A M CROSI EVE FOR CELLS AND PARTI CLES FI LTRATI ON Cross- Reference to Rel ated
Application [0001] This application clainms the benefit of priority of

Si ngapor ewBabanizoBppl i cati on No. 201003161-5, filed 4 MpyTRe201/008183
contents of which being hereby incorporated by reference inits entirety
for all purposes. Technical Field [0002] The invention relates to a '

or col s and pAPHICROSIEVEXOR CRELT ARBR AN DCPESITRIRATIIRTE | © 2"

specific conmponents fromliquid sanples has becone increasingly inportant
not only for research purposes but also for diagnostics in clinical

| aboratories. In particular for clinical applications, systens are needed
whi ch can deternine the fdessReterencedpdielated Applisatien n conponents in

sanpl es obtained froma patient in a fast and reliable manner which all ows
a cl'ini ci[@A0tjo mike apdlicioos ickims dthdebenafitnef t préorftur bhelingapose nBatentof . a
patient. Such systens are also need in research | aboratories. [0004] For
exanpl e, Applivatied INog 20000816¢6), Ifided CTTsy 2a1E the cynterts @fiwhigte beippdrepdbybl ood
of cancer patients, as few as one cell per 109 haematologic cells in the
bl ood of iGadip6fatdddy Ridréncdiih fis BRIre§IBE A pepos&Rr - The nunber of these cells
has been shown to Correlate with the di sease devel opnent, and represents a
potential alternative to invasive biopsies for cancer netastasis anal ysis.
Several technol ogi es have been devel oped to isolate the CTCs from cancer

patients' blood sanples, such as ieasi.tézsrgadi ent centrifugation,

i mmunomagneti ¢ nmet hod (MACS), fer hod (Cel | SearchTm, and cell
filtrati g@ 6)%] m ¢[ 0Si eves. n‘l 005] Anong t he var&ous cell isolation.

t echni qud@00%el | e ipyeptiog egﬁfﬁe 2 GTYSEVEp aRd B BUGHAS ha HFOUDE ve
since | ess sophisticated equi pnents are required and faster response tine
or i sol athaying tweeasymmettigliapers for celty apdpartiglss filtygtionr at j on t echni ques i ncl ude
the use of mcrosieves nade of silicon, parylene or polycarbonate. However,
such mcrosieve materials suffer disadvantages such as inconpatibility with
cell culture reagents, high material costs, and | ow pore density, to nane a

f ew. Background

[0003] The isolation of specific components from liquid samples has become
increasingly important not only for research purposes but also for diagnostics in clinical
laboratories. In particular for clinical applications, systems are needed which can
determine the bresence or absence of certain components in samples obtained from a
patient in a fast and reliable manner which allows a‘clinician to make a diagnosis and
determine the further treatment of a patient. Such systems are also need in research
laboratories.

[6004] For example, circulating tumor cells (CTCs) are very fare_in peripheral blood
of cancer pétients; as few as one cell per 10° haematologic cells in the blood of cancer
patients with metastatic cancer. Th¢ number of these cells has been shown to correlate
with the disease development, and represents a potential alternative to invasive biopsies
for cancer metastasis analysis. -Several technologies have been developed fo isolate the

CTCs from cancer patients’ blood samples, such as density gradient centrifugation, '



[ 0006] Therefore, there is a need to develop a microsieve to overcone or at
| east alleviate the above problens for rapid cell and particle filtration.
Sunmary [WOQ¥iiMavizeus enbodi nents provide for a | ow costcand2diimpasabl e
m crosieve for efficient cells filtration in a fluid. The mcrosieve is
designed with two asymmetric |ayers. The m crosieve may be fabricated by a

conventi g ble-1ayer |4 r , | e&n of
preci si oﬁ%%%ﬁﬁ%g%cmﬁ¥§’°%#w%@m%8§¢ Iglg%t%g .(-géﬁ%eéjrjcr?edf\%l&l%gﬁ gg& z{tﬁ)g same
time affqrds. mass fabrication capability. In addition, the m crosieve

m ni mi zePH¥PBIPTEEPst ance, resulting in a high trans-nmenbrane fl ux,
therefore trenmendously reduces cell separation tine. [0008] Vari ous

embodi merl0803r oviAdeongotheavariogs ¢6ll dv@latigihprchBidnes. tapd fiKAEPR aDDPAES &0 he  t he
first layer is a nenbrane |ayer having a plurality of m cropores contained
t her ei n andstgpromisikgesd attfactibosinceOlessrsophisiisetetl eiproents ared required sedond

| ayer is a menbrane support |ayer having a plurality of openings contained
t her ei n afagterdspors naas opfisalitiont tid@0s wittainableb QuikrehO Bell filtratioar etimities
openings are larger in dianmeter than the m cropores, and wherein at |east

one of thgcIMBIMHARR dPYRToREy e BRRTCAEsiRIND PatyléRYSY pdl§cdrbdriRy HfweveSU 8
phot oresi st material. [0009] Various enbodi nents al so provide for a nethod

of prepary L; i eV IS4G il / : ing the
oubbt 1 ot S0y o€ HlRtls BARPEANAG oK o I AR el SHREE 1100
M pattern Ag tNE Libth b8Y Hha o hOl sy, Y6 fhihl ¥ (&L, M cropores therein;

[0006] Therefore, there is a need to develop a microsieve to overcome or at least

alleviate the above problems for rapid cell and particle filtration.

Summary

[0007] Various embodiments provide for a low-cost and disposable microsieve for
efficient cells filtration in a fluid. The microsieve is designed with two asymmetric
layers. The microsieve may be fabricated by a conventional double-layer lithography
process, whicﬁ enables control of precision and uniformity of the micropores to be
formed while at the same time affords mass fabripation capability. In addition, the
microsieve minimizes flow resistance, resulting in a high trans-membrane flux,
therefore tremendously reduces cell separation time.

[0008] Various embodiments provide for a microsieve cbmprising two layers,
wherein:'.

—  the first layer is a mémbranc layer having a plurality of micropores contained
therein and a thickness of about 10 um to about 100 pm; and

—  the second layer is a membrane support layer having a plurality of openings

contained therein and a thickness of_ about 100 pm to about 500 pm, wherein the



coating the patterned first layer with a second |ayer having a thickness of
about 100 pmto about 500 pm and patterning the second layer to forma

pl uralitywofwopsmisgs wherein the openings are |arger ipctisareti@ootzhan t he
m cropores, and wherein at |east one of the first layer or second | ayer is
formed of a SU-8 photoresist material. [0010] Vari ous enbodi nents further
provide for a devigce far separating,cells of a defined size froma,.fluid
Sampl e, irepdet pie (Eerrch BERGET b Mné SpicfnBiss” mbfiue gl i b e for
the fluid sample entry; n outl et nodul e having an outlet for the fluid
sanpl e exPembrage [Aver JINEPRIage SYRROTIRYSFdS {pamed g5 Shbs ahsreresis wamﬁ -

m cropores for retaining cells of a defined size arranged between the inlet
nodul e arl@0@%e olariews embedimentsradsocpravidedor anesthetafiprspaningea suerosieverndul e,
and the mcrosieve are fluidly connected to each other to allow the fluid
sanpl e t copgssinghr ough fromthe inlet nodule to the outlet nodul e. ,

[ 0011] Vari ous enbodi nents further provide for a nethod of separating cells

of a defined %jrgﬁdfﬂggr’@u@sﬁ—ghggi d sanple conprising filtering the fluid sanple
suspected to conprise a cell to be separated through an inlet of the

device of_the &ﬁeﬂﬁ HP&IbRH e SIRR A RN Isyer hARAZlVMidQUS SMBRA TBNLA @ ovi de
the use of the device of the above varrous enbodinents for filtering bl ood.
Bri ef Desa%{'npltdoo of the Drawings [0013]In the draw ngs, |ike reference
characters generally refer to the sane parts throughout the different

iews. The draw il t I hasi s instead
general |y bei I BCHE SRR FLEPP AR M re BT e BBt vari ous -

enbodi ments. In the follow n%(rdescri ption, various enbodjnents qof the
i nventi om ar e Qadeg thsaatigined Tirglflayes yath & seqond 1ayst having g thickngss @& about

100 pm to about 500 pm; and

- patterning the second layer to form a plurality of openings wherein the openings
are larger in diameter than the micropores, and wherein at least one of the first layer or
second layer is formed of a SU-8 photoresist material.

[0010] Various embodiments further provide for a device for separating cells of a
defined size from a fluid sample, where the device comprises:

- an inlet- module having an inlet for the fluid sample entry;

— an outlet module having an outlet for the fluid sample exit;

- a microsieve of the above various embodiments having micropores for retaining
cells of a defined size arranged between the inlet module and the outlet module, wherein
the inlet module, the outlet module, and the microsieve are ﬂuidly_ connected to each
other to 'éliow the fluid sample to pass through from the inlet module to the outlet
module.

[0011] Various embodiments further provide for a method of separating cells of a

defined size from a fluid sample comprising filtering the fluid sample suspected to



[0014]Fig. 1 shows (a) operation principle of circulating tunor cells
(CTGCs) enrichnent; (b) principle of cell purification fromdissociated
tissue. [WOJZB]lFi3gz332 shows the fabrication process of SBC#/SGReNM801e¥e. (a)
Spin coating of lift-off resist 10B. (b) Spin coating and patterning of
first SU-8 layer for filtration nmenbrane |ayer. (c) Spln coating and
patterni ..Sec . | op.
(o) i o apirisf @iy be denBiiel hupbgl R RERAHERBLEe oARE anbiy) WiRiE Dt
shows the qgl?irﬂn of SU-8 mcrosieve. [0016]Fig. 3 shovvs (a) SEM of

m crosi eV re. (b) Cross section of 10-m di aneter through channels.
(c, d) Optical inmages of highly uniform10- m and 25-m di aneter SU-8

ni crosi eJB&12][ OOY?PFPSgemho@HWgS Poydedhe e of ithe deiceof the apeyeyan@isce/ GFP
tumor cells. Hep&/ G-P cells are spiked into 1-m undiluted rabbit whol e

bl ood ancnfbiodimentetbrilteling blooth di aneter SU-8 mi crosi eve nenbrane. (a) Cel |
nucl eus stained with DAPI (blue). (b) Morphol ogy of Hep&/ G-P (green). WO
2011/ 139233PCT/ SG2011/ 000173 [0018]Fig. 5 shows flow rate versus the
filtration time of 25-mdianmeter SU-8 mcrosieve with variant filtration

conditions. (a) 4.5 n PBSBhitkDREcriptidh df theiNawia@SSUre. (b,c) 4.5 m
rabbit whole blood with 5 kPa pressure on plasma treated (b) or un-treated

(c) SU 8462?1105' ﬁlvﬁl%(ﬁrygﬁlggnﬁﬁr I’eféj.af?&sc Sotérd ﬁér mréflsr ﬁeﬁl@%an{e%] Fi gé) 6

shows th ematic m crosi eve device r ug response

G | ati b
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| t ted h d Th t d with

I or 0560 FEIPHRRS DY gmrréiﬁf smgtem%%dumorbﬁiﬁ?rSﬁ%% o, GrgBlss 21 HPPenge i s

utilized as physical walls of microwells. [0020]Fig. 7 shows the schematic
of the S©mbogiraenis;lathe |f‘PH(é@F1&td@§Frm“PH’ &armuam@dﬁmmpf thealnyyntnears| ast i c
hol der consists of one outlet. Sc d) The plastic holder consists of an
out | et widebcribedwitiiriefdrenshde tevfal ywing(deawing¥he pl astic hol der consists of an
outlet with small holes. The supporting rings of mcrosieve are either
upwar ds ¢ootgwnwhigdsl shgys Aajl@pemadon noorcgde atfi cigculdtimgntunrarsceds e(GEC)W ched
bet ween two nodul es.

enrichment; (b) principle of cell purification from dissociated tissue.

[0015]  Fig. 2 shows the fabrication process of SU-8 microsieve. (a) Spin coating of

lift-off resist 10B. (b) Spin coating and patterning of first SU-8 layer for filtration

membrane layer. (¢) Spin coating and patterning of second SU-8 layer for membrane

support layer. (d) Develop. (e) Lift-off the SU-8 microsieve from the silicon substrate.

The insert shows the design of SU-8 microsieve.

[0016] Fig. 3 shows (a) SEM of microsieve structure. (b) Cross section of 10-um

diameter through channels. (c, d) Optical images of highly uniform 10-um and 25-pm

* diameter SU-8 microsieves.
[0017] Fig. 4 shows ﬂﬁoresce_nce images of filtrated HepG2/GFP tumor cells.
HepG2/GFP cells are spiked into 1-ml undiluted rabbit whole blood and filtrated with

10-pm diameter SU-8 microsieve membrane. (a) Cell nucleus stained with DAPI (blue).

(b) Morphology of HepG2/GFP (green).



Description [0021] The follow ng detail ed description refers to the
acconpanyi ng draw ngs that show, by way of illustration, specific details
and enmbodwoent113p233whi ch the invention may be practi sedPCTis€ge11804108li ment s
are described in sufficient detail to enable those skilled in the art to
practise the invention. Oher enbodinents may be utilized and structural,

| ogi cal , ele i hang 1.t haut patt k. _khe
scope of [?(Efek]i nvgﬁr% isgﬁl.o“%he vg?ﬁeﬁsé%ggﬁﬁﬁmns&ggeoﬁ%?%e%lg%g%? i%:@yFg

nmut ual Iy excl usive.,, as _.so enbodi ts c C jhed with . one nor e
ot hor e BORTAENE SV “BEEM HUFERbUTEES () Do S0 THS S555h et 4874/ 000173
[ 0022] Vari ous enpodi nents _provide for a _|ow cost, dispqgsable m crosieve
with contoressyed (hickfopst @bgltml%b@owlt%ﬁl’a@5&8?%@11 eqmaageaé%f @ﬁ.loéti ng
tunor cells (CTICs) isolation fromwhole blood and epithelial cells

puri fi catuinereateddm SV Ssmidragienest Thasipsertdiouisitheexrrigiedtal sgfup-at i on and cel |
counting may be achieved by a sinple vacuum punpi ng and | aboratory

fl uor esc40@I] m cFigs dogwvwontha schadytid of §8e8 miktosieve rievicetfor Anigsresponsk er
conpared to the existing CICs isolation nmethods. The mcrosieve offers new

sol uti onsnid9r (AaRirdulatf€ teMbt <elid (CTat) are filtemed ki CSU-& aiiplosievel (ye of as
low as 5 ml. [0023] 1 n various enbodi nents, the mcrosieve may include two

layers. [Bedtd eads afr§tcuit@r)éﬁron_r}@gelgglrlrlﬁurg‘?ﬂaﬁﬁﬂ?(é) Y& iﬁ%\éﬁd}gt_elawais%e: ity of

m cropores contai ned therein. Th rane | ayer "serves to filter cells (or

O SR PR SIS R B R”
eE L P Sl 0L AP RSPl S Koy TR ©

enbodi nents, each of the plurality of mcropores has a pore di aneter of
about 5 @#FtyelBout 50 m In one enbodiment as illustrated in Fig. 1(a),
for CTC filtration the pore diameter of each mcropore may be fabricated to
be about [4@20h anBighd\shays shei®hamptie ehthei S8 mdicsasiavedntgenaiadenith polastipnt re of
two nei ghbouring m cropores). In another enbodinent as illustrated in Fig.
1(b), fomholiiesgab) Zheplastni hdldér cahsistelof engpomtict.i (cal) Tba ptasec hadder ansivstofr of
each m cropore may be fabricated to be about 25 gm and having a 30 mpitch.
It is toaheutisdeits hanstkbildclrpp velvt aledy Thé plastidRoldezédnsiststdfanrdutleppnlies in
the nenbrane layer is to be designed to be smaller than the size of the

cel I's toshaumial ek s??ﬁp&lﬁﬁg HnGE QP Ali&Dsihé b e%ﬂhbpﬁﬁ\ﬂﬂdé Re abwhivards gy e

i ncluding other particles or entities to pass through. WO

2011/ 139%@3@’@4 ﬁ&?ﬂéﬁa@& e/ &Q&@ls@wi%ﬁémwem HBRISs. the m cropores

may be forned i pes of circ square, rectang triangul ar,

pol ygonal , or any other regular or irregular configuration. In one

enbodi ment, the mcropores are circular. The term"dianeter"” as used in the
current description is understood (o nmean the maxi num di stance between any
pair of points in the shape or conbﬁ%ﬁﬂgﬁﬂon. For exanple, dianeter of a

square in this case refers to_the diagonal_ | ength. ) )
[0021] The following detailed descripfion refers to the accompanying drawings that

show, by way of illustration, specific details and embodiments in which the invention
may be préctised. These embodiments are described in sufficient detail to enable those
skilled iri. the art to practise the invention. Other embodiments may be utilized and
structural, logical, and electrical changes may be made without departing from the scope
of the invention. The various embodiments are not necessarily mutually exclusive, as
some embodiments can be combined with one or more other embodiments to form new

embodiments.



[0027] I n various enbodi nents, the nenbrane |ayer may have a thickness of
about 10to about 100 m On the one hand, if the thickness of the nenbrane

| ayer is woeotimizm3st he perforated nenbrane | ayer may be ppmgsiealobyi7s oo weak
or fragile and may rupture easily during CICs filtration of whol e bl ood,
for exanple. A whole blood sanple containing white blood cells, red bl ood

cells, a ateket.s | e ViScl n t ce.: L ce is
needed tgﬂ%#r}p t@k\?}ﬁ%?‘e“%‘%ﬁ Ssgllr?%ﬁ% {Ollgfaoh)g C?{%eﬁﬁgﬁ%?%ngl“ﬁg{,@% us, the
t hi ckness of the nenbrane | ayer. is advant ageously selected to.b lle to

i t ht androriel wdStRue Ban s o) Slictims, osdn prengue wrss s G R ugh t he
m cropores of the nenbrane | ayer. .[t00.28] Anot her di sadvant age. of having too
thin a nepalatiane fogy srhole, blgedeand epithehial celihpuifieaiion Semodinsosiied tistuesur f ace
of the menbrane | ayer exposed to the influx of the fluid sanple becones

i ncr easi reglugiodi Fhiid ukgulation and icsll scoamtinglimaynbe achisved dyce sithpleprastemsi ng
time the isolated cells retained in the mcropores of the mcrosieve nmay be
di rect |y mingime andvidbbratrdyffroedsterideunicascepecen dyeslyaodise diltet anlit wdiic¢lgis

fl uorescence m croscope on which the mcrosieve is placed. In such

appl i cat i pipler thRpaeedo Y edsttPOTTs afflatidntdn BN BRemicRyveSiffdraagwbecomes
nore apparent. In addition, the mcrosieve my be surface-coated with a

met al lays%futioﬁyf(ﬁ r%lﬁ&%%éﬁéﬁltﬁ%ﬁ@oﬁl QirR03 $Easle VoHMESERNIGE a88nit hus may
interfere wth the cells. By

uoroscence counting o coating a netal

| ayer on @ m c;osi eve surface ﬁlee f|r(l)JOI‘ ecenc.ecrlllﬁi S~ Lar rr§1the SU- 8
photoresi[ te%ﬁ"“&ﬁi}‘ Bgm?ﬁn}ﬁ’ 784! Sfe@ﬁé@é]ydrﬁllt %08 Her hand, if the

t hi ckness t he rane layer is too thick, the flujd resi.stance nay pose
L Sover o IBTHYI e TeHAArrBtG pe SopEParNG Y Redingst P of FERIPPCHAD! e o

to the longer distance in the mcropores the fluid sanple has to _pass

t hrough eatainedr Bresvie [Thagmembrang lavey spvendadtlerr gelly fer other rrartides) cel | s
retained by the mcropores create a barrier to the fluid sanpl e passing

t hr ough tdoetamriedrio pofleid. samplerse that ¢hd eellganay be aphented Gﬁ(bcdlﬂaﬁrg)ﬁbiﬂmhe} of

m cropores for fluid sanple passage becones | esser and fluid resistance
becones ianalyeiasi ngly severe. To further address the fluid resistance issue,
the microsieve may be surface-treated to decrease fluid resistance. In one
enbodi merpg25]he Wepéfh ey thdligeRR dppYicifont driathedypd bhcdls|toWeninaBaed, e

pl asma technol ogy via electromagnetic discharge of gas at | ow tenperature.

[ 0030] I n Rddiatiedd oftht MhiCHopIRIBAA G LA AR cdntdNed abrdifglyNNECARAT Y
mat eri al cost and wastage of resources, and is therefore nof comercially

and envi rggfga \ | . %3’;1 g1 ' rane
| ayer matye e g}é?“é%:’teg%?tg icr)ﬁ%?\}'gmg{y? i ci?%l(g)s?g&o a@éﬁgﬁ?ﬁ@g{eﬁ%{fgb%\gﬁgﬁﬁtgg pm
[ 0032] The,second | ayer of . the njcrosieve. may. b U rt |ayer
hovi oy o abp A iy, B Bhe Sarpael & ARprse Mot BRI BRrRHERE borko
menbr ane support | ayer. are made | er i i anet er than e .m crqpores of
t he rrenbrdé%gtFra%?%C%fﬂ’ér(?PQﬁ%P’&ﬁé’e?ﬁ‘g‘b%t?dh ‘ioggfe%g&ﬂ%@ fud ga‘ﬁ’ﬂ%éi atMsuppor t
to the nmenbrane |ayer while at the sanme time mnimzes fluid resistance as
the fl ui dishrpredistinse detrenulp centse oif dFopergiboyfing HaicHRPREIShNE Anofsr and
t he openings of the nmenbrane support layer. [0033]In various enbodi nents,
t he openieng®diragnties iflostratel imFigad (o) dpredissoiciatéd epithelial cells purification the
| pore diameter of each micropore may be fabricated to be about 25 um and having a 30
um pitch.- If is to be understood and appreciated that the size of the micropores in the
membrane layer is to be designed to be smaller than the size of the cells to be retained

by the micropores while allowing the fluid sample including other particles or entities to

pass through.



square, rectangle, triangular, polygonal, hexagonal, or any other regular
or irregular configuration. In one enbodi nent, the openings are hexagonal .
The ter mwdizaneers3 as used in the current description ipeTisScdensheos t o
mean the maxi mum di stance between any pair of "points in the shape or
configuration. For exanple, dianmeter of a square in this case refers to the
di agonal gt h. 341AS . t e j

menbr ane [Pay r mIJr{s'?/ ééucare({ﬁ yg’s[eh%e%?cé gﬁsdmgg%ofﬂgg&pgéﬁ? Efl?#e?)foft 00

t hi ck. The fhickness of the nmenbrane su rt layer .is coryespondi ngly

sel ect ed cerIeerFr(’fe TREi AR Eréarngg[af’eﬁﬁfyﬁgg ) toﬁea‘ﬁ’er?g}eén@g}l%e & Yhat -t he

m crosieve iis able to withstand the pressure exerted by the fluid sanple as

it passesopfgyaben tIAongicEIOgEREYS, B HiFOPHSHBFariEculay ERe EHa tHamYfefSngs of

t he nenbrane support layer. [0035]1n various enbodi nents, the nenbrane
support lusgdin theycureent descriptiok i urdenftoedh tnumedp themmpyimaiye distad0e betwaeor

exanpl e, the nenbrane support |ayer may have a thickness of about 200 gmto
about 30Q@nmpalrfoft fugntk hin chenstmpe of confeguretidir. Foe esampley diamatee pf iassquare ihhi ck,

it my translate to unnecessary material cost and wastage of resources, and

i's ther efipis@adtYef@OMHMBE diagbhal 1éhpeh.envi ronnental |y desirable. [0036] The
openi ngs in the nenbrane support |ayer are designed to be |arger than the

. gs . . i~ .
size o b@”rl} 3 ir gpg%rﬁﬁpﬂs'gﬂlgggfg?%%@&%gﬁﬂ%fﬁﬁaﬁn? avk laUhkh &S ot hesge may

be reduced. rou e smal I"'er m cropores experiences

hi gher pr.essur h assi thr t.he | ' R .

openi ngs 1i m ﬁga{ﬁ%‘ﬁ‘gro g#?‘s@%ﬁhgr%n%ﬁ%g%’r@g}ﬁ tg{/clﬂgésggﬁ}t e‘ﬂﬁ‘?“dhﬂgll I al%tggi st ance
probl em by. pr.ovi di.n | arger volune of space.for the flui.d.sanp]e to pass
Phrougn. HiBb4 perratied sudhBane iy o5 BN SV orbseilniiareY subpor
| ayer are at least 10 tines larger in diameter than the mcropores in the

menbr ane TPRET casilyodinen G &si Blratianind dviels ihdoodyifor gxamplsnd Bthole,Blogdnbr ane

| ayer or menbrane support layer or both is formed of a SU-8 photoresi st
mat er i al .samipte comteaming gdstedioodegabls oseid podieells,pndipdatelsisss meoae vispighsthaar t he
menbrane | ayer and/ or nenbrane support |ayer include its high nmechani cal
st r engt h,wdtéroamivhatcebmobiet fpresi tshneedéd toc phmprtbe mdwmdpe htood camipt thopught thef or
fabrication by conventional photolithographic techniques, |ow materi al
costs, hygenaadiset. Yihub, 6 tidbiarsss af thenterhbrandilyesisaldvhdthgeoutly sekorda f ew.

[0039] I n one enbodi ment, both the nenbrane | ayer and the nmenbrane support
to be able to withstand the pressure exerted by the fluid sample as it passes through the
micropores of the membrane layer.

[0028] Anéther disadvantage of having too thin a membrane layer thickness is that
achieving a smooth and flat surface of the membrane layer exposed to the influx of the
fluid sample becomes increasingly difficult. In various embodiments, to reduce the
processing time the isolated cells retained in the micropores of the microsieve may be
directly stained with different fluorescence dyes and counted using fluorescence
' m,icrosco';-)e’ on which the microsieve is placed. In such applications, the need for a
smooth and flat membrane layer | surface becomes more apparent. In addition, the

microsieve may be surface-coated with a metal layer. SU-8 photoresist materials

possess fluorescence and thus may interfere with the fluoroscence counting of cells. By



| ayer are formed of SU-8 photoresist material. [0040]Fig. 2(a)-(e)
illustrates in various enbodi nents a nethod of preparing a m crosieve of

t he presewd 20nysmtszon. [0041] The net hod may incl ude provcaisego@/sabst r at e.
I n one enbodi nent, the substrate may be silicon. The substrate nmay be
cleaned in a piranha solution to renove organic contam nants on the
substrate e The, st rate kst L il leayer
havi ng a cto%ﬁfééﬁggestalog9§ﬁ%%p% 1%%&#‘%0&5%3& tﬂ%%l%%%%ﬁ% %\Aﬁge&g%{)g]leige%tg, t he
first layer may be forned of a SU- 8 photoresist material. In one

enbodi ne ,Ot‘lrFr%Stfni‘art%‘i‘al?ﬁ?¥ ©PIHEL bi n- coated onto the substrate.

[0043] The first layer is subse,(%uent ly patterned to forma plurality of

ni cr opor d803er eOf. thppthes handgif dhe thigkoess af thegpenbisng 13yeE IS ik tieng a
phot oresi st mask that defines a pattern of dots corresponding to the

m cr opor euid cesirtarfce muaytposeapovér protiemftd ithy rateagfesepanatibn gheellsandhe 8nidvi ng

t he photoresi st mask. Conventional photolithography apparatus and

met hodol agshpiedudie tesrpngyradistaheerin eheutidreportd e fludd Sungsle has togmks theyughe a
chronme-coated quartz mask having a pattern of circular features and

UV- 11 t hogimapihérefert RAg&tifeedilpWe AbedeBOt RO XIRBHMNBRVELIRNSthink® By BResT er
the mask features to the first layer to forma perforated nmenbrane | ayer.

While cir ' . il i 0 thd Lhid d and
appr oci oLt FHRPRERICR Ll (ELRNE Ralhd hbughing hicepdf AR
configurat revi Qus par 00441 A_second

i , i Al h b .
ayer oy g eessflsTo e sPRD ] P BHaRRs GG SRR AR G e P AGe ey
h t hi f about 10Q bout 0 hodi. t, th
cecond | ApSrHL esfiante P oG oY SRt eGSR Eno s dfe TA Tpyiganee

enbodi nent, the second | ayer may be spin-coated ontg the first layer. -

[ 0045] Thesstiec i miggpsieve smay hee giréarettteaedt o deergaseo fipish mesastaicar dnijang of
openi ngs therein. The openings are larger in dianmeter than the m cropores
in the memifrodimeentayls miPrasiere nfungcofmahdestresed! widly ev lowaypressuteugdasmppl yi ng
a photoresist mask that defines a pattern of shapes corresponding to the
openi ngs technbkglyotareldctrangpmstio distlvegseftgas dit loay empeeathdeght , and renovi ng t he
phot or esi st mask. Conventional photolithography apparatus and net hodol ogy

may be erpoznjed. nfFaddifs@ntifick kit RYEsngy tiBskte@Yuecsdtly aniteGalmask
having a pattern of hexagonal features and UV-Ilithography may be carried

out at ahgu a@@aﬁ%é"@f’x%k&ﬁ%sb ah® id heRPE8 ot REmPRSHall P @bd ESArdnthenfiilySecond

| ayer to forma perforated nmenbrane support |ayer. Wiile hexagonal or
honeycorrbdeéiir{iﬂg or openings are illustrated in Fig. 2, it is understood and
appreci ate at the shape of the openings is not limted to such

configuratjons, as nentioned..in previous.paragraphs above, 046] In
vari ods. ANSHES e $AR R S8R Eaf B HemuRRe By AL Bty 2 ieteoted, 0 e o
resist layer priqr, to_coating the first layer. In one enbodi nent, the
lift-off tg@b?ﬁogéwsﬁrﬁ‘?‘ﬁ’ea%g ﬁq%b’&t ed onto the substrate. The first:

| ayer is subsequently coated onto the lift-off resist |ayer. ]
[0032] The second layer of the microsieve may be a membrane support layer having

a plurality of openings contained therein. The openings of the membrane support layer
are made larger in diameter than the micropores of the membrane layer. The membrane
support léyér serves as a physical support to the membrane layer while at the same time
minimizes fluid resistance as the fluid sample passes through the microporés of the
membrane layer and the openings of the membrane support layer.

[0033]) In‘ various embodiments, the openings may be formed in the shapes of circle,

square, rectangle, triangular, polygonal, hexagonal, or any other regular or irregular '



[0047] After patterning the first |ayer and the second |ayer, the mcrosieve
may be devel oped in a devel oping solution. Any suitable SU 8 devel oper

sol uti on weyobeiswmsed. [0048] After devel oping, the |ifcofsGoasvets| ayer
and/ or the substrate may be renoved to obtain the m crosieve having the two
asymmetric layers. WO 2011/ 139233PCT/ SG011/ 000173 [ 0049] Vari ous

embodi nents. provi de for a,device 100 for separatin | | s qof,.a def,ined size
froma f Icf}‘i‘%ggg%ﬂﬂﬂ' , °%F@h°§8\ﬂl&é&? gpqnpqgastqrgﬁg@gpﬁaqiz‘fgé le*f(lg)d.lmf&%r fBvi ce
100 may include an inlet nodule 10 having an inlet for the fluid sanple
entry andseshinothe| arreppdescEPRn Hawidegstend Gupen thegnaximamy distagce Refyesnexi t .
The device 100 further conprises a mcrosieve 30 of the vari ous enbodi nents
descri bednppeiriofysints frathiendpape or opifigsatiosr Forexdmplegdismkles odfa squarefinned
size arranged between the inlet nodule 10 and the outlet nodul e 20, wherein
t he i nl ethiposhelrefedsto thd@iagortal &ingtiodul e 20, and the nicrosieve 30 are
fluidly connected to each other to allow the fluid sanple to pass through

from the [ggdqpt NBIUIRAAP doted BELRULhEthidREkE ©f20c MEMBRInENRydewiee b00 may

further include a mcroscope viewng plate 40 such as a fluorescence

m crosc O?z&rﬁo {}}l)%e%é‘d;%&f%ﬁ@’%@ ?Aoeﬂl?n gﬁ f‘%a‘?b&e Tht "ﬁ‘ﬁ@ﬁlesi le aRememBRgE ment

the inle outlet no are renovably connected and

t hereby separahle so that th i crgsieve which, is s t e

micr oscoﬁ@SRﬂrte ¥ B 8?%653811(?}39'%@83?34/ﬁ@dp’\'ﬁqu? eﬁ%‘?@@%eﬁ%@ ytetglft(l)lF cel |
counting. [0051] The device 100 may further in¢clude.a gasket placed, between
Cher | 1l SImRRRATer S (b B i BARE e AtlG o YR HepTaras HETGND tad 1o
the outlet nodule 20 to aid in the drawing of fluid sanple through the
mcro si dwid spopB2psTIe pawes dhropsly the misEapores: of ithe srempyang, drver tﬂngota? I n one
enbodi ment, the device nmay be used for separating circulating tunor cells
f r om wholopetihgeoaf. thf 6@E®irarsr suppert Baybodi nent s provi de for a net hod of
separating cells of a defined size froma fluid sanple. The nethod nay

i ncl ude f0035gri Nk vdiRuk lertibd dimen, ehes nepdeirecsupport dayer iy lave @l thicknesse
separated through an inlet nodule of the device described above. [0054]In

various efapslite0tsn t& Bsodt 1500 Gins FopleRahples Bl 8aditstané Qippbhaagh @by lBsi Sti ng
of whol e bl ood, urine, culture nmedium and |ysed tissue solution.

a thickness of about 200 pm to about 300 um. If the thickness of the membrane support

layer is too thick, it may translate to unnecessary material cdst and wastage of resources,
and is therefore not commercially and environmentally desirable.

[0036] Thé openings in the membrane support layer are designed to be larger than
the size of the micropores in the membrane layer so that ﬂuid resistance may be
reduced. Fluid sample passing through the smaller micropores experiences higher
pressure than passing through the larger openings. Hence, the openings in the membrane
support layer alleviates the high fluid resistance problem by prolvidi_ng a larger volume
of space for the fluid sample to pass through.

[0037] In various embodiments_, the openings in the membrane support layer are at
least 10 times larger in diameter than the micropores in the membrane layer.

[0038] In various embodiments, at least one of the membrane layer or membrane

support layer or both is formed of a SU-8 photoresist material. The advantages of |



WO 2011/ 139233PCT/ SG2011/ 000173 [0055] I n vari ous enbodi nents, the cells to
be detected are selected fromthe group consisting of circulating tunor
cells, epwvobhelimb2sel | s, cancer cells or cancer stem celpts/sromobyised
cancer tissue, cells conprised in a urine sanple, and enrichnment of cells:
fromcell culture medium [O056] A | ow cost microsieve with unique two -
asymetri C cal
strength g’%ﬂl%% g%g @ﬂotﬁ?ﬁ:’sﬁ fehg?le %gﬁfgins raefrﬁl%ﬁhﬁsfr‘ﬁ%aﬁl[d?dgg? {,r%g.ﬂ,% Pll}l d
resi stance has ,bee m zed, ulti htran ey raneflux

Wht ch &1 drustanelos & gk BeeBiicd Sty RotttoPudi gt 80 HGpagsesh! at i on
has been denonstrated from undil ut ed whol| e bl ood sanple wi th spi ked cancer
cel I's. Usiorpatibiligy fox fahrication by consteational phefelithogrphigyeshaiges.dy mafgral
fabrication of the mcrosieves with precise pore size at feasible cost of
di mes percodisyliyseoptiohisitySigh chemisel and thermabsiebility; te pame agewonpared to gl ass
capillary array, silicon-based m crosieves and m crofabricated paryl ene
menbr ane.[003%g polire ofé 2mbotlintddt,8bath che shanranaiayee anp tthereatbrine suppbitous
cells and particles separation based on the dinensions of target cells.

Thi s appqgﬁ@armmggoﬁwtga@{&or@ggt hateRsl. cel ls isolation from patient whole
bl ood cancer diagnosis, and nmay be extended to the isolation and

detecti 03&4 0]0t hi«‘Fg Oﬂ% fe) ﬁflgéﬁa‘f&on e v QA% I9Jd1 tb QU eﬂloﬁe@fsﬁrr g%nﬁl%gses

such as +°T ce Vtesting, feta SIS ation ternal
bl ood, and. non-i ny di agnosi s, as wel | as renoval of cell
aggr egat englcmsgwleo prgs Ef@l grlg%nn organ printing and cell seeding. [0057]In

order th entl be. readi | unde t ood and ctical
ef fect, gh?‘h cul ?ﬁ tglcwdfslprﬁ& ingea %tfart%e B’;’/é) allmfi“ﬁe%
foll ow ng nonllmtln exanpl e Exanpl es Exanp
2011/ 13923bstaty @@2@’2? 5017 fl&@gatfwyebft Hsﬁleéonmmfaaé@ &Qlation ARGy ng a
1-cmdianmeter) may be fabricated per run by using a double-layer SU-8

m cr of abrorgani¢ emtgniserts ondhe substratdiseniadeer silicon substrate described in
t he net hod above. Fig. 3 shows the highly uniform mcropore structure and
snoot h t {oedjh- hFhe sshstrhede theh dohted detise fiyst paek having antlnpkness af alout 100l i ke
conventional in-plane mcrosieves which usually have limted pore density

(appr oxi 1k @b Yabd@01 R AS/THTEAE, erittRliBeRs &Y fikeliyet dhayThe FOEieAVES §HU-8i NS
approxi mately 5,000 pores/m®2 with pore opening of nore than 40% of the

M Cr osi evfofr&dot RA@M Y o Ce;‘%hﬁbdg&? fhi! firs@fal &nmal{:ffgrﬂiﬁrﬁcgated BRROE 9. 4

shows thée filtration of CICs using 10-m di anefer m cr osi eves,
substrate.

[0043] Thé first layer is subsequently patterned to form a plurality of micropores
therein. Patterning of the first layer may include applying a photoresist mask that
defines a pattern of dots corresponding to the micropores to be formed, exposing the
first layer to light, and removing the photoresist mask. Conventional photolithography
apparatus and methodology may be employed. For example, thé photoresist mask may
be a chrbme-coated quartz mask having a pattern of circular features and UV-
lithography may be carried out at about 365 nm wavelength to transfer the mask
features to the first layer to form a perforated membrane layer. While circular

micropores are illustrated in Fig. 2, it is understood and appreciated that the shape of the
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denonstrated by spiking Hep&/ G-P cancer cells (liver carcinoma) into 1-m
undi l uted rabbit whole blood to mmc the clinical sanples. Captured

HepG2/ GFRvoebiwizarse st ai ned with DAPI (nucl eus) and i nspettsedomiond7a

fl uorescence mcroscope. These inmmges clearly denonstrate that the captured
CTCs are imobilized on the snooth and flat surface of the m crosieve,

whi ch si ifies : [ i 0 umor _cel | s .cl ifi | and
enuner at irméfr(]:%(];po?éss 1ts hﬁ%t 'h%gd '19 sﬁgh. gc?xﬁis gufrﬁ{ong,ré(gg rrr%ﬁrlltéonga [ng 8@%’?‘@[&@%@‘%5 i ave
was treat%d usi ng EuroPl asma CD3000 to alter its surface properties. This
syst em utd®P¥%ed | ow pressure plasma technol ogy via el ectronmagnetic

di scharge of gas at low tenperature. The plasma interacts with the SU 8
surface dAd4handesscondlayenmaiciee prabaseonte the pattpined Sirgtdaner« Thegepqnd layeas
carried out at a base pressure of 10 niforr with an el ectromagneti c power of
100W andnay hdveathipbness ©2 abar d 0frgih tonaboGCHE)) pinn ueredenph calsmrent te secaadd 10
mn. Some experinents were conducted wth an 02 plasma pre-treatnent for
10 min. Supstant balformeduct 4 SJ-§ gibptoresistahatbyal6 Q) ohd) embodiatat,ahatseqantd angl e
was observed after surface treatnment (see Table 1). This surface treatnent

reduces tigerfhdyi vt spaStSkéanGiflo @fe sk Byép crosieve, resulting in a rapid whole
bl ood filtration as shown in Fig. 5. Qher surface treatnents such as

coating t abrii i L i L.O- i Ql thj.n film
(oss T ndUBLiID T T SEnf 181 IL SRty haRfied W 3 ALY P ORRMlSl) | L o
mat ri x eria and Matrigel .can alsq,be.applied. [0Q61] The SUk8
mcr osi onefits Thxepanyrr e § AR tep R R R s PR BRI B oo
(4.5 mM) is effectively filJtrated. within 4 mn with the mcrosieve
subj ect eoPaftsméngyfdbg %ﬁiﬂf}vgﬂ@% dheugeRplying e)shotorwéstfmﬁ(rtéﬁﬁ "5 fe is
further reduced to less than 2 mn (Fig. 5(b)) when the device is treated
with an @Ritganishenssserrpipasfiag tq tis epepings Hnbe wsmedhexpasing thetseepndrla¥dur e
drop h, (APand maxi mum | oadi ng pressure (Pm of - n-c known silicon,
par yl ene,to pighy cadlremaviag the ghptorsssh mask) Gor¥EGEomAl phowilithogsaphy ppSag
m crosieve with 2-layer structure provides 52x and 89x hi gher nechani cal
st r engt h anamethddnlogf mppby edplogadtRor aramplas the phetorasiss pask maglbyg.a plastic

mask having a pattern of hexagonal features and UV-lithography may be carried out at

about 365 nm wavelength to transfer the mask features to the second layer to form a

perforated membrane support layer. While hexagonal or honeycomb rings or openings

are illustrated in Fig. 2, it is understood and appreciated that the shape of the openings is

not limited to such configurations, as mentioned in previous paragraphs above.

[0046] In various embodiments, the substrate may be first coated with a lift-off

resist layer prior to coating the first layer. In one embodiment, the lift-off resist layer

may be spin-coated onto the substrate. The first layer is subseciuently coated onto the

lift-off resist layer.

[0047] After patterning the first layer and the second layer, the microsieve may be

developed in a de&eloping solution. Any suitable SU-8 developer solution may be used.

[0048] After developing, the lift-off resist layer and/or the substrate may be

removed to obtain the microsieve having the two asymmetric layers. |

11



Wthout treatment Wth 10 mn 02 pre- treatnent. 5 mn treatment Wth 10
mn 02 pre-treatnent. 10 mn treatnment Wthout 02 pre- treatnent. 5 mn
treat nentwoiimeut3302 pre-treatnent. 10 min treatment SBe#/s62011/000173

[0049] Various embodiments provide for a device 100 for separating cells of a
defined size from a fluid sample, which device is illstrated in Fig. 7(g). The device 100
may include an inlet module 10 having an inlet for the fluid sample entry and an ou_tlet.
médule 20 having an outlet for the ﬂuid.sample exit. The device 100 further comprises a
microsieve 30 of the various embodiments described previously having micropores for
retaining cells of a defined size arranged between the inlet module 10 and the outlet
~ module 20, wherein the iniet module 10, the outlet module 20, and the microsieve 30
are fluidly connected to each other to allow the fluid sample to pass through from the
inlet module 10 to the outlet module 20.
[0050] The device 100 may further include a microscope viewing plate 40 sﬁch as a
fluorescence microscope onto which the microsieve 30 may be placed. In one
embodiment, the inlet module 10 and the outlet module 30 are removably connected and
thereby separable so that the microsieve which is supported by the microscope viewing
plate 40 may be stained with fluorescence dye for cell counting.
[0051] The device 100 may further include a gasket placed between the inlet
module 10 and the microsieve 30. Vacuum may also be applied to the outlet module 20
to aid in the drawiﬂg of fluid sample thrbugh the microsieve.
[0052] The device may be used for filtering whole blood. In one embodiment, the
device may be used for separating circulating tumor cells from whole blood.
[0053] Various embodiments provide for a method of separéting cells of a defined
size froni-a. fluid sample. The method may include filtering the fluid sample suspected
to comprise a cell to be séparated through an inlet module of the device described
above.
[0054] In» various embodiments, the fluid sample is selected from the group

consisting of whole blood, urine, cultur_e medium, and lysed tissue solution.

12



82.10 23.0 22.4 23.7 19.5 SU-8 2 88.1 21.9 22.1 24.3 25.8 SU-8 3 81.1 22.1
22.5 23.3
WO 2011/139233 PCT/SG2011/000173

[0055] In various embodiments, the cells to.be rdetected are selected from the group
consisting of circulatihg tumor cells, epithelial cells, cancer cells or cancer stem cells
from lysed cancer tissue, cells compn's_ed in a urine sample, and enrichment of celle
frem cell culture medium. |
[0056] A low cost microsieve with unique two asymmetric layer which balances the
fluid resistance and the mechanical strength of the device has been demonstrated. In
' particular; the fluid resistadce has been minimized, resulting in a high trans-membrane
flux, which tremendously reduces cell separation time. Successful CTCs isolation has
been demonstrated from undiluted whole blood sample with spiked cancer cells. Using
SU-8 as structure material for both layers allows mass fabrication of the micfosieves
with precise pore size at feasible cost of dimes per device since SU-8 material is lower
in cost as corﬁpared to glass capillary array, silicon-based microsieves and
microfabricated parylene membrane. The pore size of SU-8 microsieve can be
optimized for various cells and particles separation based on the dimensions of target
cells. This approach may be suitable for tumor cells isolation from patient whole blood,
and cancer didgnosis, and may be extended to the isolation and detection of other cells
from whole blood for various disease diagnoses such as CD4+ T cells for HIV testing,
fetal cells isolation from maternal blood, and non-invasive prenatal diagnosis, as well as
removal of cell aggregates and large particles in organ printing and cell seeding.
[0057] In order that the invention may be readily understood and put into practical
effect, péfﬁcular embodiments will now be described by way of the following non-

limiting examples.

Examples

Example 1

13



17.1 Table 1. Surface contact angle of SU-8 mcrosieve with various plasm
treatnent conditions Material Eqv-gm 1l1lpznax (GPa) (KPa) (gm
() (104Rap 20RapeBRaryl ene C . 4.5 59 6 5 0.3 0.33 50 SI $€#/5G2011/000173

[0058] More than 60 fnicrosieves (each having a 1-cm diameter) may be fabricated

per run by using a double-layer SU-8 microfabrication process on a 4” diametef silicon

substrate described in the method above. Fig. 3 shows the highly uniform microporé

stfucture and smooth through-hole sﬁrface of the densely packed micropore array.

Unlike conventional in-plane microsieves which usually have limited pore density

" (approximately 200 pores/mm?), the present vertical microsieve contains approximately

© 5,000 pores/mm’ with pore opening of more than 40% of the microsieve area, allowing

faster CTCs filtration.

Example 2

[0059] Fig. 4 shows the filtration of CTCs using 10-um diamcter SU-8 microsieves,
demonstrated by -spiking HepG2/GFP cancer cells (liver carcinoma) into 1-ml undiluted
rabbit whole blood to mimic the clinical samples. Captured HepG2/GFP cells are
stained with DAPI (nucleus) and inspected with a ﬂuofescence microscope. These
images clearly demonstrate that the captured CTCs are immobilized on the smooth and
flat surface of the microsieve, which simplifies the imaging process for tumor cells

classification and enumeration.

Example 3

[0060] SU-8 microsieve was treated using EuroPlasma CD3000 to alter its surface
propertieé. .This system utilized low pressure plasma technology‘ via electromagnetic
discharge of gas at low terhperatu_re. The plasma interacts with the SU-8 surface and
changes its surface properties. This plasma treatment was carried out at a base pressure
of 10 mTorr with an electromagnetic power of 100W, and with oxygen (O,) and

methane (CHy4) induced plasma for 5 and 10 min. Some experiments were conducted '

14



5100 60 1 0.4 29.4 .172 Polycarbonate 2.6 74 10 5 0.15 0.56 125 Silicon

WO 2011/139233 ) PCT/SG2011/000173

with an O, plasma pre-tfeatment for 10 min. Substanti_al reduction (approximately 60°)
in surface contract angle was observed after surface treatment (see Table 1). This
surface treatment reduces the fluid resistance of SU;S microsieve, resulting in a rapid
whole blood filtration as shown in Fig.. 5. Other surface treatments such as coating the
fabricated microsieve witﬁ a bio-compatible parylene thin film (less than 5 pm), anti-
fouling poly(ethylene glycol)-silanes, extracellular matrix materials, and Matrigel can
- also be aﬁplied.
[0061] The SU-8 | microsieve has extremely low fluid resistance. The undiluted
whole blood (4.5 ml) is effectively filtrated within 4 min with the microsieve subjecfed
to a 5 kPa vacuum préssure (Fig. 5(c)). The filtration time is further reduced to léss than
2 min (Fig. 5(b)) when the device is treated with an oxygen/methane plasma. Table 2
compares the caléulated pressure drop (4P,..x) and maximum loading pressure (Ppqyx) of
known silicon, parylene, polycarbonate, and present SU-8 CTCs microsieves. The SU-8

microsieve with 2-layer structure provides 52x and 89x higher mechanical strength than

that of polycarbonate and parylene, respectively.

Without With 10 min With 10 min O, | Without O, pre- Without O,
treatment O, pre- pre-treatment. treatment. pre-treatment.
treatment. 10 min treatment | 5 min treatment. 10 min
5 min v treatment
treatment .
SU-81 82.1° 23.0° 22.4° 23.7° 19.5°
SU-82 | - 88.1° 21.9° 22.1° 24.3° 25.8°
SU-8 3 81.1° 22.1° 22.5° 23.3° 17.1°

Table 1. Surface contact angle of SU-8 microsieve with various plasma treatment

conditions
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190 7000 100 5 0.4 936 277 Pressure drop (4/3, _riz) of n identical

paral l el channels and the maxi mum | oadi ng pressure of an perforated

menbr ane w8.2p11)1B0333ar e gi ven by: 17: channel | engt hpc@schéawosase (1
m/mn) ; p: viscosity of the carrier (3.8 cps); d: channel dianmeter (10 -
inn); E Young's nodulus; Zdeid : yield stress; 1: the distance between
supporting bars; p: porosity of nenbrane. Table 2. Conparison of nenbrane
material for CTCs filtration Exanple 4 [0062]Beside the circulating tunor
cells filtration, the SU-8 m crosieve can al so be '

Material E yetd 1 I p  Puu dPuw
(GPa) (MPa) (um) (mm) (10°Pa) (Pa)
Parvlene C 4.5 59 6 S 03 033 50

SU-8 . 3 100 60 1 04 294 172
Polycarbonate 2.6 70 10 5 015 0.56 125
Silicon 190 7000 100 5 04 936 277

Pressure drop (4P, of n identical parallel channels and the
maximum loading pressure of an perforated membrane (P,,) [10]

are given by:
3/2

=— | = |+ Pmaxzo'sg i (l_p)
¢ n(d/2)’ { ~ (d IE'?

h: channel length; Q: flow rate (1 ml/min) ; u: viscosity of the
carrier (3.8 ¢ps); d: channel diameter (10 pm); E: Young’s
modulus; g, yield stress; I: the distance between supporting
bars; p: porosity of membrane.

Table 2. Comparison of membrane material for CTCs filtration

Example 4

[0062] Beside the circulating tumor cells ﬁ_ltration, the SU-8 microsieve can also be
used for on-microsieve cell culture, and cancer drug study as shown in Fig. 6. The
captured CTCs on the microsieve surface are transported to a cell culture medium, and
incubated in an incubator overnight. The incubated cells are selec;tivgly treated with
cancer-spéciﬁc drug compounds such as Lapatinib ditosylate, Gefitinib, Trastuzumab,
Cetuximab, and Bevacizumab etc for cell responses study and drug scref;ning. In this
application, the structure of microsieve supporting rings can be utilized as physical
walls of microwells. This feature can be utilized for multiple drug studies as in the

microtiter plate.
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used for on-mcrosieve cell culture, and cancer drug study as shown in Fig.
6. The captured CICs on the microsieve surface are transported to a cel

cul ture mwoi2onyizexsd i ncubated in an incubator overni ght pcThe20noubas ed
cells are selectively treated with cancer-specific drug conmpounds such as
Lapatinib ditosylate, Gefitinib, Trastuzumab, Cetuximab, and Bevaci zumab
etc for cell responses study and drug screening. In this application, the
structure of rnicrosieve supportind*ampleScan be utilized as physical walls
of microwells. This feature can be utilized for nultiple drug studies as in

the mcrappdfr PESE Some E¥AERALIENS thé BAFRIERSTS 8 TRicARRlve G8 e BRted! Wih a

fabricated SU-8 mcrosieve is integrated wwth a plastic hol der as

i mpi e outra RolicPys fnsHIGRR fer poTRSE AARRAIRBLEuERUAORE Wit bl @
M ni Val ve, USA), . I W th d | 1 T il
cl osea whmPErteb aute wib ilsere EOBRERST, &, CRbFRoqy SR e eas

t he enbedded small holes will inpose a surface tension force on the outlet.
These st rU%Alioedn gpidetguidh gmbedded supall hodesy £he duekbild isc@pted gyhemipe Aprlisd
applied pressure is lower than the design threshold force of the Duckbi l

val ve or préssurenbbddwditsthedsholdgiressure; whefcasithe enbdddedsmahholeewvill impesgs bot t om
chanber between the mcrosieve and outline. This feature woul d enabl e

on- m cr 09 @irface &drsiont fataei dgrgthel dultlet. theee structage atesdesighed for fhiid aedigancged f or
on-mcrosieve cell culture and drug response study. [0064] Wiile the

i nventi onol@sl. bRReh BRS b%ﬂwdapﬂeysusmwlbvaadthd@aﬁé idesign Whiebhdlé ffef@nefthec0
speci fic enbodi ments, it should be understood by those skilled in the art

that vari bﬁf‘@-ﬂg@%r e ERAbOARALHIR! Ri1ks, TRY ABR WRABe LOSKRIINAWhE BOHEm
departing omthe spirit and scope of the invention as defined by the
appended gl a} DBy e B ﬁ%orﬂ%ro%iev%%&ﬁ!o'&nﬁ& TR} ﬂe?t#e%? 1B LA dnRY o B8
appended Cfaris and a changes iCh Cone W thin the neani ng and range of
equi val ency of the ¢l ai re therefore intend to be enbraced. . Clains
TTa i cor deltavinipg gt Sdiged iertls o o8 fsari el top gngrp SR el plig
menbrane | ayer having a plurality of m cropores contained therein and a

t hi cknessnglrygissRondstydyt o about 100 pm and the second layer is a

menbr ane support |ayer having a plurality of openings contained therein and
a t hi cknd88oddf abile 1Ko 1gmnmgnagmﬂnego(pamcwgr shawnhandsiepiringd it | ar ger
in diameter than the m cropores, and wherein at | east one of the nenbrane

| ayer or referdncane spepfio etmbbdiyents, st shonliebe ofidarstSd 8y phesewkdbidsin thetadr i al .

2. The microsieve of claim1l, wherein both the nenbrane | ayer and nenbrane
support liastemrisiecaapeeid fofm anddet@il pht i adsthersat withabt.depdting f®niber osi eve
of claim1l or 2, wherein the openings are at least 10 tines larger in

di anet er dphamntiRBopd 6 MBhRMtion as defined by the appended claims. The scope of the
| invention is thus indicated by the appended claims and all changes which come within
the meaning and range of equivalency of the claims are therefore intended to be

embraced.
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4. The mcrosieve of any one of the preceding clains, wherein the nenbrane
| ayer has a thickness of about 50 mto about 100 m 5. The m crosieve of
any one olotba/pyssedi ng cl ai ns, wherein the nenbrane seppscRoliay@rs has a
t hi ckness of about 200 mto about 300 m 6. Thé microsieve of any one of.
the preceding clains, wherein each of the plurality of mcropores has a
pore di an@fa%lsof- about 5 gmto about 50 m WO 2011/ 139233PCT/ S&011/000173
7. The m<ro——sieve of claim®6, wherein each of the plurality of m cropores
has a porge di aneter. of about. 1 t he. mrenbrane has a micropore density of
s ing oo Bapsch p i

about 5,000 m*CMEIPSIEEE FAmRBT €°%Ye of any one of the preceding

clainms, wherein the m crosieve has been surface-treated to decrease fluid

resi stance. gheThet leyer 5t anambsanelpyenhaviag a plarghity ©f dnistpperesi spstaingder ei n

the m crosi eve has been surface-coated with a netal layer. 10. A nethod of
pr epar i ngthereiri andosthickaessfofahqutdifeumfio abaut A0 pnt;end, conpri si ng:  provi di ng
a substrate; coating the substrate with a first |ayer having a thickness

of about 10 gfie tsecaHdoliyerl 0 a gfitmbiat tstpport Jayieh chalingsd plaskty b0 op&tingsa

plurality of mcropores therein;
contained therein and a thickness of about 100 um to about 500 pm, wherein the

" openings are larger in diameter than the micropores, and wherein at least one of the

membrane layer or membrane support layer is formed of a SU-8 photoresist material.

2.  The microsieve of claim 1,
wherein both the membrane layer and membrane support layer are formed of a SU-8

photoresist material.

3.  The microsieve of claim 1 or 2,

wherein the openings are at least 10 times larger in diameter than the micropores.

4.  The microsieve of any one of the preceding claims,

wherein the membrane layer has a thickness of about 50 pm to about 100 pm.

5. The microsieve of any one of the preceding claims,

wherein the membrane support layer has a thickness of about 200 um to about 300 um.

6.  The microsieve of any one of the preceding claims,
wherein each of the plurality of micropores has a pore diameter of about 5 um to about

50 pm.
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coating the patterned first layer with a second |ayer having a thickness of
about 100 gmto about 500 gm and patterning the second |layer to forma

pl uralitywof20npemizags wherein the openings are |arger i pcaisgneti@ootzhan t he
m cropores, and wherein at |east one of the first layer or second layer is
formed of a SU-8 photoresist material. 11. The method of claim 10, wherein
patterning the first layer conprises: appl ying a photoresist mask that
defines a pattern of dots corresponding to the mcropores to be forned; and
exposing the first layer with the applied photoresist mask to UV light. 12.
The nethotl of 'Ra BiHesigyest clpm qtr\,her ein patterning the second | ayer :
conprises: applying a photoresist mask that defines a pattern of shapes
cor r esporidhergint @chwg thp ehiraligy of aniseoposesniad; 2 pere dieneles pEQleﬁewsle@oﬁtP | ayer
with the applied photoresist mask to UV light. 13. The nethod of any one
of ¢l ai nsmé@btane bas a fuicropere densifyrafsibogt Yedemapopuges/en’f i rst | ayer and t he
second | ayer after patterning. 14. The nethod of any one of clains 10 to
13, further conprising coating the substrate with a lift-off resist |ayer
prior to coating the first layer. 15. The nethod of claim 13 or 14,

8.  The microsieve of any one of the preceding claims,

wherein the microsieve has been surface-treated to decrease fluid resistance.

9.  The microsieve of any one of the preceding claims,

wherein the microsieve has been surface-coated with a metal layer.

10. A method éf preparing a microsieve of any one of claims 1 to 9, comprising:

—  providing a substrate;

- coating the substrate with a first layer having a thickhess of about 10 um to about
100 pm;

- patterniﬁg the first layer to form a plurality of micropores therein;

- coating the patterned first layer with a second_ layer having a thickness of about
100 pm to about 500 um; and

—  patterning the second layer to form a plurality of openings wherein the openings
are larger in diameter than the micropores, and wherein at least one of the first layer or

second layer is formed of a SU-8 photoresist material.

11. The method of claim 10,

wherein patterning the first layer comprises:
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further conprising renoving lift-off resist |layer and/or the substrate
after developing. 16. A device for separating cells of a defined size from

a fluid swopba/13wsre the device conprises: an inlet mpduise2t@wbngs an
inlet for the fluid sanple entry; an outlet nodule having an outlet for
the fluid sanple exit; a mcrosieve of any one of clains 1 to 9

havi ng m cropores for .retai.ni ng,cel f a define | ze arranged, bet ween
Che | ol ot~ rodPD A R Bit BEsk Bt ey pRIert ool htTS o fire
outl et nmodule, and the m crosieve are fluidly connected to each other to
al | ow t hefrenogesdabsiterness gaks t hrough fromthe inlet. nodule to the outl et
nodul e. 17. A nethod of separating cells of a defined size froma fluid
sanpl e, conpraxppsigg fliel first layey wittethelappliedsphopiresistungsido &0V ightconpri se a cel |
to be separated through an inlet nodule of a device of claim16. 18. The
met hod of claim 17, wherein the fluid sanple is selected fromthe group
consi sting of whole blood, urine, culture nmedium and |ysed tissue

sol ution.12. 19rheh@hb@bheldin®fio et @ai,m 17 or 18, wherein the cells to be
detected are selected fromthe group consisting of circulating tunor cells,

epi thel i %?%gh?%tteﬁmgs%hh% F c5ApGRs: stemcells fromlysed cancer
S Co

ti ssue, ce nprised in a urine sanple, and enrichnment of cells from

cell culture nmedium . 20. e exi ce of,. cl aij 16 for filt.ering whole

oFood. o1 U APB i h ph6Bsesrsh faelk ol SBHAG S Bhchn 8F Phb®; b bhAdiFE s on o) o

bl ood. i .
openings to be formed‘; and

- exposing the second layer with the applied photoresist mask to UV light.

13. The method of any one of claims 10 to 12,

further comprising developing the first layer and the second layer after patterning.

14. The method of any one of claims 10 to 13,
further comprising coating the substrate with a lift-off resist layer prior to coating the

first layer.

15. The method of claim 13 or 14,

further comprising removing lift-off resist layer and/or the substrate after developing.

16. A device for sepérating cells of a defined size from a fluid sample, where the
device comprises:
- an inlet module having an inlet for the fluid sample entry;

- an outlet module having an outlet for the fluid sample exit;

20



. WO 2011/139233 PCT/SG2011/000173

- a microsieve of any one of claims 1 to 9 having micropores for retaining cells of
a defined size arranged between the inlet module and the outlet module, wherein the
inlet module, the outlet module, and the microsieve are ﬂuidly connected to each other

to allow the fluid sample to pass through from the inlet module to the outlet module.

17. A method of separating cells of a defined size from a fluid sample, comprising
- filtering the fluid sample suspected to comprisé a cell to be separated through an inlet

module of a device of claim 16.

18.  The method of claim 17,
wherein the fluid sample is selected from the group consisting of whole blood, urine,

culture medium, and lysed tissue solution.

19. The method of claim 17 or 18,

wherein the cells to be detected are selected from the group consisting of circulating
tumor cells, epithelial cells, cancer cells or cancer stem cells from lysed cancer tissue,
cells comprised in a urine sample, and enrichment of cells from cell culture medium.

20. Use of a device of claim 16 for filtering whole blood.

21.  Use of claim 20 for separating circulating tumor cells from whole blood.
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