DEVI CES AND METHODS FOR DETECTI NG CELLS AND OTHER
ANALYTES Cross-Reference to Rel ated Applications This
wepRi16eabg on cl ai ms benefit of U S. Provisi onapct/us2007/006791
Application No. 60/782,470, filed March 15, 2006,
which is hereby incorporated by reference inits
entirety. Background of the Invention This invention
relates to the fields of nedical devices, nedical
di agnostics, and cell counting. O the 40.4 mllion
people infected with H'V globally, nore than 35
mllion live in devel oping countries with significant
resource |limtations, nmany of whomare in urgent need
of diagnosis, nonitoring and antiretroviral therapy.
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Background of the Invention
10 This invention relates to the fields of medical devices, medical diagnostics,
and cell counting.

Of the 40.4 million people infected with HIV globally, more than 35 million
live in developing countries with significant resource limitations, many of whom are
in urgent need of diagnosis, monitoring and antiretroviral therapy. In the process of
15 managing HIV-infected subjects, counts of a specific whit_e blood cell population,
CD4+ T lymphocytes, have proven to be essential biological indicators. In adults, the
absolute number of CD4+ T cells per microliter of blood has critical prognostic and
therapeutic implications and is used for both HIV staging and treatment decisions.
Regular monitoring of CD4 counts—two to four times per year—is recommended for
20  all stages of infection. Clinically, a CD4 count below 200 cells mL"! establishes the
diagnosis of AIDS and in most settings is used as a marker to initiate antiretroviral
treatment (ART) and prophylaxis against opportunistic infections. Higher CD4 count

thresholds of 350 and 500 cells mL™ are widely used as markers to increase the
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and appropriate | aboratory nonitoring tools to
determ ne CD4 counts have little penetration in
resource-limted settings, despite ongoing
international efforts to extend the availability of
ART to these areas. Currently, the gold standard for
CD4+ T cell enuneration is flow cytonetric counting of
| ynphocyt e subpopul ati ons usi ng nonocl onal anti bodi es
and comercial multi-purpose flow cytoneters or
si.ngl e- 0se CD4-counting flow cyit t
¢ HBCRSHR BRREorE 2R Mo e it Y RE] AR, Hfiigt @t dfrordabie
thei,r cost. and. techni cal, r.equire s f.or eratiqn ..
R FRP AP IEROTIRT MIOPHPHBE o et muie GRAF counts Have litle
B S e B P Bt eftoes t exten
wor | dwi_de, . Smal | er instrunents |ike the Guava EasyCD4
oftheavailahilite gt PRIy IBRSATESand have not been wi dely
adopt ed. Non-cyt of | uorographi ¢c_net hods, includin )
ELI SA drarrentlye stadard Jor GRGE Toeallenumppgarqnig Tlow cytometric
useful alternatives for CD4+ T |ynphocyte L .
qurenniing eflymphocyte subpamwlaionssing asonoeéw?} antjbedies and commercial
equi pnment and have | ower reagent costs than_ flow
c ynultiepurposeHilage grtometera or single-nipese| Gagcounting oy gytometers.
are nore | abor intensive and | ess accurate, and are
ncAltiwiugbthese Sestruonenteare iigindeehgbput/and agchkasg, their cost and technical
Organi zation guidelines. In addition, inprovenents on
t hrequieankersnfor appmtivs aof n@bDdenanea havglimited thedr reach and significantly
m ni aturization of equi pnent-do not address the nost
prdeidyedulic itnplementafion of HEV wreasndrit prégraims @ tasogrse-linitegareas
is sanpl e preparation. The requirenents to coll ect

worldwide. Smaller instruments like the Guava EasyCD4 offer limited improvements

and have not been widely adopted. Non-cytoﬂuorographic methods, including ELISA
and bead format assays have been suggested as useful alternatives for CD4+ T
lymphocyte quantification, since these methods require less equipment and have
lower reagent costs than flow cytometry. Howevér, they have much lower
throughput, are more labor intensive and less accurate, and are not widely used or
recommended by World Health Organization guidelines.

In addition, improvements on the back-end aspects of CD4 counting—such as
miniaturization of equipment—do not address the most problematic issue for
resource-limited settings, which is sample preparation. The requirements to collect
blood by venipuncture, to lyse erythrocytes, to centrifuge samples, or to use pipettes

for any step in the diagnostic assay are extremely problematic in these settings.
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these settings. Accordingly there is still a need for

| ow cost nethods for the diagnosis and nonitoring of

CD4 cell populations. Summary of the Invention The

invention features a nmethod for isolating a desired

cell froma sanple by introducing the sanple into a

m crofl ui dic device containing a binding noiety

specific for the desired cell, allowi ng desired cells

in the sanple to bind to the binding noiety, and

applying a shear,  stress, to t i crof | uidi eyi Ce SQ .

that” cetiepefingg e iERl hResion Tk r e PEfeiBpgidsis and
do not.. In this odinent, the step of allow ng the
d&qytegngof (D4 ?F?g;?‘?ﬂlkit’(?nﬁhe bi ndi ng moi ety and the

step of applying a shear stress, can occur

si mul taneously. The invention also features a nethod

for isolating a desired cell froma sanple by

i ntroduci ng the sanpl Sunpmaryofthe lswention ¢ devi ce

containing a first binding noiety specific for a first

desi r edhednvention featuresiarmethed forriselptng @ desirpdjcell fgomy 3 gample by
includes allowng the first desired cell in the sanple .
t éntbedudingathe samplerinto diniptpRiidirdevice contrinipg adinding moiety specific
shear stress to the mcrofluidic device so the first

déei the desiedd eell; abiawinghsiesinetl odilslin thst ample td bind o thedinding moiety,
and allowing the remaining sanple to flowinto a

s and applyimbshreanstrésh ¢o theanisfdfinidicclediseiso ¢hat dasisidrdetly remain

bi ndi ng noi ety for a second desired cell. This nethod

f bouhid while eindedredakllodod ngt. achis¢ntesiment, thelstep afrallohving the
sanple to bind to the second binding noiety and

apiekiyéd¢:IR t6 BiANY thdbiadingimeéisty dnd thbstep@dapplying a shear stress, can

occur simultaneously.

The invention also features a method for isolating a desired cell from a sample
by introducing the sample into a microfluidic device containing a first binding moiety
specific for a first desired cell disposed in a first chamber. This method includes
allowing the first desired cell in the sample to bind to the first binding moiety,
applying a first shear stress to the microfluidic device so the first desired cells remain
bound while other cells do not, and allowing the remaining sample to flow into a
second chamber of the microfluidic device containing a binding moiety for a second
desired cell. This method further includes allowing second desired cells in the sample
to bind to the second binding moiety and applying a second shear stress to the second
chamber so the second desired cells remain bound while undesired cells do not. In
this embodiment the first shear stréss and the second shear stress can be the same or

different. Also in this embodiment, the first binding moiety and the second binding
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chanber so the second desired cells renmain bound while
undesired cells do not. In this enbodi nent the first
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same or different. Also in this enbodinent, the first
bi ndi ng noi ety and the second bi ndi ngnoi ety can be the
sane or different. As above, the stress may be applied
at the sanme tine as binding occurs. The invention
further features a kit for isolating a desired cell
This kit includes a device including a chanber
containing a binding noiety specific for the desired
cell, and a punp for produci ng a shear stress so t hat

th d f tial

b ot R S P ETRRE e gt o same
reagent ecific for the desired cell. Optionally,

t Ht eRT’P“@HW%ﬂ"B@ i ncl ude | nstructl ons for AlIDS

di agnosi s.. I n ano spe ventign feat .a .

met hod &he HYERioR ﬁ’ﬂi’@ % E-H%%ﬁ kig ‘?re‘§ aRg af’%%?"'gt‘ieﬁg eliusal“t

desired cell, on a device. This nethod_ingcl udes

i npelydescs Aeyise Wshising 2 shambeticAptaining a&ml%me&ty spggifis for the

a chanber of a mcrofluidic device, the chanbe

cotesiedhrelly and sinvmmipr prRdICingspehens steess g9 thag Sxeo@}r%aells bind

cell, allowing desired cells in the sanple to bind to

t Fpgefsirendialy camipated to andesirsgdioglin g This itrcanalsednclude g jabeling

mcrofluidic device. In this nmethod the shear stress .

i sreagant specifiofuy thddesired gelh. Optiphallys askisican alyodndhdsinstructions

stress at which the desired cell binds to the binding

nofioe A DSrdédwrosist i al | y conpared to another cell is

identified. In this aspect, the shear stress may be

appl i edimednothee aspaee the inveatsorbfentliresp methodofldeteamyning a shear

the forgoi ng aspects, the binding noieties can be

saltess fd ifdlating a desired cell on a device. This method includes introducing a
sample containing the desired cell into a chamber of a microfluidic device, the
chamber containing a binding moiety specific for the desi.red cell, allowing desired
cells in the sample to bind to the binding moiety, and applying shear stress to the
microfluidic device. In this method the shear stress is varied along the length of the
chamber and a shear stress at which the desired cell binds to the binding moiety
preferentially compared to another cell is identified. In this aspect, the shear stress
may be applied at the same time as binding occurs -

In any of the forgoing aspects, the binding moieties can be selected from
antibodies, antibody fragments, oligo- or polypeptides, nucleic acids, cellular
receptors, ligands, aptamers, MHC-peptide monomers or oligomers, biotin, avidin,
oligonucleotides, coordination complexes, synthetic polymers, and carbohydrates.

Also in any of the forgoing aspects, the sample can be a blood sample, the

binding moiety can bind to CD66, CD14, CD4, CD8, EpCAM, E-Selectin, or P-
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anti bodi es, antibody fragnents, oligo- or
pol ypepti des, nucleic acids, cellular receptors,
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biotin, avidin, oligonucleotides, coordination

conpl exes, synthetic polyners, and carbohydrates. Also
in any of the forgoing aspects, the sanple can be a

bl ood sanpl e, the binding noiety can bind to CD66,
CD14, CD4, CD8, EpCAM E-Selectin, or PSelectin, and
the desired cell can be selected from neutrophils,
nmonocytes, |ynphocytes, circulating tunor cells, HYV

i nfected CD8 | ynphocytes, circul ati ng endot hel i al

Sy P BB o BB A SRRt
egbodénent, the sanpl e ?ﬁggb ai%%%D%ron1 tient . ..
CTPREVEE. GRS OTH PR TS YRy DBIGP AR Rlatine

can al so i nclud nal yzing at | east one property
( &ndotheligl Ge @iaeglp?%aﬁfvﬁerty) of the desired cells

(e.g.,. nRNA expressiqn, protein expression, ?NA .

quant i fip@areisrred sRakodupintae desirrg eH? Brrgsbit ymphocytes. In this

abnornmalities); counting the desired cells (e.g., CD4+

| prdeduyenisthe samgle meybeipbigisd drom aipatepiat sigkpEdgysiping AIDS.

as AIDS. Although described in terns of cells, the

met hodMetheds ebdhe inyrptipn can aiso incduderpnahizingtiieast poe property (e.g.,

enpl oyed in conjugation with other analytes, as .

d ésalpgicaloprhperey)rof thedgsired eello@. BN AreXprssiem Proteyp expression,

cells bind preferentially conpared to other cells .

c apdh| uanfificitioni RNA sequiences andl chrgmaspeial alinermplities); counting the

absence of shear stress. By a "patient” is meant a

| idesing] cullst(e.ge |IGDA-alymphgayiesyre. gl e diagnose' pdis¢asastatg such as AIDS.

nmeant to include humans, m ce, dogs, cats, cows,

sheep, Alticagh, desaibddimsernpraficells she mathofls, stevices, and kits of the
invention may be employed in conjugation with other analytes, as described herein.

In preferred embodiments, desired cells bind preferentially compared to other
cells capable of binding to the binding moiety in the absence of shear stress.

By a “patient” is meant a living multicellular organism. The term “patient” is
meant to include humans, mice, dogs, cats, cows, sheep, horses, non-human primates,
and fish.

By “binding moieties” is meant a molecule that specifically binds to an analyte
(e.g., a cell). Binding moieties include, for example, antibodies, aptamers, receptors,
ligands, antigens, biotin/avidin, metal ions, chelating agents, nucleic acids, MHC- _
peptide monomers, tetramers, pentamers or other oligomers.

By “cell surface marker” is meant a molecule bound to a cell that is exposed to

the extracellular environment. The cell surface marker can be a protein, lipid,

carbohydrate, or some combination of the three. The term “cell surface marker”
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aptanmers, receptors, |igands, antigens, biotin/avidin,
nmetal ions, chelating agents, nucleic acids,
MHCpept i de nononers, tetraners, pentanmers or other
oligoners. By "cell surface marker" is nmeant a

nol ecul e bound to a cell that is exposed to the
extracel lular environnent. The cell surface marker can

be a protein, lipid, carbohydrate, or sone conbi nation
of the thr ee The term ‘cel | surface mar ker " i ncl udes
ggtg grgél gcl{l:lesh}o eC fecsg%aﬁ:aré g‘@eeaa%ﬁ? present as the

d h
23??%%@" Bime fﬁa aa%F?f%” F g helecyig WA S 6itahed foe sprfage of the

the _cel lul ar menbrane. For the purposes of this
irﬁ?gnti on, the term"lysis" is nmeant to include

conpl ete d| sruption of the cellul ar nmenbr
(" conpl BY elysips |155m)3a“t|6‘é§’t‘P‘é‘l’n of the Gpilvlanmem %F"‘H’é For Idiﬂ pHyrposes of
menbrane ("partial |lysis"), and permnmeabilization
t Hhisdayention thedermt Hpais™ ymeast teyinclpdesorpjete F‘ssr\*@mofahe cellular
chem cal species to which a cell binds. A bindin .
nohembrang ¢ “dpmplete dysis hrprdéd isruptiemotiths aplﬂ\&e@msm%f%‘( partial
mat eri al making up the surface. Exenplary binding
mdysisT)esnd parinedbiliaatiorheicthe sellulat mpwdvaner agnent s (e. g.
Fc fragnments), oligo- or polypeptides, nucleic acids,
cel | ul aBy l“bméptgcmel,et)i”l ngmgadmnﬂrwecxmwbpbuamll binds. A
nmononers or oligomers, biotin, avidin,
ol bipding chaietyimizsbe & compowrat ¢cmpladctmal mxf3se osgbntmmcmd making up
pol yners, and carbohydrates. By "perneabilization" is
nmethe surfive. Bkamplaty bindofg rhbietieeinkclidarntibodies astibodyhfragments (e.g.,

Fc fragments), oligo- or polypeptides, nucleic acids, cellular receptors, ligands,
aptamers, MHC-peptide monomers or oligomers, biotin, avidin, oligonucleotides,
. coordination complexes, synthetic polymers, and carbohydrates.

By “permeabilization” is meant the disruption of the cellular membrane such
that certain intracellular components are able to escape the cell, while othler
components remain inside the cell.

The term “chamber” is meant to include any designated portion of a
microfluidic channel, e.g., where the cross-sectional area is greater, less than, or the
same as channels entering and exiting the chamber.

Other features and advantages will be apparent from the following description,

the figures, and the claims.



that certain intracellular conponents are able to
escape the cell, while other conponents remain inside
wo b7aedsbs The term "chanmber” is nmeant to inclpcEusingrioos7o1
desi gnated portion of a mcrofluidic channel, e.g.,
where the cross-sectional area is greater, |ess than,
or the sane as channels entering and exiting the
chanber. Other features and advantages will be
apparent fromthe follow ng description, the figures,
and the clains.Brief Description of the Draw ngs Fig.
1A is a diagram showi ng the operating procedure of a
CD4 counti ng device Fig. IB is a phot ograph of a cel

counti ng devi ce. ? ﬁtﬁbrlc ;3 devi ces with one
inlet and one outle 8“5 H’d‘? o] §§"‘g$? des to

form cl sed chanbers Cis a. dla
geonet rl:)(;go]f 8 aé”ﬁhﬁ%‘%%%le opefgn Wﬂg‘@“ Gounting
offers linear variation of shear along |ts centra
| idg¥ICeFi g. IDis a diagramof the cell counting device
of I B. This device has a _volune of 10 pL for sanple
vol une Fet B ilsn;gphc’;tpg*aplz af a gell cuntingdeyice. Microfabricated PDMS
phot om crographs of cells captured in a Hel e-Shaw
5 cligmisey wath angdrlet angsoneqputlst wsrechaigdite slase akidestte fergpglosed
of 0.4 dyn cm2 (left), 1.7 dyn cm2 (mddle) and 5
dyhambe®. (right). The i nrage was created by overl appi ng
a phase contrast phot ograph and the correspondi ng
f | uor edogni@ igdiaggeaphthe geometry of a Hele-Shaw device. The Hele-Shaw

device offers linear variation of shear along its central line.

Fig. 1D is a diagram of the cell counting device of 1B. This device has a
10  volume of 10 puL for sample volume metering.

Fig. 2A is a series of photomicrographs of cells captured in a Hele-Shaw
chamber at locations correéponding to shear stresses of 0.4 dyn cm? (left), 1.7 dyn
cm? (middle) and 5 dyn cm™ (right). The image was created by overlapping a phase
contrast photograph and the corresponding fluorescence photograph.

15 Fig. 2B is a series of photomicrographs of <.:aptured cells after CD4 (arrows)
and CD14 staining at the shear stresses conditions as described above. Both
lymphocytes (CD4+CD14-) and monocytes (CD4+CD14+) were captured at the shear
stress of 0.5 dyn cm?, but pure lymphocytes were captured at two higher shear
stresses. (Bar: 100 mm)

20 Fig. 2C is a graph showing adhesion of CD4+ T cells (solid circles),
monocytes (empty circles) and other cells (solid triangles) in response to shear stress.
Differentiated capture of monocytes and lymphocytes in response to shear was
observed. A shear stress window between 1 and 3 dyn cm™ was optimal for CD4+ T

7



Fig. 2B is a series of photom crographs of captured
cells after CD4 (arrows) and CDl14 staining at the
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| ynphocytes (CD4+CD14-) and nonocytes (CD4+CD14+) were
captured at the shear stress of 0.5 dyn cm2 , but
pure | ynphocytes were captured at two hi gher shear
stresses. (Bar: 100 mm) Fig. 2Cis a graph show ng
adhesion of CD4+ T cells (solid circles), nonocytes
(enmpty circles) and other cells (solid triangles) in
response to shear stress. Differentiated capture of
nonocytes and | ynphocytes in response to shear was

b d. A sh i nd b 1 .
B R S T T L
hesi d i gni.fi tly .ab .7 2
(finses Thertcdh®Sion o8 Bner G7 N Hiiieiin e wRgIR nifisof st ghear
whol f tested shear. st . Each d i nt
AT BAGT G4l PRI 8 FFREGLEIIp S IAVIGS SP TR LeEdTa ghear stress
stress ranges; error bars represent standard

ddIReES] FFY Yars FrRERsERtetdard dyvistiaps da mpasyprrntiaythin cach

Fig. 2D is a graph show ng conposition of the surface
cxppemdantcel | s as a function of shear stress. Wen

shear stress is above 0.7 dyn cm2 , 95% of the

sur f ac Figad? i @ araph|shewingecompesitipncaf|the syrfasecgptured cells as a
circles). The purit%%gf t hese cells drogs qu

ly to

| fynctidnzaf shearnshieen nshegr swess iglpbpe Gédpncm 9%%Pfdh¢ surface
2. Each data point was repeated in 3 devices spanning .
dicaprrahtellsheaCDéthBsells (splid circles)r The penity afahgse sells drops quickly
standard devi ati ons in nmeasurenents mﬁthinzeach
exp desis nieant S0% iwdhen 3hedrstressyiraphbalbevil. hdyih cmit. diachdstar paint was
anal ysis of a bl ood sanple before

repeated in 3 devices spanning different shear stress ranges; error bars represent

standard deviations in measurements within each experiment.

Fig. 3A is a graph showing flow cytometric analysis of a blood sample before
CD4+ T cell isolation. The CD4+ T cells (CD3+CD4+) compose 29.67% of all
lymphocytes.

Fig. 3B is a graph showing flow cytometric analysis of the same blood sample
after CD4+ T cell capture in the device. The composition of the target cells in the
sample flow through dropped to 2.13% of all lymphocyte population after device
capture. Ten microlitres> of whole blood were injected into the linear device at a shear
stress of 1.7 dyn cm™. Cells were acquired in the gated lymphocyte population, and
the quadrants were set up with an isotype matched control.

Fig. 3C is a graph showing percent yield of captured cells as a function of

shear stress calculated from flow cytometric analysis. Nearly 95% of the target cells

can be isolated from whole blood using shear stress in the range of 1 to 3 dyn cm?.
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CD4+ T cell isolation. The CD4+ T cells (CD3+CD4+)
conpose 29.67% of all |ynphocytes. Fig. 3B is a graph
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sanple after CD4+ T cell capture in the device. The
conposition of the target cells in the sanple flow

t hrough dropped to 2.13% of all |ynphocyte popul ation
after device capture. Ten mcrolitres of whol e bl ood
were injected into the linear device at a shear stress
of 1.7 dyn cm2. Cells were acquired in the gated

| ynphocyte popul ati on, and the quadrants were set up
mﬁth an isotype matched control. Fig. 3Cis a graph

d el | f '
of Sel,?'eglldperc(i&nhr s‘?o uqsgghaaaeﬁrore £1fis 2ndt> Edch gzﬁ%tpb&‘? was

m OWC

anal . ar 95W the t et _ce can.be . . .
" SEpeetind Sl 4FECH et e IFR T T—-
ran%g of 1 to, E . SThe yield quickly drops to
PICRETES WAt "’8? ef‘Pﬁ'gn‘? nge. Each data poi nt was

repeated in,_ at s 3. devi ces. The error bars
repr esefig- %f%&%‘i’g E‘é n&tqaa%e eall density AR ArdWRcLion; Otf (istance from
each exper.inent. is a graph showi ng captur
cdplet yung the lingar aeli me@a@beroatéwa [fhearssigsaes m‘-b’c 7 dyn em? (solid
u3|ng§the linear cell capture chanber at two shear
staireles yigld pearly %%Maewfezi edlslemeity-reaghes mapriguan peat thg sample
950 , captured cell density reaches maxi mum near the

L. By eqndrast, gy7 émnpmas(pmpgﬁ circlejyreld 520k gmﬁlyrlbutlon of cells is
C|rcle yield 75%, the distribution of cells is
f dairlyyunifirincdl emgathenty vickeThiewipes mentsovene performsed using @ pL of
performed using 10 nL of whol e blood from heal t hy
S ubl¢le bioodHisth hdaltley subjetts. Bach dap paint dvas hepuatddeiasit ledst 3 devices.

de’l\"lllcceerrsc;r bars represent standard deviations in measurements within each experiment.

Fig. 5 is a graph showing cells counted on the microfluidic chip as a function
of CD4+ T cell count by flow cytometer using whole blood from 13 HIV+ adult
subjects. A linear regression of the experimental data for absolute CD4 counts under
800 cells mL™ (n = 11) indicates good correlation between the two measurements
(dash—dot line). The dashline represents an ideal 1 : 1 correlation between the two.

Fig. 6A is a graph showing purity of the surface captured CD4+ T cells as a
function of the absolute CD4 counts. Purity was above 60% and fairly consistent for
absolute CD4 counts greater than 200 cells pL™".

Fig. 6B is a graph showing yield of CD4+ T cells within the linear device as a
function of the absolute CD4 counts. Fairly consistent yield was observed for absolute
CD4 counts up to 800 cells L. The dashed lines are drawn as a visual guide.

Fig. 7A is a schematic of the microfluidic device with multiple parrellel

chambers for cell 1solation.



The error bars represent standard deviations in
nmeasurenents within each experinent. Fig. 5 is a graph
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function of CD4+ T cell count by flow cytoneter using
whol e bl ood from 13 H V+ adult subjects. A linear
regression of the experinental data for absolute CH4
counts under 800 cells m/ 1 (n = 11) indicates good
correl ation between the two neasurenents (dash-dot
line). The dashline represents an ideal 1 : 1
correlation between the two. Fig. 6A is a graph
showi ng purity of the surface captured CD4+ T cells as

Above. 8us: BRend IE AR PRHERRbR RO Rl AeLioeY efSected 1o a syringe

counts greater than 200 cells nL 1. Fig. 6B is a graph
sR8WPng yield of CD4+ T cells within the linear device

as a function of the absglute CD4 counts. Fairly )

consi stfagt7I)ise photpgraph eba migrofiyidic slagpp peing pressig siriven flow to
up to 800 cells nL 1. The dashed |ines are drawn as a

v ipyteaate thedeolatpmyof cellsifepny whelehlaed.c of t he

mcrofluidic device with nultiple parrellel chanbers

for celHigi%islanhotegraphyof  Blienedluidtic Sel IxHerienyPayine with two cell-
exanpl es of devices connected to a syringe punp. Fig.

7 Capturexchaindtesyinggsties f The fiist clsmbgrdiap) saptuies and deplgtes
pressure driven flow to automate the isol ation of

c ebhmnfingingwiets.cntreasing thei murity of thezxellh capsgredpside the second
Mcrofluidic Cell Isolation Device with two

cehhmb@t ure chanbers in series. The first chanber

(top) captures and depletes contam nating cells,

i ncr eadlig® ishephutiornicyograph bfcapabred Chxoburgranilogiteketrddte with
) e\f’fig}?t-Giemsa stain. No significant platelet contamination is observed.

Fig. 10 is a graph showing typical electrophoresis of the RNA isolated from
neutrophils isolated using the microfluidic chambers. A total of 33 ng total RNA was
isolated from neutrophils isolated from 100 pL of blood. The quality of RNA is very
good indicting the compatibility of cell capture with RNA extraction techniques. Fig.
11 is a schematic illustrating coupling of the pMHC pentamer molecules to a
microfluidic channel.

Fig. 12 is a schematic illustrating pMHC pentamers loaded with A2-SL9
antigenic peptide are specifically recognized by CD8+ T cells with receptors for this
antigen, while non-specific CD8+ T cells (and all other cell populations) will not bind
to the biotinylated pentamer.

Figs. 13A and 13B are photomicrographs showing capture of pure clonal

populations of (A) A2-SL9 CD8+ T cells and (B) A2-IV9 CD8+ T cells using a

10



chanber. Fig. 9 is a photom crograph of captured

CD66b+ granul ocytes treated with Wight-G ensa stain.
woenosiiggzbd | cant pl atel et contam nation i s obsepagds2007/006791

Fig. 10 is a graph show ng typical electrophoresis of

the RNA isolated from neutrophils isolated using the

m crofluidic chanbers. A total of 33 ng total RNA was

i solated from neutrophils isolated from 100 niL of

bl ood. The quality of RNA is very good indicting the

conpatibility of cell capture with RNA extraction

techniques. Fig. 11 is a schematic illustrating

coupling of the pMHC pentamer nol ecules to a

m.crofl ujdic .chapnel . Fig. .12 i schemati c i

S BT e soatd vt RMBSP Ao &eg with A2-SLO

antigenic peptide are specifically recognized by CD8+

T 2BBBNC RERMISr eceptors for this antigen, while

non-specific CDB+ T cells, (and all_other_ ce]l.

popul athghdfpAd 4¢ wh%?mwr?@awwfmmﬂ/@séa whole blood.

pentaner. Figs. 13A and _13B are photom crogr.arﬁhs ] )

showi nFigalftldiisca sphematie illysating pshanmsl framswhich(thg cells depicted in

A2-SL9 CD8+ T cells and (B) A2-1V9 CD8+ T cells using
5 aPligs HAiACovengiabtainglbyi ce coated with pMVHC pent aners

| oaded with A2-SL9 antigenic peptide. Figs. 14A-14C

are phdiigm ¢ dyeagraph showingt sheatisteass |as 4 gr“'\m

Fig. 14D is a schematic illustrating a channel from

oh of sligtapse from the

whresiiitstolfi@ coatérdankepéxpesthenntoResiexpérimental vasiability. Two experiments

obtained. Fig. 14E is a graph show ng shear stress as
a vweraein osing thediagteavaoplé nmder ideatical conditions.

Fig. 14F is a graph showing attached cells as a function of shear stress in a

10  comparison of capture efficiency between whole blood and lysed RBC blood.

Detailed Description of the Invention

15

20

In general the invention features methods, devices, and kits for the isolation of
analytes (e.g., a cell). A sample containing a desired analyte is introduced into a
microfluidic device containing moieties that bind the desired analyte. A shear stress
is applied that is great enough to prevent binding of undesired analytes and low
enough to allow binding of the analyte of interest. Once bound, the desired analytes
can be analyzed (e.g., counted). The invention also features methods for determining
a shear stress for isolating a desired analyte.

An exemplary embodiment of the invention provides a whole blood CD4+ T
lymphocyte count assay using cell affinity chromatography in a microfluidic format.
The device was functionalized with a specific antibody for affinity selection of target

cells. Controlled shear stress applied in the microfluidic channel allows specific and

11
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results of a concordance experinent to test
experinmental variability. Two experinents were run

wo0goésae sane sanpl e under identical conditiposuskiog0o6791
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14F is a graph showi ng attached cells as a function of
shear stress in a conparison of capture efficiency

bet ween whol e bl ood and | ysed RBC bl ood. Detail ed
Description of the Invention In general the invention
features nethods, devices, and kits for the isolation
of analytes (e.g., a cell). A sanple containing a
desired analyte is introduced into a mcrofluidic

devi ce containing noieties that bind the desired

RSP Ih Sl B D g s o o
Ok 2yl R 098l AN i8] 7o gororm 4
T et et Nk 52 g 2 g
e a0 B s L2 ot TRy amber ol

count assay using_cell affinity chromatography in a )
icaptored Gl asmg nlight migeoseRRs She fgial FSeEME fnlesyban 10 minutes.
wth a specific antibody for affinity selection of
t ar get Queg ¢riticabfaetordbr eepustie §DA¢qunsing ypipeithig approgpfis the
m crofluidic channel allows specific andefficient )
s spbedifititn ob¢elGmpturg. Tepehievecthis, svernsadesi affinity chromatography with
white blood cells froma small volune sanpl e,
c ompactikitesl anitibhdies,wleickh arecurtbert bleckedowith BS Aptereduen rem4specific
counts, 10 nL of unprocessed whole blood is injected
i imdihg €Amiijt and PaikdiJoc Bidraatee [SchtPolyrs obd.r 4211 2 419930)w Because CD4
rate, and CD4+ T cell counts are determ ned as the
nusrhieo erpreased cmapbnvaytesc ok lusedishieagsteesk iag) Asecnindanysselgstion step to
The total assay tinme is less than 10 m nutes.

exclude monocytes. We found that CD4+ T lymphocytes and monocytes respond

differently to shear stress on the functionalized device surface, as preferential binding
of lymphocytes occurs in a window of 1-3 dyn cm’%; by contrast, monocytes bind
optimally at lower shear stresses. Selective binding within this window (1-3 dyn cm’
2) may be accounted for by two reasons. First, compared to lymphocytes, monocytes
express about an order of magnitude less surface CD4, which reduces the chance of
antibody—antigen interaction, especially under dynamic flow conditions (Lee et al.
Proc. Natl. Acad. Sci. U. S. A. 96:5215 (1999)). Second, the larger size of
monocytes increases the shear force exerted on individual cells (which is roughly
proportional to the square of cell diameter), resulting in decreased binding efficacy.
These two factors allow for differential binding of lymphocytes relative to monocytes.

Controlled shear stress is also shown to be critical for efficient cell capture. The

12



One critical factor for accurate CD4 counting using
this approach is the specificity of cell capture. To

waehrayeeg his, we used cell affinity chromat ogr@p¥2007/006791
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with i mobilized anti bodies, which are further bl ocked
with BSA to reduce non-specific binding (Amji and
Park. J . Biomater. Sci. Polym Ed. 4:217 (1993)).
Because CD4 is al so expressed on nobnocytes, we used
shear stress as a secondary sel ection step to exclude
nonocytes. W found that CD4+ T | ynphocytes and
nmonocytes respond differently to shear stress on the
functionalized device surface, as preferential bi ndi ng

c S?Rtﬁre? e{}ﬂclﬁﬁﬂ'o‘éy erg?riﬂlaw%gﬁyﬁg? Wb ark gated %&%ﬁh %g?g%etry, R¥hich
S%}{ﬁc?%%?e% eﬁyg{?rea% orég gg'nft\éwfgteg ccg ! hldsigggcg ve su&tjace grea.
crae Pk ahe TR e nafiir %e@x%%ﬁrf O SRS e

chance of antlb antjgen interac Speci

ufrRIes exgrted rﬂ“ca ‘f‘-’r bﬁ? UBHid YBHET I %P%T%%S £ hghe order a
Acad.. Sci . A. 96: 5215 (1999)). Second, aﬁh .

| greglamd@sf@cepf ﬁrémg&/@résboﬂmr@@g'éga?h@*aﬂf@a?t oFpngmuir 16:708
exerted on individual cells (mhlch i S rough g
pf9O and Hintexdorienet alqkape Notl. Acpd. Stidded-eh) §3:3477 (1996)) When

resulting in decreased binding effica These two
f thet hesr fardeggaboye dis lewelewp tcaﬂwmrﬁgrfsmy noggni e Heapyipsll adhesion
relative to nonocytes. Controlled shear stress is also
s irootrserved bBhis obsdreationf iopliss that vdhwen target cedla gomednto contact with the
Thecapture efficiency is further pronoted by the
ebafiarat ecll-chbstratd attpebment ig inititedtbyi the famgiontofi@ single antibody—
interaction tinme between target cells and the active
s anfigenainterasion\{Fiskson et dle Bigphiysal. 6)20hOOPRY; biadbiighgnembrane
wi ndow (1-3 dyn cni2), the shear force exerted on a
c ahtigehCdemsity wildl f:aioe tiss opportuBity 6f pidh ikteraction. Afsotreevhat surprising
same order as

result was that the number of adherent cells also decreases when the shear is dropped

below 1 dyn cm™. This decrease occurred when experiments were performed with
whole blood, but not with lysed blood (data not shown). We believe that erythrocytes
play an important role in the reduction of target cell binding at the low shear stress
range. Erythrocytes have been known to induce margination of leukocyte flow in
capillaries above certain flow rates. (Goldsmith and Spain. Microvasc. Res. 27:204
(1984) and Shevkoplyas et al. Anal. Chem. 77:933 (2005)) In our devices,
margination is analogous to pushing the leukocytes to the floor and roof of the
chamber. At low flow rates, the margination effect is not favored and, the erythrocytes
in whole blood could occupy most of the functional surface and prevent antibody—

antigen interactions. In lysed blood, cell—cell interaction is greatly reduced, and

13



the binding force of a single antibody-antigen pair.
(Harada et al. Langnuir 16:708 (2000) and Hi nterdorfer

we@booahossBy oc. Natl. Acad. Sci. U S. A 93: 347¢#CT/U986)/)06791
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When the shear force is above this level, up to two
orders of magnitude drop in cell adhesion is observed.
Thi s observation inplies that when target cells cone
into contact with the surface, cell-substrate
attachnment is initiated by the formation of a single
anti body- antigen interaction (Tissot et al. Biophys.
J. 61:204 (1992)), and high nenbrane antigen density
will favor the opportunity of such interaction. A

S what sur.prising result was.that.the.n er. o .

S kPeRte Sl S ORnRal s e et i ST o8t decrease with
dr oppe elow 1 dyn cm2 . This decrease occurred when
eiﬁgﬁ?gﬁﬁWﬁ were performed with whol e bl ood, but not

with Iysed bl ood (data not. shown). W beljeye that

er yt hr de{jerebe single chianpehdsivies yyas P(BF‘E"F‘HP Vi %Y@alfgqm Gfelthy donors
of target cell binding at the | ow shear stress ran%é.

E§ % dayite gnma%wca%la), risPrRAormancsvasdesiad Yithavhaelg dblped from

| eukocyte flow in capillaries above certain flow .

r A¥sinfeated suhieqtn Wedounsa slighifegreqsgde thedeyiceperfopmance with
(1984) and Shevkoplyas et al. Anal. Chem 77:933

( zsemsge)s fram ghase gekieetaswhigh mgybgtacepunted Eos by sgueral reasons.
pushi ng the | eukocytes to the floor and roof of the

c Hatetfering selublefa¢torsinrthe ssrumtafdilVainfeeted petiensd, Sueh asi spluble CD4,
not favored and, the erythrocytes in whole bl ood could
o¢Pegkynamstal.of. Infeet. Minci 6529 (1992))avay eordpronssethe yield of

anti bodyantigen interactions. In |ysed bl ood,

c ebptues ¢elisnOdreasoluble factorgrincindingroythiares, cliamibldndsandtimmune
settling is driven mainly by sedi nentation, which does

Nn@omipdexee {Eaalvdtah J.€linc &bebt. 951650t (@095 enayi inflience behavior of
channel device was optinm zed with bl ood from heal t hy

deieddcells. (Polo et al. AIDS. 13:447 (1999), Vonsydow et al. Aids Res. Hum.
Retrov. 7:375 (1991), and Clerici et al. J. Clin. Invest. 91:759 (1993)). Leukocyte
surface adhesion molecules may also be altered during HIV disease progression,
(Trial et al. J. Clin. Invest. 95:1690 (1995) and Trial et al. J. Immunol. 173:2190
(2004)) which may lead to elevated non-specific binding in our device.

Changes on CD4+ T cell surfaces in HIV-infected subjects, such as down-
regulation of CD4 receptors (Anderson et al. J. Virol. 67: 4923 (1993)) and binding
of gp120, (Thali et al. J. Virol. 66:5516 (1992)) might also reduce the receptor—
antibody interaction and decrease yield. Thus, it was not surprising to see both purity
and yield drop when samples from HIV-infected subjects were tested in the linear
chamber device. Nonetheless, a linear relationship was observed for CD4 counts
obtained by microchip and by flow cytometer in the clinically rele;/ant range between

200 and 800 cells mL (Sato et al. Adv. Drug Deliv. Rev. 55:379 (2003)). Thus, the

14



(95% purity and 90%t yield), its performance was
tested with whole blood fromH V-infected subjects. W

wo oundogaes| i ght decrease in the device perfor npegesmwoi/boe7ol
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sanpl es fromthese subjects, which may be accounted
for by several reasons. Interfering soluble factors in
the serumof HI V-infected patients, such as sol uble
CD4, (Peakman et al. J . Infect. Dis. 165:799 (1992))
may conprom se the yield of captured cells. Oher

sol ubl e factors including cytokines, chenokines and

i mmune conplexes (Trial et al. J. din. Invest.
95:1690 (1995)) nmay influence behavi or of blood cells.

Pal t..al, .AlDS. A47.(1999).,. Vi d .al. Ads . .
o€ deyie  veplol 767 e evisioh TEERE Hhd e ridyitring in
Ain. | t, 91:75 993)) .. Leuk t f
PSSR EST R Ry hen bingatn Sy HaId fhyuld ead to even

di sease progression, (Trial et al. J. din. Invest.
93‘?&?@9€FV€¥9%5’)’°‘HﬁW-Tr ial et al. J. I'munol. 173:2190

(2004)) which may |l ead to_el evated non-specific

bi ndi ngTherpppligatipm qfaamicreByidicdeyicedpn D qopnting gffersthe

in H V-infected subjects, such as downregul ati on of
Crdvantegestod reducegh samplgryodume,| decrpased\reagant corpumpsing, low
(1993)) and binding of gpl20, (Thali et al. J . Virol.

6 Gatmichgon tog23nd prirtbility|oyer eantgriconah Boneeydpmetrigrequipsepnt. It uses
interaction and decrease yield. Thus, it was not

s ardirect volgmetricsmethiod tand fundtiops anal sipigks! platferop Mprgaver, no reagents
sanples fromH V-infected subjects were tested in the

| ineedito dhadded ito devdssay, abloeypired lie singlesplhtforaaflow cytometry and other
rel ati onship was observed for CD4 counts obtained by
mipesmsbd medidsb@oipanreday tlenteb@riniansiviedead forimathésay and previously
rel evant range between 200 and 800 cells nL (Sato et
aldesddibed nhinirgurideddiflow BelY deshgn, JROAGRR2 ) hl. PlbeSMed. 2:663 (2005)),

them crofluidic device is useful for clinical decision

Makd PsétGnbnfi6A Bds AlBIoTIRIdi@ D4 counting device directly addresses the
sample preparation challeﬁge faced in most resoﬁrce-poor settings. No sample
preparation, such as lysing erythrocytes, pipetting, or mixing with antibody reagents is
required, so the device serves as a self-contained system. No differentiation of
monocytes from CD4+ T lymphocytes needs to be made during microscope-based
counting.

We demonstrate a simple, quick, and inexpensive CD4+ T cell counting
device based on microfluidic cell affinity chromatography operated under controlled
shear stress. To our knowledge, this is the first device with which CD4 counts can be
performed from a fingerprick sample of whole blood, without either sample
procéssing or the addition of reagents. Minimum handling procedures, rapid
operation, simple device device and potential high-throughput detection makes this

strategy a promising candidate for managing HIV patients in resource limited settings.
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resource-limted settings. Further optimzation of
purity and yield should I ead to even higher |evels of

wa@eunesys The application of a mcrofluidic deyt/es2009606791
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CD4 counting offers the advantages of reduced sanple
vol une, decreased reagent consunption, |ow fabrication
cost, and portability over conventional flow
cytonmetric equipnent. It uses a direct volunetric

nmet hod and functions as a single platform Mboreover,
no reagents need to be added to the assay, as required
in single-platformflow cytonetry and ot her proposed
net hods. Conpared to the | abor-intensive bead format

assay, and eviqusly described mniaturized flow.cel

327 1150 Tordhe G So i K st e Rl Hbin g ferasB py 5% fyge. he

present invention_this_ mnjcrofl uidi countin

ddsmeBstgtionispeeifigrelise tlpﬂémﬁahlﬁﬁ@%swr%% ear stress

chal |l enge faced in_nost resource-poor settings. No

S SRPPEAREFall 1Ay ShramaIRETplY FRHI by eRPHRd Pdknumber of

pi petting, or mxing wth antibody reagents is .

r epplicatigns vherarpecifigiand effigiont cell dsolatiqry is reqiited; fagddition,

system No differentiation of nonocytes from CD4+ T

| prplicatipne of theduentignigee ratdimigrst torrgllprbut ae applicablesteqny analyte

counting. We denonstrate a sjnple, quick, and ]

i vehigheeati assodimewith & bindingompiebhandiis\spbischiasadpprppriate amount of

mcrofluidic cell affinity chromatography operated

uishiear foxwat Soth anhlgies inclwlernasticlesT . oumagnetivl eateaic, prplgstic,

is the first device with which CD4 counts can be

peirusesirend fobevubar Complaxps,iecdk, wgamtlles ahd hipoptdih gomiplexes.

wi t hout either sanple processing or the addition of

reagents. M ni num handling procedures, rapid
I. Methods of isolating an analyte

The invention features methods and devices for isolating cells and other
analytes. The devices of the invention are microfluidic devices with at least one
chamber, which may be a portion of a designated portion of a microfluidic channel or
an entire channel. This chamber contains binding moieties specific for a desired
analyte. Typically, the binding moieties are disposed on the walls of the channel,
although additional structures, e.g., posts, may be included in the channel to increase
the surface area. A sample containing the desired analyte is applied at a shear stress
preferably low enough to allow binding of the desired analyte, but preferably great
enough to prevent binding of undesired analytes, as described above for CD4+ cells.
In one embodiment, the chamber is coated with binding moieties that bind to a

cell surface marker of a desired cell population. Through application of an

appropriate shear stress, the methods of the invention result in the selective isolation

of cells expressing these cell surface markers at a specific concentration. The applied
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operation, sinple device device and potentia
hi gh-t hroughput detection nmakes this strategy a

wobsdshg candi date for managi ng H V pati ent spéus2007/006791
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resource limted settings. W also note that CD4
counting is just one application for devices of this
type. The denonstration of specific cell isolation
with high efficiency using shear stress conmbined with
cell affinity chromat ography could be applied to a
nunber of applications where specific and efficient
cell isolation is required. In addition, applications
of the invention are not Iinited to cells but are

‘glp laalr% ?:!er,ﬁ?ls tg?efarna%l analaty éng)ugﬁk e%m b‘fﬁcﬁgg o?hﬁ?é@kr‘éy cals that

an appropria
of shear, fo

e e SRR

( elles and |ipoprotein conplexes.
I .Cgﬁéf"i’fgﬂgheb?gq’ h‘?‘faﬂ‘&d% lﬁ'ﬁﬁcy‘f’gg The invention
features methods and . devices f isolatjn el.l s and
ot her ahkf ‘?F‘@@ds 'é‘ed'é‘(ﬁnéleg r?ﬁ" ﬁ’é e’r"ﬁ'\')‘Blﬁ ﬂbﬁ‘e aﬁozatm of 50%,
m crofl uidic ces with | east one .chanber, which
P Yol 050,974 .W&S‘Va %?e/sﬂ(ﬁrlQPé*dO%F FF%W“&F‘"H‘" e.g., cells, ina
m crofluidic channel or an entire channel
wam@rwb%reéwn@gbfqmwa@p}?@ less thas 205 di0%: é%{ﬂr laﬁ of undesired
desired analyte. Typically, the binding noieties are
dianpbytesd Inadditienahile apslyten thag hindrase desgribed aybeing “desired” and
addi tional structures posts, may be included in
t Famalytesrthat] dot motibird @raslesctrgvgdgs beingdundesired X eithapiyge or both types
containing the desired analyte is applied at a shear
stafesslypr may babf gcthalintenest ifha partighliap expsirinetintg For example, the
desired anal yte, but preferably great enough to
prmsthods &f thelimgntdn oaydei used taarsalatedemal yhes tHatsaithebbiod to the
above for CD4+ cells. In one enbodi nent, the chanber
i devivatoz dlows thioughndie dgvioei eties that bind to a

At least two variables can be manipulated to control the shear stress applied to
the channel: the cross sectional area of the chamber and the fluid pressure applied to
the chamber. Other factors may be manipulated to control the amount of shear stress
necessary to allow binding of desired analytes and to prevent binding of undesired
analytes, e.g., the binding moiety employed and the density of the binding moiety in
the channel.

The chamber may include multiple types of binding moieties (e.g., 1, 2, 3, 4,
5, or more). Multiple binding moieties may bind to the same or different analytes,
and may be placed in the same or different chambers. For example, binding moieties
to multiple cell surface markers that occur on a desired cell may be disposed in one

chamber.
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cell surface marker of a desired cell popul ation.
Through application of an appropriate shear stress,

wo bed7aedsbods of the invention result in the sepErUs 07/006791
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i solation of cells expressing these cell surface

mar kers at a specific concentration. The appliedshear
stress is preferably great enough to prevent binding
of undesired cells that contain the cell surface

mar ker at a concentration | ower than the desired

popul ation of cells and other non-specific binding
interactions. The nethods of the invention result, for
exanple, in the isolation of 50% 60% 70% 80% 90%

95% 99% or 100% of t desired analvte, e Q. .

n 4 sangraber PP aehl e b AR dumbefardid fr series,

20% 10% , 9% or 1% of. undesi.r.ed an tes. JIn .

2Bt Pork 4-anPT BomSARaeEs), PR ¢His FREOGmienhSos? Pipbegdsolates one or

bei n "desir%g; nqlanal tes thgt do not bindtaRgp ltiple

d ETF 453 o 5 YTy BAY 6 Fiad ot B e els of Fuckgst. ihep multiple

types of analyte nay be of actual interest i

paB?mE%ns &Fe axged i Mricscbe SE%:?HF%? anphied fr6aB i chappbers can

invention may be used to isol ated anal ytes that either

bibsdlifferept{achigvedtor gxample\by: yarping rhe FHesorestieral agga of the

| east two vari abl es can be manipulated to control the

s lshambers) exthe shedristgssteanhgdhe samm eflsog wher pudtiple chambers are

sectional area of the chanber and the fluid pressure

appiangell incetins eathnelinanber cameontpindiindisg mpjetiss that bind to different

mani pul ated to control the anmount of shear stress i

neel seface markats anthesamié er)l pirfage sarkess.a Ndioptthe sape binding moiety

prevent binding of undesired analytes, e.g., the )

biim dmpipyediie tiffererp| chymbiersnthe tohesholdsoay Ye vsed thasdlatadinrsgries,.

noi ety in the channel. The chanber may i ncl ude

mahaliypdsaehitypes pofgrésivelynigweo ambiets of sulpstanc to Which thd binding
moiety binds.

The methods may also be employed to isolate various types of analytes in
parallel, e.g., by passing aliquots of the same sample through separate devices or one
device including multiple chambers in parallel. Different samples may also be
assayed in parallel.

Devices used in the methods of the invention may be simply a microfluidic
channel to which binding moieties are attached and which is capable of supporting
fluid flow at the desired shear stress. The device geometry will be determined based
on the assay. Devices may, or may not, include regions that allow for optical or
visual inspection of the chambers. Fluid pumps capable of producing desired shear

stress are also known in the art. Example of pumps include syringe pumps, peristaltic

pumps, vacuum. Methods for coupling pumps to devices are known in the art. The
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5, or nore). Miultiple binding noieties may bind to the
sane or different anal ytes, and may be placed in the

w6 e/ 10ysegli f ferent chanmbers. For exanpl e, bi ndp@gus2007/006791
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noieties to nmultiple cell surface markers that occur
on a desired cell nmay be disposed in one chanber.In
anot her enbodi nent, the invention features chanbers
arranged in series, (e.qg., 2, 3, 4, 5, or nore
chanbers). In this enbodi nent, each chanber isol ates
one or nore types of cells, which may or may not be
the cells of interest. Wien nultiple chanbers are
arranged in series, the shear stress applied to each

of , the ch ers. can be different chi eved, for. exanpl e
pyleVE A Fetar L Of sbsiasfiafy sp il Y aueRLipEd & chamber
or the shear stress can bgﬁbgﬁ Sﬁne. ﬁjsgé.mhen bed herei
mArapRRe SReTSHPSS 19,A1Ke} ri fxeapiapsdevice irg AgppBpd herein.
can contai.n binding mpieties that bind. to different .

Col | sUPFYiEes aih% Uientipn may be dpkiicalid using thl&‘éqW%f’r P in the art.
Wien the sane binding nmoiety in enployed in different

c hehedabrcationdechpignsg Smplgy e villdegendion ths mpterial yed to make the
series, anaIYtes t hat have progressively | ower amunts
ofdeyigss Fxaawlesef (phriqation éechnisyrnipchisie apgidpigs plotolfthegraphy,

met hods may al so be enpl oyed to isolate various types
ofelentepifgrming, andpaachiniag. Exegplaryipajesials inglude iglasspolhapers (e.g.,
the sanme sanpl e through separate devices or one device

i rolystiymage,silidongs suchizs pobrdimethylst pxarieeepoxyi andpgsthanes), silicon
sanpl es may al so be assayed in parallel. Devices used

i randiptharstmonmdoétotshand metals.i on may be sinply a

m crof |l uidic channel to which binding noieties are

at t acheBlindivgg mbietibs may bepibttedab cbappas using methods known in the

art. The method employed will depend on the binding moiety and the material used to
construct the device. Examples of attachment methods include non-specific
adsorption to the surface, either of the binding moiety or a compound to which the
binding moiety is attached or chemical binding, e.g., through self assembled
" monolayers or silane chemistry.
Devices of the invention may be combined with fluids, pumps, and/or
detectors. Devices may also be combined with reagents, e.g., lysis reagent, labeling

reagents, and instructions for use, e.g., for disease diagnosis.

II. Target analytes
Table 1 provides exemplary cell populations, cell surface markers appropriate
for the methods and devices of the invention, and the corresponding shear stresses

necessary to specifically isolate the indicated cells from a blood sample.
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for optical or visual inspection of the chanbers.

Fl ui d punps capabl e of producing desired shear stress
are also known in the art. Exanple of punps include
syringe punps, peristaltic punps, vacuum Methods for
coupling punps to devices are known in the art.
Thedevi ce may be configured for substantially constant
shear stress in any given chanber or variable shear
stress in a given chanber. Exenplary devices are
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Additional exemplary cell surface markers appropriate for the methods and
devices of the invention are set forth in Table 2. Cell types also include disease-
specific T cells, either CD4+ or CD8+, which can be isolated using MHC-peptide
monomers, tetramers, or pentamers as the binding moiety. Shear stresses appropriate
for isolating cells expressing the cell surface markers in Table 2 can be determined as
described. In addition-the cells set forth in Table 2, the invention is also useful, for
example, for isolating human and animal pathogens (e.g., protists, bacteria, and
fungi), fetal cells (e.g., nucleated red blood cells, amniocytes, and trophoblasts), stem

cells (embryonic or adult), sickle cell red blood cells, and white blood cells.
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In order to determine the optimum shear stress to isolate cells containing a

desired cell surface marker, a sample of cells may be applied to a Hele—Shaw

chamber (e.g., the device set forth in Fig. 1C) designed based on the equations derived

by Usami et al. (Murthy et al. Langmuir. 20:11649 (2004) and Usamiet al. Ann.

Biomed. Eng. 21:77 (1993)). The shape of the chamber of this device is such that the

shear stress along the axis of the chamber decreases linearly along the chamber

length. The Hele—Shaw devices can be used to determine the dynamics of cell

attachment to microfluidic devices because multiple shear rates can be obtained in

each flow chamber without changing the inlet flow rates. By identifying the

narrowest location along the axis of the Hele-Shaw chamber where the desired cells

bind, the corresponding shear rate can be calculate using the equations cited above.
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chanmber | ength. The Hel e- Shaw devi ces can be used to
determ ne the dynam cs of cell attachnment to
m crof | ui di ¢ devi ces because nultiple shear rates can
be obtained in each flow chanmber w thout changi ng the
inlet flowrates. By identifying the narrowest
| ocation along the axis of the Hel e-Shaw chanber where
the desired cells bind, the correspondi ng shear rate
can be cal cul ate using the equations cited above.lll.
I&d %dn'oletl &8s Bi ndi ng noi eties useful in the
ddlh BPAMgmeIHeS s of the invention |nclude

gm bg?%fﬁ%ﬁ"g%g £ ‘%Sg rlalﬂ H.Eeln%evb& Eletl't é{ 3 rTeelrr]ltvel}tion include
A i

coordi nati on conplexes synt het i ners, an
c éﬂﬁléh%lﬂ‘éﬂr &eceptars, lgands, gptagyers; %)aldlietn?cm?nfeés or oligomers,

met hods of isol ating. various analytes fron1a sanp

t rheotim gxidin. ohigepusieetides roorlniqn FoppRleres; Hmthgil r;ﬂ‘iéners and

i sol ated nmay be used to provide additiona

i ispthokydiatas. | n particular, cells isolated using the

met hods and devi ces of the invention can be further

assayed using additional nethods of the invention. In

one enbodinent, cells that are isolated using the

nmdVhdethnds ofdiseces of the invention are counted.

Cel | s can be counting by any nmethod known in the art,

i ncl udilngddijtiondaimetkody. of isalatingl varioup enalytes fromie sampledthe

counting, mcroscopy based detection, and FACS,
invention provides methods in which the analyte isolated may be used to provide
additional information. In particular, cells isolated using the methods and devices of
the invention can be further assayed using additional methods of the invention. In one
embodiment, cells that are isolated using the methods and devices of the invention are
counted. Cells can be counting by any method known in the art, including optical,
e.g., visual inspection, automated counting, microscopy based detection, and FACS,
and electrical detection, e.g., Coulter counters. Counting of the cells, or other
analytes, isolated using the methods and devices of the invention can be useful for
diagnosing diseases, monitoring the progress of disease, and monitoring or
determining the efficacy of a treatment. Cell, or other analyte, counting may also be
of use in non-medical applications, e.g., for determination of the amount, presence, or

type of contaminants in environmental samples (e.g., water, air, and soil),

pharmaceuticals, food, or cosmetics.
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useful for diagnosing diseases, nonitoring the
progress of disease, and nonitoring or determning the
efficacy of a treatnent. Cell, or other anal yte,
counting may al so be of use in non-nedica
applications, e.g., for determ nation of the anmount,
presence, or type of contam nants in environnenta
sanples (e.g., water, air, and soil), pharmaceuticals,
f ood, or cosnetics. Many di seases are characterized by

ggrn]? ; C | eﬁ!lgtlﬁa%e%) %rc%%aragtegl%ﬁélgil gi)xz%maﬂeggiscog%:?hé containing certain

c P o ek B See hAPAd. AT AP BHET o e %“pathogens

surface markers, press cell _surface markers
2 BFGR FEPFeP LB ool SuTBE Ak SRR RTOIEIINS of S6l Sere
usi ng the nethods and devices of the inpvention can be
| yaskers Qi £ xprrss 65!l fface magkeis et gknggmal PFé( @e| | s or
portions thereof, can be npeasured. Exanp
bi ol ogilearoengmbediment, gglis @aht@eu%@e%h?% and flexicgyof the
cell's include nRNA expression, protein expression, and
Digvegtian can be hisedrand Aagior maia Propertigsot thecels, %rewq@ons thereo,
i sol ated by the nethods of the invention can be
scambpowdsurod. Ewamplen of biplegied proparties et eanjhegngasuggd in isolated
pol ynor phi snms_and chronosonal abnornalities) can be
| delts inclusld mBNAGexpressipay protein knprgasien, and PNARugntifigation.
PCR The chem cal conponents of cells, and other
aredditiesn]lyntee RINA®S lcellaiseh!y@ﬁb)aﬂleenethedd ofitheinveition can be
Exanpl es Exanple 1. Isolation of CD4+ T | ynphocytes

sequenced, or certain sequence characteristics (e.g., polymorphisms and chromosomal

abnormalities) can be identified using standard techniques, e.g., FISH or PCR. The

chemical components of cells, and other analytes, may also be assayed after isolation.

V. Examples
Example 1: Isolation of CD4+ T lymphocytes

Materials

3-Mercaptopropy! trimethoxysilane was purchased from Gelest (Morrisville,
PA). Ethanol (200 proof), glass coverslips (35 x 60 mm, no. 1), hemacytometer and
microslide fieldfinder were obtained from Fiéher Scientific (Fair Lawn, NJ). For
chamber fabrication, SU-8 photoresist and developer were obtained from MicroChem
(Newton, MA); silicone elastomer and curing agent were obtained from Dow Corning
(Midland, MI). Phosphate buffered saline (PBS) was obtained from Mediatech

(Herndon, VA). Lyophilized bovine serum albumin (BSA) was obtained from Aldrich
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hemacytometer and mcroslide fieldf nder were obtained
fromFisher Scientific (Fair Lawn, NJ). For chanber
fabrication, SU 8 photoresist and devel oper were

obtai ned from M croChem (Newton, MA); silicone

el astonmer and curing agent were obtained from Dow
Corning (Mdland, M). Phosphate buffered saline (PBS)
was obt ai ned from Medi at ech (Herndon, VA). Lyophilized
bovi ne serum al bum n (BSA) was obtai ned from

Al dri chChe ukee 0 in

afy éﬁmw@\/ﬁsn?{mﬁtja% i ¥ sRuplipe S%P‘Q}??% e’

ester) and NeutrAvidin were obtained fromPierce
BmalcmidabubgyloxRsusgipimide pstyr) apd Mepryvidia yverg gbained from Pierce
anti-human anti - régl one 13b8.2) was purchased from
BBikeehmotoey (Reckfosbiby SBivtinygted npuseiantjthwman ansigcR4 (clone

anti human anti-CD36 (cl one SMO) was obtai ned from

Ah3les.?) WBagwohased m;m Batkman €pultar| (Samerseb Mlag%w@aylated mouse
nouse anti body to human CD4 (AF488- anti - C4,

2 88tihubddranti-CRI36x eloRk SMO) waszomamedémwnndu@ayport MN). Alexa
anti body to human CD3 (AF647-anti- CD3, clone

28fot B888-Lonjngatéd nfoude antiblidyade buplae D4 (AB#88-amiNOD4, clone 289-
wer e obtained from Mol ecul ar Probes (Eugene, OR).

Phy £z ldxaiFudrPB)7 conjuggtedatouse astbadyt ioHumean CD3{AF647-anti-
nmonocl onal anti body (PE-anti-CD14, clone MbE2) was

PO ReE 2R0aBIBD) Bid4c-dheedinSadphtdimdoleADAPI) were obtained
Par af or mal dehyde was obtai ned from El ectron M croscopy

SgiogNMledutidtFrbBds{Euéie, OR)aPRoet@biig (PE)¢ebnjugated mouse

fabrication
antihuman CD 14 monoclonal antibody (PE-anti-CD14, clone

MS5E2) was purchased from BD Bioscience (San Diego, CA). Paraformaldehyde was

obtained from Electron Microscopy Sciences (Hatfield, PA).

Chamber design and fabrication

Two types of microfluidic devices were used in this work. The first one was
the Hele—Shaw chamber (Fig. 1C) designed based on the equations derived by Usami
et al. (Murthy et al. Langmuir. 20:11649 (2004) and Usami et al. Ann. Biomed. Eng.
21:77 (1993)). The shape of the chambers is such that the shear stress along the axis
of the chamber decreases linearly along the chamber length. The fabricated flow
chambers were 43 + 1 pm in height with inlet width and total length of 5 mm and 50
mm, respectively. The Hele-Shaw devices were used to study the dynamics of
lymphocyte attachment to microdevices using héalthy donor blood, since multiple
shear rates can be obtained in each flow chamber without changing the inlet flow
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Two types of mcrofluidic devices were used in this
work. The first one was the Hel e- Shaw chanber (Fig.
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et al. (Murthy et al. Langmuir. 20:1 1649 (2004) and
Usam et al. Ann. Bioned. Eng. 21:77 (1993)). The
shape of the chanbers is such that the shear stress

al ong the axis of the chanber decreases |inearly along
the chanber | ength. The fabricated fl ow chanbers were
43 1 mmin height with inlet wdth and total |ength
of 5 mmand 50 mm respectively. The Hel e- Shaw devi ces
were used to study the dynam cs of |ynphocyte
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device was used for., actual cell .capture  and C03%$ing11{l
e XQUPIRgE FRETIMENTS, ysing dhe oparating sheapsirgss detepmiped trom the Hele—
determ ned fromthe_ Hel e- Shaw experi nent al g%ha. The
deXhapeexpremental gatac Thedevicesprwg fabniratrdind P e and bonded,

to clean glass cover slips using standard clean room

t REFMARANELY. to Clganglass 60 ves|slips usigastapdardpleanrgom techniapes. (Murthy
and Usam et al. Ann. Bioned. Eng. 2 1:77 199;&)

Suat ehcleangmatir.i 20 1649 @Pe4rand Ysamirealt Annd Bieraed Engr 21:77 (1993))

nodi fied using the nethod descri bed previously.
(Murthy et al. Langnuir. 20:1 1649 (2004) and Usam et
al. Ann. Bioned. Eng. 21:77 (1993)) Briefly, the

c FSumtfecesmedifieagipet reat ed with 4% (v/v)

Freshly fabricated devices were modified using the method described
previously. (Murthy et al. Langmuir. 20:11649 (2004) and Usamiet al. Ann.
Biomed. Eng. 21:77 (1993)) Briefly, the chambers were pretreated with 4% (v/v)
solution of 3-mercaptopropy! trimethoxysilane in ethanol for 30 min at room
temperature, followed with incubating the chambers with 0.01 mmol mL (Sato et al.
Adv. Drug Deliv. Rev. 55:379 (2003)) GMBS in ethanol for 15 min at room
temperature. Afterwards, NeutrAvidin was immobilized to GMBS by incubating the
chamber surfaces with 10 mg ml"' NeutrAvidin solution in PBS for at least 1 h at 4°
C. Finally, 10 mg mL™ (ibid) biotinylated anti-CD4 solution in PBS containing 1%
(w/v) BSA and 0.09% (w/v) sodium azide was injected to react at room temperature
for 15 min. After each step, the surfaces were rinsed with either ethanol or PBS,
depending on the solvent used in the previous step, to flush away unreacted

molecules.
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Adv. Drug Deliv. Rev. 55:379 (2003)) GWBS in ethanol
for 15 mn at roomtenperature. Afterwards,

Neutr Avidin was i mobilized to GVBS by incubating the
chanber surfaces with 10 ng m' 1 NeutrAvidin solution
in PBS for at least 1 h at 4 C. Finally, 10 ng nm." 1
(ibid) biotinylated anti-CD4 solution in PBS
containing 1% (wv) BSA and 0.09% (w v) sodi um azi de
was injected to react at roomtenperature for 15 mn.
After each step, the surfaces were rinsed with either
et hanol or PBS, depending on the solvent used in the

previ ous, step, flLush a unreact ed nol ecul es. St udy
sﬁ}'&t‘gbﬁﬁff a&‘%@&“ﬁl"éﬁ%’f'ﬁ%f}n Heal t hy HI V- negati ve
and H \-infe subj ect e recruited fromthe
s nc ey 3 RS pepEl e st BVt i SRR e e from the
subj ects provided witten infaqrned consent, Sarrgl es . of,
5 ’\4JE556$h‘1§%tF§ Geraral Hasnith (MGED 1p Hostony jects provided written
veni puncture in either heparjn or EDIA Vacut ai ner
c dnfosmed spnsenh Sampigsaf onmb afiperihsral blapd “s%ffrlg-gteﬂé}ye
run on the mcrofjuidic devices on the day, of bl ood
c dentpainpiyre inmithsr heparinerdil? BAeYacutpinecoallecsinn tabesy (Begton
H V infected subjects were taken through standard
c| Digkinadn)l Ablcasmndesywerpeumen thy picsefdedicedevicgs ondhe dayhelblood
previously. (Rodriguez et al. PLoS Med. 2:663 (2005))
Brdo#it¢tion. Batallehmesamerhent of 614 gpunmteeisthe HIY infrsted subjects were
hospital clinical |aboratory using standard 4-col or
f |takenctiitanghtstandard clinBed labordbykipesasingfinaSCaréshag described
using the Multi TEST reagents and

previously. (Rodriguez et al. PLoS Med. 2:663 (2005)) Briefly, patient samples

were processed in the hospital clinical laboratory using standard 4-color flow
cytometry on a Becton Dickinson FACSCalibur, using the MultiTEST reagents and

TruCOUNT beads and analyzed using MultiSET software to obtain CD4 counts.

Microfluidic flow experiments
In experiments performed to develop the prototype microdevice, 300 pl of
unprocessed whole blood from healthy donors was introduced into the Hele—-Shaw

chambers at the desired shear rates (5-40 ul min™') using a syringe pump (Harvard

Apparatus PHD 2000, Holliston, MA). The volume of whole blood was chosen such
that cell adhesion on the surfaces reached a pseudo-steady state, where no significant

increase of captured cells was observed as determined by both examining the number

of cells adhered on the surfaces and the blood samples collected from the device

outlet. Immediately after sample delivery, PBS containing 1% BSA (w/v) and 1 mM
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m crodevi ce, 300 m of unprocessed whol e bl ood from
heal t hy donors was introduced into the Hel e- Shaw
chanbers at the desired shear rates (5-40 mM mn 1)
using a syringe punp (Harvard Apparatus PHD 2000,
Hol i ston, MA). The vol une of whol e bl ood was chosen
such that cell adhesion on the surfaces reached a
pseudo-steady state, where no significant increase of
captured cells was observed as determ ned by both

DT Aoveh Aidted et R sfut el 4P Hivipinh o g p o rHSE SFthe
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t he chanber at 40 or mn to rinse off

mL mnlfor 5 . t he . .
uriseAfaEmaldeinge, fallowed|with {pepbatingeaith py apfibadly pigture containing
surfaces by incubating wth 1% paraf ornal dehyde, . .

f AF e tid % A RE ARt DA ErRobnC B fefoby M XA fiprrinsing off the
cont ai ni ng AF647- ant i - CD3/ AF488- ant i - CD4/ PE- ant i - CD14

f smbesndrprtibodytveith PBR sop@gining 1¥hBS A{BBvhandahmM SRTA, the number
with PBS containing 1% BSA (wv) and 1nM EDTA, the

nuftadhersdl calihwereccapnteddyplacing a fieldfindsr ysderthg ghambers and
field finder under the chanbers and counting cells at

salogoting otlistat selectppints elapgthe deving axis ysing ananvemgd mpiggpscope
m croscope (N kon Eclipse TE2000, N kon, Japan). . )
Mokt Eslipse TIRE2000Nikonefhpay). Menasyteg weire deatified byl ytairong with
CD14, CD4+ T cells were recogni zed by CD3+/ CD4+/ CD14-
stantibodgto @Dd 4} QP4+ edllsrwerb e¢coghizad bg IGIDE+/QDEHEA@D4- staining,
cells were determ ned by staining with DAPI or direct
ohs@rnthatdtaimunitis of hdierghanelcardiceHs verd detaatngkby Haining with
each point, three '
DAPI or direct observation under the phase contrast microscope. For each point, three
measurements were made, corresponding to three 1 mm? squares in that vicinity, and
averaged. Images were obtained at 10°® magnification using fluorescein, rhodamine,
and Cy5 excitation/emission filters. DAPI staining was performed afterwards by
incubating the surface-attached cells with 300 nM DAPI in PBS at room temperature
| for 5 min and rinsing with PBS. The cells were counted either manually or using
Image J software (http://rsb.info.nih.gov/ij/). To avoid competitive binding between
the capture antibody and the labelling antibody, CD4 antibodies were selected to bind
to different epitopes.
In experiments performed to test the CD4 cell countihg device, 10 ul of whole
blood from healthy donors or HIV infected subjects was flowed into linear chambers

at the desired flow rates (1-20 pl min’"). After rinsing at a flow rate of 20 pl min™,

cells adhered to the surface were stained and counted using similar procedures to the
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rhodam ne, and Cy5 excitation/em ssion filters. DAPI
staining was perfornmed afterwards by incubating the
surface-attached cells with 300 nM DAPI in PBS at room
tenperature for 5 min and rinsing with PBS. The cells
were counted either manually or using Inmage J software
(http://rsb.info.nih.gov/ij/). To avoid conpetitive

bi ndi ng between the capture anti body and the | abelling
anti body, CD4 anti bodi es were selected to bi nd to

e s?é%”%lﬁ“@%ﬁﬁ P et BTG el Gt B Hinse bufter

from he donors HIV nf ect ed_ subj.ect
{ PR BoHarie) ol owlth ab S SiCR G P @re&wgf%@mged to
(1-20 M mn"1). After rinsing at a flowrate of 20 m
micAncentratedhe ellsfivs flod HEOMARY'sur f ace were stained and
counted using simlar procedures to theones descri bed
above for Hel e- Shaw devi ces. Sanple flowthrough and
rinse buffer were collected fromthe outlet of the
d&leweytomesrgppalysisr f t ubes and centrifuged to
concentrate the cells for flow cytonmetry. Flow
cyt onetlnyprdarad pesfirm ﬁlecﬂfﬁ@rfmt)boﬁ%ﬁ feyiges xﬁeiegfeﬁmgﬁ%rggy«:ells from
of the devices in depl etln? et cells fromwhol e
bivdwdg blebicplispuetsaff sampisisdsidse efterrppssdgedhropgh theglanear chamber
t hrough the |inear chanber devices were collected and
amaligeeweresioligetsd and analy$ddowingy/standard floweytpraetry foquantify the
percentage of CD4+ T cells. The flow cytonetric
mpasghtage of €DAsT E celty: fThe fietv cytome FRGECHuTdmenty Berkpesfpormed on a
Di cki nson | munocytonetry System (BDI'S), San Jose, CA)

FACSC Calibur (Beckton Dickinson Immunocytometry System (BDIS), San Jose, CA)

instrument using BD CellQuest Pro Software. The capture efficiency, or yield of the
device was estimated from the ratio of the percentage of CD3+ CD4+ T cells in

samples collected before and after passing through the microfluidic device.

Statistics and data analysis

The experiments performed with blood from healthy HIV negative subjects
were repeated in at least 3 different devices at each condition. Data shown in Figs. 2,
3 and 4 represent cell counts or flow cytometric measurements averaged over these

devices, and each error bar represents the standard error of the mean.
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CD4+ T cells in sanples collected before and after
passi ng through the mcrofluidic device. Statistics
and data anal ysis The experinents perforned wi th bl ood
fromhealthy H 'V negative subjects were repeated in at
| east 3 different devices at each condition. Data
shown in Figs. 2, 3 and 4 represent cell counts or
flow cytonetric nmeasurenents averaged over these

devi ces, and each error bar represents the standard
error Qf the mean. Results Devel opnent of a sinple

devi ce RSMI®D+ cel | separation from whol e bl ood using

affinity isolation chem stry Using device sinplicity. \
amevalopmentpf asimple dexjeetor L4 gell separatio frdm 2ehag plood using
key factors in our design criteria: the specificity

( pEfnity jsolatipnoeliqmistiicy (yiel d) of CD4+ T cell capture

in a label-free mcrofluidic device. W first tested |

how spddsing devige simnlictpand aermsaqy; ascpr kpgabiseivgseye identified two
surface is in capturing CD4-presenting cells. Fig. 2A

s tkeyifactensrie oundesign eritonarthe presifigity(puno and gHficieneyyigld) of

and anti-CD4 stained fluorescent images of cells from ‘
w4+ Blee dapturaineibél-fres midrefinidin/devigey Wiefest tested how specific
subj ect and adherent to anti-CD4 functionalized

s anfaati63D4-Asnsibilired, BShvklpckdd sucfape isindapeiring GIepeesesting cells.
-50-500 cells mm 2) stained positively for surface CD4

arftig. g showreptasontatiey o veelappekplnge aostpast irhagesaat lanti-CD4 stained
capture anti body denonstrated 1-2 orders of nagnitude

| dlkescettlimagtaetvatis froni ofolatidel bbtaindd (rbems htalthy, HIV-negative
cells mm 2).

subject and adherent to anti-CD4 functionalized surfaces. As shown, almost all
captured cells (density ~50-500 cells mm2) stained positively for surface CD4
antigen. A control device lacking a specific cell capture antibody demonstrated 1-2
orders of magnitude lower cell attachment from whole blood (density, 5 cells mm™?).

Thus, a surface functionalization scheme appeared successful in exclusively capturing

CD4-presenting cells from unlabeled whole blood samples.

Monocyte versus CD4+ T lymphocyte adhesion from whele blood

In circulating cells, CD4 molecules are present on both lymphocytes and
monocytes, which cannot be differentiated by immobilized anti-CD4 alone. This can
be observed in Fig. 2B, where some of the CD4-presenting cells (stained green) also
stain with the monocyte marker CD14. Thus, for the purpose of enumerating CD4+ T
cells alone, a secondary selection mechanism has to be used to exclude monocyte

binding. We used shear stress for this purpose, considering the lower CD4 expression
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Thus, a surface functionalization schene appeared
successful in exclusively capturing CD4-presenting

wae gdohAodsvom unl abel ed whol e bl ood sanpl es. MoNpEH182007/006791

versus CD4+ T | ynphocyte adhesion from whole blood In
circulating cells, CD4 nolecules are present on both
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be observed in Fig. 2B, where sone of the
CD4-presenting cells (stained green) also stain with

t he nonocyte marker CD14. Thus, for the purpose of
enunerating CD4+ T cells alone, a secondary sel ection
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%«byft@cgawém#elﬁha viGes (8L }Sm% wﬁ%vr% fog gn analysis of

HeI e- Shaw devi ces (Fig. which allows for an

arvall pdhesiest ovealy m&sﬂ@gihsw PRFEtesAn p sHgle YPesimert. (Murthy et al.
stresses in a single experinent Murthy et al

| drsggunic. 200 169848004004 ) samitioh ae: BigmedBRe. B JF44993)
Eng. 21:77 (1993)) Fig. 2C conpares the adhesion

prof i | dgAC nomparps the gdbepioy peqfiles ebnoperyteigmpty circles) and

| ynphocytes (solid circles) within a shear stress

r &PIgé+ bfmphottes Gsadiddyelasirwithivex shramsaetisaangeridh 13004 dyn cm’

| ynphocytes occurs in a shear stress w ndow between 1
anda8ndymadiresionWfiCidAt hmshacytys ongurs dug bhear S@Esscenfiew between 1
adhered per _square mllinmeter of area. The adhesi on of

Clahd 3Tdymedrh 8. WethirethisesgiompfatighlyosA0séedls adhered per sjweser millimeter of

stress wi ndow hi contrast to | ynphocyte adhesi on on

t heea The adh¥sicisff @De+ Thewlle dgteasdsaxgdly alitfileofthis shear stress
dependence on shear stress (inset in Fig. 2C).

Mg diweIntcbn@aitan Ienphdcyte adhesion on the anti-CD4 surface, monocytes have
a different dependence on shear stress (inset in Fig. 2C). Monocyte adhesion drops
from about 40 cells mm™ to around 5 cells mm™ when the shear stress increases from
0.3t0 0.7 dyn cm?, and remains below 5 cells mm™ when the shear stress is above
0.7 dyn cm™2. We also plotted the number of other cells (the total number of adherent
cells minus monocytes and CD4+ T cells) adherent to the anti-CD4 surface (solid
triangles in Fig. 2C). The non-specific céll number remained at a constant low level
(<5 cells mm'z) throughout the tested shear stress range.

When the cell composition on the device surface is plotted (Fig. 2D), we
observe that purity of surface captured CD4+ T lymphocytes is more than 95% when
the shear stress is above 0.7 dyn cm (Chovan and Guttman. Trends Biotechnol.
20:116 (2002)). Purity drops at shear stress below 0.7 dyn cm?, due mainly to the

adhesion of monocytes under the low shear condition; purity also drops slightly above
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above 0.7 dyn cm2 . W also plotted the nunber of
other cells (the total nunber of adherent cells m nus
nmonocytes and CD4+ T cells) adherent to the anti-Ch4
surface (solid triangles in Fig. 2C). The non-specific
cell nunber renained at a constant |ow |level (<5 cells
nm ) throughout the tested shear stress range. \Wen
the cell conposition on the device surface is plotted
(Fig. 2D), we observe that purity of surface captured

C+ T lynphocytes is nore th 95% n the she .
seseem Y This.begr sty At o ‘AR PEoTcaipgsion of
Bi ot echnol . 20: 116 (2002)). Purity drops at shear

sCssT happhpaytes aggd menac¥eSque mainly to the adhesion

of nonocytes under the | ow shear condition; purity

al so drops slightly above4 dyn cm 2 . Thus, shear

stress is a powerful tool to differentiate sPecific )
aBeselopment oEpsell Toppting device and determination of capture efficiency
Devel opnent of a cell counting device and )

det er mimsh ipitiab experpoents ves demonstrated|highliseleptivg egpture of CD4+
experinments, we denonstrated highly selective capture

ofT &D4 ssifigaghbmoalenah gntibadyrfondtiomalizethsurfase pperated under differential
functionalized surface operated under differentia

s kisamr ssegsedisxt, Mexdesigned d eaightchaanelt deyiagtfor cffigiane isolation of
device for efficient isolation of CD4+ T |ynphocytes

uist+ Tilyaghadyessrursier fised stienhstress Mathiththershearrseress rangeeptimized
optim zed for pure CD4+ T cell capture w thout

C G6H it TD4-NY cold easrytecwithidrit gontaM)inatifig momoayps«Fige 1 DY.£This

had an internal volune of 10 nlL, which serves as a

s aifmple device ind AR irgémaDvelambafil 6 ML, Wischl&rds asal sample volume
allows for convenient delivery of a smallvol une

metering mechanism. The 10 puL volume allows for convenient delivery of a small-

volume sample obtained from a study subject, and sufficient sample size for
statistically valid cell counts. The elongated chamber design increases the interaction
time of blood with the functional surface.

We injected 10 pL of whole blood at shear stresses ranging from 0.2-7 dyn
cm? into the linear device, collected samples before and after flow through the
chamber, and analyzed them by flow cytometry to study the capture efficiency within
this device. Representative quadrant analysis data from the lymphocyte window of
blood samples before and after passage through the device at a shear stress of 1.7 dyn
cm are shown in Figs. 3A and 3B. In this representative experiment, CD4+ T
lymphocytes (CD3+ CD4+) comprised 29.7% of all lymphocytes entering the
microfluidic channel (Fig. 3A); after selective capture, this fraction dropped to 2.1%

of lymphocytes exiting the device (Fig. 3B), indicating retention of more than 90% of
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time of blood with the functional surface. W injected
10 nmL of whole bl ood at shear stresses ranging from
0.2-7 dyn cnf into the linear device, collected
sanpl es before and after flow through the chanber, and
anal yzed them by flow cytonetry to study the capture
efficiency wwthin this device. Representative quadrant
anal ysis data fromthe | ynphocyte w ndow of bl ood
sanpl es before and after passage through the device at

h e 2 h inFigs. 3A.
?H?F t%%fet PP el pichiodhF abrbgatbbahiimiess, sigpilie experiments
t CD3+ + i d .29 7%.0of all
| YRR B e e e Y PE NSRS PP She CAEgEA A Sfeat Erggs on capture.

3A); .after selective capture, this fractiaon dr d,to

2 effagieney) (grpsisd of £ Tiee 3t the ligesy %éwﬁé?be- g§§§,""?’% Observed that
indicating retention_of norg than 90% ofthe target

Cashoar siresy WingpT By ncR T Bes QP] oF sHEEPItAAE T cell capture
Simlar experinments were perfornmed at various shear

s in thedingar ehambeaymatghingftherasulsy oltpinsd using dheHgle-Shaw chamber
capture efficiency (or yield) of CD4+ T cells in the

| i(Figa2ChidVithia this; séear@@)ess windems aearbr 93Nt the SR44,T lymphocytes
stress window of 1-3 dyn cm 2 was optimal for )
efWere isehitedOpith puirityegreaten han98%. O utside of thiswingeavnisapture efficiency
mat chi ng the results obtained using the Hel e- Shaw

c lyaidky drioppep 10220804, hing wilh 8 dedrease is pratys(Rig.r7dHwWhen we
nearly 95% of the CD4+ T | ynphocytes were isol ated

Wetdlupted ictl digtdiattion ihlanic@S8peradat at theo sifeat stressesi inchod/out of the
capture efficiency quickly dropped to 70-80% al ong

Woptimal déedosd see obsepiedidifferehtey.tha@elp fexplaie tieviatelahisch for their
cell distribution in devices operated at two shear

Sldieimease taptae @ fMtitndyf (Fidi@). At a shear of 1.7 dyn cm™?, which yielded 95%

target cells, a narrow cell density peak of around 200 adherent cells mm™? was seen
within 10 mm from the device inlet; this density quickly dropped below 20 cells mm?
at greater distances from the inlet. In contrast, at a léss efficient shear of 7 dyn cm'z,
surface-captured cells remain at a relatively constant, low density throughout the

length of the chamber. Thus, controlled shear flow in a simple, anti-CD4

functionalized device promotes efficient and specific CD4+ T cell capture.

CD4 counts from HIV-infected subjects using optimized, simple microfluidic
devices

After determining the optimal conditions for the device using blood from
healthy donors, we next tested the devices using samples obtained from HIV+ adult

subjects. A ten-microliter sample of blood was introduced for 2 min at 5 pL. min’,
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whi ch yielded 95% target cells, a narrow cell density
peak of around 200 adherent cells mi2 was seen within
10 mmfromthe device inlet; this density quickly
dropped below 20 cells mi' at greater distances from
the inlet. In contrast, at a |less efficient shear of 7
dyn cm, surface-captured cells remain at a relatively
constant, |ow density throughout the [ ength of the
chanber. Thus, controlled shear flowin a sinple,

anti.-CD4 functional, ized deyice, pronptes ef fi-ci ent.

o ot emrpafyadd B sneof Sk BE TRagh G TGP A n@Bdlcea an 20
Hl \(-i nfected subjects usi optim zed,, Si

ey BNt G GO P00 RGOS P AR R o Fopgve monocytes
condi tions for the_device using blood fr heal t h
dcﬂ’i‘ér“é’,"'%@mﬁéﬁ”i-&l?‘z GOW%Waw?lE%Qﬂagpwgg ?ﬁma& otal number of
obt ai ned from Hl V+ adult subjects. Aten-mcroliter .

s Adperenbeells) epymtethmanyalygderg PRase confrpst micrascope; fatal assay time
2, which corresponds to a shear_stress of 1.7 dyn cm 2.,

Neas, unggr 1@ mina¥ e erngerecbesedrD4 sonts fiom ousgricpdevice with results
corresponds to a shear stress of ~7 dyn cm, to renove
norhtaiped fromnmmpdes prpeessed in racallel by fow exdometry (Bige 5} IFen 13 adult
determ ned fromthe total nunber of adherent cells,

c ctwtyeshbjretawith € Déemmtsrappiag dram 26 it d 628 cad Isade o pe flow

total assay tine was under 10 min. W conpared these
C3taetny, Duf respits showrn clasd goirelstion betwees the vaometiodeat CD4
from sanples processed in parallel by flow cytonetry

( Fdonnts5ip. tof80O c&Bs pblll(k =t ykf =sUBpeespectively. SDCDoemints above 800
ranging from26 to 1428 cells nL 1 by flow cytonetry,

owells il tie ralvprdenicel ceHieoantsaed siphificalittyt lween thdnethbseobtained by
nmet hods at CD4

flow cytometry, which likely reflects saturation of cell binding within the chamber.

To confirm these findings, we assessed the purity and yield of CD4+ T cells in
the linear device using whole blood from HIV-infected subjects (Fig. 6A and B).
Purity (or capture specificity) was calculated by taking the ratio of CD4+ T cells
(CD3+CD4+) to the total number of captured cells (DAPI+); yield (or capture
efficiency) was defined as the ratio of captured CD4+ T cells to the sum of captured
CD4+ T cells plus those lost in the flow through. For the 13 study subjects, a
consistent yield (>75%) was observed for CD4 counts up to 800 cells uL"; the yield
started to drop for subjects with higher absolute CD4 counts. Purity ranged from 60—
90% for CD4 counts above 200 cells pL™*. When the absolute CD4 count is below
200 cells pL™, poorer capture specificity was observed (20—-50%). Nevertheless, a
clear cutoff was observed for CD4 counts around 200 cells pL'1, which is used

clinically to discriminate relevant CD4 count thresholds. We also observed that >90%
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t hose obtained by flow cytonetry, which likely
reflects saturation of cell binding wthin the
chanmber. To confirmthese findings, we assessed the
purity and yield of CD4+ T cells in the |inear device
usi ng whol e bl ood fromH V-infected subjects (Fig. 6A
and B). Purity (or capture specificity) was cal cul ated
by taking the ratio of CD4+ T cells (CD3+CD4+) to the
total nunber of captured cells (DAPI+); yield (or
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for CD4 counts up to 800 cells nL 1 ; the yield
strem wanfestedRgod-or subj ects with hi gher absol ute CD4
counts. Purity ranged from60- 90% for CD4 counts
above 200 cells nL 1 . Wen the absolute CD4 count is
bel ow 200 cells nL 1 , poorer capture specificity was
oFxampde 2{ Agraggments obeapfureshambers) car cut of f was
observed for CD4 counts around 200 cells niL 1, which
i s used 8pt micsefluidia chambse (Rigi Pas been usedfor splatiag yatious target
t hreshol ds. W al so observed that >90%f the )
noells fiogevhale blapd{Tablediotha prindiplgifer spseifistaelirepptugniscthe
in the context of HV infection may be nore adherent
t combiratibh ofBpeciflimantitedidsi well centrdliadesheargiregpeadjtians inside the
fromuni nfected bl ood. Exanple 2: Arrangenents of
c dptice eandledifitientspassivhtien of the fifaded ite privantrenspdaific bining of
has been used for isolating various target cells from
whalhantet @ells. ( Falbdweing Joptifitization] theipukigy bheellsgapbire can behs high as
capture is the

99% and the yield of capture as high as 80%. One approach for increasing the purity

in unfavorable situations relies on the use of isolation chambers in series (Fig. 8),
where the first chamber depletes the cells that would otherwise contaminate the
sample of interest in the second chamber. The captured cells can be imaged using
standard microscope (Fig. 9), counted, and RNA and protein extracted (Fig. 10) for

further analysis.

Example 3: HIV—specific CD8 T cell isolation

We developed a PDMS microfluidic device coated with pMHC class I
pentamers for the capture of disease-specific CD8+ T cells (Fig. 11). In our
experiments, we used soft lithography and SU-8 fabrication techniques to create
microchannels within a PDMS mold. The PDMS mold and a silica substrate were

then exposed to oxygen plasma treatment before being irreversibly sealed together.
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conbi nation of specific antibodies, well controlled
shear stress conditions inside the device, and
w@bdoraoepg passi vation of the surfaces to preveot/us2007/006791
nonspeci fi ¢ bi nding of unwanted cells. Foll ow ng
optim zation, the purity of cell capture can be as
hi gh as 99% and the yield of capture as high as 80%
One approach for increasing the purity in unfavorable
situations relies on the use of isolation chanbers in
series (Fig. 8), where the first chanber depletes the
cells that would otherw se contam nate the sanpl e of
interest in the second chanber. The captured cells can

be_i ed usi ng stand i crascope.(Fig. 9 ounted

o PR EpTLBE B e RD M Pl ST ey Wt then FEHE) Sim 3-
anal ysis. Exanple 3:, H V-specific CD8 T cell igsolation..,.
WRSTERRIPGiREARCR TS iYL eihetoletaolingan e Ogpaon Of thiol-
pMHC class | pentaners for the capture ?f_ )
ditermindl-apugs: fAleroygshing ff ppecagted gilaneisplutjgn with anhydrous ethanol,
experinments, we used soft |ithography and SU 8

f sbg PPMS devieewnnflyshed with thedstazobifwictieonal fresstinkgrGiMBS in

a PDM5 nold. The PDVB nold and a silica substrate were
5 t mehydmposthanalpduringywhichithe thickgreun e the silane Feactsepegjfically and
irreversibly seal ed together. The hydroxyl groups on .
t lrovElBMly wifhl th¢ matrimider regionsf(eYIBS: Hidns loaees the sygoinimide residue
mer capt ot ri met hoxysi | ane in anhydrous ethanol,
r e the GMPB$ availablef for pritéinattathmentoandeafier fhishige supsacted GMBS
After washing off unreacted silane solution with
anwigtd i 0 BB SepHah4), Neutrd viRDivSohition (im RBS) wasligireduceidtihto the
t he heterobifunctional crosslinker GVBS i n anhydrous
etchamed, reshltihg th thibibiddihgd ef thei GV BJ saepinimidelprow tosthe terminal
reacts specifically and covalently with the mal ei m de
10 T egiifd gRdup@YBRutrfiidinl eafveSishingaeeicridVNelar A eidindwith 1x PBS (pH
7.4), biotinylated pMHC class I pentamers loaded with A2-SL9 antigenic peptide (a
dominant HIV gag epitope) were introduced into the device. The device was then
flushed with 1x PBS (pH 7.4) with 1% BSA (w/v) for the purpose of flushing out
unreacted pMHC pentamer and for minimizing non-specific cell interactions with the
15 channel surface (Fig. 12).

With the device properly equipped for cell capture experiments, we cultured
two clonal CD8+ T cell lines - one specific for the HIV A2-SL9 (SLYNTVATL)
peptide, and one specific for an unrelated A2-IV9 ILKEPVHGYV) peptide. T cells
that recognize these peptides in the context of the MHC class I molecule are present

20  in most individuals infected with HIV.
We introduced 500,000 A2-SL9 CD8+ T cells (125 microliters at a

concentration of 4 X 10° cells/ml) into a PDMS microfluidic device functionalized

with A2-SL9-loaded pMHC pentamers, at a flow rate of 2 ul/min. As a negative
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channel, resulting in the binding of the GVBS
succinimde group to the termnal am no group of

Neutr Avi din. After flushing unreacted NeutrAvidin with
Ix PBS (pH 7.4), biotinylated pMHC class | pentaners

| oaded with A2-SL9 antigenic peptide (a dom nant H 'V
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peptide. T cells that recognize these peptides in the

c sntusion apd flueeespstiycstaised psing DAR] selution hefere bging imaged (Fig. 13).
nmost individuals infected with HV. W introduced

500¢ obsereedl shighclegzeepispedific captrenindhed¢vie withtAZySLY CD8+ T
concentration of 4 X 106 cells/m) into a PDV5 o )
mceHswhiledd lowllsyeloef rfomrsperified ¢ellberpiire is s2n Sp the deyirednto which
pMHC pentaners, at a flowrate of 2 mM/mn. As a

netiz V9-spenific D8 T cells wempstpduasdf Specific dyesillbinding was efficient,
A2-FV9 were introduced into an identical device with

t hus esialencesiinyca fack aif iaonenolJjive of eell cesragerie the chansel. Whistset of

Ix PBS to renove unattached cells fromthe channel

S Wwixpadments established fthateliseasd-fpet ficPF Selisndanttiedsolated in microfluidic
fluorescently stained using DAPlI sol ution before being

| rong@xetl iigg pMIIC complexes as capture agents. These devices have applications

for disease diagnosis, or for studies where identification of disease-specific T cells are

desirable, such as monitoring of vaccine efficacy.

Example 4: Capture of tumor cells using anti-EpCAM antibodies

Shear stress plays an important role in cell capture. An optimum shear stress
should be applied such that one can capture a maximum number of cancer cells at
high enough flow rates. To find optimal flow rate, we studied the effect of shear stress
on the cell capture using flat microfluidic chambers with variable width and constant
height along the chamber. The geometry of these chambers shown in Fig. 14 is such
that the shear stress varies linearly along the chamber length (Fig. 14E), permitting
the study of a wide range of shear stresses for a given flow rate. Cultured lung cancer
cells were spiked into PBS solution, and then passed through the Hele-Shaw

chambers functionalized with EpCAM Ab at a constant flow rate. As the shear stress
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st r essedl publicatigns pateiitspand patent applicationd mentignedhindhe above
cells were spiked into PBS solution, and then passed

t bpaxififationeard-bérebShwarponatad by seference.i ¥arbuymddifications and
EpCAM Ab at a constant flow rate. As the shear

s tvadatis of dlesdscabalmethod ant apstein, of ttheingtemsont wilbbe agparent to
cells adhered to the surface increases (Figs.

1 fifvsé 4Klled Th eheefrf @ithowtfdephreiap faim @gsSscope tultbspist of the invention.
adhesi on t hrough EpCAM anti body-anti gen binding is

p:ﬁﬂﬂfoﬁﬁh e invéntiohdfas bbendé&cayed indbninsctidhewh spevific embodiments,
shear

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
carrying out the invention that are obvious to those skilled in the art are intended to be
within the scope of the invention.

Other embodiments are in the claims.

What is claimed is:
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rate, resulting in the capture of 200 cells/m2 of

functionalized capture surface. O her Enbodi nents Al
w@iaiieabs ons, patents, and patent applicati onBCT/US2007/006791

mentioned in the above specification are hereby

i ncorporated by reference. Various nodifications and

vari ations of the described nmethod and system of the

invention will be apparent to those skilled in the art

wi t hout departing fromthe scope and spirit of the

i nvention. Although the invention has been descri bed

in connection with specific enbodinents, it should be

understood that the invention as clainmed should not be

unduly limted to such speciféc,enbodinents. | ndeed,

vari ous nodifications of the 98¥8%ibed nodes for

carryigp out the inyention that are ?&#gus to those. .

ski |l edin tfdnethed frdsqlpfing.adepited cf APHMPIFSOTIsISEE:

of the invention. G her enbodinments_are in the clains,. ..

What | SabiniFoAugingssard sample into & microflpdic device Gpatpipe a binding

desired cell froma sanple conprising: (a) introducing

s aneletyagppribicifpr spid desivedsellui di ¢ devi ce containing a

bi ndi ng noi ety specific for said desired cell; (b) )

al | owi ) adlominrgidesited sellninswidisasmpip tebing tosaid bindiag meiety; and

bi nding noiety; and (c) applying a shear stress to .

sai d mi(e) epplying & shray steessdo sai anicrpébiidie devies pe thag desired cells

bound whil e undesired cells do not. 2. The nethod of

¢ Iremainlhount evielenurslgsidedo¢alldidogrotoi et i es are sel ect ed

2. The method of claim 1, wherein said binding moieties are selected
from the group consisting of antibodies, antibody fragments, oligo- or polypeptides,
nucleic acids, cellular receptors, ligands, aptamers, MHC-peptide monomers or
oligomers, biotin, avidin, oligonucleotides, coordination complexes, synthetic

polymers, and carbohydrates.

3. The method of claim 1, wherein said sample is a blood sample.

4, The method of claim 1, wherein said desired cell is selected from the
group consisting of neutrophils, monocytes, lymphocytes, circulating tumor cells,

HIV infected CD8 lymphocytes, circulating endothelial cells, and platelets.

5. The method of claim 1, wherein said binding moiety binds to CD66,

CD14, CD4, CD8, EpCAM, E-Selectin, or P-Selectin.
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fromthe group consisting of antibodies, antibody
fragnments, oligo- or polypeptides, nucleic acids,

we 8o dbaavs receptors, |igands, aptanmers, NMHC pepti/8$2007/006791
nononers or oligomers, biotin, avidin,
ol i gonucl eoti des, coordi nati on conpl exes, synthetic
pol yners, and carbohydrates. 3. The nethod of claim1,
wherein said sanple is a blood sanple. 4. The nethod
of claim1, wherein said desired cell is selected from
the group consisting of neutrophils, nonocytes,
| ynphocytes, circulating tunor cells, HYV infected CD38
| ynphocytes, circulating endothelial cells, and

pl atel e 5. Th hod of claim1, . rein saj

b1 i nd> nHroS O SIS denBseiErR dexif cctipgre Rk ymphocytes,
E-Sel ectin, or P-Selectin.6.. The thod of claiml1,

witef &pid bindige a&?twéaa%mr@a“r@@eﬂﬁ | ynphocyt es, and

said binding noiety is an anti-CD4 anti body. 7. The

nmet hod of claim6, wherein said sanple is obtained

froma patient at risk of developing AIDS. 8. The .

net hod 7fThe methed of claimife whersim 5id sagpleds obtainedArqm apatient at
| east one biol ogical property of said desired cells.

9 riskiod deeelopidg HIDS. ai m 8, wherein sai d bi ol ogi cal

property is selected fromthe group consisting of:

MRNA expressi on, protein expression, DNA

quantification, DNA sequence, and chronosonal

abnor mef. | Theemethbd .of Thémnig filwthr cbmpkising)(4) arfalyzihgat least one
conprising: (d) counting said desired cells. 11. The
natislogicalf propatyrobsaid deditedrcellonpri si ng: (d) counti ng

said CD4+

9. The method of claim 8, wherein said biological property is selected from
the group consisting of: mRNA expression, protein expression, DNA quantification,
DNA sequence, and chromosomal abnormalities.

10. The method of claim 1, further comprising: (d) counting said desired cells.

11. The method of claim 6, further comprising: (d) counting said CD4+

lymphocytes.
12. The method of claim 11, using said count to diagnose a disease state.

13. The method of claim 1, wherein said step (b) and step (c) occur

simultaneously.
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| ynmphocytes. 12. The nmethod of claim 11, using said
count to diagnose a di sease state. 13. The net hod of
W6 b@hAvekys wherein said step (b) and step (c) OBECHUS2007/006791
si mul taneously. 14. A nmethod for isolating a desired
cell froma sanple conprising: (a) introducing said
sanple into a mcrofluidic device containing a first
bi ndi ng noi ety specific for a first desired cel
di sposed in a first chanber; (b) allowing said first
desired cell in said sanple to bind to said first
bi nding noiety; (c) applying a first shear stress to
said mcrofluidic device so said first desired cells
remai n bound while other cells do noi' (d% allomﬁn%.. _
the rerdini fymethas for isolating,p desired sell Fopneisamplpsempgsing:
said mcrofluidic device, wherein said second chanber
cont ai €@ intsdyginggaidsample inge a isrodlidic dewirs eentaiping a first
(e) allowi ng said second desired cell in said sanple
t dingiingimpisty, spegificfosadims degired cetbispgseddng first)chamber;
appl ying a second shear stress to said second chanber =
so sai dblelowingsaid fiestidesitedcel dnsaid spopledoling to said first binding
undesired cells do not. 15. The nethod of claim 14,
wirerietyn said first binding noieties are selected from
the group consisting of antibodies, antibody
f r agnerit)s applyinge fist shpat ypessté sdd mintedluidic davicelso said first desired
cellular receptors, ligands, aptanmers, MHC peptide
cells remain bound while other cells do not;

(d) allowing the remaining sample to flow into a second chamber of said
microfluidic device, wherein said second chamber contains a binding moiety for a
second desired cell;

(e) allowing said second desired cell in said sample to bind to said second
binding moiety; and

(f) applying a second shear stress to said second chamber so said second

desired cells remain bound while undesired cells do not.

15. The method of claim 14, wherein said first binding moieties are
selected from the group consisting of antibodies, antibody fragments, oligo- or
polypeptides, nucleic acids, cellular receptors, ligands, aptamers, MHC-peptide
monomers or oligomers, biotin, avidin, oligonucleotides, coordination complexes,

synthetic polymers, and carbohydrates.

16. The method of claim 14, wherein said second binding moieties are

selected from the group consisting of antibodies, antibody fragments, oligo- or
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nmononers or oligomers, biotin, avidin,

ol i gonucl eoti des, coordi nati on conpl exes, synthetic
wsloyi®msises and carbohydrates. 16. The net hod ofcUS0/006791

14, wherein said second binding noieties are sel ected

fromthe group consisting of antibodies, antibody

fragnments, oligo- orpol ypeptides, nucleic acids,

cellular receptors, ligands, aptanmers, MC peptide

nononers or oligomers, biotin, avidin,

ol i gonucl eoti des, coordi nati on conpl exes, synthetic

pol yners, and carbohydrates. 17. The nethod of claim

14, wherein said first shear stress and said second

shear stress are different. 18. The net hod of cl aj .

T poprapian nudFl atidseto i apeptons: o Apiactirs MEICGRgptide

bi nding noiety are the sane. 19. A kit for i plating a
danpnaspers &F Pligemers; RipHp, avidin, lignayricatides,foqrdinggjon complexes,
chanmber, containing a binding noiety specific for said
desypthetic palymerygad cprbolydatss f or produci ng a shear

stress, so that said desired cells bind preferentially
conpared to undesired cells. 20. The kit of claim 19,
further conprising a | abeling reagent specific for .

sai d debi.r edThemethogiof cigim 14, whereie saifl firstphear stgepegnd said second
conprising instructions for AIDS diagnhosis.22. A
meshharstgs atetdifferent. ng a shear stress for isolating a
desired cell on a device, said nmethod conprising: (a)

i ntroduci ng a sanple containing said desired cell into
a chanber of a

18. The method of claim 17, wherein said first binding moiety and said

second binding moiety are the same.

19. A kit for isolating a desired cell comprising:

(a) a device comprising a chamber containing a binding moiety specific for
said desired cell; and

(b) a pump for producing a shear stress, so that said desired cells bind

preferentially compared to undesired cells.

20. The kit of claim 19, further comprising a labeling reagent specific for said

desired cell.

21. The kit of claim 19, further comprising instructions for AIDS diagnosis.
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m crof |l ui dic device, said chanber containing a binding
noi ety specific for said desired cell; (b) allow ng

wolemnegdogel s in said sanple to bind to said pidsing7/006791
noi ety; (c) applying shear stress to said mcrofluidic
devi ce, wherein said shear stress varies along the
| ength of said chanber; and (d) identifying a shear
stress at which said desired cell binds to said
bi ndi ng noi ety preferentially conpared to another
cell.

22. A method of determining a shear stress for isolating a desired cell on a
device, said method comprising: |

(a) introducing a sample containing said desired cell into a chamber of a
microfluidic device, said chamber containing a binding moiety specific for said
desired cell;

(b) allowing desired cells in said sample to bind to said binding moiety;

(c) applying shear stress to said microfluidic device, wherein said shear stress
varies along the length of said chamber; and

(d) identifying a shear stress at which said desired cell binds to said binding

moiety preferentially compared to another cell.
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