Sucrose was purchased from Mallinckrodt Baker, Inc. (Paris, Kentucky).
Dextrose and Trypan blue solution (0.4%) were purchased from Sigma-Aldrich
(St. Louis, MO). Ficoll-Paque Plus was purchased from GE Healthcare Amersham
Biosciepce_s qup (Pisgataway, NJ)._ 3-Mercaptopropyl trimethoxysilane was
purchased from Gelest (Morrisville, PA). Gold slides were obtained from Fisher
Scientific (Fair Lawn, NJ). Phosphate buffered saline (PBS) was obtained from
Mediatech (Herndon, VA). Lyophilized bovine serum albumin (BSA) was

obtained from Aldrich Chemical Co. (Milwaukee, WI). The coupling agents
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(St. Louis, MJ). Ficoll-Paque Plus was purchased from

CE Heal t hcare Amersham Bi osci ences Corp (Pi scataway,
WO00s/1H68er capt opropyl trimet hoxysil ane was puPCHHS®A8/005066

fromCelest (Mrrisville, PA). CGold slides were

obtai ned from Fisher Scientific (Fair Lawn, NJ).
GNPBSphpineldinfiflehenrydexy sueciBBle exier) abd & eutrh vidiomwere

Medi at ech (Herndon, VA). Lyophilized bovine serum -
ob&iidNir6m(FBSRE BistecRRbBk P eRoékford, ALY Bietinaesd mahscCanti-

(M I waukee, W). The coupling agentsGVBS (

huﬁgag?lk ghg&%ﬂg M@X%.?Z)évﬁ gﬁf&lﬁk ﬂ'gmeﬁé arf@ ultTr (Somerset

were o i ne rom Pierce Biotec

N.§Rockford, IL). Biotinylated nouse antlhunan anil-CIM

Rl one 13b8. 2) was purchased from Beckman Coul t er

(Sonmerset, NJ). Devices Three type of devices were

fabricated, inplenenting three different el ectrode

designs, including interdigitated (I1DT) co-planar

el ectrodes, sinple tworail co-planar electrodes, and
Devwps and bottom el ectrodes (Figs. 1C-D). The gold

el ectrodes were constructed using standard

pho i tho hy. and go} d .wet etc e

| DT@r%GCEYPga’Z%F*/Iﬁaws%S@C%eé sngafine s ?ﬁferer'ft

Eg0|ng of 35 mm They covered the entire area Wt
eleciederlesigns, inglpéing Haﬁeﬁ@glt%ﬁé (UeFecsplspancieniredash F‘é@le two-

i dentical segnments to probe different sections of the
rait berplemar elEhrodemard toprgind dioktont-electrodes| (Bigse 1 €eP).odbs gold

and the rails of the sinple two-rail el ectrodes were

eletfi0degwetednsirlidted psidigtandbrBplibtstithoghphlyepdlpeild ot etching
el ectrodes were 5 cmx 4 nmgold pads. For al

pr(%g%[geceggg‘rl]lgtelgq 48RS RELL QTS S 8 £ 15 ) KitR 3p&fhhg of 35

um. They covered the entire area within the microfluidic channel and were broken
into three identical segments to probe different sections of the chamber. The
connecting rails for the IDT electrodes and the rails of the simple two-rail
electrodes were 100 um wide with spacing of 3.8 mm. The top-bottom electrodes
were 5 cm x 4 mm gold pads.

For all devices, the top and bottom slides (75 mm x 25 mm) were bonded
to 50 um thick PDMS gaskets with an opening of 5 cm x 4 mm, forming closed
microfluidic channels. The PDMS gaskets were prepared by spin-coating PDMS
on transparency slides, followed by hand-cutting windows of desired size. Two
holes were drilled on the top glass and assembled with PDMS ports to form fluid
inlets and outlets. Devices employed to measure impedance from off-chip lysates
were used directly after assembly. Devices employed for cell capture and on-chip

lysis were functionalized with a monoclonal CD4 antibody and primed with PBS

18



10

15

20

25

to 50 mmthick PDV5 gaskets with an opening of 5 cm x
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Ficoll density gradient centrifugation (Ferrante, et
drawn blopd thrawghdiicolMBensiiysgradiggocenggfugation (Ferpantgrajlal.sh,

et al., J. Imunol. Methods, 1974, 5, 249-252.), and
Imrainol .aViethadds,nl 9RPIMVB6, 1109401 Trdthiglish, efal.i $.dnahendDifetHods,

| ynphocytes, PBMCs maintained in RPM - 1640 nedia were

1974) £046ch 520, an@Mdintafdled iAKINILAY46 WHRAiiR TR isobdle CD4+ T
m croel ectrode devices at a flowrate of 5 nL/mn for

n [P s ) r: .

R DB kel R PVEL bR at T Mo an,

BSA and | EDTA. The nupber of cells captured wthin,
CIoh oy J TN b P ik ede Be e et Al qﬁgd@fjham for

phase contrast mcroscope (Cheng, et al., Lab Chip,
diffgeit ledgths po1in%s f9llovged withi nnsrgphkoupdeets dton thef dgvices

i npedance neasurenent To prepare cell |ysates
usidgPB$ tentaiming LYEBIS RBMAS] ilef EDTAU NTlesniraberadfl o¢lls captured

within the microfluidic devices was counted manually under a phase contrast

microscope (Cheng, et al., Lab Chip, 2007, 7, 170-178.).

Off-chip sample preparation for impedance measurement

To prepare cell lysates off-chip, cultured PBMCs were counted manually
using a hemocyfometer, then diluted with RPMI-1640 to different concentrations
ranging from 0 to 3,500 cells/uL in eppendorf tubes, with a final volume of 1 mL.
Afterwards, the cells were pelleted at 1200g for 5 minutes and gently washed three
times with 1 mL of low-conductive media (8.5% sucrose and 0.3% dextrose).
After the ﬁnal- waéh, t_he cells weré resuspénded in 1 mL sterilized deionised water
and left to sit at room temperature for 20 minutes for cell lysis. Each cell lysate
was then injected into the microelectrode devices starting from the lowest

concentration at a flow rate of 15 pL/min, and impedance spectra were taken after
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After the final wash, the cells were resuspended in 1
injBtticrisedt ial flae datd ©f GO pﬂﬁ,dm\ftahﬁﬂ tieninpeahcd Measurement eached

tenperature for 20 mnutes for cell lysis. Each cel

thd ¥ éfvg%&l Viged £0¢ Qe lph&&& Qdidrnt o the mcroel ectrode
ces starting fromthe [ owest concentration at a

flowrate of 15 nL/mn, and inpedance spectra were
taken aftersignals were stable. The devices were
rinsed with de-ionized water between |ysate injections

OpiicaPcHar 80eri Rl BnS o5—Qh?—ce’71‘7})ﬁs Uahi buddroiumpasiance
nmeasur enent reached the original val ues for de-ionized
water. Optical characterization ofon-chip cell lysis
usi Ay idenfafly sslomucinshusti Yo medimitoi lyse ecllsow accominodled vate, we
nmedia to lyse cells at a controlled rate, we diluted a

dilutad Clomdeiduedve vability tryaiffinah&nsolators obrithinduy 8.5% sucrose
cont ai ni ng 8.5% sucrose and 0. 3% dextrose to different

and 0T334 dEQRERNLIBEfLRAS ﬁnllh&ﬁﬁeﬁ%tmriso %eg\seg(ﬁuhahﬁ%&ohnjected
sequentially into mcrofluidic channels with captured

L
sedgigiially HTRRRh i haS s AR R *f‘q%fﬁ%flgcytes ping
cells were allomed to | se I n each qutlon for
a sy1pge pweed Hagyard wéatb%)é’é gdlove sty 9?&3 b/ 0 §0rahalm and
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previously (Cheng, et al., Lab Chip, 2007, 7,
staindd-ukTits FluoF3 e egteRt ih magaTluigicehhake§ be ¢ effiice30
seconds throughout the course of the experinent, and

imbdo®ilAeaRSki b8y LLlingmeS RSN d&Blibed PRVFously (Cheng, et al., Lab

Chip, 2007, 7, 170-178.). Fluorescent images were taken every 30 seconds
throughout the course of the experiment, and the number of fluorescent cells were

enumerated to estimate the number of intact cells.

On-chip preparation for impedance spectroscopy

To detect surface immobilized cells, ions present in PBS buffer were
washed out of the channels using a low conductivity washing solution containing
8.5% sucrose and 0.3% dextrose, at a flow rate of 20 pL /min until impedance
signals were stable. Next, a low-conductive cell lysing solution containing 2%
sucrose and 0.07% dextrose was flowed in at a flow rate of 10 pL./min for 1 min

for cell lysis. After the lysing solution was introduced, flow was stopped, and
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| npedance was nonitored continuously throughout the
ImEQ&dnrggﬁE’Jc%?é neBEAGE SPECtroscopy measur ement s

npedance neasurenents were taken using an Agil ent

4284 LCR nmeter (Agilent Technologies Inc., Palo Ato,

CA) Impbéarte ahemusmhems vetketaker asingraa Agitune dD 84 LIAR ireter

LCR neter through platiArum probes; a schematic of the
(ABHPR TEPRAbRLiahED Pak ARBVOANN ThE thictioRleciid8e idePRES M

nmeasur enent process was aut omated by custom LabVi ew

. T 0 T :
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were measured in the freque .range of 100 Hz to 1
CXRERGRE RS (GROP Tk adaier BB GmaEsgrerisyy process was

anplitude of 250 nV. Results . .
automated by custom LabView (National Instruments Corp., Austin, TX) virtual

instruments and GPI B interface. Impedance spectra were measured in the
frequency range of 100 Hz to 1 MHz with a frequency increase factor of 1.5, and

amplitude of 250 mV.

Results

All devices used in this study are composed of surface microelectrodes
patterned within channels with the dimensions of 5cm x 4mm x 50um. When
immobilized with specific antibody and operated under controlled flow conditions,
this channel design has been shown previously to specifically isolate CD4+ T
lymphocytes (purity > 95%) with high efficiency (>90%) from unprocessed whole
blood (Cheng, et al., Lab Chip, 2007, 7, 170-178.). In the current stﬁdy, we
further patterned microelectrodes in antibody-functionalized microchannels for the
purpose of detecting isolated cells electrically. Using an appropriate electrode

layout for on-chip cell lysis and counting (Fig. 1C), both isolation purity and yield
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rel ease fron1pr|nary cell s using inpedance
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asure ce, of th sat e us
ushizcrisko findicd "d’é‘%ﬁsé’géhﬁie d?ﬁn 8t Slerrafe ity bﬁtgom
desi gns: top-bottom el ectrodes, |DT co-pl anar
elestroges, dBdscozplanay elpeteodacand Simpledwor kmlzgo- plagar ¢legteades.
Figs. 2A and 2B show the spectra of inpedance

Figag@h sndi2B ahdwphasgecas of impedéncemagnifude qud physd awra function
cell concentrations ranging fromO to 3,000 cells/nL

ofmﬁeﬁ@ydfoy SENGohdt@ tabdn et AGIALHEH: 0 WE3 006 RENGHLhédsured

each magni t ude spectrum has two regl ons, a const ant
PSR O B AR B L
regryonéq earcofnrst(:)ag%I Frﬁlgé/da;gg geglon int %e frequency range from 100 Hz to 10
kHz, and a region of decreasing impedance at the higher frequency range (>100
kHz). With increasing cell concentrations, there is a consistent decrease in
impedance magnitude in the low-frequency range, and a shift of phase peak to
higher frequency. This suggests strongly that semi-quantitative measurement of
cell concentrations can be determined using cell ion release. The impedance
magnitude spectra obtained from the other two electrode designs demonstrated

similar properties, but different absolute values; the impedance magnitude

. measured using two-rail electrodes are two orders of magnitude higher than those

from the IDTs, which is another two orders of magnitude higher than the top-
bottom electrodes. The transition point where impedance begins to drop on the
magnitude spectra occurs around 10kHz for the top-bottom electrodes, but shifted

to around 1kHz for the simple two-rail electrodes.
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are proportional to the nunber of cells.

Impedance modeling and parameter extraction

As cell ion release mainly contributes to bulk conductance change, we used
the circuit model shown in Fig. 3A to fit both impedance magnitude and phase
spectra using least square criteria in MATLAB, to extract bulk conductance values
Gso1= 1/Rs,. By iterating each of the initial conditions in the model, the least
square error between the model and the experimental data was minimized, to a
value of 1073 or less (Vetter, Electrochemical kinetics : theoretical and
experimental aspects, New York : Academic Press, 1967. Evgenij Barsoukov and
J. R. Macdonald, eds., Impedance spectroscopy : theory, experiment, and
applications, Hoboken, N.J. : Wiley-Interscience, c2005., 2005.). The fitting is

then terminated, and the parameters are extracted and recorded.
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Slopes of the conductance curves represent measurement sensitivity of each

electrode design. We observed that top-bottom electrodes have the highest
detection sensitivity (9.18x10”7/(ohm-cell)), while the simple two-rail electrodes
have the lowest sensitivity (9.92x10™"!/(ohm-cell)); the detection sensitivity of the
IDT electrodes falls in between (1.90x107%/(ohm-cell)). For easy visualization of
cells within the microfluidic devices as well as sensitive detection of cell ion

release, we chose the IDT electrodes for further cell capture and on-chip lysis

experiments.

Optical characterization of on-chip cell lysis using hypotonic sugar solutions

After confirming the feasibility of detecting cells through their ion release

using off-chip lysate and impedance spectroscopy, we were interested in testing
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applied directly to on-chip cell lysis, as cells
thestwaperivddd off forDlenya@tad and y6lé siabiterdtiah e lvipedande ol ¢hik yehitien is

woul d be washed out of the chip prior to
close to deionised water, but cell viability can be maintained for more than 60
minutes (Chiou, et al., Nature 2005, 436, 370-372.). Further dilutions of this
solution with deionized water can be expected to decrease the solution osmolarity,
so that lysing speed can be controlled by adjustments in the dilution factor.

To test lymphocyte viability and lysis in low-condectivity sugar solutions,
we isolated CD4+ T lymphocytes from PBMCs within functionalized
microchannels, as described (Cheng, et al., Lab Chip, 2007, 7, 170-178.). After
washing off unbound cells, we introduced the low-conductive 8.5% sucrose/0.3%
dextroseAwashing solution, as well as more hypotonic sugar solutions. After flow
of the sugar solution was stopped, the number of intact cells on the imaged area

(600mm x 800mm) was counted every 30 seconds by fluorescence microscopy.

Fig. 4 shows the percentage of viable cells versus time in the 8.5% sucrose/0.3%
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sugar solutions. After flow of the sugar sol ution was
stopped, the nunber of intact cells on the i maged area

ImpédioerspectOSeapy foveen-chipreBdysévery 30 seconds by
fluorescence m croscopy. Fig. 4 shows the percentage
of viable cel]s t he 8. 3%.sucyose

ersu time i
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was used as the initial wash solution, and a solution
rinS&hgHin WAth the isotonic 8.5% sucrose/0.3% dextrose solution. After
measurements of impedance baselines, the low conductivity cell lysing solution
(2% sucrose/0.07% dextrose) was introduced into the microfluidic devices, and
cells were allowed to lyse for 10 minutes. Reference spectra were obtained with
de-ionized water. Throughout the experiment, impedance spectra were acquired
continuously. However, impedance measurements at a single frequency between
100 to 10,000 Hz reflected very well changes of the solution electrical property
arising from cell lysis. For example, Fig. SA shows the typical change of
impedance magnitude acquired at the frequency of 760 Hz before and after on-
chip cell lysis. Impedance magnitude remains in the low kilo-ohm range when

cells are in PBS, due to the high ionic concentration of saline buffers. Impedance

increases dramatically to above ten kilo-ohms upon introduction of the low-
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very well changes of the solution electrical property
Cﬂ@h agfromcell lysis. For exanple, Fig. 5A shows
e typlcal change of inpedance nmagni tude acquired at
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range mhen cells are in PBS, due to the high iqnic
ex%ﬁe@ hulkgangucignes fpmbieimpedance spasieriand e qondustance

dramatically to above ten kil o-ohns upon introduction
charfget edoreandalitminitessafBers atre duntmneyfohS Yysitegcsaloden. When we

washi ng solution. Wien cells are kept in the washing
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decreases slightly,
devices (Fig. 5B), it is evident that bulk conductance changes is proportional to the
number of captured cells contributing to ions. This successfully demonstrates that

cells can be detected and counted within a microfluidic device through electrical

measurement of the impedance and conductance of cell lysate.

Discussion

We describe here a method to detect and quantify immobilized cells in a
microfluidic device through bulk electrical measurements based on cell ion release
using impedance spectroscopy. We selected CD4+ T lymphocytes as the target
cells for detection due to their clinical significance for the management of HIV
infected patients (Department of Health and Human Services (October 6, 2005)
Guidelines for the Use of Antiretroviral Agents in HIV-1-Infected Adults and

Adolescents. Accessed 20 March 2006.). The most immediate use of a
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couRfEg FtEeByply nopwmytaddertbe detogtionof Ylogd sells.duit gan bp @pphed
target cells for detection due to their clinical
to giygbiol g eal dargebwithtrechimmagatmnt To but-knswiefge tcepability to
patients (Departnent of Health and Human Services
isol40e tafB@etelt 1 2010Dh a millimeter square size area, or to detect 20 cells in a
microliter volume, represents the most sensitive approach to enumerate
immobilized cells using non-optical method.

Microchip devices used in the current study are composed of surface
patterned microelectrodes fabricated within a microfluidic channel. The
microchannel walls are functionalized with a monoclonal anti-CD4 antibody and
the electrodes are passivated using bovine serum albumin. The channel design and
sample flow conditions are selected to ensure specific isolation of CD4+ T
lymphocytes from whole blood with high efficiency, as described previsously
(Cheng, et al., Lab Chip, 2007, 7, 170-178.). With appropriate electrode layout for
on-chip cell lysis and counting (Fig. 1C), both isolation purity and yield remain

above 90% from whole blood, due to maintenance of >85% of the affinity surface

areas. Very few cells attach non-specifically on the electrode surfaces when
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Specifically, for detection and monitoring of CD4 cells in HIV-infected
patients, 200 cells per pL is used as a clinical decision point. We show here that
integration of a immunoaffinity cell capture approach with an electrical detection
method can meet this detection threshold. The microfluidic device we describe is
capable of isolating specific cell types from blood and quantifying cell number,
and can serve as a single-use cartridge for a hand-held instrument to provide
simple, fast and affordable cell counting in point-of-care settings.

The ability to detect cells electrically, as opposed to optically, presents the
following key advantages:. (i) label-free detection, (ii) automatability, and
amenability to the development of a small table top or handheld instrument, (iii)

integratability with microfluidic devices; and (iv) sensitivity of detectionin a

physiologically and clinically relevant range of cell concentrations. Compared to
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volyimeareptacameaf dncitly @etfhcqz@cptem@ approach with an
el ectrical detection nethod can neet this detection
t hr @shaégburel belkrdoadadthndetinG b fleidiedeidses wdpatteaned
capabl e of isolating specific cell types from bl ood

surdid Qe@pddek ¥iffin @8klocRERRES and modeled impedance spectra using a
simple circuit, which contains a dielectric capacitance (Cg) in parallel with the

sum of bulk solution resistance (Rs,;) and interfacial impedance (Z;). From

experimental fitting, we observe that the magnitude of Z is generally much

-smaller than the solution resistance R;,. As a result, R;,; dominates the circuit at

the low frequency range (<1-10 kHz depending on electrode geometry), leading to
relatively constant impedance, independent of frequency change. Dominance of
Rs, in the low frequency range is also observed as humps in the phase spectra. As
ionic concentration of the solution incre‘ases, bulk solution resistance decreases,
shifting the range where R, dominates to ﬁigher frequencies, and decreasing the
overall impedance in that same range. In the high frequency range (10-100 kHz),
on the other hand, dielectric capacitor (Cy) dominates, resulting in impedance

magnitude drop with frequency increase. At even higher frequencies (>100 kHz),
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extracted fromthe spectra of inpedance neasurenents.
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proportional to the original cell number, which f or ms
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h IS sensitive enoug et ect as as twent Yy
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To
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patterned surface el ectrodes within m crochannels and
iomrde seghrisohdiparand the éeasrtalipstiormeasusd ke oodnatamnde change due
whi ch contains a dielectric capacitance (C 1) in
to Pell finl rRleawt tHrotigteimpedaate bpdckrosalpyt i This sestegy differs in

(Rsoi) and interfacial inpedance (Z ). From
principle from other non-optical strategies to detect adherent cells, such as surface
impedance spectroscopy, field effect sensors and mechanical cantilevers (Koch, et
al., J. Micromech. Microeng., 1999, 9, 159-161. Ehret, et al., Biosens.
Bioelectron., 1997, 12, 29-41. Fromherz, et al., Science, 1991, 252, 1290-1293.
Bull, et al., Am. J. Clin. Pathol., 1965, 44, 678-&. Tiruppathi, et al., Proc. Natl.
Acad. Sci. U. S. A., 1992, 89, 7919-7923. Giaever, et al., Proc. Natl. Acad. Sci. U.
S. A, 1991, 88, 7896-7900.). These approaches are based on detecting differences
between the electrical or physical properties of cells and the surrounding medium.
This difference is generally small; thus the characteristic senrsing elemepts and the
target entity are usually of comparable dimensions for sensitive detection, unless

the differences are manually enhanced (Katz, et al., Electroanalysis, 2004, 16, 19-

44, Wang, Anal. Chim. Acta, 2003, 500, 247-257.). In contrast, in our approach,
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where o is the solution conductivity, 4 is the solution cross-sectional areas
between the electrcdes, L is the spacing between electrodes and m is the electrode
repeats. Since solution conductivity is independent of the device design, this
geometrical factor essentially determines measurement sensitivity. When the
geometrical factor (m A/L) is calculated for the three electrode designs used in this
study, we obtain values of 400, 150 and 0.065 cm for the top-bottom, IDT and
simple electrodes, respectively. This order of geometrical factor matches our
measurement sensitivity from the conductance plots (Figure 3d-3t). However,
when we calculate theoretical conductance using Eq. 2 by assuming each cell
releases 10™* molar ions after complete lysis, the predicted conductance is one to

three orders of magnitude higher than measurements obtained using off-chip
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to cell ion rel ease through inpedance spectroscopy.
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as surface inpedance spectroscopy, field effect
sensors and nechani cal cantil evers (Koch, et al., J.
lysotes indieating iong imthechulk dogwt contribet: togpndetiast to the same,
Bi osens. Bioelectron., 1997, 12, 29-41. Fronherz et
leval.. In foct, dMeSi]valddodl, hﬁ\&Zhypbﬂ%iibﬂQBat eﬂiedtficaleiondbctanm
J. din. Pathol., 1965, 44, 678-& Tiruppathi, et a

throh gk in-Penk ele%%@e istehds Blidged with uﬁ&%&hz%a,prat%il& a3,
G aever, et al., Proc. Nat Acad. Sci. U.

dOé‘l?]?élte(% gﬁ ’10% ??fduc%gg o}" th{L‘?&Fe%r%Pﬁﬁ ?@% @)@Sﬁl%fl b&%ﬁ.‘? Bi8sens.

erences

Bifglbstoin. 4s 10, 61 ER8A e AR RA Bret F@dé%{q%“r@?%% tife

characteristic sensi el ements and the target entity

dogyirating gondyciaye @am&@ be clsedn sheonbstrate andrs myochdhinner
detection, unless the differences are manual |l y
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strategy is the flexibility in_sensor design.
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using sinple two rail, co-planar electrodes or
chipoysdfo ek penimobris traoe sst $ulgiéated to suface suddifications iwhplegthose for

netal plates or wires to inplenment our approach with
ontch$s 1ysOdunsdin Gadlegle lagds oif ehemicaly Ariprotedacin the @apdetween

the detection |imt. Wien the three el ectrode
thJE88RS dds ESh AR th LARREGeal properties of the gaps. In addition,
electrodes used for on-chip lysis experiments are primed with albumin, which is
likely to alter electron transfer kinetics and ion diffusion characteristics on the
electrode (Katz, et al., Electroanalysis, 2003, 15, 913-947.). Despite the difference
in absolute impedance magnitude between these two types of devices,
measurement taken using devices under the same preparation clearly demonstrate
comparable performance, as observed with reference solution spectra.

An interesting observation noted is the slight impedance drop when

keeping cells in the low-conductive washing solution. This may indicate the
release of ions from captured cells despite an intact morphology under optical

microscopy. As the washing solution is slightly hypo-osmotic (270 mOsm), cells

are likely to swell when they are first exposed to the washing solution. Transient
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675-682.). Applying their nodel to our system the
obstevdiat Figg4 C Sitli¢ahémiory aybhatb@Uul delshdledsen trepdrte to contain

substrate and is nuch thinner
different ion stores (Sigova, et al., FEBS Lett., 1999, 447, 34-38.), it is not
surprising that these cells may have different capability to adjust to hypo-osmotic

conditions, and demonstrate different lysing speed.

Other Embodiments
All publications, patents, and patent applications mentioned in the above
specification are hereby incorporated by reference. Various modifications and
variations of the described method and system of tl;e invention will be apparent to
those skilled in the art without departing from the scope and spirit of the invention.
Although the invention has been described in connection with specific embodiments,
it should be understood that the invention as claimed should not be unduly limited to

such specific embodiments. Indeed, various modifications of the described modes for
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t r an€RaAs (RIS and ion diffusion characteristics on
the el ectrode (Katz, et al., Electroanalysis, 2003,
15, 913-947.). Despite the difference in absolute
i npedance magni tude between these two types of
devi ces, neasurenent taken using devices under the
same preparation clearly denonstrate conparabl e
performance, as observed with reference solution
spectra. An interesting observation noted is the
slight inpedance drop when keeping cells in the
| ow conductive washing solution. This may indicate the
rel ease of ions fromcaptured cells despite an intact
nmor phol ogy under optical mcroscopy. As the washing
solution is slightly hypo-osnotic (270 mOsm), cells
are likely to swell when they are first exposed to the
washi ng solution. Transientosnotic swelling and the
follow ng regul atory vol une decrease (RVD) are known
to cause KO efflux induced by parallel activation of
K+ and d channel s (Pedersen, et al., Conp. Biochem
Physiol. A-Ml. Integr. Physiol., 2001, 130,
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optical mRAsHCRFRAIGSaRIpICRIS aShARRI; Which are | ow
t hroughput and prone to neasurement errors. Cell ion

rel ease vl St I n response to changes
in envirgﬂﬁg%%gygggﬁgfggf¥§H#%y al so explain the
heterogenegus cell lysis as observed.in Fig. .4 Since
memor y adld sl (] e RO BT Al ea3pRpliblr Component
contain different ion stores (Sigova, et al., FEBS

Let resultingdoom said ly8ueg;38. ), it is not surprising that
these cells may have different capability to adjust to
hypo- os nwthegein saidictihdascompuhedeistonditataveef dhd fiembartof cells

| ysing speed. Ot her Enbodi ments Al publications,

pat ¢pxed in i@ cRainent appl i cations nentioned in the

above specification are hereby incorporated by

ref erence. Various nodifications and variations of the
descri bed nethod and system of the invention will be

apparent to, those skilled in the.art wthout.departing

FF o s relgel SRt b wikirelpbaid Rl st i FBhy

the i nvention has been described in connection with

speci fic enbodi nents, it should be understood that the

i nvention as clainmed should not be unduly limted to

such. deandthad eihdlaidi Zevbacinlsadledperparesdting from said lysing is

nodi fications of the described nodes forcarrying out
impdancd)venti on that are obvious to those skilled in the

art are intended to be

4. The method of claim 2, wherein said property is measured using

fluorescent probes and said ion is potassium.
5. The method of claim 1, wherein said cellular component is an enzyme.
6. The method of claim 5, wherein said enzyme is lactate dehydrogenase.

7. The method of claim 1, wherein said measuring comprises optical

detection.
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within the scope of the invention. O her enbodi nents

are in the clains. What is clainmed is:Clains 1. A
woreiokoshess counting cells in a sanple conpri siPQI/US2008/005066

i ntroducing said sanple into a channel; Iysing said

cells in said channel; and neasuring at | east one

pr oBerlihg mythed of daig 1 owlkereipl said Taeasuunp oppLisesaisulgt sunfgce

fromsaid |ysing; wherein said cellular conponent is
plasmdh egdohxceof the nunber of cells lysed in said

channel . 2. The nethod of claim1l, wherein said

cel lular conponent is an ion. 3. The nethod of claim

2, wherein said property resulting fromsaid lysing is

i mpgd T,

o ogerty et JOGaBR! B T Brind OB R o bt

érghs potassium 5. The nethod of cIa|n11 mhereln

SN P¥r conponent is an enzyme. 6. The nethod of

claimb5, wherein said enzyne is | actate dehydrogenase.

7. The method of claim11l, wherein said neasuring

conprises optical detection.8. The nethod of claim1,

when @i Ths aethoteafslainnD, vlemginissidscellsiangomporfeat & gphwdens mand

resonance. 9. The nethod of claim1, wherein said

wheRS$ sHid PEbpefiRédub@fy fsthREiddysins & idpedance.

11. The method of claim 1, wherein said property resulting from said lysing is

mass.

12. The method of claim 11, wherein said measuring comprises using a

micro- or nano-mechanical resonator.
13. The method of claim 1, wherein said channel is a microfluidic channel.
14. The method of claim 3, wherein said impedance is measured using an
electrode selected from the group consisting of: a top down electrode, IDT electrode,

and a two rail electrode.

15. The method of claim 3, wherein said impedance is measured at a single

frequency.

16. The method of claim 15, wherein said single frequency 1s 760 Hz.
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flow diffusion assay. 10. The nethod of claim1,

wherein said cellular conponent is a nucleus and
wobk@saswssai d property resulting from said | ysPEyUB208/005066

i npedance. 11. The nmethod of claim1l, wherein said

property resulting fromsaid lysing is mass. 12. The

nmet hod of claim 11, wherein said neasuring conprises

using a mcro- or nano-nmechani cal resonator. 13. The

met hpd Aohetbbaioficduntida@eRs th $&intple bempebing shedsteps of:

m crofluidic channel. 14. The nmethod of claim 3,

wher ei n %ﬁhﬂhkﬂﬁ%gﬁnﬁﬁl'éhﬁ@ggﬁ&ﬁghusing an el ectrode

selected fromthe group consisting of: a top down

el ectrode,. |DT. el ectrod and f Wo i1, 8l r ode.

5 “The. frsenBe Harirtuc iRl alead Bl CC o

nmeasured at, a single freguency. 16. The nethod of

claim 15?PWE}€é}an%%°&%ﬁ§E saidichagifdney is 760 Hz. 17.

A method of counting cells in a sanple conprising the

st eps of meapuringthe impedaacelofsaipthanngl o a channel ,

i ntroduci ng a non-conductive solution into said

channel ; radiyd siid aon-ebsdictive sdlugdml with adssidlg abarorductive

measuring the inpedance of said channel; replacing

sai §1086n Eﬂwﬂl@vbihg &t RALtWnk QBRI fyde;2 | ySing :
non- conductive solution and all owi ng at | east one cel

Lo Iyse; ARl it otk hefetbiskidlchihbif hasai d channel
measuring the impedance of said channel;

wherein a decrease in said impedance after lysis is indicative of the

number of said cells in said sample.

18. The method of claim 17, wherein said impedance is measured using an
electrode selected from the group consisting of: a top down electrode, IDT electrode,
and a two rail electrode.

19. The method of claim 17, wherein said channel is a microfluidic channel.

20. The method of claims of 1 or 17, wherein said cell is selected from the

group consisting of a mammalian, fungal, protist, and a bacterial cell.
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nmeasuring the inpedance of said channel; wherein a
decrease in said inpedance after lysis is indicative
w@Rooshaoesunber of said cells in said sanple. 1BCT/Uk08/005066

nmet hod of claim 17, wherein said inpedance is nmeasured
using an el ectrode selected fromthe group consisting

of : 2& Aopethodmnf diagaesiegie conditfor inee subirfé compEsiagt wo

rail electrode. 19. The nmethod of claim 17, wherein

sai (h)dhiaedueing Ssample comhinitighi pomitaivnalf ceROintd hehanmiehod

of claims of 1 or 17, wherein said cell is selected

fr O(B)tlyﬁngﬁéi&@o WRSOSbf Als X sAid G4 lagd, fungal ,
proti'st, and a bacterial cell.2 1. A method of

di a . i : . e .
it Qe i BB b P o DIRT on BlTRlckiithob il rpiting
into a channel; (b) Iysing said population of cells in

ﬁogﬁpéisﬁﬁﬁhel; and (c) neasuring at |east one property
of at |east one cellular conponent resulting fromsaid
| ysinhgreimpaid eplinlargompoaenis apdieasive oh Eretnymaber ofi cells lysed in
of the nunber of cells lysed in said channel; and

saidokarsiel) andi d nunber of cells is diagnostic for said
condition. 22. The nmethod of claim 21, wherein said
sampherdis sad Runmber &l RO isdag itic £t saith@ntiRioaod of
claim 22, wherein said population of cells conprise
CD4 hel per cells. 24. The method of claim 23, wherein
sai d popul ation of cells consists of CD4 hel per

;glpé?aﬁ B Hl-gg?eoﬁct[ﬂagg ];I v@)lf?eldrrln Sazlgi ’SaI\gBl%rig ia ursheal.in%lood sample.

23. The method of claim 22, wherein said population of cells comprise CD4

helper cells.

24. The method of claim 23, wherein said population of cells consists of CD4

helper cells.
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condition are selected from T Table 1: Table 1 26. A kit

for counting cells in a sanple, said kit conprising a
wa@leasaan6sh nonconductive solution, and a |ysi nBCT/US2008/005066

non- conductive sol ution, wherein said device conprises

a mcrofluidic channel and an el ectrode to neasure the
i np@dafdbe nufthaboftlaiinc? hiwherelh saidpmpuletion g cellptaadisaid of

claim

26, wherein said electrode is selected fromthe

codinop areeBRc&difign Thble 1t op down el ectrode, an | DT
electrode, and a two rail electrode. 28. The kit of

claim
sugar

|ySi Ng—TEiTs ottt vc DUI ttormr——cpn
30. The lEgpulaion AC2

sel ectled fNS‘ﬁ’f‘le’él gr olp Eﬁﬁ‘féﬁ tIquRRIF%Sb ‘ku%
tweend20. 31. The kit |lof claim2HcatpEein said
el ect 1ode_Moneayteon sensi t i \Riffetential Wded camt The K
ai m 3ymphbeytei n sai d i on sensAlDSe el ectrode

detects thgnphoeRst r all i Eifepest Img@ldsippRéssare drog
sel ected fromthe group consisti Rga@her®Ot assi um

of cl

27, wherein said nofggenductive solution is a
sol ution. 29. The ki t of claim 27, wherein said

AT %c:, a detet gtpnt.

whaor A ot er oont

t

sodi u
wher ei
m .

26.

q,%ﬁﬁ‘)'c&e T T ONS T3 dhunk Fesgohte & infocabA 20
II@lrcuLfat{Hg oL rutrareehanmet 1o @ vor une ol 10
cells
Dendritic cells Immune responses
Red blood cells Malaria
Tuberculosis Latent tuberculosis
sensitive CD8 T cell
Platelets Effects of anti-thrombotic drug
treatment
Endothelial Health status of vasculature
progenitor cells
Lymphocyte Meningitis
Lymphocyte Urinary tract infection

A kit for counting cells in a sample, said kit comprising a device, a non-

conductive solution, and a lysing non-conductive solution, wherein said device

comprises

a microfluidic channel and an electrode to measure the impedance of said

microfluidic channel.

27.

consisting

28.

solution.

The kit of claim 26, wherein said electrode is selected from the group

of a top down electrode, an IDT electrode, and a two rail electrode.

The kit of claim 27, wherein said non-conductive solution is a sugar
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29. The kit of claim 27, wherein said lysing non-conductive solution

comprises a detergent.

30. The kit of claim 29, wherein said detergent is selected from the group

consisting of triton-X or tween-20.
31. The kit of claim 27, wherein said electrode is an ion sensitive electrode.
32. The kit of claim 31, wherein said ion sensitive electrode detects the
concentration specifically of an ion selected from the group consisting of potassium,

sodium, and calcium ions.

33. The kit of claim 26, wherein said microfluidic channel has a volume of 10
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