WD 2010/ 107399PCT/ S&2010/ 000104 1 DEVI CES FOR SEPARATI NG CELLS AND
METHODS  QroYplogh@rsbbEM CROSS- REFERENCE TO RELATED APPLI CﬁE’r@Eﬁnomomm
[0001] This application claims the benefit of priority of

application No. 200901937-3, 5 filed rch 20, 2009, the contents of
it being hereby incorporated by reference in its entirety for all
purposes. HELD OF THE | NVENTI ON [0002] The present invention refers to
the fiel d DEVIGESEOBSERYRAJANG CEEdS AND MIGTHODSHOFIISING THEM
cells fromsanples of a patient. BACKGROUND OF THE | NVENTI ON [ 0003]
The isolation of specific conponents fromliquid sanples has becone

i ncreasi ngly i npOCIRADSS-REFERENCETO REEATHD APFIORESTIONSal so for
diagnostics in clinjcal laboratories. In 15 particular for clinical

appl i cH00bhs Elpstappiicatioa claimg dlep lmeﬁhomrrprnépéﬁﬁi apliciongNe 209061 B -3,
nc
ﬁléaﬁ MiEL gﬁéﬁb@; ger&%&%%m pap h&%b? g!b‘??te@ by R eBé‘éi lgbtg%nggetg
and defopallipagposése further treatnent of a patlent. Such systems are
al so need in research | aboratories. [0004] For exanple, circulating
tunmor cells (CTCs) are very rare in peripheral blood of 20 cancer
patients, as few as one celjym9y oFPHEAARE W cells in the bl ood
of cancer patients with netastatic cancer. The nunber of these cells
has bef002hovfihé presatrinvention nefels to ftiee field ed dabottoyl apippmint ussddfor isolating
fr esents. a ﬁ ential al ter native to invasive biopsies for cancer
Gt SpEPUICLR ?59{1’5581%’& farahigthnol ogi es have been devel oped to
I solate the CTCs from cancer patients' blood sanples, such as density
gradi ent centrifugation, immunomagnetic 25 net hod (I\/ACS), ferrofluid
met hod (Cel | Sear chTM BMKGROWNMGEWEEWTWMr menbr ane.

Howeve ther re I_n pr.o rocess ti.
(" S0°taons T or Fig BRIAEER of sieeRi Rbdbt st BndRye R St nRERG R crebsiny
et hOdﬁnprahﬂ AdtNEh1 F6Y tegedr et paipbidadsli alsosf@ﬁaiafgh@stitc@ i1 BlitibA! laedratories. In
antigens (EpCAM cytokeratin) could give fal se }gosﬂwe results.

§

[ 0605] pa;ﬁ@rla,rf f@recllntcnba@hcgt@wwm@r@l aoeded pvlkiph camgetenning dbg atesenge or
certai f CoPaNEdt-in fcroﬂ'{BoﬁQntQ %'s%bﬁessoq)@ﬁ&ls 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.
[0004] For example, circulating tumor cells (CTCs) are ;/ery rare in peripheral blood of
20  cancer patients, as few as one cell per 10° haematologic cells in the blood of cancer patients
with metastatic cancer. The 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 to isolate the CTCs from
cancer patients’ blood samples, such as density gradient cenfrifugation, immunomagnetic
25  method (MACS), ferrofluid method (Cel]SearchTM), and cell filtration by polymer membrane.
However, these methods are either requiring a prolonged process time (> 30 min) or with
limited extraction efficiency. In addition, methods utilizing conjugated antibodies specific to
epithelial antigens (EpCAM, cytokeratin) could give false positive results. ‘
[0005] | Therefore, there is a need to develop systems for isolating certain components from

30 patients samples.



2 SUMVARY OF THE | NVENTION [0006] 1 n a first aspect the pr&€di$G25010/000104
invention refers to a device for separating cells of a ®eédivedd Odrtuary 2011
froma sanple. The device conprises or consists of an inlet nodule
having an 5 inlet; an outlet nodule havhang an outlet; an internediate
nodul e haVing a t hr ough-hol e and bei ng arranged between the inlet

modul e and the outlet nodul EMI&I g mcropores for
retaining cells of a defi negsusi ze. The corrponelrﬁ.ze{da]?| t he device can ,
be designed so that the inlet nodule, the internedi ate nodul e and the

outl et mododos) ar & kEHRVARY tlﬁrlgcsfcﬁﬁhdédloﬁ 9%'&%8& g%ewcc or s,ﬁ%a?ght}aegrdcﬂs of a

Furthernore, the nicrosieve can be arrange

i nt er medi SEE0SH0HRR RO A dhe Aetctomprises oTivensins ofam inotimodule ABviag an
adapt ed tmletz(@ﬂibu@etﬂﬁﬂmdiya&, 8 SRHEE a} t.her eof nne
whi ch is fornmed each of t e pores of ntérﬁe I%Hﬁoggee@gmghr%{? ﬁhpﬂ

m crosi ev Wﬁ?“&“ eer‘jlfthﬁt‘“?"e‘ﬁ%‘iﬂ%mdg‘fkﬁ@mﬂﬂnn@du&mrand\mrrdﬁ:rdsfwe hevieg

| engt h i s pAropdredifor £RS4in® @eThs by
bet ween about 50 ¢ O 50 eg?fd %%poglgngﬁplo{i&gsng?g%gﬁwﬁﬁ?l be

t 0, gbout
the inlet ﬁ%%?ﬁfjiesoc&qt gtsmodyle, the r’ﬁﬁwﬁl%n@ﬁulﬁsﬂndrthangdct abddlbave
side of t rendvablgtanddidiecaPpaEd otath@nib@theAlfe WELS: dp\r manged
P&l

pl’OtI’&Jél oget{”s aTth ntl ngatl 0 %u?f the inlet and I'S adapte
the surface 6f The PHeBP A bR Pl adty T?ﬁé“ﬂ%md@hcﬁobfeadapteﬂhe
i nt er medi etest mwgatie: pﬁbheﬂeasmeﬂ‘ﬁtldtdlereof W&}Qﬁﬂel {;vﬂmﬁ'fkefoﬂ-ﬂé&(zbg) ABDLE thé Pes

Fnter rredlgf H?r?%{gv e t.he shape ? cone J

t hr ough- h PHPTESIRYAS @ W&fétgﬁ%téﬁg@uoravoﬁwewwﬂm
of the copase IShigth nwhesmepstﬁmmm Ih loge Elbodigitht AR 16n 8RR HeBRn Lb&ut 150 uin
M Crosi evg.q, ,?%gg N a further enbodiment, the internediate no u?g
may define a é‘rlng area on the mcrosieve:- The size of the

fil te’rfi ngl080Ha ilp odekmhedimioyt, thadnlei medubd cmhembﬁiemhﬁtbtr&biﬂrﬁwmﬁh i ¥ranged

i nt er redi gt 0 an odi nent,, the
out | et nnﬁt}fe eﬁﬁ)ﬂﬁ‘*‘?g#ﬁé@&% %pgwts?ﬁfr“’lf 4éllic% aY’/' Wéngl CREQIESIONS B SeRfipgation

wi t hi n t HF g jalet pachiscadapied tsuczeta@fthe lverface of she inmgrmbdiate dagiuds afo@id the
hol di ng tthRufh-B5RDIF NG ntefriddidiEh ﬁwhénrh%e%ﬁ et of the outlet nodule

can be asl‘rg&?ed at the bottomo e recess, Such as at the centre of
the recedd GB&beP@PT&%ﬂWelﬂfeéhM¢ medele ceshbaveutht eliape of fahwdne. The -

recesxX ofthichgh-BolkloghenReih@iABY odiffe S the gpeni ng
of the i ter%@a%:@ modul e, V\ozol%/gfg%%&ﬁ% &‘g[éﬁﬁ Noawd
I n anoth miga-hale, gan e ths Miessiave may conprise a Si de wal |

with an qodds]celn Irfmmletﬂb@emeﬁt RRSintd A8 %hab Qr?alytc{%ﬁné S HRRn s s
connect a% to a deyi ce ex h %na neq ative g
e microsieve, The size of the filtering area 1s defined by the size of the through-hole of the _

{ " intermediate module.

|
Ay

25 f0010] - Im still anqthcr cmimdiﬁmnt,‘ the outlet module can comprise a top surface having a
recess arranged within the top surface. The size of the recess-may be adapted for holding the
. microsieve. Furthermore, the outlet of the outlét module can ba arranged at the hottora of the
' recess, such as af the centre of the recess,
_ [0011] In another embodiment, the outlet in the recess of the outlet module may be
30 positioned opposite the opening of the intermediate module,

Amended Sheet
IPEA/AL



[0013] In another enbodi nent, the side wall of the outlet nodul e may
be adapt egot201dp@7®9connectable to a container. [0014] | pcerebi®oooios
aspect, the present invention refers to a device for separating cells
of a defined size froma sanple. The gievi ce can conprise or consi st
of an inlet nodule having an inlet; an outlet nodul e having an

outlet; an internmedi ate nodul e havi ng a through-hole. The
i nt er mH@0E e b andtkerrpmpoganent.rthe gettt petdmteomay h@npmeea sidpwall withrag arifie.

i cr opdBOEP if Bpataneieids B8R talt SOl o (ARG s

be arr gpgstrebet ween the |nI et nodule and the internedi ate nodul e.
Furthernore, the inlet nodule, the outlet nodule, and the

i nt er né@9kle hamtberatrr@quemwtameysl@mwaﬂqu the puetnmedule anayobecadapted to be
ot hgr M& ahnérs formed by each of the pores of the

m cf osi eve ro g e mmcrosieve has a length of at |east 50 pm or

i n ot hgooMmyr dén ki@h@Qispect Sthe RGERt inSerafd@Uiefead td £dsticd GorRRparhtingdddls of a
enbodi nent the | ength i s between about 150 pm to, about 250 pm [0015]
In one d@ﬁﬁ%$lﬁ%ﬁpm % saepleclhectevics sae spmpriseoncansit af anciplgh modnledaying an
t hr oug I

e S o A6 B At SR E RS GRORAE e
m cr osiistesmedidte nsodnte mhy ﬂabearﬁangédelﬁétwgeraﬁreaandmlajafd the duthst hbduleOThe

Si of, the through-hole of the s er 0016] - The internedjate
iﬁl e devige 66‘%:’5'1“&5& cgmpeees’ ?‘F@F‘cﬁ%ﬁﬁﬁlﬂ% [‘Tflﬁ@PH{eé FBSTEEATRING EElls pet defined
the reGE3STEAMIGSsitl BRI é@b%&l &J&qgméc Al B hidrRd AfGdule.

[0017] The filtering area in I ces ribe erel n can
maxi naIFudhammre,rth@fnld:Iemnhém thﬁ)mttet moﬁubomﬂbthmmtonnﬁhatamdubmmenﬂ)vlably

5 mm 25 The, t oft £ S in.a of the
dev: ce R 0T somnensdb PAER AR 4 PihuBlh ST TBaPgh SRt e et ohhe
or abouticrbafeve mroﬁ%@ﬂa%]mﬂ’lﬁxd%%hﬂﬁ'ledgﬂi bZ effeadt FOXLAIT IR 0thef wohR the pore
m crosi eve can be between about 1 mmto about 3 cmor about 1.5 cm

Ful § hedengileis abpat g loagipHl am. dmang embpdisesnt dhen lengthy isrhebrgen abonelSQ pmgto
uni for%&g gg@gﬂﬁ&:m formpattern. 30 [0020] In another enbodi nent, the
di anet er of the mcropores is between about 2 pmto about 20
pmor §oeis] 1bh pie exﬁbqnﬁﬂﬂhngugﬂevhbecﬂﬂbdmp@sdwsmpﬁmﬁ}ﬁthﬂg ®thréugh-hole.
liquid__ WO 2010/ 1 399PC¥ gGZOlO/ 000104 4 s;{g{o t he di anmeter of
each of/HEHBAGH 7B P5raeneed Beptser the Bigrpriew sud the injet madple. {he spacer may
separ algefine L?ﬁ’t%ﬁhg LitaaR0he %101%@1*899 IfRNize &f'e TEHAR larddl b BRLRHEAELE the
the center of one m cropore t

20  size of the through-hole of the spacer

[0016] The intermediate module can comprise a recess for holding the microsieve.
Furthermore, the recess can be dimensioned to hold the microsieve and the spacer.
[0017] The filtering area in the devices described herein can have a maximal diameter of
between about 0.5 to 20 mm or between about 2 to 5 mm.

25 [0018] The thickness of the microsieve used in any of the devices described herein can be
between about 50 pm to about 1000 pm or about 150 pm. |
[0019] The maximal horizontal extension of the microsieve can be between about 1 mm to
about 3 cm or about 1.5 cm. Furthermore, the micropores can be spaced apart from each other
ina uniform or non-uniform pattern.

30 [0020] In another embodiment, the diameter of each of the micropores is between about 2

pm to about 20 pm or about 10 pm. Depending on the cell to be separated from a liquid



the center of another mcropore is between about 2 p.mto about 100

gm or aboyb 201/1@M995 [0022] In still another enbodi nent pciRe2618)60566
referred to herein further conprise positioners arranged at the

contact areas between the nodules to fjix the position of the nodul es
rel ative to each other when assenbling the nodul es. [0023] In another
aspect the present invention refers to a system This system can
conpr i samplec ¢hd divestaraef eachdef, theemitmepnredh i adaptest to the sismitodithecell to be
connected to.the outlet nodule of the 10 device for collecting waste
and anS#%%P%t us for exerting a negative pressure. The device for

exerti NgoA | NeHPdronfer RnfsoRkhiént CAB nbAimAINdISehQIfrsR tRE c&ftérl dfCoheGhickdiRre to
devi ce adapted to be connect able to the apparatus for exerti nlg)lja
hile

negat i Viee geantes of arotherhpicsgporeinbetweenabewicr tadapbowsd 08 pm guabgus

for - hol gl a. |1 _gui npl.e; reign the.|iqukd sour I |y dl .
confieol o872 o i, et fosRgT SBRatBEHE e Ao ARl Py dhkbstporise
the pr ?&ﬁﬁbn&rﬁ\éﬁﬁﬁgtﬂn at’ Efectcntdcd aRed¥Eidiweerothespailes itd gixC el fositiorAof the
defined size froma liquid sanple. The nmethod_can conprise filtering

a | i quipdslaspelativafosach ether whemassembiingtheaneduies. hbe separated t hrough

an inl ohe. i L s r.ei ; r .
embodi JON] ¢ Rl Aot pE el IR REBR ORI E oy, s Yt o comprie
from L lraa:edm' separatiimﬁvéeviaé)d{a@ﬂﬁéd héreing aecoatufred icormdctedt toethé oqtlétdnsduip b the
Is.a blood sanpl e, such as whol e bl god sanple. [0026]1n anot her,
enb®di feviee %tfrFé’H'é‘émgsW%%e B FRRATURS &‘@xEﬁt‘P&i‘i ‘EEL%“ E‘lﬁﬁ%‘Fe- E,FglP dgvice for
(CTGs) Y/ ese b | r t
use of e’e{l xggéidcg&ggggﬁ%gés%ph%rcg{ﬁﬁc ort%f ?hlstogr@ii\éﬁg)tf btﬁggiefcfe oa?a%tggr;g%g
t 0 sepapmtestabler tulthx iapgamtmsofor cadetting( €Tikgptive gmesshreo dhe 2§stenh cas farther

[ 0026) FHEDTIR &HEGH STFY ThIOTEct TRACPOESADFTR PEPGPEnTaTes Pidly
det ai | @gnlefedftb Melifilet of the dobRB. consi dered in conjunction with the
non-limting exanples and t he acconmpanyi ng 30 draw ngs, in which:

[ 0029] [0624] 1In(further pspect; Hemnprerrat styeporerefers & 2 anetlad ofsseparatieg eglls of 2
gg\:{lo;:i 8%@%%3%%?%@81% }%Bﬁ%ﬁtﬁéﬁ?%eoﬂleﬁlgg &aﬁvgd?ﬁﬁr?s@ ﬁlté@ﬂg a liquid sample
suspected to comprise a cell to be separated through an inlet of one of the devices described
herein. In a further embodiment, the method further comprises removing the separated cells
from the microsieve.
20 [0025] In one embodiment, the liquid sample is a blood sample, such as a whole blood
sample. |
[0026] In another embodiment, the cells to be detected are circulating tumor cells (CTCs).
[0027] In another aspect, the present invention refers to the use of a device described
herein for filtering blood, for example to separate circulating tumor cells (CTCs) from blood,

25  such as a whole blood liquid sample.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028] The invention will be better understood with reference to the detailed description
when considered in conjunction with the non-limiting examples and the accompanying
30  drawings, in which:
[0029] Fig. 1 (A) to (C) show the components of a cell separating device according to a

first aspect of the invention.



[0630] Fig. 2 shows technical draw ngs and schematics of an inlet

nodul e 1 Wb 2810e@kioeseparati ng devi ce descri bed herein. Pagsdimneson
in Figure 2 is in mllimeter (mm. [0031] Fig. 3 shows technical

drawi ngs and schematics of an internedi ate nodule 2 of a cel
separating device described herein. The dinmension in Figure 3 is in

mllimeter (mp.. 5 {10032] Fig. 4 shows technical draw ngs and
schematdP@39] of Hshows tepbaiGrle devingsaandepehemepier of pmdnlgeniodale 1 of a cell

descri ej.n; i bORa I N FLaure A.ls i 1L :
[0033] “phegeg Yefice B3Srfie TRRARHE e Qbbb s o' Mgl ratf
separ aff008) ] deFig. 3 sl teclinigal aImWinF@hnmldhﬁtiéh offarSip&e@ediate Mlodule 2 of a
m crosieve 6, an internedi ate npdule 7 and an_outl et nodul e 8.

10[ 0034Fkkpeparasing deyice descrioyd bersin. Shrdnensignds Figung 3 & injmidlimeter o@).ev e

filker ryg U R - 14C ( . | O, |44

m c%osi[g@tezh]w ?Jllégrrgﬂo(?ﬂ{ &gr 1|E'E(5:ia rH{vﬁ}gguagﬁ ﬁ%@%@%@;&&%@dg’ég%gfﬂl
capi | | aeparatingalevice|desoribed hreite A& dithepidroinddi gutk 41is tanilimerajmed! |

capt ur he filter has pore size of 10 gmw.th 12 gmpitch. [0035]
Fi gur eef‘303(31) mmé @etoe@ers Ehithe cgexpaﬁgrftwffq éw%}eat ‘@?lrré%l’é'{ﬁt’é‘ﬁeﬁlﬁ"?ce
(B) FI t: : fl i 0n -t : : ; '

Vari antopprYe b MELRRUICH, o spabbcs ERiGh Il aroREARRA oA T ing
filtrawutdetnodde &1 i s defined by the opening of the spacer 5.

Measur flow.rate w il ut abbi t .e bl.ood (5.mM).spiked

o 10160034 isS b do KE5 oy SEng it (AT Sie mRele e Wik Bt apre
shows fieniré. QB) Cabesepiddf df sBiSorDhickddiebé Fith PRGRE vértical Birdulh hdiBE (@Y Céhercial
i ndi cat es t hg, point ?fr‘v‘\%ﬁl e hlood contacting wi.ith mcrosieve

menbr aBEsEPisyERY g wah divpié (eraperiahrarrifioma) cal raniet &b diltey has pore
rate okizE6PGnt ¥fh 150maMen. 100 cel I's) spiked in 1-m rabbit whole

bl ood sanple. _The average recovery rate is > 90% [0037] Fig, 9 shows
capt ur &0%P] spifkanrere ?W%dhe eenerimepial ssfunder Rorpratg measusementod)Rjaw rate

FeHeRte” Wi .
TORBL A0l e b il Gl SB9R0; (B) PO ERGEIAR(PARa0k1 iBFEr o
wi t h Dadttrogibve §lof 2dtot Sinm.(The fltnatjen afeadd is|debnekbye ieepenbgead thé sprcans.
the b d f HepQ&2. d t k d h

o Lot B inta HowiaReiuh DaaPRET Bl Wit Ploan 5 W SR, 8RR 187 S Bep2 cells
' eCOVeyplbictogbhbeRFRerbimad ieahict! ok b bk astelpofits BhRRRIBhEe (< 15

buffered saline. The average recovery rate is > 94% [0039] Fig. 1
shows &hdhnerow|indicatist hemeintphgdoks blaod contaating vithoiceosisveseemlaapg. e of

rat,» 30 (M I f L ne ' I

(v?gi el g gsﬁglébysr%diﬁany#g%e ﬁ“?é&%ﬁ@%ﬁ"ﬁ%@ 0204 100
f 1 uor egelty) epikedragb sl SABA Wholk bioddarmpiy. The hvdrdgesrethiexpgoanis >agq3gar i ng
bright) and pore array (the background honeyconh struct ure_}. W
2010/ 1099399 pcFigs® shayysoeapivrg od spiked HepG2 tumor cells on glass capillary microsieve

membrane. (a) Bright field image. (b) Fluorescence image of HepG2 cells (bright dots). (c)

Fluorescence image with cell nucleus stained with DAPI (bright dots). (d) Merge of
25  fluorescence images showing the boundary of HepG2 and pore array (the background

honeycomb structure). '

[0038] Fig. 10 shows another diagram illustrating the recovery rate of HepG2 (5-200

cells/mi) diluted in 1x phosphate buffered saline. The average recovery rate is > 94%.

[0039]  Fig. 11 shows another fluorescence image of a filtrated whole blood sample of rat
30  with lung cancer. (A) Nucleus of CTCs stained with DAPI (visible bright spots in the image).

(B) Merge of bright field and fluorescence images showing the boundary of CTCs (hexagons

appearing bright) and pore array (the background honeycomb structure).



[0040]Fig. 12 illustrates the operation principle of isolating cells,

such as owbeuloalorsg tunmor cells (CTCs) enrichnment usingparRicss9mbAEe
conprised in a cell separation device described herein. [0041]Fig. 13

shows different applications including the cell separation devices
descri bed 5herein. [0042]Fig. 14 illustrates the fabrication process
for a mcrosieve used in a cell separation device described herein.
DETAI L E@940F SCRig 11 200 s atestheRESENT IpRvENi oRisolaingocedis] such a5 ¢ireudating

aspect .t he prges knvention refers to a device.for. se ating cells
of o oLt BB GGy ReREha 3t mlcthfn Bt eeliise R dn 3 B Siohcdeyee
an i nl gescmbedhé&eih. having an inlet 14; an outlet nodule 3 having an
outlet 35; an_internediate nodul e 2 hayi n%_a t hrough-hole 21 and
bei ng &0 gedipddwbews diféereni|applications iacndingdhe kel srparasion g ag¢sedegeribed
and5a 'I%llrnosi eve 6 having mcropores for retaining cells of a defined
Si ze. € conponents of the 15 device can be designed so that the
inlet [oshae Figtladllhstiesthe fdricationtprocesd forndlntifiosiovs bl impdell eeparaiod
renovably and flujdly connected to each other. Furthernore, the

m cr osHeviee dessEbedeerdipr anged bet ween the intermedi ate nodul e 2 and
the outlet nodule 3. The outlet nodule 3 can be adapted to exert a
negative pressure at the outlet thereof A channel which is fornmed by
each of the porBETHILETEDESORIPTHON OF THE PRESENTINVENTIOMS a

l ength 604 of at 20 |least 50 p.mor ip other worgs. th ore length is -
abb0t K04 o I Sk FPRHeE JEBER BVEELTG 12 RelSicerian KR e ST 0t &
a flui dbgndd $% £#OAH daliPle. iR el e ThMblidds drRoh&ss ©P A ik1bAASIAE 1 hBvink e
blood flowin arteriolés. [0044] An exenplary enbodi nent of such a
devi ceinlet 14; o sutlettradiled baxiagphoutlet 35; gonatermediate mnodites2 basting a through-

separation,device.shown in,detail  Fi. es tqQ 4 ri.ses an.inlet
o ahof"a G TR B hest 1EE e st Shedug, It Bl Fustite 3 ha
three diiflosieeht havklg! BirdparesTor evanRgiells bp a Aefilediibe TheQotpoheritd 6f the
fluid flows in a vertical stralééht l1ne starting fromthe inlet

molilil e dgvigeean be designed pol thet the dlptemgdyln do thinintermediatq medige 2anddhe outlet
o)<y AR5 300 Y SO LTS RSS Wi
2 and 3ambe artahgettYetaleon ghd intemtddiad neodute Rhamugle dhiet eeldiles®paliabitet
R O ST A W SENE T EN TR T
L RS o0 AT ik P e ot o
20  least 50 pm or in other words the pore length is about at least 50 um. The specific length of
these channels provides a fluidic flow condition that is similar to the conditions of in vive
blood flow in arterioles.
[0044]  An exemplary embodiment of such a device is illustrated for example in Figures 1
to 4. The cell separation device shown in detail Figures 1 to 4 comprises an inlet module 1,
25 and intermediate module 2 and an outlet module 3. The three different modules can be
connected to each other so that the fluid flows in a vertical straight iine starting from the inlet
module 1 down to the outlet module 3 through the cell separation device. Avoiding turns and
horizontal flow decreases the flow resistance. Thus, the openings 11, 21, 35 of the different
moduleé 1, 2 and 3 are aligned along a vertical axis through the cell separation device when
30 assembled.
[0045] Thus, a liquid sample flows through the opening 11 of the inlet 14 into through the

inlet module 1 to the intermediate module 2. From the intermediate module 2 the liquid flows



t hrough the opening 21 of the internediate nodule 2 through a

m cr osi ewso@o(omor3eshown in Figures 1 to 4). After the | pguisd2819/000104
filtered through the mcrosieve the filtered liquid exits the cell
separation device through the outlet 35 of the outlet nodule 3.

[ 0046] To further increase the flow rat'e through the cell separation
device shown in 5 Figures 1 to 4, the inlet nodule 1 can conprise a
pr ot r uSliroughi Bevipeningid of the intemediate madle  ghronghee migrosieye ehsfmmnttig

21 of - FRees Pl i o B ek IR o PR e A B Sne

sur f ac gelpsepuRion Aevicd tRbedir the betlet BSQT thd Sutket ApduRimrt before it, i.e.
about 0.5 to 1.5 mm above the surface of the internedi ate m)dule

ar ound[Q046] opdni fagthen increase ghofloysiran thiovigh she tegll separatiprdevics Shpwa in
10 §lo f.r . .
apr bt T Bk iRl ol ko edhmire ol P ARG TR Fisfon afme

13 canihé& Heindeskick abuts aﬂ-th'&a@uﬂf@cemﬂ’ch@ tntaete&immmaﬁutz aotuid therthtough-hole
[0047] To further avoid that the liquid sanple spreads out, the

i nt er melckthe intsguediate rapdyle . The prosapign sitherp g surdags axpand félertlyptl&te
a coney I f 5 r
t he cen@?gﬁpgllﬁt&%% %P?gﬁoégétf"t}eh@bh{ﬁe i%ogg'soﬁaggkagyﬁég%g hat
t he S uirfteraediite mvadulensrenind dleabpaenmgj ) | eTlﬁea pratruaiosl avpédssthat thenlgqid eample
er | eyel he. qute er, of e cone of the interned ate
il e flo o dhe e B’t/ Fépfe artamogater& spragls oufy livgdrnep diampter
i nter nsﬁtretog,efm Y1&%£3hé he%aohqwaﬂ%e%ﬁ”é‘eﬁ%w 11d P ffm btﬂeet%e?about 2
conprising th hrough-hol e 21 at an angl e of | east 5 or between
about ® ¢om20. This neans for the 20 dinmensions of the protrusion 13

that t i f.th trysion.13 is ad d t ffi t
| ongt Q4 ot o fangs yol &k B RBid farhds 3hRRRE Sus e lnelbla Bboyig 2 of
sur f acgheOkell BgpasAitn d6vastNdarl BRot dnEB-hebfe dhapel HOAGIelUshdpe 20 with the

intermediate nodule 2 with a cone al so avoi ds that the |iquid flow ng

t htougthresgh-ude 28 dompng thesceptral pomtad the cone o fumngli A eene like shppg mpens that
d
G avi ¢ 18 B8 b B SRRt &l Wi Honfl (s LR ERY igHBOYA o el hter

devi cebodter omnec?h:aﬁehﬁfntéthdia&t Iﬁbdgﬁd t?.abeanatemd lewketitevbled cex]'ftﬁib bemt.t’lrhe
practltloner topacet e | ce under a Cro peater,

renovi AyTacRefthe leterwe@ateémﬁtez floggs f@mdscth% '% ﬁtf Goge comprsipg the
shape atm RHE {4t s dagte.f?f;ratq;ea%@% Hetw &l aouP§€to bee.t 'Tﬁ}s%%sfbleth%

carrying the separate ter filtering for imaging of those
cel0 s. dithensi¥is wf thegabtrusion 33 dhat dirglghti af dbe plptmabnw&lh edaﬂwdoto@sdfﬁlent

21 of e.in i at.e dul 049 he |ev n
arr angkﬁ’gg’e%\g‘@% gmﬁﬁﬂt[ilggtsé’]r ﬁﬁﬂ tltét HItACE Og%h é‘e around
M cr osMBrdRghdBld®L. arranged directly at the surface of the outlet

nodul e 3 or WD 2010/ 107399PCT/ SG2010/ 000104 8 within a recess 31
whi ch [@048Hapiising an inferseediate myidoleod ivdthea cPiv glsotayeiddethaththa diquichBowing

maxi mal, dent e.r r.e. £

T el Bl G5k 6e850 He CRBATAR M b UGl BHOBAENE e
mags mahof€iofhthe Qhtetnhdlidte Ghehile 2eviat Qaﬁtdn@n/ dridfori the euemdt &iree 6 AU Rudm
with the cone 22 to fit tlghtly onto the outlet nodule 3.

i |1 ust ppelied ton the gayige.3Ths cgne shape 19E thefatepme lahernpﬂ'elerMPrateeables the
nodul e IsG

out 1 et PRRsHPad S0 BeE A R GRE Pt it Cobcis FlRine B EmbARe The
t he redassontlcanfbel dilapredtitb it theoshabe oB an Dbjestivé bfa nﬁcmscbpalo @kt ¢lbeer to the
outl et nodu] e 3 can be adapted, to _houyse the m %GOSI eve wel |

the exPHAOSENe 2erying Hie seraeated dells efiep difeing] 5@'}@%% Pﬁfsf%uﬁe "The

CaRly Cogingtlo§f3evé‘ﬁ eﬂ‘f t a‘:ﬁ% éfglblelo% q;%rtﬁ%u SHRPA" FShftdreliaRemddlte 2.

deScri I n nore | ow. opores can cover the ent| re
[0049] The microsieve 6 can be arranged between intermediate module 2 and outlet

module 3. The microsieve 6 can be arranged directly at the surface of the outlet module 3 or



15 passing through the through-hole 21 of the internediate nodul e 2,
the tip ovokbmeene 22 with the through-hole 21 can abupc@,rscg{hmmlm
abut the surface of the mcrosieve to define the filtration area 61.
Thus, irrespective of the size of theé(;ncrom eve, the filtration area
i s self-defined by the size of the thr'bugh-hole 21. In one

enbodi nent, the naxinal dinension of the through-hole is between
about Ovithin & Tec@ssHi whithep adapted terhionst tie microsinee. filwb,ith¢ defithrand thermagmal

of the hoIe bet b, 1to 5 he di anet er of,.t he

Cone. 5 SeBh Gie Mkl bR APEhAABEE AR be bR b e Siso B FheS L b
but camrvad gpex¢ecdedpbi thah dOMagione ReighCoOhe hilerosées, ab hllswake RiertnBBiate
i nternedi ate nodul e. The through-hole 21 of the m crosi eve 6 can have

any shapedulg 3 vaticthe canp 22 te Iﬁétlgh%bénfpsih‘t petles magsulerd. As dipstated én Figure 3,
ol o duf g 48 BT 08 e SAMSGRR nodule 7R LMFuRgRR Ffenoifh 28 {RlstEhofyges

can covéwardfthrlcuflepinotialevie Hmle &lﬁﬂ:ﬂmoﬂ ok prolﬁ@loﬁlm%an@lsottﬂhmeéﬂ alheteckss
to 50 m2, or between about I n one enbodi nent the size

of t he Hwfdegmmtiebmodyle 3.4 h%db? r%sﬁi'eof tre, gutdgt ;podyde 3 gan be adapiad;te fouse
area 6 the liquid
sanpl e%llljés:lg]g: @%%%ﬁ% ‘?ﬂg%o%tg legt:eﬂg tb ﬂgfgﬁ]{'@ﬁn&ﬂ%}g@dg%n be arranged
within [t)(bﬁa‘J]ceﬂmermm&omm cecesmpnse 36 afay dfheell emtlered ahickdp@rescaesdll be
As illustrated in eoutlet 35 is arranged at the center
of lbhetéf’%’g% ”H'F‘PB?c‘iqg%} ﬁ‘éPH Fﬁ@‘?‘PP?fP%l‘fﬁ}“oﬁ?"ﬁrr‘éﬁ egHreduicrasiaye gy oxlye part
throughndieireTRE efbctivaerilt sreslicdtie dBRskY By theike of the, through-hole 2 of the
2010/ 107399PCT/ SG2010/ 000104 9 [0052] The outl et nodule can furt

conpr i setemmedinté frioglule3 Thk, bk intcroediate anedvlle 2 twitha theesdine eshapd arid éme:eut:al
anegatlve [ eSS a vacuum at .t he outl et f e _out

modu o CPHIBE 1R Bafem ifing i Bt d WsRtiecS defnk Be el Beadi ot
force tarfidel dfethe infi€rdsieftd] To 2@67dl Baf MSURIA §ireas bvieh teCltire SEBRERYE Bffer
device. The orifice or connector 32 can be arranged 5at the side wall

of 18 he passinedhravgh thethroyghsigle 34 of thedplermpediatpan etbe tip opthezope A2 with

} ndi vi %@} é(ugg%%‘i§ s tC&”alﬂHst ?@%etpé 'yﬁrtﬁ %sﬁé {§ rdSﬁxlfxe the
orns as on as can e connecC (6] eac her

of t he filirgjionchreadhl 'Ehush irespbetivieeofabe kize eﬁﬂmaﬂmwl&y theefiltritions aréalie self-

nodul es, 1, , are fl.ui dtoe ot her ustrate
in Fi glﬁlpé%ed%&fge&wﬁﬁé t%‘%@%%@?f&ﬂ%ﬁﬁﬂpﬂ%e mgat, fh elzaxlglahémie@swaageﬁe
The s haﬂ%ugﬂmgew&ta@mgg?tﬁm 9 10199 B, (ELTRRY 'ehf%dmiféa@ tﬁ@eﬁﬁlﬂl d &{sabn

nodul e of the separation device or at |€east e out
moddl e of tharhhrbaglahalpt sdbetwebre aboutnédpablmmt Tha diametai wérthe n:omhaahoﬁ tte

| d, h h Lhe d | | ted. [005
Ther ef GPETARE BRERE 2 B0\ Treo N Ren S 1 Do 0 Bt BCEAR Lhaianigh g qanee
whi ch 'd%{;@ﬂﬁfgt 8 the dx@rﬂp@ﬁe%iameenﬁ@nﬁdﬁwmaﬁr TheOthrSughHIE 21t HE the

side wall can conprise threads on 15 the inside which allows it to
screw trwemér@w 6s@pahaéae|@a thape.cla ang exappin tershepe syl shepeof p squareor a

trif
connect el IF ahE: EnfoqisHiChek e sl dP ot ¢ Fs " Fredodppof e
sepsr atsizenthdayiece me mmgmhaw:sl véri boveer ath iagdat dfyber@esti Atshud el 100 Hin? Cor
[ 0055] The nodul es 3 of the cell separatipn device can be

connecthsiveen abaktnl Ootloh@r mpY, OF betwsemakoub 7 4o 28 mmadp onp gmbaAinesat Heesize of
protru
Cepar athdree 91 3) Aol THE SR rnticn, arta¥t LAiEEHE agapted
opposi tcbp&dd@omﬂhetvbmrmesﬁthehquﬂ semgle wed., i 3 and pLow de openlhngs
205, 206 or insertin i xation ans kno e art,_such as
screws.l %13 ecwtlats?ﬁ@l d?‘g‘élﬁﬁ mgdulesan e arangsd w@%lﬁsth? RenteRfithe gecess or
c
ol ??fmﬂ‘%éa}‘é‘é%f‘é‘é?. R ISR 8 e MHBENIN8 ) ira iR APHe dbter of
the recess directly below the filtration area 61 defined by the through-hole 21 of the

intermediate module.



(e.g. 12, 23) running around the outer perineter of the nodules 1, 2,

3. Water wepsiderii sol ation materials can be fit into phesE2§10R0MHES
to provide a water tight closure when the nodules 1, 2, 3 are

assenbl ed. Such an isolation nmateri al gan be any avail able material,
such 30 as a polynmer o-ring or gasket.” [0057] A further enbodi nent of
a cell separation device is illustrated in Figure 5. The cell

separ at[ﬁ ldeviheeovytlet guadule ean fusther gompriss ap9piice 83 which iy eenneglgblectos
havi | 7.399P |
modul s GlisiEth SlensinoRERKSHI TR SobafRO MY QDS of theflnebhngaue.

t hr oughdliag %Al vactiom tonther omlit at@lui® duprevidesralye Baviagrforged iedrwaeniquid
the inlet nodule 4 and the outlet nodule 8. The device can further

conpr i semalenfagtendrengs the Aell sargration dspiseeThy fiearoRNGHPrcR2) 48 bangnged
defpe%mei%d%‘%@?gf%%gﬁét Saffe.Can be arranged between the inlet

nodul e 4 a intermedi ate nodule 7. Furthernopre, the inlet
nodul e [8053]he Thetshepe oftbeinedles A2, X dad tierihéividadilybdapteid They danadllchave the

bl d fluyidl ted t h ot her. [0058 h th [
e et aR oF (il OB Forions s Mg cin B canictid icerts by bGP flow
ar r angef tRefifsa Rahpr thithgh tHOMN LpdrafbA dbdige.| ’fﬁuﬁ,r 118 Phfufes 0 BUS Gre’ %uiﬁly

filtration area 61 can be defined by a spacer that can be arrange
bet weerconmdotad towdch ethdr. Asdllustatadsindigurés 1 fnd dasmitarGhape offhemodilss 1, 2, 3

conprised | e.cell separation vi ce sho Ih Fjigure. 5, the

£ D it Bpndy LAE 3B coiBBF hEnEe SR oC PR Thsshiifetexprimotblo s 217
cont actef thd)eelNiephratibeuevibelor dthlBast McLduthi modllc Y B adapitiGdbe tH@ARBtable
which allows varying the size of the opening of the inlet facing the

i o1 ositeaeontainer hxehioh the 1iavirh vhigepaseesl Srmushibedeyiersiscollgted s he f i r st
i t hewi . L i i | d )
P o "ereRlsfle fle SRR SHRARL Gah Coblficy) AR 88, Wyt 8 Hfich is

m cr osiadusted to vé cannvetabla to dhkonwimeeiod exampleatheaidetw s b cancbngRBvithtgads on
woul.d then define the size of the filtration area 61 at the surface
of 18he the Bsisevayeh aljoyrsibionicesy Hicstellpsprrpon devise 19)akontaingsysueh aga tlask or

2ok SRS gk A 0o D LS ot
thread which would allow fitting the cell separation device on containers with a slightly
varying opening size.
[0055] The modules 1, 2, 3 of the cell separation device can be connected to each other
20  via connectors 201, 202, 203 which are protruding from the side wall of the modules 1, 2, 3
of the cell separation device. The connectors 201, 202, 203 can be arranged at opposite sides
of the respective module 1, 2, 3 and provide openings 205, 206, 207 for inserting fixation
means known in the art, such as screws. Instead of using openings for fixation means the
modules 1, 2, 3 can also be connected to each other using snap-fit connectors catch the
25  respective underlying module.
[0056] To ensure a water-tight sealing, the modules 1, 2, 3 can further provide trenches
(e.g. 12, 23) running around the outer perimeter of the modules 1, 2, 3. Water repellent
isolation materials can be fit into those trenches to provide a water tight closure when the
moduleé 1, 2, 3 are assembled. Such an isolation material can be any available material, such
30  as a polymer o-ring or gasket.
[0057] A further embodiment of a cell separation device is illustrated in Figure 5. The cell

separation device illustrated in Figure 5 comprises an inlet module 4 having an inlet 41, an



m crosi eve would define the filtration area on the mcrosieve 6. As
nment i onedyabeugo7isbe 20 m cropores conprised in the n1cp@@5g3@m@@ﬁm4
exceed the filtration area and in one enbodi nent extend about the
entire size of the mcrosieve 6. [0062& The spacer 5 can have a size
and shape which equals the size and the shape of the inlet nodule
and/or t e I nternedi ate nodul e, |1 n anot her enbodi nent, .the spacer 5

can hapstlst mpdule $hpvingaveoutict éﬁ%%r@e@?@m meduled kaving:h Heugirhqle d1.
M Cr OSiekCinfitmediife fHoffieOf nu;ﬁp e@egﬁma@h,ﬁ& Bfodiifeh 'asg ﬁlp%ﬂtlﬁt
t he size o € m Ccrosieve ong a provi an openin

def i nesnaduie 81 The devicacanfitthentomjpdsesal nﬁaoaeoé 6tHaeing mmqmeasefoﬁ retdinéng

k t d b d f fl bl |
ot er | SFTHORACTIRIE. TR miGRBve 6 Reh Bp SEERAIGIEPAbE SHEhmes fand fre
fil§rafieindife t}HBduﬁESP M\éhﬁﬁrea thd Gk nidddfd 4S8R LiGet LBGGL!8) the

reference to Figure 5, the cell Separation device conprises an'in
modul elmemdmwn‘mduhm‘! e rafioaably ambtﬂmdbrrmtnﬁmm tasach otherly descri bed

for th in Figures 1.to. 4.
e 1 nieS¥17" JHRtLltRn dn Yo B baci B dERed R daniag 1t sy Be s is
of the airph@dd HERFEEhShIe mbaule NRAGHS Mt iAe hidéluled7 s@mt@a@mm 616¢dn
WO 2010/ 107399PCT/ SG2010/ 000104 11 separation device shown in Figure
5 can badefiesd lmoarppaosethat steébﬁiwaemrdﬂmw endmigrasieve 6. In case
desgri e ri.s d an

V\high ?gﬁ{)%% $ on pc?r?% g e%@ﬂg EP6S %lc%el%o arhﬁ1 ﬁurt e}t?tlﬁg %‘}‘Hsaglnbg
out | et defkd By the opehingRidifake filét 410MUCH eBiitacts EhedmidoFiBRCGY, 'I‘ﬁe(ijnlet 41 can
m crosi eve, are attached to _each other in a renmovably manner

they cBAv®a copisal shapeyugh alows yarveng theonzrpf fher opsningef theanlet facmg the
di Sassﬁﬂplloéle%. ﬁlh:gséjgfvé 'f@ Erthls Wcouﬂfaﬁleﬁr? g’( t 82 Frsfd eﬁir (ﬁiﬂaé Hﬁ}et 41
the cerl 3e op ﬁ e

modul es "and conponents o0 separati on devi ces
her ei ncoarectzbleportha liquit spurdce xelirgep tiesncthe didneter ofithdsscold/ opening of the inlet

a i.ng .a devi ce made of one_si ce or, two or three
éi%' BB er it el;bsdij Hugiebofs ToRngdegeondopsingrvould then

[0063] dEﬁn@&E@&'&%@tﬁ@ﬁlﬁﬁﬁ&h%B@i at fhe SufPRIIVFAR RidBARARY as il lustrated
in Figure 5, the nodul es can conprise openi ngs 301 302, 303 for

i nsert (PRFA i xaﬁlﬁoﬂemadlsle 4s:1a13 hlsas:ompnews pootrysiomsl3 liee the nnltmOcﬂée/l oéthe

il lustrat.ed n can o fo art of
Lonnec PEPES it el ntiepse &, it 41 BF By SR B hsii &L 8 Protyb i the
al t er naditiosievé hﬂ)uw)deﬂxfle mmﬁmm @rdahén ERPLRSHEE b. Oﬁﬁﬁﬁ@ﬁloﬂécﬁabove the
openlngs 301 which are integrated in the nodule 15itself can al so be

usé@ i FieIeEoEsSOMPHESS Inithe migrogeveran ¢xsged the Sltmtipp azea and in one embodiment

extend about the entire size of the microsieve 6.

[0060] The spacer S can have a size and shape which equals the size and the shape of the
inlet module and/or the intermediate module. In another embodiment, the spacer 5 can have a
size and shape which equals the size and the shape of the microsieve 61. The size of the
25  spacer 5 can also be smaller than the size of the microsieve as long as it provides an opening
51 which defines a filtration area 61 at the surface of the microsieve 6. The spacer can be a
gasket and can be made of a flexible polymeric material known in the art. Thus, the spacer
would not only define the filtration are but also provide a liquid tight sealing,
[0061] With reference to Figure 5, the cell separation device comprises an inlet module 4
30 which can be of any shape and form as already described for the inlet module 1 of the
embodiment shown in Figures 1 to 4. The inlet 41 can extend into a connector extending

towards the side of the inlet module which is connectable to a liquid source. The cell



[ 0064] The cell separation devices described herein can further

conpri se woio/mnews whi ch ensure a defined orientati onpef/sche0/000104
nodules 4, 7, 8 relative to each other in the assenble state.
Therefore, the nmodul es can conprise regeiving openings 400, 402 for
receiving the positioners 401, 403 which fit into the receiving
openin%s 400, 402. The 20 positjonefrs can haye any shape as ] ong as
they alPRARFUAR: dRVHReGOPRD; REREe Joauluathgr coppmsea srager 2 apd grpicrosieve 6 as
i nt er gt atLrippglul e 7 together in a specific orientation. In one
enbodi ment, the positioners 401, 403 have a done-shape while the

r ecei vi[0@p2dpeFurther cddpris¢d 2an be en ittermediatempduid i7Tnghish apetadto on enekide the

t he donme- shape sitj,oners 4Q1, 403, Th ostioners. are al so

desi gné’bw'foﬁllseggl ‘g‘ it tﬂen_ ?rhﬂg? Hhecpile Fﬁ’?@%@d‘%ﬁémﬁ%‘ﬁ aél_drﬁ%?ﬁ?ge%e&g-
stage fspicef QAP fiérBSieve Sark WA BNAcK BHRE tih ArembPE61P WdrdnkP L thedf cahNfe
internedi ate nodul e 7 can thus ensure that the I nternedi ate noddle 7

i s posieasibynssgaratedafyemi gach lnsheror assemblyr andhdisassembibt eftthieatevibey However, if
h i ' ' | t - def |

o on. * Ta8rdd SPE GORT of I AREMES pad Bt e s B bl spAPRRRiOBH Sy d Bfiabea

inl et mei eantbe rrnheintiyoRbdeo Sacknether) eREFDY et fAmReHd s devidPmh&O6Bdne

Furtherpore, like the outlet nodule 3 in the enbodi nent shown in

Fi gur e§inglepiece orfve of Hirep didterent piasetiwhish are then fiweds Faciasraburd, together.

il hystr [ ' gggq;i ess. 7.2 whi [ dapt ed .t
hohge g?q(ﬁir ?%gﬁa?;nﬂé(?ggieg\;&pe % al onaZFecr)l?o v{aﬁl(eé I?ln‘si%l}eésaiselyg% e:{lngl ? f%‘re 5, the

opt i onatoduld®cad ddhPifseIgRRIEES SCRAMY, S0 fdd 4nskRipeibn mdag sutless scldv or
characteristics of _the recess_ 72 are the sane as for the recess 31 in

the ouPMst Avdatuthe devage tivstrated iin &1gureyd e £ dpse Prepigas gan ajsg farm part of
[ 0066] rd . I - 74 ¢ hro j.C

1t of SO RSiony ERehCs (BORDORE ol bR Hioalitg % 7 4, P Bindilel hud Moy of
t owar dsonreeting theetongtnehtst fegethert viat oprodgs 801 Svidch A integyated e the module
pressure .or suction force, ich ¢ e gpplied to the outlet of the
out? et ltﬁ?}gfﬁnealfm%?utsﬁg o) efqni%dﬁegﬁqsﬁétegdﬁkgr%@ , drives the

li qui d[goeap! e Ther@UISephhfioncidvisPddsalibedonae 6/ AliMeert EnfpEl- Mrttenbd
can have the sane size as the filtration area 61 or can be larger in
si ze andidhamsyscacirfingd aricntation efhthef npdules #ord, 8r relative. toTeash other in the

t hr ough- i tioned | irect |i Li.h. the openi
the in Sésjtgﬂ’#%dgﬁa%; b@beg%é#e (ﬁP’P %Pg‘gggt%ga"r?ﬁ{l’fggf‘%??‘ﬁi Speliines’ 484 o‘ﬁﬁt for
M Cr oSkeveviny tizapodiorirs A0 d0RNyMbIefRt iatos theateckivings Updraass 960,1402. The

internediate nodule 7. If present, the through-hqle can_be arranged

soARWh@PBUGRTHFR DR aeahasmS oea Bythexallew ciaching thy indgtrmedule 4, outlet
arrang : : . i .

Sener SR 4 s S RA0L RIS TR RSpl Y SHARRET U o et
caused thd pastimnkisci®ild 40 batoa bme-shapruwhile therrecciving opersingsa4@k db2ihave the

di stance al ong a .horizontal plane i stgad .af 15 t.raight vertical
pat h.  COBBPPIGREsARe S Fesaivshe figmerkapsd pasiipesss Anp 903 Phennstifrere apialso
separ algegpnedefor Gelfigduldiss el ﬁﬁmﬁbidtha Eiﬁdguﬁ: ?1 QnPE nRERSERe WMIRS fo? consistent

m croscope for imaging cells isolated by the mcrosieve 6.7 Fo
nekd heimaging apdideeciiont Rbe positiondre véthe intsrmediate spivds 7 Sar( thius pnesetita) the

need toQ tbe erdertmveg. | The cel.k.s I ted.a%Ih t he surface %f th . .
i or oSS EAA fodiledf ds pgvtidned ANVS i fhe, e mapicr uder & defection device,
M cr 0SisgdtLasba ﬁﬂﬁo%ﬁ@ﬂ@' ShEEEE Mhadim ATvayPSechfel - Aefihed ﬂea.?ﬂwlg[%d@aio'é&rs

of the spacer 5. O her than in the enbodiment illustrated gures
1 to 4caphe giranged phihe onteg ipariaetns ofi the inlsbmodels 4peuties mndute Siand ipteamediate
under ?,ﬂaaﬁiofer;})scope. For m croscopic analysis the thickness of the
internediate nodule 7 is selected to be thin enough to be easily

ar pang¢adnsg oFuithantirédikethe blifletthedids 8 o thetiniliti¥ntWheeh idFigures 1 to 4,

obj ecti ve.
the intermediate module 7 in the embodiment illustrated in Figure 5 can comprise a recess 72

which is adapted to house either the microsieve 6 alone or the microsieve 6 and the optional



25 [0068] The outlet nodule 8 may conprise a protrusion (not shown in
Fi gure S5)wobhbmmor®ea continuation of the outlet 36 towapdsstbfo000104
internedi ate nmodule 7. Thus, this protrusion would be dinmensioned to
fit into the through-hole of the inte[rlﬁnadi ate nodul e. The protrusion
woul d abut the wall of the through-hole 71 and can ensure that fluid

ot SpRBE® PO LR SErscrslotich hearonn TR e WOorHsPeEsy S e

out | et oiRkshgfe 360 HR%eviLl eI Waletn Hintd 1 08 oUt] et modul e 8 can

extend through the entire body of the outlet nodule but can al so | ead

to a cheddsdr Thewiecesh T2oromppsesta dirougiehaet TlethrowghuwhichTihe fiNgped sample
2010/ 107399RCT/,SG2010/,000104 13 chanb 3 ' t [ fi .
51 of - CYECLAIRRAY DRI PEOUER e TESAGET CEAR UG G OLrapa e ol otule

enbodi geMthe ﬂe@ﬁiv‘éﬁ%@&@fs &’ _sﬂo‘ﬁoﬁ%f&,e%l&l EdnOvd 12d 30 36E olilet{dftthé RAtet
outlet nmodule 8 to a contai ner connectable to the outl et nodul e 8,

such agneiuld sigkthgorifice Bt efithedovtiet modihe | drivien th awid sagiplesticpugh the cell

hamb | i i h nhodi f £he. 5 devj
TR Nl RE AR WP SR b B D AR 5:cn
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[0069] The outlet 36 of the outlet module 8 can extend through the entire body of the

outlet module but can also lead to a chamber 37 which forms part of the outlet module. The
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*2 Vel odiet p&ieenryiag e microsieie 6 With kb paee size adapted to filter a cell or component of

specific size out of the liquid sample. In case multiple microsieves are used, the first

microsieve would comprise the largest pore size while the pore size narrows down with every
20 following intermediate module carrying a microsieve. With respect to the embodiment
illustrated in Figures 1 to 4, additional intermediate modules 2 and outlet modules 3 might
need to be included. To minimize the overall size of the device the addition outlet modules
could be provided with an orifice 32 and side wall 33. Also, the outlet 35 of the outlet module
could extend into a protrusion like the protrusion 13 of the inlet module to abut or almost
25  abut the surface of the following intermediate module around the opening 21.
[0072] In general, an intermediate module 2, 7 can have a thickﬂess of between about 1 to
5 mm and is thus considerable thinner than the thickness of the inlet module 1, 4 and the
outlet module 3, 8. The dimensions of the different components of the devices for separating
cells caﬂ be freely adapted to the necessary application, i.e. there are no specific limits. In one
30 embodiment, the maxima! dimension of an inlet module, outlet module and intermediate
module in the horizontal difection is between about 2 to 8 cm or between about 2 to 5 cm.

The maximal thickness of the devices for separating cells can be between about 5 to 15 cm.
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[0073] In general, the microsieves used herein work according to the principal illustrated
in Figure-12. A microsieve comprises micropores 603 having a size adapted to separate cells
607 of a defined size, such as circulating tumor cells (CTCs) from a liquid sample, such as
whole blood. While the cells are retained at the surface of the microsieve, other components
pass through the filter. The microsieve can have a filtration region which is defined by the
size of the filtration area and the length of the channels formed by each pore. The channels
formed by the pores in the microsieve are illustrated exemplarily in Figure 6 (B). The length
of the pores can be the same or shorter than the overall thickness of the microsieve as
llustrated for example in Figure 12. The thickness of the microsieve can be between about 50
um to about 1000 pm or about 150 pm. In contrast, the length of the pores, i.e. the pore
channel length can be between about 50 pm to about 250 pm or between about 50 um to
about 150 pm. In one embodiment the thickness is at least 50 pm or at least 100 um or at
least 150 pm. The length of the channel 604 formed By the micropores through the
microsieve 6 has a length of at least 50 pm. The specific length of these channels provides a
fluidic flow condition that is close to the conditions of in vivo blood flow in arterioles. In
addition, the viscosity of blood inside a channel further depends on the pore diameter 604,
which has a minimum around channel diameter of 10 pm. The combination of these effects
provides a high extraction efficiency. Known microsieves combine vacuum force or pressure
and microsieve dimensions (pore diameter, channel length) randomly and thus do not achieve
this effect,

[0074]  For example, the following Table 1 illustrates the fluidic parameters which were
obtained using any of the devices desribed herein for filtering a fluidic sample, in this
example whole blood for separating cells dispersed in the whole blood sample.

Table 1: Calculated fluidic parameters of microsieve filtration.

Microsieve Initial flow rate Velocity Shearrate Re
diameter (mm) (Q; ml/min)  (Vp mm/s) (1 s7)

5 2.49 3.35 335 0.009

5% 2.64 3.55 355 0.010
4 2.38 5.01 501 0.014
3 1.98 7.41 741 0.021
2

1.16 9.26 976 0.028

Notation: Re is the Renolds number, Re = p¥,,a/u;, where ¥, is the velocity, u#,= 3.8 cps is
the bluk viscosity of blood at 45% hematocrit, p=1060 Kg/m® is the blood density and a is
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dianeter (10 gm. V', = 143, where is the initial volume flow
rate at, the point of bl qod co ctin ith mcrosieve, Ais the |
ronor athé BireBraniber 1 o Vs Al muree 15 vl tnane fpwanert i povat of
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filtratpoorsitsimath Hpinl pose diafeter fand d 2.qum pitclofr t K dlis theistlearaatpl e t hr ough
any of the devices described herein. [0075] The maxi nmal hori zontal
extension of the mcrosieve or in case of a round m crosieve the

di apet F withed of Hep@n cBigs bet ween about 1 nmto about 3 cmor about

1.5 cm,, 10 The m cropores can be spaced apart fromeach other ina
uni f or m Maerogieye diameter (may reFrsioathedijtrateon anga avadlable foo filteatiompifethe liquid

illustr ' I gur A). and 6..(G).. I.n such a uniformpore matrix
t he mf?‘#ﬁﬁtwggﬂé%%gﬁt?‘g%‘%ﬁ%s ffﬁs%l?%’g&}eéelf"o anot her micropore can be
bet weerfogisgut TheJiakinlDgdHizoaR0 éxensioh 6P eheHhiREsiERator fhRadd 8F aN¢Sund
I s about, 12 pm_As already nentioned, the pore size depends on the

cel | t avipposieys therdigmeten theegedrean bethetwegnzaboyt 1 mys ta sbavit & reoper ehout 4.5 cm.
beﬁﬁ\eeﬁ‘h@%fd}op%régrgaﬂl%eaﬁ%%d g‘gpartgﬁbﬁre Hod'ﬂtler]ig 2fiform pattern, i.e. they form a

regular matrix as for example illustrated in Figure 6 (A) and 6 (C). In such a uniform pore
matrix the maximal distance from one micropore to another micropore can be between about
2 pm to about 100 pm. In one embodiment, the distance is about 12 um. As alrcady
mentioned, the pore size depends on the cell to be filtered. In general, the size of the
15  micropores is between about 2 um to about 20 um or about 10 pm.
[0076] - For example, circulating tumor cells (CTCs) which can be found in blood of
patients can have a size of between about 15 to 40 um whereas leukocytes have a size of
<10 pm. Thus, with reference to Figure 12, to extract such CTCs the pores should be big
enough 603 to let leucocytes 606 and other smaller blood components, such as erythrocytes
20 605 pass through the pores of the microsieve 6 but small enough to filter out CTCs 607.
[0077] A microsieve can be made of any material, such as glass, silica, metal mesh, and
SU-8 epoxy-based negative photoresist.
[0078] The present invention also refers to a system for cell separation. In addition to a
device described herein, such a system can comprise a container connected to the outlet
25 module of the device. As described above, the outlet module of the devices described herein
can be adapted to be connectable to such containers, such as ﬂaské. A device fitted onto the
opening of a flask is illustrated for example in Figures 13 (A) to (C). Furthermore, such a
system can also include an apparatus for exerting a negative pressure at the outlet of the
outlet ﬁodule 3, 8. A vacuum force applied can be between about 2 to 40 kPa. In one
30 embodiment, the vacuum force is about 10 kPa or 20 kPA or 30 kPA. An apparatus for

exerting a negative pressure can be for example a vacuum pump.



[0076] For exanple, circulating tunor cells (CTCs) which can be found
i n bl ood wb 2paXioeasws can have a size of between about 1PCrEG40900104
wher eas | eukocytes have a size of 10 gm Thus, with reference to
Figure 12, to extract such CTCs the p(??es shoul d be big enough 603 to
| et | eucocytes 606 and ot her smaller blood conmponents, such as

Sral | QAL (Kher PRI B eecingtyde o e Tox heldingss BB Sl daetber

of any d¥Rlaffet 3k evels oAt A3dch Bid
epoxy- based eneggyl ve phot oresi stﬁ Oh%%ﬁd'ltﬁ)tegg 11Hgent °?%%°§ﬁe§ ﬂﬂplng the

r ef er s liguidatoswasdsethefoell sepdritigedevice foofurthar mctdammg)ﬂlet filtraticke speed. It might

descri bed Jherei uch. a _syste n,conp nt.ai.ner conpected to
C heC D Dbt s Sy blys Tecita 8RR, B 3RE R ES ke e frévint &
nodgl e tﬁlfougl’ﬂﬁledﬁ*iic%% agFﬁembB @eahega@ive pEe%Qur@ Qt AddRkECnb&uIS thereof,
connect abl € to such contai ners, such | asks. A device fitted onto

the opdBOHY ofFos the desicasgefered do ha@mﬁh@homﬁmr@wfnr Exaguple for IGTCAfrom

to (C 8,0 syst e cnalso i ncl ude ara for
e ] A BESIR 08 o5 S by SOV ROBRRRY ple et B 3ok 5 Wigte
A vacubladdadaadedephéctchboan] ke3 atnmaen batwieh aBoiltol .46 16HAYmin) deRade on

enbodi nent, the vacuumforce is about 10 kPa or 20 1cPA or 30 1cPA.
An appabasias of dhe eifestivenfltuating geea ok the migrosieve: fge tfar peample figire 73 For

¥t horeRie, i Faah i Holy Sl He NS Blop whih 1 2 08 TRERYRiAT0.£ 0
cont ai mqueces sehdiona sadntaai FRS hafffechwas detzrmaet esh tthe dagisiraf differeht rqund
actlvelx puNpi n he liquidto ds the ceII separat i naevicefor

Fur oL aSHn BTG SUEPEteE PbRESISEREboR 2rivghnak Speploaat biicbes
act i vely 4R +#% rhbv qrh%ﬁ:”ﬂb@dtfﬁr &ﬂﬂﬁhﬂsgﬁ S8 FfcrbAhRY ddiaR lﬁ% \ﬁ‘nﬂﬂ

It S5through the device by application of a negative pressure at the
out | et lwmﬂmvtthrWha{e(}ibsﬂlﬁpdrmIMm devices referred to herei n
d of.. ahout 94, %

hadS ot S| Treet iy SRR frRlo fiahad G ReparRtils Sl A defiRed e

bl ood ga¢h ke dmsvwmm abigiid lsainple3 FlaidPles 6f CTEs\WReRdabBitt ard bt UinidSto
m /mn, g%endl ng on the size of the effective filtration area on t he

m cr osiFspE2( sesponsblecten tiyee caicioms; MCF i respgneiklentsir dreash caicipoma; £D4
he fl
- aquacelR L6 Blvieeh St @0 el Gochts otncl BhCHat M SRted PRRAE 1 are

of dif met Bmited cucahcti tdlisak icamcen steascdlla\fiong lyded omicer Hssk, &bﬂ"swempnﬁqﬂta

2 5 mm The flow rate has_been_calibrated w th rabblt whol e bl god.
5@0@‘5‘1"!3556% leg {OF Srighrpr ‘Pﬁx?‘ﬁ%sc from, qelleculpisg anedinm. Fofuthis medind, afigaid

whi ch 358pRPAUEL Ts OwholB1¥188d): or urine, or culture medium, or lysed tissue solution is
introduced into and filtered through any of the devices described herein. After filtration, the

isolated cells can be either directly examined with optical detection devices, such as a

microscope and/or can be removed from the microsieve for further examination and
25  treatment.

[0082] This simple, low cost, and highly efficient devices and the respective methods of

using them can have implications in advancing both cancer biology research and clinical

cancer management, including the detection, diagnosis and monitoring of cancer.

[0083] | The inventions illustratively described herein may suitably be practiced in the
30 absence of any element or elements, limitation or limitations, not specifically disclosed

herein. Thus, for example, the terms “comprising”, “including”, “containing”, etc. shall be

read expansively and without limitation. Additionally, the terms and expressions employed
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of any individual nenber or jsubgrouE) of menbers of the Markush group.
EXRPERI pekernpf gramcmygieve (pore size e.g. of 10 ym in diameter with 15 pm pitch) created by an

100 or 150 pm deep silicon etch using a photoresist/oxide hard masic, and with the membrane

area of microsieve filter defined by a subsequent SFg¢-based isotropic back etch.

[0088]  Filtration area ,

[0089] * The optimal area of a microsieve filter was tested prior to use (Figure 7) with a
30 liquid flow meter (SLG1600-20, Sensirion) connected between the device and an air-vented

whole blood reservoir containing fresh rabbit whole blood (5 ml) with anticoagulant EDTA.

The flow rate variation was monitored as the microsieve filter was subjected to a vacuum
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[0093] Figure 13 (C) shows the experimental setup for isolation of CTCs in another

example. The fluidic flow of whole blood was controlled by a respiration force connected to
the integrated microsieve filter unit through a vacuum gauge (ITV2091-212BLS5, SMC
Phenumatics). The filtrated waste of whole blood sample was collected by a centrifuge tube.
30  This system is very simple compared with existing CTCs isolation methods using spare fused
pores membrane filter, antibody conjugated lab-chip devices, antibody conjugated magnetic

beads, and microfabricated parylene membrane filter. Successful CTCs isolation has been
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20 List of reference nunbers 1,4Inlet nodule 2, 7lnternedi ate nodul e
3, 8Cutl| evormotulogzsSSpacer 6M crosi eve 11, 420peni ng of i RCESG2010/000104
12, 23Trench 13Protrusion 14Inlet of inlet nodule 21Through-hol e of

i nt ernedi ate nodul e 22Cone or funnel 6 i nt er nedi at e nodul e

24Ext ensi on of internedi ate nodul e 31Recess 32Orifice 33Side wall of

out| et dul e
Lnl:?t OLP reference numbers

1,4 Inlet module
2,7 Intermediate module
3,8 Qutlet module
5 Spacer
6 Microsieve
11,42 Opening of inlet
12,23 Trench
13 Protrusion
14 Inlet of inlet module _
21 Through-hole of intermediate module
22 _ Cone or funnel of intermediate module
24 Extension of intermediate module
31 Recess
32 Orifice
33 Side wall of outlet module
35,136 QOutlet of outlet module
37,38 Chamber
41 Inlet of inlet module
51 Through-hole of spacer
61 Filtration area
71 Through-hole of intermediate module
72 Recess of intermediate module
81 Ortfice of outlet module
201, 202, 203 Connector
205, 206, 207, 301, 302,303 Opening for fastening means
400, 402 Receiving opening for positioner
401, 403 Positioner
600 Silicon wafer
- 601 Si0, layer
603 Indicator for pore diameter

604 * Indicator for length or depth of pore
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606 Leucocytes
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605Er yt hrocyt es 606Leucocytes 607C rcul ating tunor cell (@UTSG2Z210/000104
Clainms 1. A device for separating cells of a defined siz8etaivarthla January 2011
sanpl e, where the device conprises: 5 an inlet nodule having an

inlet; an outlet nodul e having an outdset; an intermnedi ate nodul e
having a through-hol e; wherein the internmediate nodule is arranged
between the inlet nodule and the out podul e; a m crosieve having

m cropores for retaining cells of a defined size and being 10arranged
bet ween the inlet- nodule and the intermedi ate nodul e; and wherein the

inlet modul e, ot heicauk) @&pﬂeﬂg %113 3pd c}cﬁﬁe(i %grér%gl a%ﬁjg?ng e %gqﬁ%e

renovably and fluidly connec to eac
formed by eacHPHs¢she ni cropores of the microsieve through the

m crosgi eve has &Jn%?%d&u&fhaﬁt?%% @ M to about 250 urn; and
| Swherein a di aneter of each the mcropores is bet ween about 2 pm

to about 20 dghm @polefmpriels hedneg Fegyiietat i ng cel I's of a defined size
froma sanpl & WRkSBdikRGHE HaGing QTR 28Re; wherein the intermediate module is

arranged between the inlet module and the outlet module;
" a microsieve having micropores for retaining cells 6f a defined size and being
10 arranged between the inlet module and the intetmediate module; and
wherein the inlet module, the outlet module, and the intermediate module are
removably and fluidly connected to each other; and
wherein a channel formed by each of the micropores of the microsieve through the
microsieve has a length of about 50 pm to about 250 um; and
15 wherein a diameter of each of the micropores is between about 2 pm to about 20 ;.tm

2. A device for separating cells of a defined size from a sample, wherein the device
comprises: |
= aninlet module having an inlet;

20 » an outlet module having an outlet;
= anintermediate module having a through-hole and being arranged between the inlet

module and the outlet module;
* amicrosieve having micropores for retaining cells of a defined size;
( . wherein the inlet module, the mtcnncdmtc module and thc outlet module sre

25 removably and fluidly connected to.each other; |
wherein the microsieve is atranged between the intermediate module and the outlet
module; and '
wherein a channel formed by each of the pores df the microsieve through. the
microsieve has a length of about 50 um to abdut 250 um; and

“30 wherein a diameter of each of the micropores is between about 2 {m to about 20 pm
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an inlet nodule having an inlet; 20 an outlet nodul e havi RCEREG25010/000104
outlet; an internmedi ate nodul e having a through-hol e afcéiesd January 2011
arranged between the inlet nodule and the outlet nodule; a

m crosi eve having m cropores for retaifing cells of a defined size;
wherein the inlet nodule, the internedirate nodul e and the outl et

modul e arg 2 I nd_ £l uidl onnected to each other; wherein
the m aos?‘evgﬁ?‘g&) éé’?clr%a%féglambgt @Eﬁﬁ'ynt ﬁi‘g "F]ﬁ'i P& SSMENEES FuetHsign (Hdch is
out | et nodul eqrraagal attier sdeofaheinbnmetulé ofpeite ty iaehd Ahekhan®phesss is

of, aboutf 50 gm¢to

the mcrosieve, thr h t mi,cr osi.eve has a | ength

about 250 um® gér{l& ng eorfgt:ﬁ?\ “ggtoﬂn r’r%tz‘gz'rp'?‘3 t°e°§8ﬁ°"g$‘° FHEroRiof thp Biamedigte
bet ween aboutm@&ulmarbundthe throwB-hginof 1i23ntBmeliaes Hainloehed fassehibildm 2,
whereisn the inlet nodule conprises a protrusion which is arranged at
the side of the inlet nodul e opposite the inlet and wherein the
protrusi oh i sThe dewise jofigkatth Grot 6f whereinithe Eﬁmaﬂatbmoadﬁﬂfaﬁdaéﬁawél&ﬁme-

t he surface i r i l. Qund_t through-hqgle of the
i nt er nedi at e%ﬁ%‘é&%n@g@g@? g}é&gﬁrﬁ %%‘re%?ge 'H%c{;feclé aB?“%Héf ?hegaog?m@,f
wherein the itht@nsedi ate nodul e has the shape of a cone and wherein
t he through-hole of the internediate nodule is arranged at the bottom
of the cone. 105.The device of claim 4, wherein the tip of the cone
i s fad€i ng-t helhedperoef dsim 4, @herfingheliniithe eine #nficingibe aficrotiededs 2 to 5,
wherein the internedi ate nodul e defines a filtering area on the
f1i crosi‘eve and wherein the size of the filtering area is defined by
‘the sizeff the deriesedrnrene obelainte? fonb.cvheselh dheintapdediae fodulhdefines a
devi ce of an¥iensy s ehidWickstefe fua MRS D S Ul O Eaeseay
~conprises a topsurface having a recess arranged in the Yop sur"lfﬁace,~y
wherein the ofithe thrpuah-8o(e phihe fteraediatemnpsulei cr osi eve, and wherein
t he ngcess conprises the outlet of the outlet nodule. 8. The device
of clai m77, \zitﬁerei.n tpe outlet in the recess of the outlet nodule is
e e device of any one of claims 2 to 6, wherein the outlet module comprises a fop
surface having a recess arranged in the top surface: wherein the recess is adapted for

holding the microsieve, and wherein' the recess comprises the outlet of the outlet

" module.
20
&. The device of claim 7, wherein the outlet in the recess of the outlet module is
positioned opposite the opening of the intermediate module.
\( 9 The device of ¢laim 8, wherein the outlet module comprises 2 side wall with an orifice,
25. wherein the orifice is positioned outside the recess and wherein the orifice is
cormectable to a device exerting a negative pressure. |
10. The device of any one of the preceding claims, whérciq a side wall of the outlet module
is connectable to a container. '
30

11, The device of any one of the preceding claims; wherein the thickness of the microsieve
is between about 50 um to about 1000. pm or about 150 pm,
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posi ti oned opposite the opening of the internediate nodul eCOSGII020/000104
device of lath 8, wherein the outlet nodul e conprises al&bcdeed\/\mlllanuaryzon
with ah orifice; 25.wherein the orifice is positioned outside the

recess and wherein the orifice is con;&getabl e to a device exerting a
negative pressure: 10. The devi ce of y one of the preceding clains,
wherein a side wall of the outlet nodule is connectable to a

container. 30 11. The device of any one of the preceding clains,

wher ei n tlBe tThecdavéssoDanyt e mif‘aha)sieeadﬁlg' claing] WHREIR IR makithall MBritdAtal
about 1000 u [ devi ce of any one_ of the
precedi ng cl ;%{ %B 18‘1?\,\/%%8:112“{; nered ge%elnah%"}ﬁ%f"a%o i BROF Bhoubl-S fhe

m crosieve i s betvveen about 1 mmto about 3 cmor about 1.5 cm 513.

The devi of. eced rein.the m cropores
are sgacgg aﬁé‘?{% ¥ %gﬁfgg%ﬁggt"ﬁ Pmcegglgmq‘ng? rﬁwbeé?‘f‘éﬁﬁm“ﬂlmﬁsh@e deared e
of any one ofaparhé‘omreedwthngnemwmpamr ein the dianeter of each of
the mcropores is about 10 gm 10 15. The device of any one of the
pr ecedi nq clainms, wherein the dianeter of each of the micropores is
adapt ed tlé- t Hae sleyige of amheng ef the tpoechding elpiamsa tvbeieinl i dlineta@f e dffthe

any one of tgﬁcrgggrggglaggutqbﬁl wherein the maxi mal distance from
the 15center ne m cropore to the center of another mcropore is

bet’ Wégn about 2 gmto about 100 pm or about 12 pin.
;- 15, The device of any one of the preceding claims, wherein the diameter of each of the
i micropores is adapted to the size of the cell to be separated.

16, ~ The device of any one of the preceding claims, wherein the maximal distance from the
15 center of one micropore to the center of another micropore i between about 2 pm to

about 100 um or about 12 uym.

17.  The device of any one of the preceding claims, wherein the channel formed by each of
the pores of the microsieve through the microsieve has a léngth of between about 50
20 pm to about 150 pm or between about 150 pm ta about 250 um.

18. The device of any one of the preceding claims, wherein a porosity of the microsieve is
about 0.63.

25 19. The device of claim 1, farther comprising a spacer having a through-hole and being
arranged between the microsiéve and the inlet module; and wherein the spacer defines
a filtering ared on the microsieve and wherein the size of the ﬁltermg area is defined by
the size of the throngh-hole of the spacer,

30 20. The device of claim 1 or 19, wherein the intérmediate module comprises & recess for

holding tlie microsieve.
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17. The device of any one of the preceding clainms, wherei PPEHEG25010/000104
channel formed by each of the pores of the m crosieve t Reoeigéd IthRnuary 2011
m crosi eve has a |l ength of between about 50 20p. mto about 150 pm or

bet ween about 150 pmto about 250 pm . The device of any one of

t he precedi ng clainms, wherein a porosiTy of the mcrosieve is about

0.63. 25 4P9. [ further,.conpri si spacer,

havi ng a through \éeocfg%]gﬁbqgi %%é%?lrthanacéeas B&imensien F‘i@r}?gﬁlcﬁ%é‘?“ér\?@‘*‘éﬁl@d
the inlet nodiiferacend wherein the spacer defines a filteri ng area on
the mcrosieve and wherein the size of the filtering area is defined
by the size of the through-hole of the spacer, 30 20. The device of
claim1l of2 1Thericsi of atyeoricnfelvindiGated i dul2e, wheqernl e Fl@Brifi€ GRS Sak Qr
hol di g the ML&EQs &ML cl aj Vl% t he
recess is di mensione nsm%&baﬁﬁe&%‘é'&gggu%%maoﬁ En% 3@?"%

devi ce of any one of clains 6, and 19 to 21, wherein the f||ter|ng
area has &, W@Hef@hcgbﬁﬁgﬁ! B8

about 2 to 5 rum The i'Ce pg%%/ o ﬁPO‘?%egiﬁr?heecoeugfi n;g']ll apte 23
wher ein the c?ﬁ?‘ltéfle&?@émp’é?sﬁuée%mé@th@e@xert a negative pressure at
the outlet thereof. The devi ce of any one of the preceding clains,
wher |n Ez\%e nmodul es conprise positioners arranged at the contact
area et M ngevifsaal éay 10g¢ fafxthe rreeceding tdaims,ofvherhia the dubddidesr ednagsy e
to eac h ot hempovtieRtraasaiEa | b1 &Jﬁ%&@%‘b@&ccxﬁﬁﬁ&ﬂ@s %’HP@:G ijloFlng pEthe

blew ce of anénogfrlf of. ¢l ains , cont al ner connec

‘out | et modul e FRativeP Eaé’h°§WEIWhW5W%}P&ﬂI§§Wd@1%exertl ng a
negative pressure which is connected to an orifice of the devi ce
adapt.ed L bZ\ connectabl e to the apparatus for exerting a negative
pressure.””Th *¥ai m 25, further conprising a |iquid source
~for ABl ding a Iddﬁmaéoafaﬂg)dneof‘ﬂh&ﬁﬂ o 24he liquid source is fluidly

connected togthe inpnlet of th Vi od_of separating cells of
a defined size ron&ﬁ%erf:?ndlﬁl tﬁ?ﬁ'ﬁ?ﬁ@%%ﬂ%’{] leviceigndering a | i qui d
s ?rrpl 3 sus pec]E ek apparetnmﬁc:crleaerhag Eﬁéﬂaté?@rhseuﬁ&pﬁd}ﬂ%_ ﬁ@’m&m‘ﬁ“gh ofaﬁc{? beRL
of a device of ap r cl ai e _nmethod of claim
27, wherein thed% ?éag és&at'rar%llggonl%sa%s\bg‘f é& e@PFFgIEF%fﬁémBP%ﬁW@Bm%%Wg
of blood, urine, culture nedium and |lysed tissue solution.

20 26 . The system of claim 25, furtlier comprising a liquid source for holding & liquid sample;

wherein the liquid source is fluidly connected to the inlet of the device.

27. A method of separating cells of a defined size from a liquid sample comprising:
= filtering a liquid sample suspected to comprise a cell to be separated through an
25 -inlet of'a device of any one of the preceding claims,

s

28." The metod of claim. 27, wherein the liquid sample is selected fom the group

consistii;g of blood, urine, culture miedium, and lysed tissue solution.

30  29. The method of claim 27 or 28, wherein the cells to be detected aré~sc1ectcd from the

group consisting of circulating tumor cells, cancer cells or cancer stem cells from Iysed
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The met hod of claim27 or 28, wherein the cells to be det RIEHG25H0/000104
sel ected fromthe group consisting of circulating tunor Reedileal 10cianesy 2011
cells or cancer stemcells fromlysed 26 cancer tissue, cells
conprised in a urine sanple, and enric nt of cells fromcell

cul ture nmedi um 30. The rret hod of ‘d@ny one of clainms 27 to 29,
wherein the s rmved 5fr mthe m cnsi eve. 31. Use
of a device o g&aﬁsgﬁ% cg*li [l o] S?ﬁlp & WPsqnzisigpnt qigeply fgmosel]

26 for fil terwﬁgrfbherbnhn 10 32. The use of claim31 for separating
circulating tunmor cells from bl ood.

30.  The method of any one of claims 27 to 29, wherein the separated cells are temoved
5 from the microsieve.

31.  Useofa device of any one of claims 1 to 24 or a system of claim 25 or 26 for filtering
blood. ‘

10 32. Theuse ofclaim 31 for separating circulating tumor cells from blood.

\"\\
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