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748 8on No. 60/ 782,470, filed March 15, Bg@E2007/006791
which is hereby incorporated by reference inits
entirety. Background of the Invention 10This
invention relates to the fields of nedical devices,

medi cal di agnostics, and cell counting. O the
40.4 mllion people infected with HV globally, nore
than 35 million live in devel oping countries with

significant resource limtations, many of whomare in
urgent need of diagnosis, nonitoring and

antiretroviral therapy. In the process of 15 managi ng

Hl V-infected subjects, counts of a specific white

bl 0od PENVICESANDMEFHOBSEDOR IPZ"HJE NSE WD OTHER
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adults, the absolute nunber of CD4+ T cells per

mcroliter of bl eQgh@efdnlct wﬁklawmgﬂf»éamn@nd
therapeutic inplications and is used both HV

st agi ngTﬁEQ,? PR R EnsdRALS SATUBS. Fr8Gidionsl AFYNchEdn NG,
of CD4 count's-two to four tines per year-is

r e&(ﬁ%ﬁ‘ﬂ? ﬁlefd%algg 18! J008! RBRA iPherdty lﬁEer&ﬁted by reference in its
dinicadlly, a count bel ow 200 cells mi-

estapld shes the di agnosi s of AIDS and in nost

seftings is used as a marker to initiate

antiretroviral treatnment (ART) and prophyl axis

agai nst opportunistic infections. H gher CD4 count

t hreshol ds of 350 ang.eR8-onghle? thdfnvea@onV del y used
as markers to increase the

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
managing HIV-infected subjects, counts of a specific whi‘;e blood cell population,
CD4+ T lymphocytes, have proven to be essential biological indicators. In aduits, 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
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



intensity of nonitoring, and in sonme settings, to
initiate ART. However, affordable and appropriate

| aboratory nonitoring tools to determ ne CD4 counts
have little penetration in resource-limted settings,

ViR 2 E®@SWngoi ng i nternational efforts to extBAEHUIZE/006791
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availability of ART to these areas. 5Currently, the

gold standard for CD4+ T cell enuneration is flow
cytonmetric counting of |ynphocyte subpopul ati ons

usi ng nonocl onal anti bodi es and commerci a

mul ti-purpose flow cytonmeters or single-purpose
CD4-counting flow cytoneters. Although these

i nstrunments are high throughput and accurate, their

cost and technical requirenments for operation and
naiinresired endeitong.i anil irepmeseitings.da dntiain ART. However, affordable
significantly 10 del ayed the inplenmentati on of HV

t r end pERTOPIAtS tRbarmtory tanitetng wels| t geteasing CRscounts have little
wor | dwi de. Smaller instruments |ike the Guava EasyCD4

of frenetiatinn irrtspurpe-Hdted prtinesndespis engaing igtsarntigny sitfprts to extend
adopt ed Non-cyt of | uor ogr aphi ¢ nmet hods, incl udi ng

EL tigravatabibyef ART tathe®s8qeafs have been suggested as

useful alternatives for CD4+ T | ynphocyte . | )
quant i f iCuamently, the geld stangasd éorﬁ%l%%aw gtperatiqngis flow cytometric
equi pnent and have 15 | ower reagent costs than flo )
cycowmting\of lyppkagste subpaiyiatigheusigmonesignal epphodis ﬁ%ﬁg?ommmla]
are nore |abor intensive and | ess agcurate, apd are

no BN gpurRPse ey Fomelers ﬁh%ﬂ%ié‘@“ﬂ&f’s‘v@ﬁ Fopgtg flow cytometers.

Organi zation guidelines. In addition

i npHEvaek hese BrpRenthaE g gt fuad gfcupss their cost and technical

counti ng-such as mniaturization, of equippent-do not .

A QAFIETCRS (PRARETIOBPS R 1o EQ by e e Ghor feachand Significanty
resource-limted settin%ﬁ% whi ch is saml e ited

or kv thgAmplementatign of BRY frameq! RERTEED Fisgrgefpited areas

veni punct ure, to.Ixse er

o LAyt B o b8 improvemens
o R o RS S S REPBP R g s
of PP IRt A i Een SiRsar S s ERE ey AT
g-ergfrpiglg)\{:e tciu%‘ﬁi%%?iégésgg elq}éeg% E/nréﬁxq)dg %qukrg ?Jsggéllﬁgmgﬂ and have

lower reagent costs than flow cytometry. However, they have much lower

throughput, are more labor intensive and less accurate, and are not widely used or
recommended by World Health -(-)rganization guidelines.

In addition, improvements on the baﬁk—end aspects of CD4 counting—fs.uch 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 10 use pipettes

for any step in the diagnostic assay are extremely problematic in these settings.



I ntroducing the sanple into a mcrofluidic device
containing a binding noiety specific for the desired
cell, allowing desired cells in the sanple to bind to
the binding noiety, and applying a shear stress to
Whh2oopriwsst | ui di ¢ device so that desired cel | BCHESZBITN06791
bound whil e undesired cells do not. In this
enbodi ment, the step of allowing the 10 desired cells
to bind to the binding noiety and the step of
appl yi ng a shear stress, can occur simnmultaneously.
The invention also features a nethod for isolating a
desired cell froma sanple by introducing the sanple
into a mcrofluidic device containing a first binding
"noi ety specific for a first desired cell disposed in
a fir st Acbadingly. thdteiisstited ixed foriowudetsndbods foonihe dipgndeas and
first desired cell in the sanple to bind to the first
bi AniigrinpeBCH4 celppbpulaigna first shear stress to the
m crofluidic device so the first desired cells remain_
bound while other cells do not, and allow ng the
remai ning sanple to flow into a second chanber of the
m crof l ui di c device cSGunuhamynd the bivediiony noi ety for a
second desired cell. This nmethod further includes
5 al | owi nFhs dwvemébnfeatiires d nesthddsfor isolating 8 degited celd from a sample by
bind to the second binding noiety and applying a )
s etmrodusihg the semplgisto omichdluidic dedee trmtaieing g binding moiety specific
second desired cells remai n bound while undesired .
c efdrgheidesived cdlh allowvingdntitdicslinin thisantple i bind togihe binding moiety,
stress and the second shear stress can be the same or
di fridcapphing Alkaar stress ket e aniprodmidirdeviceise that desireg icplly tsgain
noi ety and the second binding noiety can be the sane
or berfdfwlrilemndegired sy do neth dn gufr emhodimentpthe siepiof allovgipg the
the same time as binding occurs. . The invention
10 f udesined celdsstobindstoghebinding maiefy pad thegter of applyieg acskear stress, can
This kit includes a device including a chanber
c oftar Airnytapeqyslydi ng noi ety specific for the 5
desired cell, and a punp for producing a shear stress
so t hat Thenvertign dsp 'gequr% atﬁl%ﬁ%@éfse Re p4esigpd cell from a sample
conpared to undesired cells._ This kit can alsq o .
i nbY tedycing the sapple istoemicraihudic deyce eentqipipe gdist bipgling moiety
iC ﬁ lgglchtg ftplbg g?slﬁ lg)p/sﬁgg}:lggﬁ a{(slgéqqggr?g %lrs% Cham: Ir.u Q‘Eis method includes
15 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 figst 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
20  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 stress and the second shear stress can be the same or

different. Also in this embodiment, the first binding moiety and the second binding

3



I n anot her aspect, the invention features a nmethod of
determ ning a shear 10 stress for isolating a desired
cell on a device. This nethod includes introducing a
sanpl e containing the desired cell into a chanber of

v mozngshisui di ¢ devi ce, the chanber cont ai ni NRCEAUS2007/006791
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bi ndi ng noi ety specific for the desired cell
all owing desired cells in the sanple to bind to the
bi ndi ng noi ety, and applying shear stress to the
mcrofluidic device. In this nmethod the shear stress
is varied along the length of the 15 chanber and a
shear stress at which the desired cell binds to the
bi ndi ng noi ety preferentially conpared to anot her
cell is identified. In this aspect, the shear stiess
mayndityapp bé t@ saine ol diffeasme. Ak aboasthb istrekis mpydecapplied at the same
any of the forgoing aspects, the binding noieties can
be ted ssHisding sanrant i bodi es, anti body fragnents,
ol i go- or polypeptides, nucleic acids, cellular 20
r ecept oridhe invegtmdfyrthapfeatupess, kiMaCisplapng d desirsderidr Thigkit
ol i goners, biotin, avidin, oligonucleotides,
c odnaliudeatai dovice onghidings chasybhet hettaising ¢ bjadingmoigfyispecific for the
car bohydr at es. Al'so in any of the forgoing )
as esitest, cell hindsapphrefor produeing afsheasdiress v that thetdgsired cells bind
bi ndi ng noi ety can bind to CD66, CD14, CD4, CD8,
Ep @ééfereRtigy eoiparsd toungesire@etlise tThis, kitgan alsedneludd 7 labeling |
cell can be selected fromneutrophils, nonocytes, -
| y meepeoyspesific forrtheitiesined geli. U@ptionally.|this kigogn plsp dacludg instructions
CD8 | ynmphocytes, circulating endothelial cells, and
pl doeAHYSdiagmpsts. pref erred enbodi ment, the desired
cells are CD4+ | ynphocytes. In this 5 enbodi nent, the
sanpl e Amyndskergispest.tbeiinvetinnfeatures a methed of dgtergming a shear
devel opi ng AIDS. Met hods of the invention_can .
al streysifer igelatinmafigsired gelhon p dgyee. oHus methed irgjudes injroducing a
bi ol ogi cal property) of the desired ceILso%eggé mRNA
ex srEBleicontaningbthe idasiesdsell datp @ shapipex of a srietofinidig deyjpe, the
DNA sequence, and chronosonal abnormalitjes%%le . .
coehrmnbey cop@ing? Padingdpoisty sgeqyiic forhedesipe ¢rlle pliqndng desired
e.g., to diagnose a disease_state such as Al DS

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 bé 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- of po_lypeptides, 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-

4



10Al t hough described in terms of cells, the nethods,
devices, and kits of the invention may be enployed in
conjugation with other anal ytes, as described herein.
In preferred enbodi nents; desired cells bind

W eheiRssi al |y compared to other cells capabk@red2007006791
binding to the binding noiety in the absence of shear

stress. By a "patient” is nmeant a |living

mul ticellular organism The term"patient" is 15
meant to include humans, mce, dogs, cats, cows,
sheep, horses, non-human primates, and fish.

By "binding noieties" is meant a nol ecul e that
specifically binds to an analyte (e.g., a cell).
Bi ndi ng noi eties include, for exanple, antibodies,

a pgﬁgﬁt;nz and &%%El%dsoclllchg 806l Sected rd i 8@Afrophils, monocytes,

bi o vidin, netal ions, chelating agents nucl ei c

acy hoMF% HOuRER fudfor eanonw nfedt@l CDERYEPhdR9Rs AikciRting

or ‘ot I gomers. By "cell surface marker"

I Sg iaPcelB] £@YlifteteUNd to a cell that is exposed
to the extracellular envi ronnment. The cell surface

mar ker - galniferRdRiHofinknt, | thPddire € el ahyODa+ tympHocHesTEln this
conblnatlon of the three. The term "cell surface

5 mélﬁ%md@u%%%i&ﬁ&ﬁﬁé’%&&ﬁﬂ&ay&%ﬁ% riskhef dedeldping AIDS.
natural ly -occurring nol ecul es, nolecules that are

aber r anjfeyhdds @ BidlinAmtibh Cad ASliht uaé atdymnglitdeasene property (¢.8.,
condition, or a nmolecule that is attached to the
S Ub{oRspfcal brdpBfy Xt the desired cells (e.g., mRNA expression, protein expression,
DNA quantification, DNA sequence, and chromosomat abnormalities); counting the
desired cells (e.g., CD4+ lymphocytes), e.g., to diagnose a disease state such as AIDS.
IO_ Although described in terms 'of cells, the methods, devices, 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
15 meant to include humans, mice, &ogs, cats, cows, sheep, horses, non-human primates,
and fish.
By “binding moicties” is meant a molecule that specifically binds to an analyte
{e.g., a cell). Binding moieties include, for e;{ample, antibodies, aptamers, receptors,
ligands, antigens, biotin/avidin, metal ions, chelating agents, mucleic acids, MHC- —
20  peptide monomers, tetramers, pentamers or other oligomers.
By “cell surface marker” is meant a molecule bou.lld 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”

5



By "lysis" is neant disruption of the cellular

nmenbrane. For the purposes of 5 this invention, the
term"lysis" is meant to include conplete disruption
of the cellular nmenbrane ("conplete |lysis"), partia

“mﬂ§§ﬂﬁﬁ%§°n of the cellular nenbrane ("part iPal/US2007/006791
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SI's”), and perneabilization of the cellul ar
menbr ane. By "binding noiety" is nmeant a
chem cal species to which a cell binds. A binding
noi ety may be a conpound coupled to a surface or the
mat eri al making up 10 the surface. Exenplary binding
noi eti es include antibodies, antibody fragnents
(e.g., Fe fragnents), oligo- or polypeptides, nucleic
acids, cellular receptors, |igands, aptaners,
MG PERL 15 FRRATRRE nlcclies GaOTetutes thitaks ghermuliriprysent 2 the
oﬂ?gonuc eotrdes, coordi nati on conpl exes, syqﬁheﬂ%c fthe
pol I coRdisl, @t @ olecule that is attaBiyed to the surlace 0
"63%%%%%???9%?%2n" is nmeant the disruption of the
C%Lhular menbrane such 15 that certain intracellular
conponents are able to escape the cell, while other
CONPONGHY & LSRR ahttEkiptidd ¢ thetdinlar membrafige Fog fyppurposes of
" chanmber™ s meant to include any designated portion
of 4 A ilichkioh lthtl @hfi /8RN Baheane ingludireurepleteaisruption of the cellular
cross-sectional area is greater, less than, or the "
S AEnAng gfaeasieﬁa 198i'0[ patgalaiistugicintof thy ceHelar mgrbeane (“parti
208F her atures and advantages w Il be apparent from
t hgg8| rmg;eﬁg cARSAEibR LT e cellldar thérgbraess, and t he
cl ?1%:?7;1 rief Description of the Draw ngs Fig. A_ids
a di agr gsingni apiétreisananta cirgnipal opesinsie vchz C&é&)m 5. A
counting .

binding moiety may be a compound coupled to a surface or the m

aterial making up

the surface. Exemplary binding moieties include antibodies, antibody fragments {(e.g.,

Fc fragments), oligo- or polypeptides, nucleic acids, cellular receptors, ligands,
aptamers, MHC-peptide monomers Or oligomers, biotin, avidin, oligonucleofides,
coordination ‘;:omplexes, synthetic polymers, and carbchydrates.

By “permeabilization” is meant the disruption of the cellﬁlar membrane such

that certain intracellular components are able to escape the cell, while oth‘cr

components remain inside the cell.
The term “chamber’ is meant 10 include any designated portion of a

microﬂuidi;: chahnel, ¢.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.



devi ce. Fig. 1B is a photograph of a cel
counting device. Mcrofabricated PDVMS 5 devices with
one inlet and one outlet were bound to glass slides
to formcl osed chanbers. Fig. 1Cis a diagram

of the geonetry of a Hel e- Shaw device. The =
WMP'I&]&(E% 'ﬁlrﬁ{sgb%bmm
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Bfers linear variation of shear al ong
central 1line. Fig. 1D is a diagram of the
cell counting device of 1B. This device has a 10
vol unme of 10 uL for sanple vol une netering.
Fig. 2Ais a series of photom crographs of cells
captured in a Hel e-Shaw chanber at | ocations
corresponding to shear stresses of 0.4 dyn cm2
(left), 1.7 dyn c1/12 (mddle) and 5 dyn cm 2

right). The inmge s.created by.overl appi ng a phase
E: 0 n? r a)st phot ogr gp hﬁ\gﬁroﬁ‘fsﬁ'é'pgg? P%%\c?ﬁ'd‘.‘”ﬁggs JaPp
fl uorescence .phqt ograph. .15Fi q. 213 | erd. e ounti
phot oni woggégﬁglasgﬂbgﬁ%%‘ge gg?rf’%n SRTEY "%Défa‘(e(glr)?%v\gnng

ang CD14 staining at the shear stresses conditions as
deSt¥rbed above. Both | ynphocytes (CD4+CD14-) and

monocyt es +CD14+) were t ured t B ated PDMS
stress g’fg' 538 %I%)]t%#ﬁh © au(feﬁgc%r e e%/l dr?% %b;?’tﬁ glg) Wer e
captured at two hi gher shea e s tofdmAsHaLd
20Ffgees2e %“eénlﬁp s r?c‘)lvmetn‘{éerggﬁew g%lac“# Q%L T cells
(sq#%n circles), nonocytes (enpty circles) and other

cef Eblid triangles) in response to shear stress

Diff ti d t ' ele-Shaw
ere 'Z{;t‘?so a (21% A0 SeRl 5%2@@%& . HALGhh W ARNEL YiRSHele-Sh

in respolfs ar was A shear stress

i nd bet 1 3 : ol f CD4+
\-II-VI H%\g?\évff ofgea-ﬁwguex@ar v 5\}%11' Oef%r{r%ﬁ gfc%l% id@sSnAplihdal  Tor

sion, es adhesi on drops

si gni fi ﬁs\r_]?bﬁ %@%&gagﬁjmgwl Elinfink HEAE&L of 18] NBhis device has a

adhesi on % s 1s mniml 1n the whol e range

OF R3S 18185 ShF S SouEAGhudalad pOI Nt vas repeat ed

evi ces Spanni er ent Shear stress ranges,

O R ohE Ao RPN ARl n -t
chamber at locations correéponding to shear stresses of 0.4 dyn cm™ (Ieft), 1.7 dyn
cm? (middle) and 5 dyn cm™ (right). The image was created by overlapping a phase
contrast photograph and the correspon&ing fluorescence photograph.

Fig. 2B is a series of photomicrographs of captured cells after CD4 (arrows)
and CD 14 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) 7

Fig. 2C is a graph showing adhesion of CD4+ T cells (solid circles),
monocytes (erripty 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. 2D is a graph show ng conposition of the surface
captured cells as a function of shear stress. Wen
shear stress is above 0.7 dyn cm 2, 95% of the
surface captured cells are CD4+ T cells (solid

\?\ﬁiﬁ%ﬁ)ﬁ%s The purity of these cells drops quicaltsyoot@os791
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ess than 50% when shear stress drops below 0.7 dyn
cm 2. Each data point was 10 repeated in 3 devices
spanni ng different shear stress ranges; error bars
represent standard deviations in neasurenents wthin
each experinent. Fig. 3Ais a graph show ng fl ow
cytometric analysis of a blood sanple before CD4+ T
cell isolation. The CD4+ T cells (CD3+CD4+) conpose
29.67% of all |ynphocytes. 15Fig. 313 is a graph

howi fl t ' ' : | 2
e} Sfhepipl Vg Ol pRStoNBhcs Henl nty S @ 09tn om
conposy td onaof. i ihal i of 1e814d shear
C nBGDh 14 Baigh oF oy 8 4 i il i thr LS e otleda
af tst%ssche‘a\éh A% %@Hﬁ Wak F]eep-ggtgd il § B&iddssBanDtg STBlcRt dNerQftkess -

were Tnjected'into t 1 near device at a shear

Stress . P sCand R deSiakBiisSin AGAMliréBehts WithBeeach
gaﬁg%&rgﬁg %%?géﬂgopjlationf gnd 23 the quadrants

wer gp with an isotype nmatched control
Fiﬁgb%§¥ﬁ%§ a graph show ng percent yield of captured

cel I's ag; A>HY05 kDA sRbwinBapsdifiHbsf thekiiicatfdured odlls as a
flow cytometric anal ysis: Nearly 95% of the target

celghSi620f fRal Rk WHed S8 WALl B abb@00]7 dsh &y *sPE2abf the surface
stress In the range of 1 to 3 dyn cm2. The yield

qu .b&m.u}éd dERPRFe EP4es SellsRalidTea)) The buiilyiof thieda gells drops quickly
Each data point was repeated in at |east 3 devices.

The, RLS @hn D% SvHARMES 8Rtbss ThapadRIow 0l¢\diya tindn Eatidata point was
nmeasurenents within each experinent. Fig. 4 is a

gr "i’ﬂ:l?:aéh V5 B8icARpaEBn L @lfercAtitithi JtreasSrangdstiereds tars @present
di stance from5 inlet using the |linear cell capture

Chah8sid AbvikiéhsSH @Rhs GEHaRS eahinAlach expedyrencm 2 (sol i d
circle, yield nearly 95%, captured cell density

r eaches FEsAITY ghpdshbWmgSwvpteommetrie tinalBsis ofmbload sample before
at 7 dyn cm2 (enpty circle, yield 75%, the
di Y54bptiipRoRfiot FHe T4+ T aklld (CDAHTAcainpesy 204G % of all
devi ce. The experinents were performed using 10 L of
whodpkdcorel from heal thy subjects. Each data point
was repeated in at |east 3 devices. 10 The error bars
I epr eselFig. SBand graphdbowagifavecsitometeis aoaipviepf bhe wim bleod sample
each experinent.

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 ceﬂs

can be isolated from whole blood using shear stress in the range of 1 to 3 dyn cm™.

8



Fig. 5is a graph showing cells counted on the
mcrofluidic chip as a function of CD4+ T cell count
by fl ow cytonmeter using whole blood from 13 H V+
adult subjects. A linear regression of the
data for absolute CD4 counts ungeius3fBmesrol

“gfﬁ | t al
ce ﬁéhﬁ§@ (n = 11) indicates good correl ati on between
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the two neasurenents 15 (dash-dot line). The dashline
represents an ideal 1 1 correlation between the two.
Fig. 6Ais a graph show ng purity of the surface
captured CD4+ T cells as a function of the absolute
CD4 counts. Purity was above 60% and fairly

consi stent for absolute CD4 counts greater than 200
cells L-. Fig. 613 is a graph showing yield of CD4+ T -
celhs wh i DBl Aeods! AR ¥5GuRSF isadndel! BELH Bita Sint
thell]hg\ }Qeﬂé#%?lgdﬁggodgéﬁﬁet%sfh F\glsfl 31/1 consi stéent yi el vt/gswas
obseryed.f ar Mt P 513 & 8Listions i
1 L AP Qeiths, FREAS il nbs e

Ines are drawn as a visual guide.

\I/:v: eazn%l?g%?ﬁnle%fﬂeg?& J.pe mcrofluidic device

e parrellel chanbers for cell isolation.
Fig. 7B i glaa; B SRR e b fsﬁg%heﬁm% deNis@Rs fro
connect g??ézg S ?_isﬁge gun'p. © .e ig. 7D ig a ; "

Phehiagls ,%r}hg fin@ar T ERfthrd cfirfbe? bt heatSinR ke R ASISTAfh cm™ (solid
driven ow to automate the isolation of cells from

wh i %), cibred®eil Yemith MRS BRm@n ar th i

M girrglf’%?@ﬁlgar&ﬂs/?’sc%ati on ngilge with two A The sampie
Celihia € BRTHAEasE DRTRISH S edBiyichitle, YiBR T9%4)5 the@lisiil@ion of cells is

(top) captures and depl etes
fairly uniform along the device. The experiments were performed using 10 pE of

whole blood from healthy subjects. Each data point was repeated in at least 3 devices.
The error 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 cﬁometcr 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 cellsas a
function of the absolute CD4 counts. Purity was above 60% and fairly consistent for
absolute CD4 counts greater than 200 cells pL'l.

Fig.6Bisa grai)h showing yield of CD{H T cells within the linear device as a
function of the absolute CD4 counts. Fairly consistent yié]d was observed for absolute
CD4 counts up to 800 cells uL™. The dashed lines are drawn as a visual guide.

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

chambers for cell isolation.



contam nating cells, increasing the purity of the
cells captured inside the second chanber. Fig. 9 is a
phot om crograph of captured CD66b+ granul ocytes
treated with 10 Wight-G ensa stain. No significant

| contam nation is observed. Ej i
“g)zg{rzlﬁ%ghow ng typical electrophoresis of tl"r‘%gmpiﬁ‘&””@m
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isolated fromneutrophils isolated using the

m crofluidic chanbers. A total of 33 ng total RNA was
i sol ated fromneutrophils isolated from 100 pL of

bl ood. The quality of RNA is very good indicting the
conpatibility of cell capture with RNA extraction
techniques. Fig. 15 11 is a schematic illustrating
coupling of the pMHC pentanmer nol ecules to a

mcrofluidic c nel . ig. 12 1 C ' .

i |1 ust rEgi “ﬁfi@aﬁeﬂ%’?%ﬂp%’s pheRmpGarRe AR EPgiBkA 0 a syringe
anti genic peptide are specifically recogni zed by CD8+

T P-s with receptors for this antigen, while

i iflc. 1 | ] i i i iven flow to
popul ot VBt 4 Poestptn g e pBholFL besure driven flow
t ., Fi .1 1 t omi h
CrPge oY sl Sl St B1BER) 2T 19T (R

T

evi ce coate

|.oaded wi ' : i oS
QE%P%Egﬁ&%#% Ledld hﬂéQHrgthgm%P&‘ LipriheP Llilclfi@cpl&éﬂs

otom crogra captured cells’in

whol . 000 ol Qo the pfi S YRRUPLAIE cdhrb sl illscRond

picted I'n
chamber.

Fig: 9 is a photomicrograph of captured CD66b+ granutocytes tre;ated with
Wright—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 fotal RNA was
isolated from neutrophils isolated from 100 uL 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 ceil 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
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5 Figs. 14 A-C were obtai ned. Fig. 14Eis a
graph show ng shear stress as a function of distance
fromthe results of a concordance experinment to test
experinmental variability. Two experinments were run
usi ng the same sanpl e under identical condi ]

%R%ﬁfis a graph showi ng attached cells gg?@@mmzmmww
function of shear stress in a 10 conparison of
capture efficiency between whol e bl ood and | ysed RBC
bl ood. Detail ed Description of the Invention In
general the invention features nethods, devices, and
kKits for the isolation of analytes (e.g., a cell). A
sanpl e containing a desired analyte is introduced
into a 15 mcrofluidic device containing noieties

VRS B Pl [ g1

undesi red apal ytes and | ow enough to all ow bi ndi ng of
t RPUERHE PERIYSf i nterest. Once bound, the desired

|yt es, b | yzed. The. 1 ole blood.
vent |G~ areo AR RrEe P Rae R bed Mihole blood
el o R bl bR Ao SRS AGRMS: 02O depciedn

exenpl a Yojsi vention provides a
| e Dbl CD4+ T | ynphocyte count assay using cel
af’ﬁﬁﬂﬁyggﬂwlﬁé%%ﬁ?%%hy inamcrofluidic format. The

devi ce_uas gég Bk SRR Lifltindter Srs30 6 ol fufictitH @Ghince from the

for aff Ion o arget cells. Controlled

2{‘%%‘%35 62%?’?%8%&3%3%5}?&“ %o @spéx%{aﬂiﬂéﬂﬁlcvaﬁla@ﬂgﬁ Two experiments

I
c an Icient selection of + T

|| ' Beficiioh@iiheod cel |

rr e R AR pR o B BuBhery °°

fi nger PRl CaQl b SfOBowhtl RERAST EBICRA CRNGIG oflthebs stress in a
gesse ole 00

of unpro Is injected into the

gDﬁo:éRﬁ;,':%&é? i:)f;%a%hﬂ@ BRlcidiey BoteRBE WRble@Mbol aW1ys2ll RB@Bdod.

unts are determ ned as the nunber of
al |

Detailed Description of the Invention

In general the invention features methods, devices, and kits for the isolation of
analytes (e.g., a cell). A sample containiﬁg 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. 7

An exerﬁplary embodiment of the invention provides a2 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
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5 captured cells using a |light mcroscope. The total
assay tine is less than 10 m nutes. One

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

chi his, we used cell affinity chromat gghaRBY7/606791

“&{@Hﬁﬁﬁ%%bilized anti bodi es, 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 10 is al so expressed on

nonocytes, we used shear stress as a secondary

sel ection step to exclude nonocytes. W found That

CD4+ T | ynphocytes and nonocytes respond differently
to shear stress on the finctionalized device surface,
as Qe L etk e BhAdLNGIRLel T Qe btk BIddd cells from
mﬁH@%ﬁ?%%ﬁﬁ%ﬁﬂ8§§b@%?%%“6§“€on ?%%%%ﬁﬁgnocytes Bl
optimally at |ower sheaf,stre ,sf‘keg eddoveThLadhRPCD4
Yhdiin l?’%ﬁ evﬁalﬁ\ég:wcﬁg%lbgyn c?’nﬁ%m} Ry E’e account ed

fo r%gést EQKBLLro%au%or%ge s%:iﬁvﬁ&le bﬁ%gggfng%tédqnﬂowmaﬁﬁai’c channel at

mof eXpress a an or magni t ude | ess

suf L%}%@ﬁ?w%{eggl @BH-Q q‘.sceil IESm‘r‘tQ eré_cc@lte?tfrﬂned as the number of all

anf| -antigen’interaction, especially under

5 PR LR g 78y e B el il o inintes,
size of Ogg @Hﬁé’a& ?efb dr'i?:rr A3GR EDE cSHRAE ufifh s SpPR64cAGs the
i dual ce fs I ch

on indiv is roughly 20 proportiona

to telaﬁicﬁg lﬂ)g E&h Qjﬁnﬁgl 'if'q SN YRL )we #Rd edil Affdity Bhromatography with
e g effi

dedreas I ndl cacy. These two factors all ow

 Of b biliSLEMidbBliie ivilisre Hiriley BRI REY WS BSAI tBiréd(e hon-specific
nonocytes. Controlled shear stress is also shown to
bepehids B&hiji208 Palkd IChRMatéresdi. EAPhUEE. 4T IB(1993)! BeCause CD4
efriciency 1s further pronoted by the el ongated

10 channg e@%@&ﬂmom&&g, WEGScBABEE stréiR ab Bh&bAddry @flection step to
time between target cells and the active surface
ar e8-tude monocytdh! Weoidiahamth AR yipiitory bkt Mioneliyrs respond
wi ndow (1-3 dyn cm2), the shear force exerted on a
C € il rehch i kbad 5@EB bR ihd fnctibndfizddNievith sarfics, afpréfaential binding
sanme ordér as 5 the binding force of a single
antp b?’t&g &R0rsRAkbvinddvabA0S Gfn @b ?; byaogtiast,mdificy@8bind
(2000) 'and Hinterdorfer et al. Proc. Natl. Acad. Sci.
U. oftim&lly Sdowérichedrst@ser3. Sdletive biadingedthid thisceindew (1-3 dyn cm’
above this level, up to tw orders of magnitude drop

15 i n2cah baahieshted firbyabseeasans. Fi, sorfyset wdymphocyies, monocytes
inmplies that when target cells cone into contact with
t hexsrdés oat ancebt-cfubhitededest gflabm@Nt, wisich reduéesttheichance of
by the formation of a single antibody- 10 anti gen
| Nhetadyi-aniged ineottict especially opdey dynainic ewxgnditions (Lee et al.
(1992)), and high nmenbrane antigen density will favor
t herapplait Acad $ciot). Sush 961525 HIOIOPDN Semwndothre lager size of
surprising result was that the nunber of adherent
c e mbamoaytspindmases alxeshemtforcetenertghamindividugh eshlp uhisk isrgughly
1 dyn cm2. This decrease occurred when experinments

20 e peopoetidoal toatle sivate offvoll didshated, reswifingrip desipashd pipdig efficacy.
bl ood (data not shown). W believe that erythrocytes
15 Thesytwarfactorsaiiparfor diffeeentinl hinding efilyswhesytesrelagyglomonocytes.
cell binding at the | ow shear stress range.
Er idntrotgd swatrinees isatsa shawnie 'becfft}‘r‘ah%’éeﬁ%eg‘t ¢k Gaghrg e
| eukocyte flow in capillaries above certain flow
rates. (Goldsmth and Spain. Mcrovasc. Res. 27:204
(1984) and Shevkoplyas et al. Anal. Chem 77:933
(2005)) In our devices, margi nd2ion is anal ogous to
.pushing the | eukocytes to the floor and roof of the



20 chanber. At low flow rates, the margination effect
is not favored and, the erythrocytes in whol e bl ood
coul d occupy nost of the functional surface and
prevent anti body- antigen interactions. In |ysed

“ﬁ%ﬁﬁﬂwﬁ gll-cell interaction is greatly redqggﬁmﬂﬁqgmwm
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ocyte settling is driven mainly by sedinentation,
whi ch does not decrease with reduced fl ow
After the single channel device was optimzed with-
bl ood from heal thy donors (95% purity and 90%
yield), its performance was tested with whol e bl ood
fromW/e-infected subjects. W found a slight decrease
in the device performance with sanples fromthese
subj ects, which may be accounted for by severa

.ol Nterferi | ] ;
14 GORRY R Ch i Srctable By RS Bridy®l SER Nunich
t.al. J. | .. Bis. : - i
¢ BB ? egfiefilipn rk vedfipn Gphe el R SO s
i ncl udi ki nes,, |6 Sin ' 0l cm’?), the shear
conpl exSRnhe SpAGR 1RSI IREn@ MinddtHOZ 4 o . the ob

1392 | i ol l e er
oot exgfTBLor L B0 B BRRERls O8aBIAL ARG b bt Grer as
H [ i i @ . Lan&hbi?- 16:
ikt B B gl o 167
L8569 54, fSRER s 11 sl o W

E %‘%g%%aﬁ\ﬂﬂf% ﬁiaﬁgv%isqgvel;]up th FRY BRlers ok faghik I d 0 in cell adhesion

y lead to el evated non-specifi

bi Ibgligvéd’] TRRESGY At implies that WhaNage: @it 6bMe info Etltdct with the

surfaces 1n H V-infected subjects, such as

do ' ttdehthe RéESbY o den®606n 6f #bingld antibody-
Vi%%?@éggvﬁé%%ﬂ%€%93))egﬁﬁﬁﬁ?ndiﬁg of gpl20, (%ﬁglfn Y

et mftpen thter¥bjodl (Ti6Rt 201 661pHY. I, B1.0b4 (Blogy, arddtigiemedrane
receptor-anti body interaction and decrease yield.

ThitSiced HeMBS Wil Eavih kY dppbRghityof3ach edrdttiptr A sym@0hasdprising
yi el d drop when sanples fromH V-infected subjects

VeLSult fad 8t the nhili®ed dMABEremitRIDS o deyéaees when the shear is dropped
Nonet hel ess, a linear relationship was observed for

Cl¥e16@ Y Ny cab?. ainietbchsdBctinaedihertnithetimetits otre performed with

cytometer in the clinically relevant range between
20Qh818 $icHA0b@@lot vithilyeddlodd €ilah notAtlvwn DiWigbdielé that erythrocytes

Rev. 55:379 (2003)). Thus, the
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)) Iﬂ 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
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m crofluidic device is useful for clinical decision
meki ng and di sease nonitoring in resource-limted
settings. Further optimzation of purity and yield
shoul d |l ead to even higher |evels of accuracy. The
“Q?@h*ﬁg%ﬁon of a mcrofluidic device for CD4GauBhizRgs701
offers e 5 advantages of reduced sanpl e vol une,
decr eased reagent consunption, |ow fabrication cost,
and portability over conventional flow cytonetric
equi pnent. It uses a direct volunetric nmethod and
functions as a single platform Moreover, no reagents
need to be added to the assay, as required in
single-platformflow cytonetry and ot her proposed
met hods. Conpared to the | abor-intensive bead format

assay and previously 1 i 1 NIGAE U b ith
SR Y s U BB ol s it
(Zgﬁg%g,ﬂthe present invention this mcrofluidic CD4

co ﬁbfa%vice directly addresses the sanple

pr epar a}gﬁggg,gg,g,'r% C0480d ASAL: 1A SRBlizte IAH BRBAMRAN healthy donors

settings. 1€ preparation, such as |ysing

er 0g L pet tLng. i i : : lood fi

B 0 AP s o

. < SeWGopt.ai SYSt; T leah ideRice Jerf: ith
R

d . . g H i i U T .
q g %ﬁ@?%{}ﬁ%éﬁg Bﬁ%?g&%%% b&8kcounted for bY¥everal reasons

e a Si , quick,” and i nexpensive CD4+ T

C€hite M%ﬁ)ﬂﬂalgﬁwoﬁeintﬂ?é&%& Bf relifbidl ghent:Shilch as soluble CD4,
af i nity chromat ogr aphy operated under controll ed

SNERLIShA §68: 7 IRRRYDIKNY: BOYEo9 D) iny combrdtniéd ths Yield of

devi ce &#?ﬁamﬂich CDi counts can)%e 50 performed from

a n_%ﬁ?&%ﬁ RLHEC ©tR2¥PBleThctil Phcdudih POHokinks, BRsiokeics Afd immune
Sa e

processing or the addition of reagents.

10M RoRHRBAAGHa] Q%1 PY. QR HeS, 95ABDE!(19PS))ahdydntludicapétavior of
devi ce device and potential high-throughput detection

MekRRdichils (P16 8t SOYAIDSPNIAMS ( Pos,andlisgddveef 01 Aids Res. Hum.
managi ng H'V patients in resource limted settings.

VeRalse nays f(idm RDEIGRIBLALNG Clfn. fii@kt. GNETS59 (1993)). Leukocyte
application for devices of this type. The
degpipsiaahésith @bles@eCinky 6ls6 B hltdra&biairpgdalViiliséasth pgigression,
ef ficiency using shear stress conbined with cel
af {Tetlley 2k T CHA! RYEAPDHS: 16901 893 end Mpial etchl.t b lanmvenhdi73:2190
of applications where specific and efficient cel

151 SQhaU4))ORhich ragQetdtedlevhiad adkdipaciiv, bindiagpi swaevions of
the invention are not limted to cells but are
appl i calgbanges carGDanalcyll surfive<in HBRirdsdatiubiestswiuch agdown-
bi nding noiety and is subject to an appropriate oo
ampegllatioh of IDEM rebeptars (Asdrstonan al. it ¥érol. n@l: 4823 (1993)) and binding
particles, e.g., magnetic, ceramc, or plastic,
Vi o §PE20, €ltehlinm b cluViwol. cafinpi 16x(@292)pméght alse ersles the geceptor—
and |ipoprotein conplexes. 10 |I. Methods of isolating .
an aatiaddytisteTdetion anbdecrane Fiekl Thies itveasmotisuprmsingiosce bath purity
for isolating cells and other anal ytes. The devices

200f ahdgicidhdeptwhen samglesfromdiTVrindeciedimpiestssvarp tegteddn the linear
| east one chanber, which may be a portion of a
deshagmberaltvisor Wonstheldss. 2 lifiear isiatigngdiip wan abggeied &pr CD4 counts

obtained by microchip and by flow cytometer in the clinically relevant range between

200 and 800 cells mL (Sato et al. Adv. Drug Deliv. Rev. 55:379 (2003)). Thus, ther
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an entire channel. This chanber contains binding
noi eties specific for a desired 15 anal yte.
Typically, the binding noieties are di sposed on the
wal I s of the channel, although additional structures,
e. g. osts, may be included in the channe
“for@?jé’ﬂgﬁst he su¥f ace area. A sanple contai nirtgg/[%sl%%}woomm
desired analyte is applied at a shear stress
preferably | ow enough to all ow binding of the desired
anal yte, but preferably great enough to prevent
bi ndi ng of undesired anal ytes, as descri bed above for
CD4+ cells. 20l n one enbodi nent, the chanber is
coated with binding noieties that bind to a cel
surface marker of a desired cell population. Through
application of an a

I dat h t - oring in
oHGBRUIGR deEe FER F R PRECierIoh TP EE it fmonitoring
i sol ation of .| L.ng th | f oe
e s e L e

shear stress isgpreferably great .enough to prevent

bi AEPAJeTs A AEREF%d celIs that contain the cell
it e e L
5, bt SE et 05 e WS S EpAG
R
nDdEre aB e RaebIAR Ao dh o AAHER Morcover so eagents
S X e S e o e
T i A o o o et
10 ;gg%ﬁggfﬁxg%uﬁéﬁ%dy Bl dfkaModguinad LB dsomat 2463 (2005),

thiQ | icrofluidi ink WBvi¥@firedaly@adieases the
be %ﬁ&%&gﬁ{@{%ﬁ%?%s microfluidiAEDA4 8&dtink \¥evi rEtly S

o control the shear stress applied to

th cati | 262 besBr@@ pbr selilps NhEIple
anga@ﬂggﬁ% ﬁaé‘t’%?‘é@%&?ifagg‘gﬁ‘g‘é@teg thepchran‘oerg . Q herp

f ﬁgl‘e?)&%tlg&%ug? a&ﬂ%g EW%&Q pipeing Odr thikehgalmtadtibefly reagents is
S a

stress 15 necéssary to all ow bi nding of desired

anglytes Ak §QiQ L1 hs Piditlidighifdd dy9@mS Noalilfferentiation of
anal'ytes, e.g., the binding noiety enployed and the

15 9e0Rnb ¥yt frbTIDA-PEIPEp KR RE Yiedd 16 Bemadaduiilg. microscope-based
The chanber nmay include multiple types of binding
mighies. (e 9., 1, 2, 3, 4, 5 or nore). Miltiple
bi ndi ng noi eties may bind to the sane or different
anal yt eSye 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
20  performed from a ﬁngemﬁck 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 scttings.
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20 and may be placed in the sanme or different

chanbers. For exanple, binding noieties to nmultiple

cell surface markers that occur on a desired cell my

be di sposed in one chanber. ' I n anot her

embodi ment, the invention features chambers any %ﬂ%@mwn
n

WO (e.g., 2, 3, 4, 5, or nore chambers).
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this enbodi ment, each chanber isol ates one or nore
types of cells, which may or may not be the cells of
interest. When multiple chanbers are arranged in
series, the shear stress applied to each of the
chanbers can 5 be different (achieved for exanple by
varying the cross sectional area of the chanbers) or
t he shear stress can be the sanme. Also, when nultiple

chanmbers are arranged.in series, each chanber can.
CoMfeeals® TSR GRS RHRESS BRLASGERICHSn e ent” g yPe- The

v ey oty S O e

S oxrasnedith aell GEOGY Chia iRy SRy dep P sbber of

A e stions whersAratfie ahd ﬁﬂ#&gcegﬁg% it E%Jéfgggh%’agditiom
bysRcaiarg of Pheqausrtion et Rkl foctd pRPUR b flcsblf tfany analyto
chsBieEn FopaFariLy SHERRES ah & siHlcobio Miappbigc amount of
o OUEGr SRR PRI iciide paricles o { Bt kckdhnle I plasti.
YR anf yblisier SpPgleRh, . Shipp Al g FpbAolef cdfloncs

desired shear stress. The device geonetry will be
deternm ned based on the assay. Devices may, or nay

not, . i ncl pde.regl on all ow for optical or 20
vi 'ug‘rert]'??#ép‘gcﬁaﬁ%ﬁ'_l%% %@tg hambers. Fluid punps
capabl epf ',R,%Stgc%ﬁfe%egm %?ét}&glg and 8&icSIHERSlafhEcells 8 other

known in the art. e punps i ncl ude syringe

cotbirt PSR R e e e
chamber, which may be a portion of a designated portion of a microfluidic channel or
an entire channel. This chambér 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 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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device may be configured for substantially constant
shear stress in any given chanber or variable shear
stress in a given chanber. Exenplary devices are
descri bed herein. Devi ces of the invention may

“?g%&?ﬁé#?ated using techni ques known in t he paifus20hB6os7o1
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15

on techni ques enployed will depend on the
mat eri al used to make the 5 device. Exanples of
fabrication techni ques include nol ding,
phot ol i t hogr aphy, el ectroform ng, and machi ni ng.
Exenplary materials include glass, polyners (e.g.,
pol ystyrene, silicones such as pol ydi net hyl si | oxane,
epoxy, and urethanes), silicon and ot her
sem conductors, and netals Bi ndi ng noi eties may be

att.ach %% . ; o cef}%ggﬁééoy 3 EQQ;% PN of uhdedifed kRlls that

ar P depend on the binding
o] ??PB% %{1 hlg TR GLhE] at lé%@ﬂceh&a&ﬁﬂ§%%ﬁn tHeelesiead pulation of

achnent met hods i ncl ude non-specific

adsg oﬁle}gm}n_%%uﬁfg;rgl% fo intdrhdi@hs. Of the binding

71ora co |ch the binding noiety is

attac h e%@&c&%&%ﬁﬂ: itVeAfb NG sul€ £& exahPreOinghe B6lation of 50%,

assenble ayers or silane chemstry. 15Devices

gf) 7%@1% SR, [BYs 1989 6P RIS 6f thie tbsideli uhalgte, pypells, ina

st'ect’ors.” Devi ces may al so be conbined with
E%.ghﬂ@ mnlg}’ﬁalr%xﬁxﬁﬁe QBis thArf0et, 109, 15046 e 1¥isef vadebired

|ns ctions use, e.g., for di sease di agnosis. IL
eé‘”ﬂl' aﬁkﬁﬁ 2QfAb il ke A tEEre GYsRfBtdds/betred desired” and
pop tions, surface markers appropriate for the

”E%Heﬁgés ﬁﬁﬁd&&d&'b@:ﬁﬁm@fdeécheed SVehty ‘andesired,” efther type or both types
corre pondl ng shear stresses necessar y to
SP&E %ﬁmﬁ@ ldaY bk SPhatifl ihldeest iG particathr eeperisndnt. oOForaxbinplodithe
) arrrrlpet:c;ds of the iﬁvention may be used to isolated analytes that either bind to the
device or flow through the device. |
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 appliéd 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 bindi;g 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,

20  and may bé placed in the same or different chambers. For example, binding moieties

to multiple cell surface markers that occur ona desired cell may be disposed in one

chamber.
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WO 2007/ 106598PCTI US2007/ 006791 Tabl e 1. Bl ood cells
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Neut rophil 0.4 1.5 Anti-CD66 93% 80%
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In another embodiment, the invention features chambers érranged in series,
(eg.,2,3,4,5, ormore chambers). In this embodiment, each chamber isolates one or
more types of cells, which xhay or may not be the cells of interest. When multiple
chambers are arranged in series, the shear stress aﬁplied to each of the chambers .can
be different (achieved for example by varying the cross sectional area of the
chambers) or the shear stress can be the same. Also, when multiple chambers are
arranged in series, each chamber can contain binding moieties that bind to different
cell surface markers or the same cell surface markers. When the same binding moiety
in employed in different ch@&rs, the methods may be used to isolate, in series,.
analytes that have progressively lower amounts of substance 10 which the binding
meoiety 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 mult.iple 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 dgsirgd 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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device may be configured for substantially constant shear stress in any given chamber
or variable shear stress in a given chamber. Exemplary devices are ciescribed herein.

Devices of the invention may be fabricated using techniques known in the art.
The fabrication techniques employed will depend on the material used to make the
device. Examples of fabrication techniques include molding, photolithography,
electroforming, and machining. Exerﬁplary materials include glass, polymers (e.g.,
polystyrene, silicones such as polydimethylsiloxane, epoxy, and urethanes), silicon
and other semiconductors, and metals.

Rinding moietics may be attached to chambers 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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Anti - CD8 Circulating tunor cells 8-9 35 Anti- EpCAM
80%* 60% Neutrophils 1-7 - E, P Selecting
WO 2007/106598 PCT/US2007/006791
Table 1. Blood cells isolated from whole blood
Optimal Shear | Wash Capture Purity* | Yield
[dyne/cmz] [dyne./cmz] molecule
Neutrophil 0.4 1.5 Anti-CD66 3% 80%
Monocyte 0.3 0.7 Anti-CD14 93%
Lymphocyte 1.3-1.7 3 Anti-CD4 99% 80%
Anti-CD38
Circulating tumor 8-9 35 Anti- B80%# | 60%
cells ' EpCAM
Neutrophils 1-7 - E,P 70% 8%
Selectins
HIV-specific T cell 0.082 N/A HLA A2- >99% | N/A
SLo
pentamer
Any disease 0.07-0.1 Pentamer
specific T cell

* blood from healthy donor
# blood from patients with cancer stage Il -1V

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), stemn

cells (embryonic or adult), sickle cell red blood cells, and white blood cells.
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70% 80% HI V-specific T cell 0.082 NVA HLA Al - SL9
pent amer >99% N/ A Any di sease specific T cell
0.07-0.1 Pentaner
WO 2007/106398 PCT/US2007/606791
Table 2. Cell Surface Markers
| Desired Cell Binding Moiety Cross reactivity
Dendritic cells Anti-CD83 Weak ¢ross reactivity with
lymphoblastoid cell lines and with
- some germinal center B cells
Monocyte Anti-CD14 antibody weakly on the surface of granulocytes;
also expressed by most tissue
macrophages
Tuberculosis P MHC Pentamer A2- | Weak cross reactivity with other MHC
sensitive CD8 T cell | SL9 class I molecules
Platelets Anti-CD41 Less abundant expression on
Megakaryocytes..
Endothelial Anti-CD34 Less expressed on small-vessel
progenitor cells endothelial cells, embryonic
fibroblasts
Epithelial progenitor | Anti-CD133 Hematopoietic cells
| cells
Mesenchimal Bone morphogenetic Stromal cells, fibroblasts
progenitor cells protein receptor
(BMPR)

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 correspdnding shear rate can be calculate using the equations cited above.
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hunan and ani mal pathogens (e.g., protists, bacteria,
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acids, cellular receptors, ligands, aptamers, MHC-peptide monomers or oligomers,

biotin, avidin, oligonucleotides, coordination complexes, synthetic polymers, and

carbohydrates.

IV. Methods of Use

In addition to methods of isolating various analytes from a sample, the
invention provides methods in which the analyte isolated may_ be used to provide
additional information. In pax'ticrzlar, 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 inapection, 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 pe 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, prescnce, or
type of contaminants in environmental samples (e.g., water, air, and soil),

pharmaceuticals, food, or cosmetics.
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ntamer A2- 8L9 Weak cross reactivity with
other M HC cl ass H nol ecul es

Many discases are characteriz-cd by abnormal levels of cells containing certain
cell surface markers {e.g., see Table 2). Also cclls infected with certain pathogens
often express unique cell surface markers, unique pombihations of cell surface
markers, Or EXpress cell surface markers at abnormal levels.

In another embodiment, cells isolated using the methods and devices of the
invention can be lysed, and one or more properties of the cells, or portions thereof,
can be measured. Examples of biological properties that can be measured in isolated
cells include mRNA. expression, protein expression, and DNA quantiﬁcation.
Additionally,. the DNA of cells isolated by the methods of the invention can be
sequenced, or certain sequence characteristics (e.g., polymorphisms and chromosomal
aﬁnormalities) 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 Fi;sher Scientific (Fair Lawn, NJ). .For
chamber fabrication, SU-8 photoresist and developer were obtained from MicroChem
(Newton, MA); sil.it-:o‘ne elastomer and curing agent were obtained from Dow Coming
(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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( BVPR)

Chemical Co. (Mitwaukee, WI). The coupling agent GMBS (N-y-
maleimidobutyryloxy succinimide ester) and NeutrAvidin were obtained from Pierce
Biotechnology (Rockford, IL). Biotinylated mouse anti-hurnan anti-CD4 (clone
13b8.2) was purchased from Beckman Coulter (Somerset, NI). Biotinylated mouse
antihuman anti-CD36 (clone SMQ) was obtained from Ancell (Bayport, MN). Alexa
Fluor] 488-conjugated mouse antibody to human CD4 (AF488-anti-CD4, clone 289-
14120), Alexa Fluorl 647-conjugated mouse antibody to human CD3 (AF647-anti-
CD3, clone 289-13801) and 4*-6-diamidino-2-phenylindole (DAPI) were obtained
from Molecular Probes (Eugene, OR). Phycoerythrin (PE)-oonjugated mouse
antihuman CD 14 monoclonal antibody (PE-anti-CD14, clone

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

obtaiﬁed 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 siress 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 healthy donor blood, since multiple
shear rates can be obtained in each flow chamber without changing the inlet flow
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cel receptors, Tigands, aptaners, MHC peptide

MORQUE kS pdfmedhdl AAAET Bo ddVRE Were RAYFikitdd in PDMS and bonded
ollgonuc?eotldes, coordi nati on conpl exes, synthetic

pggél%émﬂ)aﬁ%l&ﬁfgm@ ¥6NeR kIBSs using stivabiati@n@bor/sehhiques. (Murthy
a

Ition to nethods of isolating various anal ytes
fr emiasagmhie, 260 %mlzbmana UAmibt Al i Akes BigrhdD Eag.i B1:77 (1993))
which the anal yte isolated may be used to provide
additional information. In particular, cells isolated
usi ng the methods and devices of the invention can be

f ugkPfake AfoddT@diodsi Ng addi tional nethods of the
i nvention. I n one enbodinent, cells that are i sol ated

usi ng t Pe:sHBtfARGEStaNtvitey weramafifithesingthe nictimd desaibed

counted. Cells can be counting by any nethod known in

t h@revidustyl. (MuLHEY 8l opaigaalir. 20:11649 (2004) and Usamiet al. Ann.
Biomed. Eng. 21:77 (1993)) Briefly, the chambers were pretreated with 4% (viv)
solution of 3-mercaptopropyl u'imcthoxysilaﬁe 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
teméerature. Afterwards, NeutrAvidin was immobilized to GMBS by incubating the
chambei' surfaces with 10 mg mlI”’ NeutrAvidin solution in PBS for at least 1 h at 4°
C. Finally, 10 mg mL™! (i’bid) biotinyiated 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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(Morrisville, PA). Ethanol (200 proof) gl ass

CO\Blofci) naFeckorPBickiRsomPA CS alithe iy the Rt TS Treagents and
m croslide fieldfinder were obtained from Fi sher

SciTgatOUNT kdaad find @dMyzedNilging Wt SEX sifevdbeto obtain CD4 counts.

fabrication, SU- 8 photoresist and devel oper were

obt ai ned fron1N|croChen1(hbm¢on MA); silicone

el astonmer and curing agent were obtained from Dow
15ComicRendilticdiow expevinpentPhosphat e buffered sal i ne

(PBS) was obtained from Medi at ech (Herndon, VA).

Lyophi | iz eﬂbebmenmq;eemnum | devetbp tHeBSAPtype sniclotieniere 300 pl of

fromAl drich

unprocessed whole blood from healthy donors was introduced into the Hele—Shaw

chambers at the desired shoar rates (5-40 ul min ") using a syringe pump (Harvard
Apparatus PHD 2000, Holliston, MA). The volume of whole blood was chosen such

20 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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namcs O ocyte att achnent

g}%\ﬂ)&ﬁm r'3¢ a&%@éntt h cl%&?&ll@ lv&?éjdetéhﬁ 9&1 I*fy staining with

ear rates can be obtained in each

c h ;&Eggwgr thd ﬁh&s@ lcghtrdst &%roic@ﬁ@ For Hﬂ:ﬁ point, three

secon type 0 evi ce was a straight flow channel
( Fl2astShent¥NefdmBEQ ¥bd&Ponding to three 1 mm? squares in that vicinity, and

average&- Images were obtained at 10° magnification using fluorescein, thodamine,
and CyS5 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 Qpitppes.

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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fabricated in PDM5 and bonded permanently to clean
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Surface nodification Freshly fabricated
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and TruCOUNT beads and anal yzed using Multi SET
sof3tanduaepresenbial doudBbr flowntysometric measurements averaged over these

devices, and each error bar represents the standard error of the mean.
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15 Mcrofluidic flow experinents In
experinments perfornmed to devel op the prototype

m crodevi ce, 300 pl of unprocessed whol e bl ood from
heal thy donors was introduced into the Hel e- Shaw

rs.at the desired shear rates (5-40 | gad}-
“ﬁggﬁgﬁﬁigyringe punp (Harvard Apparatus PHD%gﬁﬁﬁﬁwmmeml
Hol I i ston, MA). The vol une of whol e bl ood was chosen
such 20 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
exam ni ng the nunber of cells adhered on the surfaces
‘and the bl ood sanples collected fromthe device
outlet. Inmediately after sanple delivery, PBS
containing 1% BSA (wv) and 1 mM EDTA was fl owed
t hr oughRefSchanber at 40 fit nmin-1 for 5 nin to

rinse of f the unbound cells he gell : ‘

[ | et emen T A RIELevEss 19 CRAEel, Str¥ et frokllote blood using
par af or mal dehyde, .followed with incubating wth an
an?ﬁf%‘aysﬂ?%'ﬁgbeht'ﬁw ai ni ng '

AF647-ant. - | AE488- i+ - i ) S
o i RS RO b RRE A e PR A8 et o
taining 1% BSA (W.y).. : )
5 ggﬁeé/?%gtlogéﬁogr 1 (%n&%r%ﬁ. %%%cx%ﬁétygﬁweﬁﬂg@% gfgérld) of

h \ i QL € fic
por Rt TR APRE o AR IR Aol CeEbted how spoc
m croscope (N %&ﬁ?ﬁ%ﬁo%’égg%ce% #QptusifP @M. presenting cells.

entitie

Nbﬁ6%§ es were |l y stalning MAth'antlﬁody

t(:%gl_%}j &E%%R?esgﬁgﬂ% mglgpf%ﬁ%ﬂ%ic%ﬁﬁiasbﬁnages and anti-CD4 stained

st al ni ng, nd the total nunber of

\?\Fﬁe e PM%'&@@&P&HQ ohSwHEE 81048 LBfafed $dnPY hédidy NG negative

RoORN"or @i rect observation under the phase

10° OQ&I{iJéﬁ h&‘%ﬂe&%‘f WPhti-COE FSRABnARED burfdchd. @8 shown, almost all

measurenents were naede, corresponding to three 1 m®
S g@{n‘fr@% bihst Basity 1-Bb0éd0oel 18R B \RfiRagsitiv BB FESsuREECD4
obtal ne

at 106 magni fication using fluorescein,

rh W& coffsl deVRe Sackinal dpedifie BB &dpaite hhtibody embiStated 1-2
starning was perfornmed afterwards by 15 incubating
t hgr R dEEmALACRIRE cQPhtlaShibrt o3 WhoRMbRA (dérithBScalls mm ™).
roomtenperature for 5 min and rinsing wth PBS. The
celrh§s, WRhfa &Rt RMaBLAiBR scHERRUpbtatedfuctics iy in sxalyeivdly capturing
software (http://rsb.info.nih.gov/ij/). To avoid

15 CORRAL hrb-ichBnk L fAgin RBBEEM whbR Wiyt samgleant | body and
the | abelling anti body, CD4 anti bodi es were sel ected
to bind to different epitopes. 20In experinents
performed to test the CD4 cell counting device, 10 al
of MéiR)cpteblepiift EDHMINPARIphBYYe adbesiorOfiroml Whéleblotlied
subjects was flowed into |inear chanbers at the
desi r ed if Liesuldtimigasll¢, CIMOmgleculesar® predéitem hotnlymphocytesand
flowrate of 20 gl mn-, cells adhered to the surface
W o ndbyied) evhicnehnaanirtdifferostiatgl i imrhehilipadeat(iPealone; This can
the ones described above for Hel e- Shaw devi ces.

20 Saisp obseveain Fig. @Ry whareciomierns theftiP4-presorting cells (staned green) also
fromthe outlet of the device into Eppendorf tubes .
angtaewith ifelgebey nokee®d 4 Thus.Her the prgposapf enppgrating CD4+ T

cytonetry. )
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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5 Fl ow cytonmetry anal ysi s In order to confirm
the efficiency of the devices in depleting target

cells fromwhol e bl ood, aliquots of sanples before

and after passage through the |inear chanber devices
vvere coI | ected and anal ysed using standard fPICEP%SZ(fOWO(}WM

WM § to quantify the percentage of CD4

15

20

The flow cytonetric measurenents were performed on a
10 FACSCal i bur (Beckton Dickinson | nunutocytonetry
System (BDI'S), San Jose, CA) instrunment using BD

Cel |l Quest Pro Software. The capture efficiency, or

yield of the device was estimated fromthe rati o of

the percentage of CD3+ CD4+ T cells in sanples
collected before and after passing through the

fluidic d 1 t.] t 1.
T Sareers %@mj oof ""IIF i) ;i i
gativ S _were repea e used
i Phy bR eRche cbr SEes ap R EBH P Rk
F: gs, 2, 3 a.nd 4 ﬁntdcell 19 %)ﬁ cha] sf:)rmanalysisof
cy?*‘EfH%’lelfi‘,“cﬁﬁ %%H aR’/e?va{‘écesé %v ese 1gew ces,
e S0l 3B S sofIz%“Q%Eﬁfw@“ A
f CD4
SEREe e
d k
and accyr agy g% QUL i OBl EGL KSR miFodyR Ry %ﬁ’mtemnd

5key f att®o eSIgn Iter peci |C|ty
)sh I
%I%%aﬂoac st Ve iy st Lo P03 19 5 dgm em”
ed hO I f !% faaaeclo) ess w be n
o“II?e ;g)%glym%hg%pt urc:cng C%%Iﬁ%?ggenﬁrhdg between |

c eI I $3 a5 gm-zZ&Iﬁnp%Iﬁ%aéggﬁ %GQ{] Gy EcIR 4B héradP P& GqR4rd sfillimeter of

con ras I mages an nti - CD4 s ai ned fl uorescent

a&?sﬂ%t %1&? of B ‘fh:%il? abhoRek x@deﬂ} SRddad sfaMs@hear stress

nega rve subj ect and "adherent to

anwmc%%l 1 kAR Y hpifity R \WahaGEiSen B aBADIY surfab®Fonocytes have

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

| When the cetl 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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captured cells (density -50-500 cells nm 2) stained
positively for surface CD4 antigen. A control device
| acking a specific cell capture antibody denonstrated
1 2 orders of magnitude | ower cell attachnment from

ole blood (density, 5 cells mm2). Thus, apcsf‘fﬁsfzﬁ’ocn%ﬂsml

“Kbﬂ@?yﬁﬁﬁllzatlon schenme appear ed successf ul

5
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20

excl usively capturing 15 CD4-presenting cells from
unl abel ed whol e bl ood sanpl es. Mnocyte versus C044-
T | ynphocyt e adhesi on from whol e bl ood In
circulating cells, CD4 nol ecul es are present on both
| ynphocyt es and nonocytes, which cannot be
differentiated by i mmobilized anti-CD4 al one. This
can 20 be observed in Fig. 2B, mhere sone of the

CD4- presenting cells (staine .

t hé dm%gy"{’e“nﬁ?%?ﬁeﬁjf& &’EP e‘b J“?% °°‘ﬁ°fa‘t"’§es‘°“ of
enunerating CD4+ T cells alone, a secondary sel ection
rre@]?éﬁﬂémgqftfﬁ‘"’é'é‘%e’ﬂ)‘?% excl ude monocyte bi ndi ng.

We used shear stress for this purpose, considering

the | ower CD4 expression | evel on nonocytes relative

to CD4+ T || I th
R

ymhocyt e sdiesion e Uacil ety bork ML AL AR s cDss
| f |

2? %ééﬁ%ésq?g.la %‘%gf’ﬂa’i‘ages j ogr%ﬁé f)mzlﬁgd ?tﬁ'fa%ta oﬁ‘g‘ﬁéﬁ under differential

L » 116 4 004

Ezrj:ghg":%gj}'£ 655 cf@gg‘j lgned ) Str?-_lgh Uﬁ%@cggﬁg%c} fgé@ﬁiﬁleﬁl f0%fonof

oD bRy uET s Odfgfﬁ"“&%\é&es oL AR ) kb opimized

circles in a shear

St e RS ceucalmtmu@x& M Beind PSR RHRO3 Ti

off ocyte occurs In a tréss w ndow

bet we Z? %VI&g}hagr%gEngn&Wﬁmn%F % P.Lt \Dhi%h E&%S% 2 s&x%&hlo}hme

509" per square milimeter of 10 area.

The adhesi 0 GHE AR eonveaiind i f a small-

Ouf%e?edjélg r?e Cﬁgar S ?Jélg%e\%lﬁn OW | Ir11 cor?t r alSVteryi% asm

| ynphoc te st di@k Sample size f
p %o%?ﬁh%#%“eeesm y3ibleor s SR Sample size for

ave a

ab 2% ﬁgtzf&ﬂ% E%IFBSCJQO nwa&&aﬁqrb%&hg& 619 Snch¢29¢8 the interaction

to around 5 cells mm2 when the

shgﬂkfﬁ%&gﬁéwpg . gmﬁrgg%g 31to 0.7 dyn cm2, and

r enal ns M 2 when the shear stress is

above 1%175[0 Y c@gﬂnl gf wifle 8loo8 aPiRhi ffksdeb eanghigFiom 027 dyn
e

other c S (the total nunber of adherent cells m nus

ffia‘ézylh%sth@ e Hvicd, Bt satfphabRRire bl dffee flant throGEM the

surface (solid triangles in Fig. 2C). The

NORRSRGS] {ddCansRibd RS fidve BRbiMedy & stadyctha sépnk: effiniency within
| evel (<5 cells nm2) throughout the tested shear

St Hi3S evicd) Pepretliftativepadiahd analysRdaiatftamn thertymplecgewiodow of
surface is pFotted (Fig. 2D), we
blood samples before and after passage through the device at a shear stress of 1.7 dyn
cm2 are shown in Figs. 3A and 3B. In this representative experiment, CD4+ T
Iymphocytes (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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20 observe that purity of surface captured CD4+ T

| ynphocytes is nore than 95% when the shear stress is
above 0.7 dyn cm (Chovan and (iuttman. Trends

Bi otechnol . 20:116 (2002)). Purity drops at shear

stress below 0.7 dyn cm, due mainly to the '
Wek 20074 %ﬂﬂf@{rp‘%eﬁm

W6¥§t es under the | ow shear condition;
al so drops slightly above 4 dyn cm 2. Thus, shear
stress is a powerful tool to differentiate specific
adhesi on of CD4+ T | ynphocytes and nonocytes.
Devel opnment of a cell counting device and
determi nation of capture efficiency 5In the initia
experinments, we denonstrated highly selective capture
of CD4+ T cells using a nonocl onal antibody

b UGS PRSP A i s
FETERE A (AL S SN e SR AT M
RS o S i REY. S OB
e Sk ek T o et 1 cpe
¢ gt AR T Bt e s chame
B L g T

LRt ot S gy i
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tresses rangi fohom 0. 2- d i n
oty Sespra] S eLaPag e e iy B oL When we

th h th . | : u

cy POt 47 g n e B NI B st soff mand g of e
device = Repr ' . dcism for their
e R F AR RGHT P ag ey (OO RupSLR o or

af ter. t i . B b illded 95%
2 USinBRE NGO, (TP A Bellof RAU S RSy I e

I epres LY j Ao | 2opRaRGwitesld GBFrwas seen
CDf—ﬁégg%%lhérg%\g%g?%A) OPEDZI [ yn%nl’?ocyt es er;tt elri ng thaésS ,
m GE i di videFh®t: en répel below 20 cells mm”
c:ag')tiﬁjjrde#j %ﬁ%@?zﬁ% o({rﬁ= %lrg%ggéé\g tsgggﬁ%m I yrrphgcyt ecs o

eX i I D0l N8 ALY rof hEifler. BBontrbftitGAks REKidi&it Blﬁai‘ o7 &§m cm™®,
nore than 90% of the target CD4+ T cells within the

de%gar%eﬁ: ptiuhidSe D RATirS bt B8 Rutivelly EbhAMdnt Q¥ RRIhSTBNhSUPRIE the

per nmed at various shear stresses to study the

ef {&6th Gfths ABfTbes tTHS ToRRoNANhBAIEIRT fi LiMPRYartDCD4
yi el of CD4+ T cells in the |inear device (Fig.

3ChuncHbn S HMBEL frBRb1eR efittat afid sRSHicTDAlOWeell cdptde.
dyn cm2 was optimal for efficient 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+ aduit

subjects. A ten-microliter sample of blood was introduced for 2 min at 5 pL min?,
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5 in the Iinear chanber, matching the results

obt ai ned using the Hel e- Shaw chanber (Fig. 2C).

Wthin this shear stress wi ndow, nearly 95% of the

CD4+ T | ynphocytes were isolated with purity greater
“}d%ﬁlw%g’ Qutside of this wi ndow, capture efddrais8sisMoes7o1
qui ckl'y 'dropped to 70-80% along with a decrease in
purity (Fig. 3C). Wen we evaluated cell distribution

in devices operated at two shear stresses in and out

of the 10 optimal wi ndow, we observed differences

that help to explain the mechanismfor their

di stinctive capture efficiency (Fig. 4). At a shear

of 1.7 dyn cm2, which yielded 95% target cells, a
narrow cell density peak of around 200 adherent cells

mm 2 _was_seen Wt hi r 2 j i in ced at 20
e Rt ool f D O SRR MR inttoduced
great er zdj st an fr t ' of L Za & nocvtes
i G BPRO Bl g el of 7 5RO remble Aonocy:

sur f S-S c}(#vj(\:/r efs (‘('Iﬁlt){‘/ é?‘%mrﬁ 11Eh d?ﬁ:étﬂir@& IRGE] the total number of

coRst ant ens roughout ' ength of the

Chabery ol RS L rRicikseBpe Srotal assay tin
ant’ _-ef:‘_ﬁ'ic %érﬂ\??llmgna Ize glgé%}%?bﬁﬁéo%es e{‘:fi ci ent a?lséay e
55P&Gks &erq’@gﬁ'm-r“&%olm Lihd's€ CD4 counts @t 6@URIcEodk(i@EWith results
HI V-Tntected subjects using optimzed, sinple
m %L%Heﬁ'ﬁ%?s lgsiﬁ(ﬂ?@&&d in paralleV Ayl ffiw ERbAEH gﬁi?gsyt Fét 13 adult
optI ma n

conditro or the“"device using bl oo rom

h i syl W
LSRR 1 U B g g

t e%ﬂ%&g@l il SEsuPR IR a RiosOERRGNA Detvitiech AlGRERGds2it CD4
mn a

L nmin2, "which corresponds to a shear stress
Of oLkt % B §00 2115 NeXt(n =DLf RRE 0WBS rdspéciivelyc A6CEM 3@ntpbove 800

t
m n-2,s I ch corresponds to a shear stress of-7 dyn

10C Meits {07 HEORYGoIRAQLAIRBuRtD ke RPAIERREY fovier Gfkltlose ChMined by
counts were then deternined fromthe total nunber of

adRRAELforh Bk, WhiGPKIR £ ELATEE vthiation Bl Kindihgedthin the chamber.
contrast mcroscope; total assay tinme 5 was under 10
i N. - V& ToQIRAHR thesh B GinE)4veCRitdicd the puritgand yield of CD4+ T cells in
m crodevice with results obtained from sanples
Pr QeERRA ddvicdddimd WhRble Blooll i HYV dmfetted sitfiecys (Fig. 6ARmd B).
13 adult study subjects with CD4 counts ranging from '
26 Fupitylébe Bapteilel spedificiby) vids aulcalyted bpttaking tha ratoesfif B4+ T cells
show a cl ose correl ati on . between the two nethods at

15CD4CEQUIDR-HIfo the tdMhunstet of daptufel &lis (RAPTO; gigld (or capture
respectively. At CD4 counts above 800 10 cells L-,
t hefiiiedcoyl oms defiredlas thxauatie of ptirgd GRiH iTocis fo/the gywe of captured
than those obtained by flow cytonetry, which |ikely
r efCet T caiid plunsthosnlosf indls flov throitghg Fox thiilA stude subjects, a
chamber. To confirmthese findings, we assessed the, i
PUrdohsistamdyisld € T5%) witDsbseVed &ir G4 epunisap| tp 388 eeltpaifi ¢ dhe yield
usi ng whol e bl ood fromH V-infected subjects (Fig. 6A
anditaBled tdPdroptiyr subjectsayitlyhigherabedlite 34 Joupgss Purity ranged from 60—
calcul ated by taking the ratiqg of CDA+ T cells 15

20( CRRYCRE D4 countsebost 200 erlinpdr - Bfhen ghstabselyte (P4 gount is below
(DAPI +); yield (or capture efficiency) was defined as
t heooatilonbf, meptreppuirabecifigitewps abseryed I-301p) dfevertheless, a
captured CD4+ T cells plus those lost in the,fl QVi_/l_
t hraleaglutofforastdbseryed fur ¢ eyBisarquad 240 cpltgils 1-gyfich is used
yield (>75% was observed for CD4 counts up to 800 o
c el dligically tq diecrimisate relewnt Q@"t‘iﬁ’“ﬂ‘r‘éffsk‘?iiis-éﬁgf“é% plasetyied fhat >90%
hi gher absolute CD4 counts. Pur3i3ty ranged from 60-




20 90% for CD4 counts above 200 cells L-. Wen the
absol ute CD4 count is bel ow 200 cel | spoorer capture
specificity was observed (20-50% . Neverthel ess, a
cl ear cutoff was observed for CD4 counts around 200

W‘6 067§106§6§1I ch is used clinically to discrim patrfirs2007/6006791

evant CD4 count thresholds. W al so observed that
>90@6 of the non-target cells are nonocytes (data not
shown), which in the context of HV infection may be
nore adherent to an anti-CD4 functionalized surface
t han nonocytes from uni nfected bl ood. 5 Exanple 2:
Arrangenents of capture chanbers A flat
m crofluidic chanber (Fig. 7) has been used for
|solat|ng various target cells from whole bl ood

c@b t%%ﬁ%'?—t p Sl ad L 0g lomac%ﬁfsgﬁ%t% ? B%), %Hléh 191"3195 &nfexit 5f HIV

I Oh "of ~ specl I bodi es,

C in’ g? ({? : r%?x%g? e SAHESS 1 (Eﬁfl‘ ?udcﬂ§haﬂi%e§ Eﬁﬁfa@@ YHa@8nonocytes

passivation o e surfaces to prevent
eci f.i ng of 10 unwanted cells. Foll ow ng
E’ﬁlza |%§H;gﬂ% purity of cell capture can be as
hlgh as 99% and the yield of capture as high as 80%
One approach for increasing the purity in unfavorable
Si ' reld ﬁﬂs&ﬂg HaR Bhmbéml ati on chanbers in
seileyag}s'iﬂ??g‘&.r?@g%% ere tﬁe first chanber depletes the

cells t Ngfy bﬂmasmae@fgo 0} RiSibRad GseldITer Salaphevafous target
interest 1In e second chanber. The captured cells

ca W% e 15 R Yaneipld for gfecieeell Chgured3 the
cd%%?%g ﬂ@ggﬁ§d323 pthelgﬁngracted (Fig. 10) for
f U%ﬂﬁﬁmﬁﬁ%ﬂéﬁééﬁc Btonics, vt ddniolqibshiesn stre€sDfbnditions inside the

iso ation W devel oped a PDV5 mi crofl uidic device
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| Wid &b 5idtfonl of 26k LALAITE peevEo nonkyeecifitindiag of
| sease-specific CD8+ T cells (Fig. 11). In our )
unwantcd cells. Following optimization, the purity of cell capture can be as high 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 chambers in series (Fig. 8),
where the first chamber depletes the cells that would otherwise contaminate the
éample 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 discase—speciﬁc CD8+ T cells (Fig. 11). Inour
experiments, we used soft lithography and SU-8 fabrication techniques to create
rﬁicrochannels within a PDMS mold. The PDMS mold and a silica substratc were

then exposed to oxygen plasma treatment before being irreversibly sealed together.
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experinments, we used soft |ithography and SU 8
fabrication techniques to create m crochannels within
a PDVs nold. The PDMS nold and a silica substrate
were then exposed to oxygen plasma treatnent before

“Qﬁbggu$£@eversibly seal ed together. The hy@axghoo7/006791

groups on the PDVMS and silica surfaces were then
treated with 3- mercaptotrimethoxysilane in anhydrous
ethanol, resulting in the formation of thiolterm na
groups. After washing off unreacted silane solution.
W t h anhydrous et hanol, the PDVS device was fl ushed
with the heterobifunctional crosslinker GBS in 5
anhydr ous ethanol, during which the thiol group on
the silane reacts specifically and covalently wth

th pl ei m,de reqi <itiERI ANES ated with 3-
suiﬂ%‘ﬁ?’a’g R ﬁg&oﬁﬁéﬁg\%@g@iﬁﬁgabl e t%%ftr%?ecglt eiﬂF13
attachnent nd aft ' i ed; hAtiBn | iol-
SRR s B0 S DB RO Rt i

ionE ! ognu el sr.]t&ﬁérhﬁasﬁ%g%%mez{cfeﬁl&lﬂ%ldtﬁptvnﬂn %S}Qioﬂgeﬂlanol,

f FRE succrnim group to the term na

RGeSl s v
cl %@;Syg'émgg&g‘gmmmeﬁm@m ArouShy tR1aASRAEs specifically and

peptl nf nant” H'V gag eprtope) were introduced

in ' AU MBS1eMhif lebodiant wickhithde resid
PBE&(%%%%Q%J t\q}vlgt a%d%%iéﬁ(%ﬁ/oﬂ)@ for the pur posecof o

1 Yp e tMRY vt &A% BfdtddlVEladARIRh BRI aféd? flubiihg unreacted GMBS

m nimzing non-specific cell interactions with the

15 Gﬁﬁ”ﬁ?q%@% 24g NefirBvididoluil¥d ¢h PBE) WaMheedyteoprs the

equi ppe capture experinents, we cultured

' L‘I"@}lﬁlfeﬁ alsu AR 1 the Blding HMNASE GMPY SucsP@Gidkigeoupa tlidrerminal
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SL9 (SCYNTVATL). peptide, and one specific for
an aiﬁ%?érahfgf W2adMdia! ARP Wit RepidieiENeulr Oadinavitthiat PBS (pH

recogni ze these peptides in the context of the MHC

cl gsg, Bioﬁmhﬁ&v'ii'lﬁm af2Ngehne’Nobded it A2-81Dwntgmi speptide (a
infeCted with HP!. W introduced 500,000 A2-SL9 CD8+
T QBhissant L7V fag Spiipk} Wére iikoducedinaetht dedibo rThefdotick was then

106 cells/m) 1nto a PDMS m crofluidic device

f upgbhAn@ht BHEPBS (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
channel surface (Fig. 12).

With the device properly equipped for cell capture experiments, we cultured
two clonal CDg+ T cell lines - one specific for the HIV A2-SL9 (SLYNTVATL)
peptide, and one specific for an unrelated A2-IV9 (ILKEPVHGYV) peptide. T cells
thatr fecognize these peptides in the context of the MHC class I molecule are present
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-SI.9-loaded pMHC pentamers, at a flow rate of 2 pl/min. Asa negative
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with A2-SL9-1 oaded pMHC pentaners, at a flow rate of
2 1/mn. As a negative control, T cells specific for
recogni zing A2-1V9 were introduced into an identi cal
device with the sane specifications. The devices were

ith I x PBS to renpve unattached cel
W{dﬁigﬁ‘ﬁﬁ)gﬂ;ﬁ“ ﬂcﬁ"’&lﬁgzélﬁ)oomm
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nnel surface, and then fixed with 1% PF
solution and fluorescently stained usi ng DAPI
sol ution before being inmaged (Fig. 13). 5 W observed
a high degree of specific capture in the device with
A2-SL9 CD8+ T cells, while a |low | evel of
non-specific T cell capture is seen in the device
into which A2-1V9-specific CD8+ T cells were _
i ntroduced. Specific T cell binding was efficient, as
evi dence: a l.ack of a nmpnola GELd S @9Rlentical
et chRapeciff fo o BRAAZ RS wlle B LR ARG RDentia
that .di sease-specifie T. cel | Al Ldich 1 PBS t
m 87'9%9 m%@?*l:"- S R%\cﬁﬁ%ﬁagﬁ%s*%g&g%%g*g%{sex es as . ?
capture agents e devi lh3leQRSitH B% PEA
o Erd et et i AR NRe AR cheible
identification of dis - iy bt tidtEbdfSre BEHic i d (Fig. 13).
de§‘ir’l}“é?)'f %“adt 'boéﬁscgrgg}rr%%?gﬁs? %g g%i %/Oe{gcﬁﬁﬁ;e effi cgé?/l?ge (Fig- 13)
Exgnpl e 4 tu f kS ik QOviedHvith ARGAM CD8+ T
ant %bg%vgd%%%?eé\e%r%torftég%?%s ah irrporlt ant role in

cel |, captur Ao‘ﬁ-'&gkﬁﬁgq{ AlhRaR 1S heulifl tR@levice into which
apﬁ?lllsé s}ggﬁo‘?#&qﬁepﬁe can captcﬁre Ig matxi mum nunber of

¢ a?&glr\f S‘E%ielci%iczﬁDm PR ANQHE nd d0ed. AR 8ific TOcA Hiflding was efficient,
opt I"mal

owrate, we studied the effect of shear

sty FCARS iR St Rl dob@thpdindh®¢Hathéll This set of
Cth e(riés)dl\fz\natggag%k!oabl e vvidértCh and cons%ant hei ght

al 9 rﬁb@:’gﬂ&mgﬁed 1 GEQUGpEL ic Of cellb e FbeiBelakee ibmicrofluidic

sho Ig. 14 is such 20 that the shear stress :

valiSgelsl d@ﬁ%Lﬂl\m@' QRPIREathPIE hednB Thdse @EViges HedEppplicatio

permtting the study of a wi de range of shear

st ffﬁ?r‘cﬁ&asé hgriostl, Yiefor bu@ivs WhkR idéadificaticirbfidisegsccpaaie T cells are
cells were spiked into PBS solution, and then passed

t higyaiid BEhHR InfoniloRn: 6haubmkeefdadgt i onal i zed with
EpCAM Ab at a constant flow rate. As the shear stress

decreases along the channel, the density of the cells
adhered to the surface increases (Figs. 14A-14C). The

ef FGmHE 4508pfure bf Ao Deingainki- Bpllad autibdilicugh

EpCAM ant i body-antigen binding is plotted in Fig. 1l4F

show 8 dyaiGiRsd Slajdm inpbitantolslieeell captues. Areeplinnym ghear siress

in the capture of 200 cells/m®2 of functionalized

C aphkile bs dpplagiasuch 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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S O her Enbodi nents Al'l publications, patents,

and patent applications nentioned in the above

speci fication are hereby incorporated by reference.

Various nodifications and variations of the described
d systemof the invention wll be aRRAF

vﬂ%ﬁ?@ﬂyﬁ%se skilled in the art w thout departlnéﬁgﬁggym

the scope and spirit of the invention. Although the

i nventi on has been described in connection with

speci fic enbodinents, it should be understood that

the invention as clainmed should not be unduly limted

to such specific enbodi ments. |ndeed, various

nodi fications of the described nodes for carrying out

the i nvention that are obvious to those skilled in

T e

are in e clains. What

g‘lg Aﬂ% q4b2. Theck’fA Mt sfleafr stress bn tho Egi’ltzﬁﬁgslérpﬁ)rouﬁh EpCAM

esired cel ron1a sanple, the net

C O%Fﬁ;)f)éllf %%m bira;lelr\aﬁ é}?t)tteh% Fipd vt %@@hﬁ/&ﬁmltﬁe dpifotum shear

cont al |ng a binding noiety
£ fimctiondlied SlphR¥iiice.
'éa&r' éeéumnglm tchl% cqgﬂ%dA f?gﬁ'p 124/{;131 Bind to said binding
nnlety, and : (c) applying a controll ed shear
stress to said sanple in the mcrofluidic device that

I's | ow enough so that dqﬁgg,eﬁmq,gh{ﬁeﬁ nd
preferentially or remain bound to the binding noiety

and gr ﬁ{l p%gl%kgig afeDRL ad AR AficR®ns SnciBoRkdlin BidWbove
no

or do renaln und to the binding noiety.

sp@?cﬂﬁédgé}? thfcbf LiRbiPotated b\Ere€irfnce 2 VariBu b cAtIng biyd

|s Sel ect e romithe group consisting of antibodies,

%&% {; {AJUBRBed A8 andsysRal YPBPtiason Wllitipparent to
aC| , ul ar. receptors, |igands, aptaners,

10 M_ﬁope?ﬂ&flaﬁnwmtﬁoﬁrdeﬁkhﬂ@ﬂﬁﬁﬁhe Biopt kil sy @fiths invention.
ol |gonucleot|des coordi nati on conpl exes, synthetic

PO WY B g the B cRRSDINRYAEREREribed in connection with specific embodiments,

it should be understood that the invention as claimed should not be unduly limited to
‘such specific embodiments. Indeed, various medifications of the described modes for

carrying out the invention that are obvious to those skilled in the art are intended to be

15  within the scope of the invention.

Other embodiments are in the claims.

What is claimed is:
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3. The nethod of claim1l1l, wherein said sanple is a
bl ood sanpl e. 4. The nmethod of claiml,
wherein said desired cell is selected fromthe group
consi sting of neutrophils, nonocytes, |ynphocytes,
circulating tunor cells, HYV infected CD3
CL$Wﬁ%hocytes C|rculat|ng endot helial cells, and
platel ets. 5. The net hod of claim1, wherein
Ségldimbrln%%éaggg%l%}n)é@rdgslrggp%lkgo a samp]re ‘the mgi!ho%D8

Fs d of claim1l, wherein said desired cells are

nphocytes, and sai d bindi.ng, noi et
i e%%a Bl ssiigerple 6 a mistole B 4elien Sottal g Spipsiag
mo,\g@esrpgb,ﬁcﬁﬁlsg,dsj@gpé@céls obtained froma patient at
ri sk of devel gpin hod of.

cl a(Ph?'PW"fQﬁﬁtsﬁ ef C%%%fﬁﬁ?@uwpd%o %?Pa‘i%i‘%?j”él?g Mok and

on Q¢ ﬁ!ﬂ%@@bntﬂﬂl@@%hé% shbsSRi shidesnple th helnierofluidic device
thod of c

bi 0
that lppeanapon $o ghat dep IS HINCHEC GOt DAT AEmar Hagfo the
bindFENoRKPARESeANendUG R sB it &iaE@8icells ddM bind or do not remain
qguanti fii cati on, DNA sequence, and chronosonal '
bougg i ihggindingmoiety. 10. The method of claim 1,
further conprising: (d) counting said desired cells.
11. The nethod of c| ai er canpr. ng: .(d
coumtlPAgeigdofesim 1. W%%ﬁé?'"dmg mole 'iﬁelegfﬁ%ﬁ h the
groﬁf?&&%%tlﬁé ofartbBYibE, adli&bﬂkgfrﬁg’ihéh@mtlgé dr@otipaptites cnualeic

aC'dﬁhé‘ﬁ@fﬂ? F%I%EP?%t“gﬁnq%?pwr%t@gc'(PEP t%grgg{nomcers or oflgomers

blot?n' Whlha&%ﬂ 5 i¥otides, coordindttbn oBmipRixBe tyhtetit ellmbisnand
desi red froma sanple, the nethod conpri sing:
ca'_rbohydrates

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.

38



(a) introducing said sanple into a mcrofluidic
device containing a first binding noiety specific for
a first desired cell disposed in a first chanber;
(b) allowing said first desired cell in said sanple
to bind to said first binding noiety; (c)
applying a controlled first shear stress to said
Sarphfel rﬁet[\&?oif sl 1, R 5aif laebitg 6@il§ RS Coi phocytes,
device 't om1enoug so that said first sired
andcelid Bindipgmiaietp samdantoCPB4iaativadyst  bi ndi ng noi et y whi | e
other cells do not bind or remain bound to said first
bi ndi ng noi ety; (d) allow ng the remaining
sanh|Taetmethodel daind, avheeeio said sraeds obpingd ffigm a patient at
ﬁsk@fﬁ%\?gl%%gghﬁsdev' ce, wherein said second chanber
contains second binding noiety specific for a
second desired cell; (e) allow ng said second
oF o, ThE midhog UL f AR Lmb sy (bgaha vSih G 1884 eR
bi n Ihg a controlled
mobgammﬁxgmbaﬁswﬁKES$ed@ﬂbald sanple in the second
chanber that is |ow enough so that said second
desired cells remain bound to said binding noiety
whi9. §hamaebod efitlaiwl 8, svheeeinsaid biakepies! pioprEY is Sslasrg frasm
I T
the 3P DB &t BRNPIIREEioh, proein grorc o ERUMRfecion.
DNA stqeined, dndoshreresqmal abnewmralities.i ng of anti bodi es,
anti body fragments, oligo- or polypeptides, nucleic
acids, cellular receptors, ligands, aptaners,
VHA0p@ b imibthatbofatesmst, further cofopmsing: (dicotnting said desired cells.
ol i gonucl eoti des, coordi nati on conpl exes, synthetic
pol yners, and car bohydr at es. 16. The net hod of
cl ai1niThe meitet afi clima, furthec oordpiiding {Hporatingtsaid gD4+
Iyméﬁl ected fromthe group consisting of antibodies,

8dy fragnents, oligo- or ' polypeptldes,
nucleic acids, cellular receptors | i gands, aptaners,
'VHqge Sty r o joe) disEadd stat
ol i Oﬁh%ﬁ-‘eetl dégs@a{'@o@r‘ drn gtglglon g%ttg'd hé’)jseeésﬂyln et sl%e
pol ymers, and carbohydrates. 17. The net hod of

cl al'3ml'gie A & b Dnkhdi CF'[ 1?%313 Qﬁe?r(b)sér{oesiép @90319' d

second ear stress are

swnmembodﬂmf claim 17, wherein said first binding noiety
and said second binding noiety are the sane. 19. A
kit for isolating a desired cell conprising:
(a) a device conprising a chanber containing a
bi ndi ng noi ety specific for said desired cell; and
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(b) a punp for producing a controlled shear stress,
so that said desired cells bind preferentially to
said binding noiety conpared to undesired cells.
20. The kit of claim19, further conprising a

| abel i ng reagent specific for said desired cell 21.
Thel4iA method fasiisalatog & dasirae celbibem @i sermle- ithe melled ons
confndﬁ I-DS di agnosi s. 22. A nethod of
m ning a shear stress for isolating a desir

cel (la) infrogucieg/said sagpiednigst rn@a)ﬂg@i,ﬁgqvgeh?@ntalmng a flrst ?lggmg
moieﬁi %)%gllﬁg F]J}l%b tw'%@ c&pcm;%s@ﬁ o At chpt@sdrr ed cel |

a mcrofluidic device, said _chanber
co r(bhalmmr@g said firi dpgraduiel inysaipeamplp do bipe ta said fitsd bindiag
(b) allow ng desired ceI s in said

mo'(é hpl e to bind to said binding noiety rséc%
ap peyanniyisgie apniselied fisst sheayatrasyiocsaist $qm|¢ & tgeirst ghamber

of t%ﬁ&?&fﬁﬂ(ﬁﬁﬂ&lé&ﬁﬁf isIow gﬁ&.lg}ﬁaa;o' tRSt PRt difed 8ABIEMEN

dentifying a shear
boustl tesaid fitst iniding reeisty vedlsiothsd celéq go mtrlwyﬂ Qrgemaingound to

sal&)i'u?f%lﬂ&ngmo?ett}z'spr eferential |y conmpared to another

The nmet hod. of claim 3, wherein the
bl ddalicaviny teiremainiteotaan e idlpwsiaien eecond chamberpf sale

m:cﬂfflﬁﬁﬂ:dde%cecm orﬂ?ég% s%%/o%%ﬁ hahbeMRkfhda 5@ nabifing moiety

ress 1s ton _ l'uid pressure applied to the
spemfcfcwfalamdn@d@mﬂﬁdd@"or a specific chanber or channel

(éﬁ%l%ﬁ%ﬁg second desw%c?cell-rn Qaidehbhpl: fbikd B s‘éldjse‘ébnd

erern the shear stress 1s controlled by
Man®n©Emssmdect|onal area of a chanber in said device.

SI k Zyglﬁﬂgjl 418641tr%ﬁ!e& g(?do'ﬁ}j Lhekr &He@é ) §a4d sAhSE & thelsBBond

conprises a specific cell surface marker
chat‘r‘rbat thiat isdew eoougtesdihatisaid seasind dgsired ce[ls remain bound to said

binding moiety while undesired cells do not bind or remain bound to said second

binding moiety.

15. The method of claim 14, wherein said first binding moiety is selected from
the group consisting of antibodies, antibody fragments, oligo- or polypeptides, nucleic
acids, cellutar 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 moiety is selected

from the group consisting of antibodies, antibody fragments, oligo- or
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27. The nethod of claim1 or claim 14, wherein the
desired cell and the undesired cell both conprise the
sanme cell surface marker and the shear stress is
controlled to be | ow enough so that the desired cel
binds preferentially or remains bound to said binding
i ftlypeptivgsa neeleic @cidnderliiag R oeRIOrSs lgaitds gRRia ofen bl "&1
t d
pept%gesaI gm% rl{gSﬁllelFseblo%n dQidaolol; @L@Ie@gdénsgtﬁ&ggmg%m
conlees am,tham@phrmer% I?@dmﬂﬁéélv¢r@@9cel | s conprise the
cell surface marker at a concentration | ower than the
desired cells, and the nethod i sol ates the desired
cel 1% Thaseihashofdiimkidg wbereimsrid fitst sheap stress a0 said second

Sheaﬁgetg%%ﬁar%nﬁﬁé%@ 29. The nethod of claim 27,

e undesired cells are larger in size than
the desired cells and the nethod isolates the desired

cel {sha %fté?a?mdﬁ, WRERATEaik RrsBhiAGinG ABRAY 8Ad 5&idsBEond

undesire c
binding moiety are the same.

19. A kit for isolating a desired cell comprising:

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

{(b) a pump for produbing a controlled shear stress, so that said desired cells
bind preferential[y to said binding moiety compared fo 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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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.

23. The method of claim 3, wherein the blood sample is a whole blood

sample.

24. The method of claim 1 or claim 14, wherein the shear stress is controlled
by fluid pressure applied to the microfluidic device or a specific chamber or channel

in said device.

25. The method of claim 1 or claim 14, wherein the shear stress is controlled

by the cross-sectional area of a chamber in said device.

26. The method of claim 1 or claim 14, wherein the desired cell comprises a

specific cell surface marker that binds to the binding moiety.

27. The method of claim 1 or claim 14, wherein the desired cell and the
undesired cell both comprise the same cell surface marker and the shear stress is
controlied o be low enough so that the desired cell binds preferentially or remains
bound to said binding moiety compared to undesired celis and great enough so that

undesired cells do nat bind or remain bound to said binding moiety.

28. The method of claim 27, wherein the undesired cells comprise the cell
surface marker at a concentration lower than the desired cells, and the method

isolates the desired cells based on the higher concentration of cell surface markers.

29. The method of claim 27, wherein the undesired cells are larger in size
than the desired celis and the method isolates the desired cells based on the

difference in size compared to the undesired cells.
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