DEVI CES FOR SEPARATI NG CELLS AND METHODS OF USI NG THEM CROSS- REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application clainms the benefit of priority
of SG appwoaio@modNo. 200901937-3, filed March 20, 2009pctlse2e@mb@nis of it
bei ng hereby incorporated by reference in its entirety for all purposes.
FIELD OF THE | NVENTI ON [0002] The pregent invention refers to the field of

| abor at ory equi pnent used for isolating specific cells fromsanples of a
patient. BACKGROUND OF THE | NVENTI ON [OOOd The | soI at ion _of specific
conponent @EVBQEQWR@%%‘M OF USINGTHEM ot onl y
for research purposes but al so for dlagnostlcs |n cllnlcal | aboratories. In
particular for clinical applications systens are needed which can determ ne
t he presence or aﬁ}lHDSS-REFERENﬂElTQ)REWEB APPEECATEONSDt ai ned from a
patient in a fast apd reliable nn i.ch al.l cl.i njCi
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tumor cells (CTCS) are very rare in peripheral blood of cancer patients, as
f ew asfwnl pugldseper 109 haematol ogic cells in the blood of cancer patients
wi th netastatic cancer. The nunber of these cells has been shown to
correlate with the di sease devel opnent, and represents a potenti al
alternative to invasive bi OPEIS CPTHRINVENTONt asi s anal ysis. Several

t echnol ogi es have been devel oped to isolate the CTCs from cancer patients’
bl ood B&%él esThe ptﬁselasnﬂmﬁ@ntr9fegsrtadheﬁcld@éd@bqrategfa@qummemr'mdw migc

e rrofI (Cell Search(tm), and cell filtration by
pof m"“ tfr veesr0 x§1e§§e;t nmet hods are either requiring a prol onged
process time (> 30 mn) or with limted extraction efficiency. In addition,
met hods utilizing conjugated antibodies sEem fic to epithelial antigens

(EpCAM cytokeratln) coBALCKGROVAD@FJHEANVENEEQN: s. [ 0005] Therefore,
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1mportant not only for research purposes but also for diagnostics in clinical laboratories. In

15  particular for clinical applications systems are needed which can determine the presence 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.

[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 centrifugation, immunomagnetic

25 method (MACS), ferrofluid method (CellSearchTM), 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.



[0006] In a first aspect the present invention refers to a device for
separating cells of a defined size froma sanple. The device conprises or
consi st s wb 2amy/iomdeet nodul e having an inlet; an outlet wodisiceohAaveng an
outlet; an internedi ate nodul e having a through-hol e and bei ng arranged
between the inlet nodule and the outl nodul e; and a m crosi eve having
m cropores for retaining cells of a déefined size. The conponents of the
devi ce can be designed so that the inlet nodule, the internedi ate nodul e

and the outlet nodule ar eSHMMARYOETHE INVENTIONnect ed to each ot her.

Furthernore, the mcrosieve can be arranged between the internedi ate nodul e
and the outlet nodule. The outlet nobdul e can be adapted to exert a negative
pressuifeocd] t headikt Spedththe ppésenthinvetivieteforhitela desidedforsepdatingacdilsaff 4 he
pores of _the mcrosieve thr ou%h the mcrosieve has a l.ength of at.least 50
mm or idsfiBechaize {9 SERBRlep She dPwiRg CAMPESERRS AONSILS 10€ 28 inlBmgdyle iavigean

embedi npy {; a}xtb%tllefﬁgﬁlﬂeilﬁvﬁ%%tﬁﬁleﬁ%ﬁt%@dm@ &leﬁ!?%%ngéothfmighlhﬁs?@led In

one enbog ment e 1 nlet e can conprise a protrusfon which is
ar r angédingt artdnged bdvesh théénlehimetduleoahd theoples infodulehaend al micresnelewleyireg n t he

rotrusion is a.contjnuation af the inlet d is adapte 0 contact the
SUrt acnigroppifs R FERIUH SFD° ROCLRETDSRE {ME PRIPUGH: AbIIES dEViERdn be
inter ”%@éi%%é‘d DAl et 2o 80R! @k ihtBRRRliaté Mn&ife QRBOHE NBMfet ridiRile are

i ntermedi ate nodul e can have the shape of a cone. The through-hole of the
i nt er meanavablyreatlifleidiyaconnected taeapbobther. Fhrthdsmotey theohicrosieveoan beAmangeshes

tip.w th the through-hol e n face t m crosikeve., [ 0009] |n.a _further
erf8a FeRTeE h iR Rrafe and B onlfe BoPRSTEY Rt EPRHly caP bd D

i Cr 0SieR¥® a nPRivEipE@s@t at IR duitlet BEic08 AtRMnbiSwhieh isofn&yby Bhwif g rfres_t he

t hrough-hole of the intermediate layer. [0010] In still another e g]glelrrent,

the outdféhe mistesievedhiough i micsosievedipsauiengih of Aulgpsi gOam et isether Wandgder
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ar r anged agsutbe ppot t om of the recess, such as at the centre of the recess.
L00%, Q][@v]ﬁg‘ﬂ} D erbaiment thé inlet module Sin tomprte o protusion which is Ananged

at the side of the inlet module opposite the inlet and wherein the protrusion is a continuation

of the inlet and is adapted to contact the surface of the intermediate module around the

through-hole of the intermediate module when assembled.

[0008] In one embodiment, the intermediate module can have the shape of a cone. The

20 through-hole of the intermediate module can be arranged at the bottom of the cone. The cones
tip with the through-hole can face the microsieve.

[0009] In a further embodiment, the intermediate layer may define a filtering area on the
microsieve. The size of the filtering area is defined by the size of the through-hole of the
intermediate layer.

25 [0010] In still another embodiment, 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 outlet module can be arranged at the bottom of the
recess, such as at 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 layer.



positi oned opposite the opening of the internmedi ate |ayer.[0012] In another
enbodi nent, the outlet nodule may conprise a side wall with an orifice. The
orifice iwoponitor®aed outside the recess and i s connect ablrsceeoaosieyi ce
exerting a negative pressure. [0013] In another enbodi nent, the side wall

of the outlet nodule may be adapted tqibe connectabl e to a contai ner.

[0014] In another aspect, the present T nvention refers to a device for

separatin? cells of a defined size froma sanple. The device can conprise
or condPe2]of Impnqthgrembedimens the ontley maduleymay comprigna side wald aitheaantpgificg an
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devi ce peéufeur t her conprise a m crosieve having mcropores for retaining
cells of a defined. size. The mcrosieve can be arranged between the inl et
modul e [BAB]t hén pethemerabedimento he Hde gl dfethprudet mrdule inat beadapted tor bee

out ket |.nternmedi ate nodul e are renovably and fluidly
con%ecte 6ﬁg%§ﬂp%teg?#:A‘channel which is formed by each of the pores of
t he m 00Bi]evén ahothergdspedictheiptesent mventiomsrefers engidevioé fat sepaasg béllsnofior i n

ot her wor.ds_ the pore length i about at |.east 50. | n.one ephodi nent the
| engt h 4e8nebiize ﬁma%mpq%&;ﬁwrﬁsﬁwca %aawpﬁsﬁommfsgéﬁ@] I} rdalecirond Hent
this dqm'ef:%%@epﬁgaﬁlﬁﬁﬁvﬁag%a%a@t;%9qg&?ﬁéea&eqnédiﬂ@w{;ﬁmkﬁoug{;ﬁo@pﬂq@r can

be arrangéd between the m crosievé an I nl et nodul e The Spacer may

def i ne intefmé¢diateimofude smy de arheged betwsére the. inkit encduteant theboatléti inpdulenthar ea
can_.be defined by the size of. the through-hol e of_.the .spacey. [0Q1 The
0y e S IS SEmRTiE PO ey® PRORgmREiPOr faF FOMERE SH% PHE dEDed

Fur t hersi!l he HiGo8i8¢CEM Betitrdd@ed boMREh teif1dt Sndil ParldBe MiterhRRAiaty/ Moame. t he
spacer. [0017] The filtering area in the devices described herein can have

a maxi rfarthgmgre; the idet meduladhe ewjlatmaiul, pad e interpedipie madate arp smovablyy 5
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mm [ 0QdRfosieve thfeuglirdle Mivkdsicviathak adudghof anleaft 3Emordn @ttict wordsihe pore
betl\gveer}ex?g?l? l1Jst al;I-oth]an (l)east 50 um. In one embodiment the length is between about 150 pm to
about 250 pm.
[0015] In one embodiment, this device can comprise a spacer comprising a through-hole.
The spacer can be arranged between the microsieve and the inlet module. The spacer may
define a filtering area on the microsieve. The size of the filtering area can be defined by the
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 um 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 um or about 10 um. Depending on the cell to be separated from a liquid



about 3 cmor about 1.5 cm Furthernore, the m cropores can be spaced apart
fromeach other in a uniformor non-uniformpattern. [0020] |In another
enbodi nrenvo 2bheiodivanet er of each of the nicropores i s betwmseno@wous 2 mMmto
about 20 mm or about 10 mm Depending on the cell to be separated froma

| i qui dsanpl e, the dianeter of each of 4the m cropores is adapted to the size
of the cell to be separated. [0021] hi anot her enbodi nent, the maxi nal

di stance fromthe center of one micropore to the center of another

ni cr opsamples thes digmsteraplb gachoohthe micppares ipadapiedio dpsize 1f thecellgodg | n
still anot ek enbodi ment, the devices referred to herein further conprise
positioners arranged at the contact areas between the nodules to fix the
posi ti qoozif] t heantokiet ensbodihait] he rhaximarcdisahtefromhtha cagseoabdriegictdymreradul es.
[ 0023] hi anot her aspect the present invention refers to system This

syst emtBasenies b ARABErMIEPROre ishefeancit Otk HBO @Bagt 09dum RERRYA 12 #Tont ai ner
congectiftha)® 1 SuAlkddthe BMbEnRh:, | e BRNECdGed % |1RELh NErifES tcSmgﬂ% an

appar at'us exerting a negative pressure. T evice for exertin
negat i \pesitiveas wnangah ab ¢hec oomtact t arelast beteper thef modules to Hex deey pestiamdapthed t o

be connecfable to the apparatus for exertin negative pressure. The
syst em‘E%é\’?‘?dellaH}é‘?to OHEEW; eP?%fGF’BﬁE%HWng‘?"g‘FS- hol ding a |iquid sanple;

wher ei ob3g | i dthe QP& tHeSoredei b dntioRIBRE 8% dySteb ThisygbmQfan thRpH&Y i ce.
[0024] "In further aspect, the present invention refers’to a nethod of

separ ata el separatiomilevicel desambdd beresn, far eomtaandri apnnerteshtopthe outtriemaduln of thean
conprisg filtering.a liquid,sanple suspected to conprise a |1,t0 he
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cells fromthe mcrosieve. [0025] In one enbodinent, the liquid sanple is a

bl ood sanpsctables tie Hhesapaarahits] EThexsNg anpesative quespre nfhensysen w@rbBENAent

e e e L e e et

descri hpdndttddab the iatet bf tieatevivg. bl ood, for exanple to separate circul ating

t urirls)r’ C[8(|)2|4S] ( %'ll'g,‘s ﬁ)lrtt]:el;' %rs];)etz:lt,qtgg present invention refers to a method of separating cells of a
defined size from a liquid sample. The method can comprise filtering 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.



such as a whole blood liquid sanple. BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0028] The invention will be better understood wth reference to the

det ai | ed weetdprisen when considered in conjunction wtrctrise2m@modion ting
exanpl es and the acconpanying draw ngs, in which: [0029] Fig. 1 (A to (O
show t he conponents of a cell separ ati5ng device according to a first aspect
of the invention.[0030] Fig. 2 shows t'echnical drawi ngs and schenatics of
an inlet nodule 1 _of a cell separating device described herejn, The

di mensil8930ln mig? shows dechpical rawingseand sshematiepaf an ipegmodulenbpd & edhni cal
drawi n firet.l [ e . eparati ng
devi Ce%g%ag%ﬁggf;eg her%‘?%.egq]ﬁgmdi%?gl on ﬁﬁg{g&ggqﬁ Igﬁlln?]le%ﬂﬂl eter (mm.

[ 0032] [601]] 4 Rgdshavesctechiad! deavanpgnaisd sohdmatitreotbdn meermediate moddlet2 ofcdul e 3

of a cel] separatjn evi ce.described. herein. _The dinension in Figure 4 is
in mlIcFet aﬂ(%ﬁif.vgf35%9?6&5{61%@&%@8@@%9%1@ IRUBEISEMRD) of a

fgrgher[oml]l T §ﬁ6\0§té@ﬁr¥ih£&edlﬁ@mgsi&H%h@rﬂaﬁd@'cﬁtann&ﬂ}& Endiuld3 TFACEL O, @
m crosieve 6, an internediate nodule 7 and an outlet nodule 8. [0034]

Fi g]lc,ll‘ e sépdrdx)ngtdﬁv'(oe%demm BEMimiThe dirsensignin F;\igtlr:c ?_dmimilﬂl_dmstee_(mm‘).i I _te;J with )
uni 1 or e ru r.e 0SS, sectl on Il1.cQn m ¢rosieve w,t snoot
var s DO o Reiicto B sbfeang iammanets itk bl PapRitpe e is [
Hep&2 (cBRPALIAE ah!iHleRmodaleCd, WOPALerCS d ni@BEiBVEE. aniiGrinkdibRI mbdsle 704 &i ze of

10 mwi th 12 nmpitch. [0035] igure 7 (A) shows the experinental setup for
fl ow r @utetmedile 8nent. (B) Flow rate versus the filtration time (in seconds

(s W ariant filtratj ar 1 dia . on.mcrosi.eve.6 of. 2 to 5 nm
ol bl Kilire8 ()" S, SBverHeE OB oI BoSE R € uori e ° O
fl ow r atréctwve.t(B) Orods dedticchf sRibd icydsizve with eacoth Sertita) thegquigh @clesii( ChCdderoibl Hep G2
cells i | ot.f ed togqget her, for feren The. i nseri sho he..fl ow rate
orof 11 @lsDeapiiia srtay Hites sih H2pGE TaephSRias Pl el sERATR e AR B oo o
bl ood cizabAm imeithil? hmpich.osi eve menbrane. [0036] Fig. 8 shows a di agram

i1 lustratjng er very rate of He 10 0 and 100 cell | ked in
s BT, rfarert B batsahe ePprieRgbretpdor o (s pernrnerts () By ale

15  versus the filtration time (in seconds (s)) with variant filtration area 61 diameter on

microsieve 6 of 2 to 5 mm. The filtration area 61 is defined by the opening of the spacer 5.
Measured flow rate with undiluted rabbit whole blood (5 ml) spiked with 10* of HepG2 cells
is plotted together for reference. The insert shows the flow rate profiles of initial phase (< 15
s). The arrow indicates the point of whole blood contacting with microsieve membrane.
20 [0036] Fig. 8 shows a diagram illustrating the recovery rate of HepG2 (10, 50 and 100
cells) spiked in 1-ml rabbit whole blood sample. The average recovery rate is > 90%.
[0037] Fig. 9 shows capture of 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/ml) 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).



[0037] Fig. 9 shows capture of spiked Hep& tunor cells on glass capillary
m crosi eve nenbrane (a) Bright field image (b) Fluorescence i mage of HepQ&
cells (briwghbiiet®y (c) Fluorescence inmage with cell nuetess2etabned W th
DAPI (bright dots) (d) Merge of fluorescence images show ng the boundary of
Hep&2 and pore array (the background %oneyconb structure). [0038] Fig. 10
shows another diagramillustrating the recovery rate of Hep& (5-200
cells/m) diluted in 1x phosphate buffered saline, The average recovery

rate i $00409404Fig.ob dlfustrates the oppigtien prweipds of |isphating: eslise suchagfe cisgulating

filtra e - . t.owith, Ju S : Sqfk~CTCs
st ai neﬁﬁ?ﬂ%@?@%ﬁ%kﬁr ?%rklé %s%%}gtréﬁ?‘% %tﬁn [ mggé)é Q?E)S%gértg)g %‘%tl%ari ght
field aestribedbereicence i mages showi ng the boundary of CTCs (hexagons
appearing bright) and pore array . (the background honeyconb . )

st ruct WYL odig]13mshgws gifferent pplicatigns fl’i'?ﬁldg'tﬂeﬁ?‘&tc% ﬁepa¥4tweidﬁvlée%465F%*aﬁdat i ng
cel ks, pgpugh as circulating tunor cells (CTCs) enrichment using a mcrosieve
conprised In a cell separation device described herein. [0041] Fig. 13
shows @0042¢r eRig.addpllustedtésathe fabrichtich piycedsdora nlicosione ntedan adellisepgation
descrihed h rei.g. £00.42] Fig. 14 illustrates the fabrication process for a
m cr osi98VEe AEEHPPhhECBa] | separation device described herein. DETAI LED
DESCRI PTI ON OF THE PRESENT | NVENTI ON [0043] In a first aspect the present

invention refers to a device for separating cells of a defined size froma
sanpl e. The devPETAJRFED DESCRIPTIONN OF THE PRESENEBINMENTION. havi ng an

I nl gt . an qutl et nodul & 3 havjn n outl et, 35, an interned at ul-e 2
navfng LR o s TP et g e e lor s o oo P e F 2 g
t he ouldefhedBEIrEm3 satiifle. aTHE doviRei cOMPribes GVdonsist¥i oFra@ RfleEmolidle 1tk RigNinng
cells of a defined size. The conponents of the device can_ be desjgned so

t hat t felef H:an owdeimeadule 3thaxingrangutietid3itan intsampdiate medple A dayng pdhropghul e 3
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ressure at the aqutlet thereof. channe] which is
P 15  device can ge designed so t%at &e inlet mo ul% {, the intermediate module 2 and the outlet

module 3 are removably and fluidly connected to each other. Furthermore, the microsieve 6
can be arranged between the intermediate module 2 and the outlet module 3. The outlet
module 3 can be adapted to exert a negative pressure at the outlet thereof. A channel which is
formed by each of the pores of the microsieve through the microsieve has a length 604 of at
20 least 50 pm or in other words the pore length is about at least 50 pm. The specific length of
these channels provides a fluidic flow condition that is similar to the conditions of in vivo
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



formed by each of the pores of the mcrosieve through the mcrosieve has a
| ength 604 of at |l east 50 mMmmor in other words the pore length is about at
| east 50 wooime73peci fic | ength of these channel s provipdesGaomlonéids c fl ow
condition that is simlar to the conditions of in vivo blood flow in
arterioles. [0044] An exenplary enbodi7rrent of such a device is illustrated
for example in Figures 1 to 4. The cel'l separation device shown in detail
Figures 1 to 4 conprises an _inlet nodule 1, and internedi ate nodule 2 and
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devi cecelPvepathitiog d’evuwﬁhraxm the butter¥salf tlid omletewidakses the fl ow resistance.
Thus, the opem n 11, 21, 35 of the different npdules 1, 2 and_ .3 are
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3. [0046] To further increase the flowrate through the cell separation

deV| ce irsbrovadidte niidgler emudd tthe dperig: 24nThe prsdision dvaadanthet ter ligud aarnple
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t hroughhol e 21 or its stops short before it, i.e. about 0.5 to 1.5 nm above
t he sutd @ownof 'Ejhe I nt ermedi ate nodul e around t he opening 21. The
protru 1t
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0047] To further avoid that the |iquid sanple sp s out, ttg@t
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cone shapg ke bPHaGhteiaRSte 20did Porinle slope starting from a higher level at the outer

boarder of the cone of the intermediate module 2 towards the lower leveled central point. The

a

surface of the intermediate module 2 slopes towards the central tip of the cone comprising the
through-hole 21 at an angle of at least 5° or between about 5° to 20°. This means for the
20 dimensions of the protrusion 13 that the height of the protrusion 13 is adapted to a sufficient
length so that the end of the protrusion abuts or almost abuts the surface of the cone around
the through-hole 21.
[0048] Using an intermediate module 2 with a cone also avoids that the liquid flowing
through the device spreads out. Even if it spreads out it will be drawn towards the central
25 point of the intermediate module 2 via gravitation and/or the suction force of a vacuum
applied to the device. The cone shape of the intermediate mo.dule further enables the
practitioner to place the device under a light microscope after removing the inlet module. The
flat cone can be adapted to fit the shape of an objective of a microscope to get closer to the
microsieve carrying the separated cells after filtering for imaging of those cells. The
30 microsieve is arranged directly below the through-hole 21 of the intermediate module 2.
[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



t hrough-hole 21 form ng the central point of the cone or funnel. A cone
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of well m cropores as wll be described in nore detail below The
m cr opdilestiaaarez 6% eThus; errespective <mﬁ the szeafehomionbigve thafittration area is self-

defined by the size of the through-hole 21. In one embodiment, the maximal dimension of the
through-hole is between about 0.5 to 10 mm. In another embodiment, the maximal dimension
20  of the through-hole is between about 1 to 5 mm. The diameter of the cone 22 of the
intermediate module 2 can be between about 10 to 40 mm but can also exceed this range
depending on the overall size of the intermediate module. The through-hole 21 of the
microsieve 6 can have any shape. In one example the shape is the shapé of a square or a
rectangle. In another embodiment, it has the shape of an oval or a circle. Irrespective of the
25  size, the size of the through-hole 21 can cover an area of between about 1 to 100 mm?, or
between about 10 to 50 mmz, or between about 7 to 28 mm?. In one embodiment the size of
the through-hole 21 is about 20 mm?. The size of the filtration area 61 can also be adapted
depending on the volume of the liquid sample used.
[0051] | The outlet of the outlet module can be arranged within the center of the recess or
30 off the center of the recess. As illustrated in Figure 4, the outlet 35 is arranged at the center of
the recess directly below the filtration area 61 defined by the through-hole 21 of the

intermediate module.



t hereof. The effective filtering area 61 is defined by the size of the
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be i ndi vi duall ted. can all have the
thread whlch wou d allow ﬁttlng 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

moduleS 1, 2, 3 are assembled. Such an isolation material can be any available material, such
30 as apolymer 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



sane formor different fornms as |ong as they can be connected to each ot her
to allowa flow of the |iquid sanple through the cell separation device.
Thus, thewondw/m®sod, 2, 3 are fluidly connected to eachprorseno10480104
illustrated in Figures 1 to 4 the outer shape of the nodules 1, 2, 3 is
round. The shape can al so be square |jfe or rectangular. The shape of every
nodule 1, 2, 3 of the cell separation device or at |east the outlet nodul e
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[0059] The inlet module 4 can also comprise a protrusion 13 like the inlet module 1 of the
device illustrated in Figures 1 to 4. In this case the opening of the protrusion facing the
microsieve would define the filtration area on the microsieve 6. As mentioned above, the
20  micropores comprised in the microsieve can exceed the filtration area and in one embodiment
extend about the entire size of the microsieve 6.
[0060] The spacer 5 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 S 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



nodul e 8. The device can further conprise a mcrosieve 6 having m cropores
for retaining cells of a defined size. The mcrosieve 6 can be arranged

bet ween twe 20r/®r390dul e 4 and the internedi ate nodul e PCTRGRoto®poms e, the
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device conprises an inlet nodule 4 ) )

which ensure a defined orientation of the modules 4, 7, 8 relative to each other in the

assemble state. Therefore, the modules can comprise receiving openings 400, 402 for
receiving the positioners 401, 403 which fit into the receiving openings 400, 402. The

20  positioners can have any shape as long as they allow attaching the inlet module 4, outlet
module 8 and intermediate module 7 together in a specific orientation. In one embodiment,
the positioners 401, 403 have a dome-shape while the receiving openings 400, 402 have the
corresponding shape to receive the dome-shaped positioners 401, 403. The postioners are also
designed for self-guiding the intermediate module 7 on a microscope stage for consistent

25 imaging and detection. The positioners of the intermediate module 7 can thus ensure that the
intermediate module 7 is positioned always in the same manner under a detection device,
such as a microscope, to ensure imaging always the same pre-defined area. The positioners
can be arranged at the outer perimeter of the inlet module 4, outlet module 8 and intermediate
module 7.

30 [0065] Furthermore, like the outlet module 3 in the embodiment shown in Figures 1 to 4,

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



whi ch can be of any shape and formas already described for the inlet
nodul e 1 of the enbodi mnent shown in Figures 1 to 4. The inlet 41 can extend
into a cowmoeoctom7®at endi ng towards the side of the inleciydab®w/ovdioch is
connectable to a liquid source. The cell separation device shown in Figure 5
can further conprise a spacer. 5 and gpm crosieve 6 as just descri bed.
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detection. The positioners of the internediate nodule 7 can_ thus, ensure
t hat t HHustrated in Figure 5 to be placed under a microscope for imaging cells isolated by the
microsieve 6. For neither this purpose the microsieve 6 nor the spacer S (if present) need to
be removed. The cells located at the surface of the microsieve 6 which did not pass through
20  the pores of the microsieve 6 can be analyzed via a microscope through the opening 51 of the
spacer 5. Other than in the embodiment illustrated in Figures 1 to 4, only the intermediate
module needs to be removed and placed under a microscope. For microscopic analysis the
thickness of the intermediate module 7 is selected to be thin enough to be easily arrangeable
on the stage of the microscope directly under an objective.
25 [0068] The outlet module 8 may comprise a protrusion (not shown in Figure 5) which is a
continuation of the outlet 36 towards the intermediate module 7. Thus, this protrusion would
be dimensioned to fit into the through-hole of the intermediate module. The protrusion would
abut the wall of the through-hole 71 and can ensure that fluid flowing from the intermediate
module 7 to the outlet module 8 does not spread in the contact area between intermediate
30 module 7 and outlet module 8.
[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



internmediate nodule 7 is positioned always in the same manner under a
detecti on device, such as a mcroscope, to ensure inmagi ng always the sane
pre- def i ‘g0 28102@7399he positioners can be arranged at thecwostcesiopesioset er of
the inlet nodule 4, outlet nodule 8 and internedi ate nodule 7. [0065]
Furthernmore, like the outlet nmodule 3;in the enbodi ment shown in Figures 1
to 4, the internediate nodule 7 in the enbodinment illustrated in Figure 5
can cogﬁgri se a recess 72 which is adapted to house either the mcrosieve 6
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illustrated in Figures 1 to 4, only the internedi ate
other each carrying a microsieve 6 with a pore 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 thickﬁess 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 cah be freely adapted to the necessary application, i.e. there are no specific limits. In one
30 embodiment, the maximal dimension of an inlet module, outlet module and intermediate
module in the horizontal direction 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.



nodul e needs to be renoved and pl aced under a microscope. For m croscopic
anal ysis the thickness of the internediate nodule 7 is selected to be thin
enough t owbeomamirdgy arrangeabl e on the stage of the m crossopeodosect |y
under an objective. [0068] The outlet nodule 8 may conprise a protrusion
(not shown in Figure 5) which is a conyinuation of the outlet 36 towards
the internediate nodule 7. Thus, this protrusion would be dinensioned to
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each other each carrying a mcrosieve 6 Wwth a pore size adapted to filter
a cel | wirick bapeminimusp 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
20  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.
25

Microsieve Initial flow rate  Velocity Shearrate Re
diametf,zr (mm) (Q; ml/min) (V,, mm/s) (7;s7)

5 2.49 3.35 335 0.009

51 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 = pV,,a/u;, where V,, is the velocity, u,= 3.8 cps is
the bluk viscosity of blood at 45% hematocrit, p=1060 Kgm3 is the blood density and a is



specific size out of the liquid sanple. In case nultiple mcrosieves are
used, the first mcrosieve would conprise the |argest pore size while the
pore sizewoaonrmpmsssdown with every follow ng internedi at ecisdab®/oc@nsyi ng a
m crosieve. Wth respect to the enbodinment illustrated in Figures 1 to 4,
addi tional internediate nodules 2 andqqutlet nodules 3 mght need to be

i ncluded. To mnimze the overall size of the device the addition outl et
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follow ng i nternedi ate nodul e around the opening 21. [0072] In general, an
i nt er mawresity withdlQ-pmppory dpaetdrand 13-pyrhipgkingssVefa isdhesbear ratsout 1 to 5 nm
and is thus considerable thinner than the thickness of the inlet nodule 1,
4 and the outlet nodule 3, 8. The dinensions of the different conponents of
t hesdeVi vafh ﬁ(ﬁbfmpgg@amg cells can be freely adapted to the necessary
application, i.e. there are no specific limts. In one enmbodi ment, the
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about 150 mm In one enbodi nent the thickness is at |east 50 nmmor at | east
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m cr 0p0£ﬁ§m]h_h Thté r.{wihr'‘f-"eference 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 module 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.



m crosieve 6 has a length of at |east 50 mm The specific |length of these
channel s provides a fluidic flow condition that is close to the conditions
of in viwohbop@7fbow in arterioles. In addition, the virseasiowodiobl ood

i nside a channel further depends on the pore dianeter 604, which has a

m ni num around channel dianeter of 10ygm The conbination of these effects
provides a high extraction efficiency. Known m crosieves conbi ne vacuum
force essyre and m crosj eve dinensions (pore. di aneter, channel | ength)
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or in case_of a round m.crosieve. the dianeter thereof. can bﬁ en about
1mm t o &B’g’gﬁn greépnb@ymgb@ametfrgo ,lp‘etween about 2 to 5 mm. The ﬂow rate as been

calibrated with rabbit whole blood. In comparison, other microfluidic devices have much
lower flow rates which are about < 0.1 ml/min.

15 [0081] The present invention also refers to a method of separating cells of a defined size,
such as CTCs, from a liquid sample. Examples of CTCs include, but are not limited to
HepG2, responsible for liver carcinoma; MCF-7, responsible for breast carcinoma; CD4"
T-cells for HIV; fetal cells for prenatal testing. Other cells that can be filtered include, but are
not limited to cancer cells or cancer stem cells from lysed cancer tissue, cells comprised in a

20  urine sample, or enrichment of cells from cell culture medium. For this method a liquid
sample, such as whole blood, 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

3 & 3% &«

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

read expansively and without limitation. Additionally, the terms and expressions employed



The m cropores can be spaced apart fromeach other in a uniformpattern,
I.e. they forma regular matrix as for exanple illustrated in Figure 6 (A)
and 6 (COwol1seedvea uni form pore matrix the maxi mal di srasceoforosmopne

m cropore to another mcropore can be between about 2 mmto about 100 mm
I n one enbodi nent, the distance is abgut 12 nm As already nentioned, the
pore size depends on the cell to be filtered. In general, the size of the

M cropores |j t bout 2 t.o.ab 0 or. ab 10 . [ 0076] F
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herein filtration efficiency for exanple for CICs from
any individual member or subgroup of members of the Markush group.

EXPERIMENTAL SECTION
20 [0086] Manufacture of microsieve
[0087] An exemplary microsieve filter was fabricated by using deep reactive ion etching
(DRIE) on 4” diameter silicon wafer (Figure 14) or by using a commercial glass capillary
array. In brief, the microsieve filter was fabricated by using single mask lithography, and a
dual side reactive ion etching process on 4”-diameter silicon wafer (300-um thick) with the
25  pattern of the microsieve (pore size e.g. of 10 um in diameter with 15 pm pitch) created by an
100 or 150 um deep silicon etch using a photoresist/oxide hard mask, and with the membrane
area of microsieve filter defined by a subsequent SF¢-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



bl ood of about 94 % has been shown. Furthernore, the average filtration
speed for whol e blood can be between about 1 to 3 m/mn or between about
1.4 to 2.worthiomiomgeodependi ng on the size of the effectiverisichonaviion area
on the mcrosieve (see for exanple Figure 7). For exanple, in Figure 7 the
flow rate of whole blood which has a m'ggher viscosity than e.g. an aqueous
solution, such as PBS buffer, was determ ned on the basis of different
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expansively and withqut limtation. Additionally, the terns and expressions
engﬁoyé?ﬂﬁ’QP%‘?‘“?lfi%qge@ﬂ)'used as terms of description and not of

l'im tatrphgyy] ardphhfion dftell® i ntention in the use of such terms and

expressions of excluding any equivalents of the features shown
[0092] Devices as shown in Figure 1 or 5 were used to separate CTCs, here HepG2 cells,

from whole blood samples. The microsieve used in the device utilizes the distinct
morphology and size difference of cancer cells (diameter 12 to 40 pm) and leukocytes
20 (diameter <10 pm but not 0 um) to extract the CTCs from whole blood sample. The
microsieve used in the devices contains densely packed pore arrays (> 4000 pores/mm?) with
a pore diameter of 10 um (603 in Figure 12). Such a microsieve is capable to effectively
retain > 94% of various cancer cells (Figure 10). The SEM image of HepG2 cell (live
carcinoma) isolated on the microsieve clearly shows the relatively dimension of the cancer
25  cell and the microsieve (Figure 6(C)).
[0093] Figure 13 (C) shows the experimental setup for isolaﬁon 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 (ITV2091-212BL5, 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



and described or portions thereof, but it is recognized that various

nodi fi cations are possible within the scope of the invention clained. Thus,
it shoul dvbeowmdessst ood t hat al t hough the present i nvencoschem/obeen
specifically disclosed by preferred enbodi mnents and optional features,

nodi fication and variation of the i nv%ti ons enbodi ed therein herein

di scl osed may be resorted to by those Skilled in the art, and that such
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filter was fabricated by using deep reactive ion etching (DRIE) on 4"

di aret $Heniid, culbirediivercapr gole(Hep 243F By wrsisiked intonshbicvbelc bloadet bt | | ar y

array. A by ef he m cr 0S| i r fabric . | { mask

P 0 0 B g S LR Sl 4 g AR GRS Bl g,

si | i cofogeser Hept/GRPtdulickie (dHolwnt fie gherht with epdisdibie pealc absi 8O nfr)owss Si ze
of 10 mm.in dianeter w itch) created hy an 100 or 15Q nm

deep s iepﬁabaweéthyhtrwf%@asorpﬁtsg@% Ecg{lrg'}iﬁpﬁfaéemea phasgyd, whigh gllews visually
oD S O G B, BEpelontiy
nm crosicelle Wwedet dixedafollosste dstprdant fixatione p{deeduree @hd vedunted magualty fdrow
g?ﬁg;e&%%%%e%e% (l?guggelrrgc?erx]l}iﬁg,oﬂgr% zgme,dPR,e bﬁ?.nrﬁehr?uc e%\é Io(f“ %e%&g vszlierr]e dyed
with DAPI and shown in blue (Figure 9 and 11) (emission peak at ~ 460 nm) in the
fluorescence images, while on the cell surface a green fluorescent protein (GFP) was
expressed which is shown in green (~ 509 nm). The captured CTCs were manually counted
with an up-right Lecia DM 5000B fluorescence microscope with the software IMAGE-PRO
20 6.0 (Media Cybemetics, USA). The gray level images were artificially colored with the
software to match the respective colors of the filters used. Furthermore, Figure 8 shows the

recovery rate of HepG2 (10-100 cells) spiked in 1-ml rabbit whole blood sample. The

average recovery rate is > 90%.



whol e bl ood reservoir containing fresh rabbit whole blood (5 m) wth

anti coagul ant EDTA. The flow rate variation was nonitored as the m crosieve
filter wavouhymeioed to a vacuunforce of 5 kpa (i n genewral/sg200/0d610kPa is
usable). Figure 7 shows the mcrosieve's dianeter (2-5 nm and the flow
rate as functions of tine. The resul tz i ndicate that the devices described
herein have a very low fluidic resist gce, and can be applied directly with
undi | ut ed whol e bl ood. [0090] Figure 6 shows the highly uniform pore

st r uct Jyist efrafesemssrmumbersugh- hol e surface of the densely packed pore array
(such gs,> 4000 pores/mg) . I:Jtrfﬁt'ﬁmﬁc?ul%:]n'pl ane m crosi eves which have imted
cell exfraction speed due to e high fluidic resistance of the | ateral
fluidi @,8tructure (few cm chamtemhedigegioduleand - 100 nm channel height), the
vertical mcrosieve has nuch | ower fluidic resistance (pore or channel

| ength %84 of 150 mmwith potishBATHE 35% of device area), allowing fast
CTCs isplation. Figures 1 angg a..show the device assenbly. In Figure 5 the
m crosieve 6 i s sandw ched berveen the inlet nodule 4 and the internedi ate
nodul e 6/ with integrated fluMicomsienectors 41, 71. The effective pore area
or fiItra%%on area 61 is self-de.figsd gty t he opening of inlet connection
41. Inld#irther enmbodi nent, GPRRINGQI IS can be further integrated with a
MIlpore steriflip(r) filter T&ich to provide a ready-to-use conponent
(Figure 13 (B)). [0091] Separation of cells [0092] Devices as shown in
Figurel8 or 5 were used to s@pefrusiam CTCs, here Hep& cells, from whole

bl ood npl es. The m crosi eve ,us int device utilizes the distinct
m)rpholslggy and size di ffereni’geto(f ‘81§ﬂ‘885‘%8e| | s (dianeter 12 to 40 nm and

| eukocyties (dianmeter 10 mm QutousBiholt sthtehRedifcaéduld he CTCs from whol e

bl ood sanple. The microsieve used in the devices contains densely packed
pore arkays (> 4000 pores/ nrpngpr fingelnfirtermedigte sodgle 10 nm (603 in Figure
12). Sugh a microsieve is ca . ' tain > 94% of vari ous
cancer Lkg‘el | s (Figure 10). Th@%&ﬁh@%%&él—g&hh\g@d@g | (live carcinoms)
isolated on the mcrosieve cReatssy shows the relatively dinmension of the
cancer cell and the mcrosieve (Figure 6(C)). [0093] Figure 13 (O shows

t he exp”@ri mental setup for i SBHEEI on of CTCs in anot her

33 Side wall of outlet module

35, 36 Outlet 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 Orifice 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 Si0O; layer

603 Indicator for pore diameter

604 ~ Indicator for length or depth of pore



exanple. The fluidic flow of whole bl ood was controlled by a respiration
force connected to the integrated mcrosieve filter unit through a vacuum
gauge (| Wa09iy@diRBL5, SMC Phenumatics). The filtrated wasise2ofi/oooke bl ood
sanpl e was collected by a centrifuge tube. This systemis very sinple
conpared Wi th existing CTCs isol ationyqethods using spare fused pores
menbrane filter, antibody conjugated Fab chi p devices, antibody conjugated
nagnetk& beads, and nlcrofabgﬁﬁg{ed paryl ene nenbrane filter. Successfu
CTCs i ¥ation has beendenon Qcyt 'dn both of cancer cell lines (HepG2:
liver gggcinoma;, MCF-7. breaghy &ahidsnoma; 1-50 cells/m diluted in
phosphat e buffered saline) and wh Ie bl ood sanple of rat with |ung cancer
(Fi gur é071). Captured CTCs wehmubtiagmedondell{CDEPI (nucl eus) and EpCAM
(epithelial cell marker), and manually counted with a fluorescence

m croscope. The extraction time in a whole blood sanple with a volune of 5
m was | ess than 15 m nutes when the round filtration area had a di aneter
of 2 mm hi one exanple, 5 nml of blood have been filtered through the cel
separation device within 2 mns. [0094] In another exanple, to determ ne
the efficiency of capture of CTCs, such as Hep&2, cultured |iver cancer
cells (Hep&/ GFP) were spiked into rabbit whole blood at 10 to 100 cell/m
and the spi ked cancers cells were captured using a mcrosieve as descri bed
above. [0095] Hep&2/ GFP cell line (shown in green with em ssion peak at ~
509 nn) was established by transformati on Hep& cell with G-P reporter

pl asm d, which allows visually counting the cancer cells under a
fluorescent mcroscope. Prior to filtration, the Hep&/ G-P cells were fixed
foll owi ng standard fixation procedures, and counted nmanual ly on

henocyt oneters (Hausser Scientific, Horsham PA, USA). The nucl eus of Hep&
were dyed with DAPI and shown in blue (Figure 9 and 11) (em ssion peak at ~
460 nm) in the fluorescence i mages, while on the cell surface a green
fluorescent protein (G-P) was expressed which is shown in green (~ 509 nn).
The captured CTCs were manual ly counted with an up-right Lecia DM 5000B

fl uorescence m croscope with the software | MAGE- PRO 6. 0 (Medi a Cybernetics,
USA). The gray level inages were artificially colored with the software to
mat ch the respective colors of the filters used. Furthernore, Figure 8
shows the recovery rate of Hep& (10-100 cells) spiked in 1-m rabbit whole
bl ood sanple. The



average recovery rate is > 90% List of reference nunbers 1, 4 Inlet nodule
2, 7 Internediate nodule 3, 8 Qutlet nodule 5 Spacer 6 Mcrosieve 11, 42
Openi ng oWoi2oleeto7sb8, 23 Trench 13 Protrusion 14 Inlet ofcirsiceiiomosiske 2 1
Thr ough- hol e of internedi ate nodul e 22 Cone or funnel of internediate
nodul e 24 Extension of internediate n?glule 3 1 Recess 32 Oifice 33 Side
wal | of outlet nodule 35, 36 Qutlet of outlet nodule 37, 38 Chanber 4 1
Inlet of inlet nodule 5 1 Through-hqgl e of spacer 6 1 Filtration area 7 1
Thr ough- hol e of internediate nodul e 3Mecess of internediate nodule 8 1
Oifice of outlet nodule 201, 202, 203 Connector 205, 206, 207, 301, 302,
303 Openl ng for fastening neans 400, 402 Receiving opening for positioner
A device for separating cells of a defined size from a sample, where the device

comprises:
5 = an inlet module having an inlet;
= an outlet module having an outlet;
* an intermediate module having a through-hole; wherein the intermediate module 1s
arranged between the inlet module and the outlet module;
* a microsieve having micropores for retaining cells of a defined size and being
10 arranged between the inlet module and the intermediate 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 at least 50 pm.

15
2. A device for separating cells of a defined size from a sample, wherein the device

comprises:
= an inlet module having an inlet;
= an outlet module having an outlet;

20 = an intermediate 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 intermediate module and the outlet module are
removably and fluidly connected to each other;

25 wherein the microsieve is arranged between the intermediate module and the outlet
module; and |
wherein a channel formed by each of the pores of the microsieve through the
microsieve has a length of at least 50 pm.

30 3. The device of claim 2, wherein the inlet module comprises a protrusion which is

arranged at the side of the inlet module opposite the inlet and wherein the protrusion is



401, 403 Positioner 600 Silicon wafer 601 SiQ2 | ayer 603 Indicator for pore
di aneter 604 Indicator for length or deoth of oore605 Erythrocytes 606
Leucocyt es080i/@r39eul ating tunor cell (CTOdains 1. A eevisceofomno1o4
separating cells of a defined size froma sanple, where the device
conprises: an inlet nodule having an ih,gl et; an outlet nodul e having an
outlet; an internedi ate nodul e having a through-hole; wherein the

etween the inlet nod t he oufl et

i nt er medi at e nodul e is _a ged e an

modul e; a nf EPRJEUALEN wé&ﬁ '%‘P‘gﬁo‘?’dégtefidf’ Goatagt m%alrgaémcgf ¢ inferpediated
size and b [ ' di ate
modul o and"uRar el ARG '-?’*?‘?‘*é@%lé Rt T R B sk hIELS
internedlate nDduIe are renovably and fluidly connected to each other; and
wherein a channel. fornmed hy each of the m crqpores of .the m.crosieve

e ougr-+ hel gevics o Beimor Gyt e ioferedBie Bl iad Thotiae LS cony
separating gfl WRerein the @l%h@?—ﬁoﬁ' A’hd {xﬁéﬁ&d?a?émﬂoﬁule%%ﬁﬁhébdtéﬁhéjﬁé‘tt&ﬁ of
conprises: an inlet nodul e having an inlet; an outlet nodul e having an

outl et; an thacemreredi ate nodul e having a through hol e and bei ng arranged
between the inlet module and the outl et nodul e; a m crosieve having
m cropores for retaining cells of a defined size; wherein the inlet nodul e,

the i nter nethededideufylfmar) GvieRn BéttiRsf ti®Edtleds #cthg the microsieve.

10 6. The device of any one of claims 2 to 5, wherein the intermediate layer defines a
filtering area on the microsieve and wherein the size of the filtering area is defined by

the size of the through-hole of the intermediate layer.

7.  The device of any one of claims 2 to 6, wherein the outlet module comprises a top
15 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.
8. The device of claim 7, wherein the outlet in the recess of the outlet module is
20 positioned opposite the opening of the intermediate layer.
9. The device of claim 8, wherein the outlet module comprises a side wall with an orifice,

wherein the orifice is positioned outside the recess and wherein the orifice is
connectable to a device exerting a negative pressure.
25
10. The device of any one of the preceding claims, wherein a side wall of the outlet module

is connectable to a container.

11. The device of any one of the preceding claims, wherein the thickness of the microsieve

30 is between about 50 pm to about 1000 um or about 150 pm.



removably and fluidly connected to each other; wherein the mcrosieve is
arranged between the internedi ate nodul e and the outlet nodul e; and wherein
a channelwbaome@7dy each of the pores of the nicrosievepthsaagh/obées

m crosi eve has a length of at |east 50 mm 3. The device of claim 2,
wherein the inlet nodul e conprises a E&otrusion which is arranged at the
side of the inlet nodule opposite the“inlet and wherein the protrusion isa
continuation of the inlet and is adapted to contact the surface of the

i nt er mddi atldendRyigee of By rRNe; A the PersANgorlaings whesein the rawamal dopgentrle when
assenbl ed. . [ - el ' r [ nmodul e
et he. shansmap of B riftrdloe bdveerp ool | MR bibul 3t &t oUF S T ot e
nodul e is arranged at the bottom of the cone. 5. The device of claim4,
wherein_the tip of the cone is facing the mcrosieve. 6, The device of any
one of 18 aierr’flﬁ ‘g""t“ﬁ ‘E‘h anyheRe Ph then Brecefing rhmss ‘éfg?fﬁ%&edﬁ’l‘r‘??é%esaaﬁei §PRERd ng
areq on theg ﬂ&g@g§&ﬁﬁ%ﬂ@pqlM@ﬁ@ﬁhpphngmsize of the filtering area is
def i ned by P e size of the through-hole of the internediate |ayer. 7. The
device of any one of clains 2 to 6, wherein the outlet nodule conprises a

top surface.,hayin r ecess ranged.in the tqp surface; wherein t recess
o adaifod TEHNBRAAIHE 9 BF JUPCOIE S WALFETh oG melteat hsl ies ¢ ho
outlet of thigropuids g beRed foub2 u-ﬁli'ﬁ)_%ﬁtg@#ﬁi‘orfhlbéhtmomm.\mere'n the outl et
in the recess of the outlet nodule is positioned opposite the opening of
the internmedi ate |ayer. 9. The device of claim8, wherein the outlet nodule
conpri ses side.wald_ wth grifice erein the . orifice i si tl,oned

out81 a3t naneeledic Yl ind, & imedeGine BN Whelshf ol dmeley o AR 0T 1

exerting anfie@pbiedes Mapedus the sitb offthe celbio Kesepira@dy one of the preceding
clainms, wherein a side wall of the outlet nodule is connectable to a
container. 11. The device of any one of the preceding clains, wherein the

thick ng§gs qfhetcﬂsicgﬁio? iy b/ the preceding claims, wherein the maximal distance from the

center of one micropore to the center of another micropore is between about 2 pm to

15 about 100 pm or about 12 pm.

17. The device of any one of the preceding claims, wherein the channel formed by each of
the pores of the microsieve through the microsteve has a length of between about 50

pum to about 150 um or between about 150 pm to about 250 pm.

20
18. The device of claim 1, further comprising a spacer having a through-hole and being
arranged between the microsieve and the inlet module; and wherein the spacer defines
a filtering area on the microsieve and wherein the size of the filtering area is defined by
the size of the through-hole of the spacer.
25

19. The device of claim 1 or 18, wherein the intermediate module comprises a recess for

holding the microsieve.

20. The device of claim 19, wherein the recess is dimensioned to hold the microsieve and

30 the spacer.



i s between about 50 mmto about 1000 nm or about 150 nm 12. The devi ce of
any one of the preceding clains, wherein the maxi mal hori zontal extension
of the mwoasignwesds bet ween about 1mmto about 3 cm or pabseRohioboiom 13.
The devi ce of any one of the preceding clains, wherein the mcropores are
spaced apart from each other in a uni%ﬁrn1pattern. 14. The device of any
one of the preceding clains, wherein e dianeter of each of the m cropores

i s between about 2 to about 20 nm or, about 10 mm 15. The devi ce of any
one of “the ﬁWe@feveﬁen_ B PRE O Wimsich el il Bherin Bt #&a g opor es
I s adapt ed rﬁ&iﬁﬁﬁdiﬁieﬁﬁ?ﬁ’f)ffa&@e hdout 6,536 2%‘?%&&%%%&&%0&*2%‘3%06 of any
one of the precedi ng clains, erein the maxi mal distance fromthe center
of one mcropore to the center of another mcropore is between about 2 nm

to abo 1 or about 12 17.. The .devi ce of any one of .the preceding
1 a o 32 ot ivich o SRaRG O FEPREATRg SR WrorERdhE OIS Toritleds e bG: ve

t hrough theexgiitgrn@%tﬁ,\é%r&@&equ{H%rlﬁltﬂ@tlggreggt ween about 50 mmto about 150 mm
or between about 150 mmto about 250 mm 18. The device of claim1, further
conprising a spacer having a through-hole and being arranged between the

m crosi,eve .and.the inl et nodul.e, and wherein the,spac defjnes a filtering
aren oft ndh 6 & Y BRGyRE e PIERRSIAE Slage, Syhre the modyles, gdimpre
defined by gobitiofiérs @rr@hgddne thdEcoabh afeas Betteeh AR HBAGES to hOthe Positide vF e of
claim1 or 18, wherein the internedi ate nodul e conprises a recess for

hol di ng t henedudgsgslativeto eagh othee whew pssembling theimedwes. wherei n the recess is
di Wnsi oned to hold the mcrosieve and the spacer.21. The device of any one
of "Clains 6, and 18 to 20, wherein the filtering area has a naxi nmal '

di mensian of spedmveenpadiogt 0.5 to 20 nm or between about 2 to 5 mm 22. The
device of any aone of the preceding clains, wherein the outlet nodule is
adapt ed to'exéfl?"lﬁe?u%@é(tqn\?@fﬁlfaé}%gﬁ%z%ﬂ the outlet thereof. 23. The device
of any one «of 4 LhaREFCHALAG & @b Bhnet HISH B hBBeBElhgs compri se

positioners arranged at the contact areas between the nodules to fix the
posi ti on of= t ireapparatus for exerting a negative pressure which is connected to an orifice of the

15 device adapted to be connectable to the apparatus for exerting a negative pressure.

25. The system of claim 24, further comprising a liquid source for holding a liquid sample;

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

20 26. 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

inlet of a device of any one of the preceding claims.

27. The method of claim 26, wherein the liquid sample is selected from the group

25 consisting of blood, urine, culture medium, and lysed tissue solution.

28. The method of claim 26 or 27, wherein the cells to be detected are selected from the
group consisting of circulating tumor cells, cancer cells or cancer stem cells from lysed
cancer tissue, cells comprised in a urine sample, and enrichment of cells from cell

30 culture medium.



nodul es relative to each ot her when assenbling the nodules. 24. A system
conprising: a device of any one of clains 1 to 23, a container connected
to the owvbebiomodisbe of the device, and an apparatus fecTsca0fiongod
negative pressure which is connected to an orifice of the device adapted to
be connectable to the apparatus for exgrting a negative pressure. 25. The
systemof claim24, further conprising a liquid source for holding a liquid

sanpl e;, wherein the |liquid squrce is flujdly conpected to the inlet of the
devt co2926 TR RetAs @t o s dismg et 2 grilescigahs sentard eoly winiEmpY L d
sanpl e CoM¥tdss kimicrdsidveer i ng a liquid sanple suspected to conprise a cell

to be separated through an inlet of a device of any one of the preceding
claims. 27. The nethod of claim 26, wherein the liquid sanple is sel ected

0 S o 1 2 SRR R

detected angose! ected fromthe group consisting of circulating tunor cells,
cancer cells or cancer stemcells fromlysed cancer tissue, cells conprised
in a urine sanple, and enrichnment of cells fromcell culture medium 29. The
met hod ,of one.qf . s 26 1o 28 . wherein e at.ed cells are

r em)vea?f ro et‘ﬁ‘éO%agwgéﬁg?fes.epgagm%%cu})aftmg tglg\% éegﬁﬁongﬁ{})oghe of clains 1 to
23 or a systemof claim24 or 25 for filtering blood. 31. The use of claim
30 for separating circulating tunor cells from bl ood.




