10

i5

25

30

PCT/ JP2004/ 006299 1 CELL SEPARATI ON APPARATUS Field
o4 A} %ﬁgmngﬁntion The present invention relates to a

ce Separation apparatus (or .cell sorter). 5

Background of the Invention It is an inportant

techni que in biological and nedical analyses to

separate and recover a specific cell in a culture

solution. When a cell can be separated from ot her

cel I's by a diffefdHece SEPARATIONAGPARATUSF the cell,

the cell can be obtained by a velocity 10

sedi nent ati on net hod. However, when there is
FicldwIshamhiaéhdiynno di fference anong cells .in such a

case to distinguish an unsensitized cell and a

s drhsi pregewnt gelention relateste cesdhsaparatisopgpatretuher cell sorter).

cells-one by one on the basis of information obtained

by dyeing themw th a fluorescent antibody or
BackMHRNPSA 190 WveHabhy obtained by human eyes. 15 As an

exanple of This technique, there is a cell sorter.

Cét Is moihportiast detledhne qodioclepeabiand frlhedicabaralyses to separate and

dye-treat.ed cells are iso|lated _jn one [l ynit and
| fecoag%ﬁﬁga%ﬁﬁtf&ﬁ %%%P&Ltalr% rsejmtéftr_s,‘k’gﬁa aacerﬁf@ﬁn beewpargied from other

celld B}E.lzl difrsredPRA E]ge(%iﬁc gp(‘?vi‘lﬁ:?gfﬂ'?ed(feqf (Bﬂé &L1% Y rbie%%t ig'{(]—:iaobﬁf a velocity

f
droppi ng proces ny sl ope plane directron re
sedient.igon mediodg Howesti,omhearthebe ibaabsta@ftidiieno difference among
presence or absence of fluorescence on the cells in. o
cells Wesuely 51 ease Endigingnishanmnsensitivedagrdlipndot sengttized cell, it is

i1 in i rectijionei . .
neoefGavy &l pdfuall FRERR IRt P BB PhL BRMST L fformation obtained by
dyeingchyer ®tthi 4 flackédteat hhyibelly (RMhaimel§on HiaRISLEhBIned by human

the bottom (Lamarck, ME., thods Enzynol. Vol . 151,

 eyespages 150- 167(1987)). However, this techni que has

ARG EPBREE Bt APt ppa BERer o GRFtareCePsoriqreiscn technique

 whe®ie M@ﬁe%ﬁ%rcﬁlel-ﬁrﬁﬁtb??@&l_@ﬂé f’sgl%ﬁ & bAL 9en A Ofropped into

sanples, the cell 1s possibly danaged I n the process
chargdéd droplets, and a high electric field is applied to the charged droplets during

the dropping process in any slope plane direction relation to the dropping direction
on the basis of the presence or absence of fluorescence on the cells in the droplets and
the extent of the amount of light scattering, whereby the dropping direction is
controlled so that the cells are fractionized and recovered in a plurality of containers
disposed at the bottom (Kamarck, M.E., Methods Enzymol. Vol.151, pages 150—
167(1987)).

However, this technique has many drawbacks that it is expensive and
necessitates a large apparatus, a high electric field such as several thousand bolts
and a large amount of samples, the cell is possibly damaged in the process of
preparing droplets, the sample cannot directly be observed, etc. In these
circumstances, a new cell sorter has recently been developed wherein fine particles
are separated under direct microscopic observation in a laminar flow passing
through fine channels being cut using a micro processing technique (Micro Total
Analysis, 98, pp.77-80 (Kluwer Academic Publishers, 1998); Analytical Chemistry, 70,
pp.1909—1915(1998)). However, this cell sorter has a drawback that the speed of



preparing droplets, the sanple cannot directly be
observed, etc. In these circunstances, a new cell
sorter has recently been devel oped wherein fine
particles are separated under direct m croscopic
observation in a lam nar flow passing 30 through fine
channel s being cut using a mcro processing technique
(Mcro Total Analysis, 98, pp.77-80 (Kl uwer Academn c
Publ i shers, 1998); Analytical Chem stry, 70,

pp. 1909-1915(1998)). However, this cell sorter has a

MR G e S —
to devélop 8 €68 S@fet whibh AB¥EChRRafscCRly dnigk?b aWample ARESINNREat a sample

. cause any damage to a sanple and can treat a sanple
in a fpsierrespaser response. In order to sol ve such probl ens,

t resent i nvento ha already fil ed,a patent
T QP T ke (BEE rBORp B, Do Anvebists. BBoyERty fied a paten
appli¢fora(Bgdt Applidiioch Nad 208P24U3H0PNas FHPARUUgndlsivvaha keparation
a sanple is fractionized using a mcro processing )
apparglus i vdueh @ sample iBdicioniged using @i misTe pragessimgtashnighe on the basis

the .distributi of ,.fluor.esc e in the.
of g S BF 5% el b ng) aheltRER oGPt yn e samplc
- wherétSaE akR @aﬂgﬂa ERCRY EdrR@nithily @H%arﬁt%md RecovBRed Wihdut damaging the
sanpl e. Problens to be Solved by the Present Invention
cell samples an obj ect of the present invention to provide a
cell analysis and separation apparatus which does not
damage a cell sanple, prevents the exhaustion of an

Problé&he i beoSigvedbytieTheit Ifeftedd | C vol tage is applied in
order to separate a cell, and does not occur the

It &5 asyehingf adithe presenidnecnijon to peqpadet icely analpes ndveparation apparatus
wict] 38 SFLBRE" A Bt PetedF 4 o LBSA 0P oh e o which o

. electriRovoledti 9npbliétlih oade! thSiepardfd a SRNARAY IdBs BPBEEIrUBe clogging of

(for exanple, Patent plication No.2002- 245902), the
. channgls|whes saprratingss calleoven ciind of meel ect r ode possi bly

u d oits. electrolysis e cially when an., . .
WESEE Hela DBk 1S e, P gl o Rl o S0Pl Sotution in o
convehtitrisl pEIl hiudysiOind depBratibh bphieiitus oL Bxdriysle PRt éritl AHlicon No.2002-
_.of acell is continuously perforned over a |ong period )
245908, therre]l sample mast be slampiged apd she electiade ploavibbi extiausin due to its
electr&lkr?lg %ES&iﬁWﬁgn QX eldBH \'zct)liaeg% i§ %f):pr]ie%sto an electrode over a long period
of time. Further, when the purification of a cell is continuously performed over a long period
of time, it is necessary to prevent the channels from clogging caused by impurities such as
tissue fragments, dusts and the like contained in a sample solution. Therefore there has been

a demand for a cell separation apparatus without having these drawbacks.

Means for Solving the Problems
There is disclosed a cell separating apparatus that comprises a means for moving a

cell in a cell separating space by applying an electric voltage to the cell separating space with
the use of a gel electrode containing electrolyte, and a channel capable of separating and
discharging the cell, which prevents the damage of cell sample and the exhaustion of an
electrode due to its electrolysis. Further, the cell separation apparatus may have a means for

preventing the



tissue fragnents, dusts and the like contained in a
sanpl e solution. Therefore there has been a denmand
for a cell separation apparatus w thout having these
dr awbacks. Means for Solving the Problens There is

di scl osed a cell separating %pparatus that conprises a
means for noving a cell in cell separating space by
applying an electric voltage to the cell separating
space with the use of a gel electrode containing

el ectrolyte, and a channel capable of separating and

dISC ar gi ng e cell, which prevetsthe da
Clog%ea ];EH CEPTIBEHEIPYFH OBfthe MDsEeuRy n@‘def dushangel through

. I
e i e -
Irclaoggdagreotvith &Hasneabpdoy ofathe Wpresemt |1nmm1dn|, g¢Berenist frevided a cell

stream si de of .a channel -t hrough which a
separafiph APBHEHSFORPTING & ¢ fspareHps SeRsei Aglepsirape ghamnel for injecting a

- cell-c%ﬁ{%ﬁﬁ'é ﬂpﬂi %E@‘&l% defl stgﬁ'%ﬁtﬁ%n%ﬂa@e A ‘f%@fjﬁﬂ? Ehafthtll fgr %k(fhsa}omg fluids

pect~ o e presen ere |1s provi

from ¢laaet tell sppatiag ispaceappdtad wel ehﬂmodm eaghahsm)lséd on opposite side walls
' one, ¢ ha nel

of thS GBI Pttt Speet Wikdieia 3 erlldSSRlCRuRY disehainet g dhsneed Separating
spac%f(ﬁtﬁ) QafkelatP RS $hd Qf Cf%%tsﬁé;@fzﬁéx@l ecég%ﬂo gﬁmgf SPPHERR: or not a

separati ng space, each
- givendileyhis edtagn 133@1}11:&13«1 tcethe Itwle gmbéldactrodesf t he cell

separ ti e| n is selectively
?ﬁ 304:' %@H#St ﬁ%co g tQ aﬁe tﬁeﬂgatl%awr?ms cﬁnaplecmc voltage is
apph%iefté & & s gﬁﬁ% sgcficet Qﬁthag ERRIroldP cfiﬂtﬁﬂﬁﬁ Seleﬁtrolyte Thus, no

pendi ng ror given electri
~ electriode dppdtlyechbntantst with awellgehtamhrg:stoﬂmdmsso that thx dambging of a cell sample

enbodi nents,, according to_the cell parat.i o
can b, reveRt nt%él exdepston, of @gg%eqtgodea%gg it dtst Qe%{:rcggqq can be also

prevcﬁfégal‘ ati ng space with gel electrodes containing
ctrolyte.. Thus, no electrode directly contacts
Ambnghelactedlides asatii@haieingaredheltd@hgserit pgts dubk agd agagkd) amino pectin,
of a cell sanple can be prevented and the exhaustion
collaggh, ¢it, el ectrode due to its electrolysis can be al so

ElQétﬁI\.{ %gﬁ%éjes t@‘%g@l ﬁécfﬁltag ﬁélﬁfoﬂ‘ﬁ%b& &ﬁr ﬁﬁtnit & e{erable to set them

I'nC generi agar gse;
by pragichHggassing . ceEl scthat theviatdobgell cho H@esepmkdde () om)(ample in a case

Where;j q%gqegrf]igosg %e?lstlflsre %&glthcat,:3 lchlst.amgéJ {)etlwteellx 21egtrrggle% roatl’bflroein tl% t%el 5/im, a white
blood cell (the extent of 5/zm) can be separated at an electric voltage of around 40 V.,

Further, this cell separation apparatus can install a filter, in the channel for injecting a
cell-containing fluid, at a downstream of the injection point and at an upstream of the cell
separating space.

-Also disclosed is a cell separation apparatus, wherein the two gel electrodes each contact
with the cell-containing fluid through a fine communication opening cut on the side walls of
the cell separating space, and the two communication openings are disposed in relatively
deviated position relative to the downstream direction of the fluid.

Further, this cell separation apparatus may have two channels for injecting a fluid into a

cell separating space.



by practically passing a cell so that the target cell

can be separated. For exanple, in a case . where an

agarose gel is used with a distance between el ectrodes

of from10 to 15/im a white 4blood cell (the extent

of 5/zm can be separated at an electric voltage of

around 40 V. Further, this cell separation apparatus

can install a filter, in the channel for injecting a

cell-containing fluid, at a downstream of the

sy - i At t . | ) . .

LBEEh NP I o S oot PEIETARA O there iy grovided is a
proapgsafoatthes sepansticr of tdlls with theluisebealcedeparadoh apparhstof the first -

with the cell-containing fluid through a fine )
aspEelmYHFR SONBRISEH dRiERENE @t cedhcontaining Huiginte arell spparating space,

T o . on .

anrfill SERRSE BRI GRer R LRy SYIIAARSnch igposed on

oppsiitat dide walld b€ thoweHt eparatitig epidepandf di*sél%r%iﬂg Selectively a cell
Further, this cell separation apparatus may have two

congingd elns theo fluidhjiato angifferentuclpnnel ofaat teasl twepdischargg channels

: i f . .
corB 838810, SIEFERFAME oM Buo0RRCEN, 2R8RE ool Mgven el
voltage is epgliel icotheqly ool lefectolis. t he use of a cel |

separation apparatus of the first aspect, which

Ay eeefricnjodiage oap be applieddorthaiwe ggl dlectiaies onty when a cell to be
cel |l . gepar.atin ace,. applying selectively a given
recyeseq ﬁpg’s\}gl kﬂeag“éf?‘??afwgg&%cél ectrodes each di sposed
on opposite side walls of the cell separating space,
and di scharging selectively a cell contained in the
fluid into a different channel . of at |east two
di scharge channels connected to the cell separating
space depending on whether or not a given electric
voltage is applied to the two gel electrodes. A given
el ectric voltage can be applied to the two gel
el ectrodes only when a cell to be recovered flows in

.the cell separating space. Brief Description of the
dhrl2es n@f the Dgawiinger specti ve vi ew showi ng one

nb dint of .a eII sorfer of the present ipventio '
ﬁggfzs R DCESDEE U I U ES RS PG OGS Al s HHb artesrof the present

invernl'ﬁ%n_const ruction of channel s of

Fig.2 is a schematic view showing one embodiment of the construction of channels of
a cell sorter of the present invention.

Fig.3 is a schematic view showing one embodiment of the construction of a filter
section of a cell sorter of the present invention.

Fig.4 is a microphotograph showing one embodiment of a cell sorter of the present
invention.

Fig.5 is a schematic view showing one embodiment of the cell sorting process by a
cell sorter of the present invention.

Fig.6 is a microphotograph showing a cell sorting procedure of the present
invention, wherein the arrow indicates a cell.

In these drawings, reference numerals indicate those elements as follows:

101; chip

102, 103,104, 105, 106, 107, 108, 109; hole

201; injectton port for a solution containing a cell
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a cell sorter of the present invention. Fig.3 is a

POTSHRMRLLE29¢l ew show ng one enbodi nent of the
construction of a filter sect5| on of a cell sorter of

the present invention. Fig.4 is a m crophotograph
showi ng one enbodi nent of a cell sorter of the present
~invention. Fig.5 i s a schematic view show ng one
@ﬁ)odl nent of the sor i ng process by a cell
f@fecg?n@ﬁ’ét%ﬁr ﬁieﬁ\ﬁ@ BPh. Fig.6 is a

g@gcggph%lg%pggqu&%&g a cell sorting procedure of

the present 1 nvention, wherein the arrow indicates a

4381312; kallrbeseallpami ngs, reference nuneral s indicate
el enents as follows: 101; chip 102, 103, 104,

L .
@gg%ﬁfée 107, 108, 109; hole 201; injection port for
R4S bY@ aﬁ)‘%”%ph%@ﬁ ]ﬁ}(‘%g haRfid] JP2004/ 028299287 202;

|nJect|on ‘port 2 celT-1rée &ol ution

208| 0% 0osleainodd eplacedrledlditRld: eletidolygioval port  203;
filter 5 204, 205, 401, 402, 501, 502; m cro-channel

22@809112@@331“@%%@@@ (space filled with an el ectrol yte)

separating space 301, 304; cell 302, 305;
3§} %O%&%}O colum-1Ilike structure (filter) 403, 404;

30g| 3(%5,@15&0% 405, 406; fine conmunication opening

303; column-like structure (filter)
403, 404; gel electrode

405, 406; fine communication opening

Embodiments of the Present Invention

Now, one embodiment of a cell separation apparatus of the present invention will
be described but the present invention is not to be restricted in any way to this
embodiment,

Fig.1 shows schematically one embodiment of the systematic construction of a cell
separation apparatus (cell sorter) of the present invention. This cell sorter is
cénStructed in the form of a channel within a chip 101. The chip has a glass base
plate 110 adhesively bonded at its bottom, on which glass base plate is formed a
micro-channel. Then, the thickness of the glass base plate is made as thin as possible
in order to conduct an optical measurement. For example, when an object lens is used
which has a numerical aperture of 1.4 and a factor of 100, it is desirable that the
glass base plate has a thickness of 0.2 mm or less. On the top surface of the chip 101,
a hole 102 for introducing a sample solution containing a cell into a micro-channel, a
hole 103 for introducing a cell-free solution into the micro-channel, holes 104, 105,
106 and 107 for inserting an electrode in a gel electrode, and holes 108 and 109 for
recovering the separated and purified cell are formed respectively.

Fig.2 shows schematically one embodiment of the construction of a channel of a
cell sorter illustrated in Fig.1. The cell-containing solution introduced into a hole 201

is passed through a micro-channel 204 up to a cell separating section 210. A filter
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Enbodi ments of the Present |nvention L5 Now, one

PCTerHz0di/oegogof a cel |l separation apparatus of the
present invention will be degcribed but the present

invention is not to be restricted in any way to this
enmbodi nent. Fig. 1 shows schematically one enbodi nent
of the systematic construction of a cell separation

20038AREaf G735k i RS TBL RS cloin

of tEA@MRL-cNAKIIN ThehkiedGhs The; as
plate 110 adhesively bonded at rig{;@p 1}gtt 8mrgdgn %B?i?mm of & fine

Strugtlggsmbg§be pﬂlhm e O theotkeer handj thoedhdrretolufibarnntidiiced into a
hol kness & ! t he gl acj]s bazg Bl ate is made as thin as

Fob2Ese RGP e & Padaedalp Whivpia eell spparntmsmpeqtion 210 as in
the E]@Jveexﬁf@ée?]z sefie LA fs%?hgﬁblg%] Sofdac? Eﬁglq?e%lfg anda channel 205

nuneri cal aperture or o

- sidedesipeativelyl hatohteet 26ith| mEso ettt %pﬁ@és)aZ(bgﬂa‘ﬁﬁnW which are

gﬁl or less. On the tor% surface of the chip 101,

flﬂe‘g“ﬂ é ﬁr_g] OpbAINRE el al baspie eé&ﬂtumftﬂid can be applied to the
h

cell G900 18 Bof 21t BbfeR Lt E ek RBFh 1§ ol S0 B 2or.

uci n

Inmtbrmeedh@ép’k&*atlﬂgoé@ﬁloltpﬂm 18R strdQf a5 QQZmﬁﬁEu' ﬂow Thus, when
inserting an electrode in a gel electrode, and hol es
being gwtasithraced rier an redecivier fiel, tthecld dlvaveat Sbnarttic pupstiemd side of a

e R o Py IR g
wheie haiiebuldbcrd &ehh destRI fidldl "ﬂﬁé rc@f 6d c'oﬂvgﬂf(%io Lo al (?Wnstleam cell

cel | -contai ni ng solution intfod uce Into a e 2
resenveimlaals &d 2t H]Fhmg tha fhive rateatfaha ebliteh cgpn be oant‘leﬂled for example,
ratin tlon 210. Afilte CT/ JP2004/ 006299 6
by 5088 Ghl P8 goSaitEn IS B0 tRlemehoXChahHeRnSA2, that is, a
dlffeﬁ“g?gﬂc ei B’t Pf ﬁY_Igﬁﬂgl ;J‘Fei\@l %ggg@%ohgﬁorr{e Egllso as in this embodiment,

wheri acg)arlp@heaitredelll infergoraeding Eh@@nesbfﬂt@twfeeof Bt Bell R@rter, it is
e other hand, the cell-free solution

unnepfﬁltsa% ke éﬁEP ﬁi@eaﬁ)r fbe erlzment phessdtaltelocghda with its deposited
suraF 3508, QBB S HRafeoagpar oL ng section 210 a5
Fig3a sharekeémabd ﬁb%esﬁé\ﬁufé‘@ﬁ@@ml?&ﬁmeﬂtqﬁ‘ the structure of a filter
respectively, in contact wwth mcro-structures
sectiopsgueedy 1208 pangteZom whe dtwmred a fine structure into a chip in order to
prevent the clogging of a micro-channel illustrated in Fig.2. This filter section
comprises fine column-like structure 303 periodically disposed and directly
embedded in the chip of a cell sorter. Thus, of cells 301 and dusts 302 flowed from the
upstream side of the micro-channel, only the dusts 302 are captured by these
column-like structures 303 so as to prevent the downstream micro-channel from
clogging. Fig.3b is an optical microphotograph showing one embodiment wherein a
filter section is incorporated into the chip of a cell sorter. This microphotograph
shows that dusts 305 are captured by column-like structures 304 directly
incorporated into the chip. This filter section is of a structure which has an ample
width relative to the width of a micro-channel. As a result, even if dusts are captured

by these column-like structures, the stream of the channel is not at disturbed all.

Fig.4 is an optical microscopic image showing the structure of a gel electrode
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filled wwth a gel containing electrolyte. Thus, an
PCERIRROR0Geddoel d can be applied to the cell separating
section 210 through el ectrodes inserted in holes 206
and 207. In this cell separating section 210, the
streamis in a lamnar flow Thus, when LO being not

subjected to an electric field, a cell flowed fromthe
is conveyed to a

. _upstre ide of a cha neI %{

inciBe 3@&3‘?@@%11@@%@#\/0 1g-Aa| shoys ancpnlakged oheprvivding of the cell

sepé(‘fh%ﬂléJ%'e@ﬁoﬁu@ﬂ actead de@n e(:}gfteﬁéc%rgdegl g StQ&i %é)éi drd disposed,
conveyed to a downstream cel reservoir hole 21

respHeéirelst heiatllvevvorta)toenﬁfrotdhﬁnsl@lsm&)Dﬁndaﬂ)ﬁoeﬂg@ﬂi sBdwed, fluorescent
for exa the amount of a solution introduced

micm%@amﬁogﬁgerze&mnzefz gep 1aleairadog havipgt aj ﬂuozeescgnt coloring matter
incoqg{ufa%g '%ﬁg ﬂ h’?hg Igl%el %Il clttgo%iéalnlbogllnl%‘sukﬁga ]éch (ta})ad]é}els 401 and 402

throgighcline denmfﬁummﬁbﬂwp@h@@lgs BY® anldedda. nifn %h{éi&h%bauﬁén@ a 1%(w/v)
cell sorter, it is unnecessarg to take tinme for the
agarsp dnmsed apfthe gabelertroecenddedinm mhiqrsdejmpwd e@Ithe electlolyte to

o LA 0 A AT WD eSS SIS et
acidid (UL W) el t1e fHldrehe anBde %?dé PRsidip A by resIIJectlvely, it is possible

incorporated in the formof a fine structure

to C(t;ﬁmi gem@eatiow of pmentt}mméemﬂrfox@gl ng of a

ro channel jillustrated i.n Fig This filter
FR0 o Veghpriedi § TRaligaly T4 iGeIL Gptieverrasess when actually
appl?ﬁ{g Qﬂ'e?éﬂtfﬂé fF@l& PBEEn %delgbtrrﬁcﬁcla eé'@g%ﬁegs i Fﬁ%‘ga the cell run
chip of a cell sorter. Thus, and dus

thro89R of dhowedk] HI0ANdvwheas ipst toeidm @vdﬂstméaﬂhhﬁrectmn of the channel 501.
glcro chanpel ;, only the dyusts 302 are captured b
On thg othemshanil.wrhen preelegttisdicldds appbied esas tig. o, éh@ gell run through

the AAGUPHOSLE SANFLGLETSIRONEL LE R Cl 009i NG, Fig 3D i

cal " m'croph

Fllg’lef1§Iannﬂcr(fpllﬂot@‘raﬁﬁcéh&ﬁrﬂgsa IcASO AR £de]1NMkGelifi®ively passed to
chip of a cell sorter. This m crophotograph shows

eitherndiwohiagnebsinea eclt apther. e]ﬁleﬂeyrlngltu rnniinkeus phetegraph Nos. 1-3 of
direct Lncorp rated 0 hip. . This filter

Fig. @gﬁ‘ﬂf BhOW ﬁ%? whegy %ﬂrﬁdﬁ ARR leéna seppasees ity through an

identi€l1hicy G |

e e e

hands ti¥asc46r eSFig. B eshsinr el Wﬂletnh@nciﬂ@(ttmﬂ fieldl Rospplied, a cell moves to
di sturbed all Fig.4 is an optical mcroscopic inmage

anotReyRIGg “ahg@nelr ucture of a gel el ectrode

PCT/JP2004/006299



7 incorporated into a cell sorter. Fig.4a shows an
~enl arged observation of the cell separating section
of a cell sorter. Cel electrodes 403 and 404 are

di sposed, respectively, relatdve to two

m cro- channel s 401 and 402. Fig.4b shows a fluorescent
m croscopi ¢ observation of gel electrodes having a
fluorescent coloring matter 5 incorporated therein.
The gel el ectrodes comuni cate with channels 401 and

Clath®® through fine communicati on openings 405 and 406.

In this enbodinent, a 1% wv) agarose is used as the
gel ‘el ectrode, and sodiumchloride is used as the.

el fﬁ;&m te to .be dissolved in the agarose. Further, .
byl-mefit i€ PEORGRHT: ABPAIGIUS; RMPEEWEIR cStlgtepagating spagsHat least one
) . 1] g . .S Si - . 4 :
chafnd) RS B B 6, BRSLE) SRR spce, o st
chagesierfat idischafgisg ghsdd fronhehelcellt sepdeatinlpi Spade) and twioepel electrodes
eaclzgﬁw ng .schematically a cell _ sorting process when

QERASFY O PpPYPifR Side wallstef ther pell éﬁFW@ﬁgnﬂ)aéﬁe@thﬁl‘%in a cell is
stebhEhT AURRN SaP e R ook 4B el ATrRFE LR of he o

leasoftwbhehatihalinédpehing o whdtheobh @bt hagidenVdiedirianvoltage is applied to
electric field is applied as in Fig. 5b, the cell run
the twp 8elgecttsieshe channel 501 is transferred to the
.channel 502. Fig.6 is a m crophotograph showi ng a case
where a cell is selectively passed to either of two ’
chranneflfe Bl &sepaldticiObpFiratRELLINAIRD 1t Y HeRSTh! theOHPo gel electrodes
phot ograph Nos. 1-3 of " Fig.6, they show that when no
eaclelcentact ovifli ghal celd-cappaining fluidctirbuginasfise asnituiisation opening cut
[ m cro- channel fromthe upstrea

on 839 v ofineflosamrcrta Sespes MEdolRoM® cREHAuIcaRon openings

are gg%oi@éeg’iﬁfregégﬁe@%scl%t%g%osmﬁerr@fhtﬁjeeﬁ)t H;He; g&gﬁsﬂgbﬁl direction of

a ves ano m Cro-C
the fhhial. n6: 1. A cell separation apparatus conprising a
cell separating space, at |east one channel for
injecting a cell-containing fluid into the cell

separqli ng, space.. at_|least t channel s for
abendicrab SBPRnoh st SEeIRACTT HECL hsetva shannels for
injedtiM BRlcell@RkAiARRSAuiId into the cell separating space. | o

4. The cell separation apparatus of any one of claims 1-3 wherein a filter is
disposed, in the channel for injecting a cell-containing fluid, at a downstream of the

injection point and at an upstream of the cell separating space.

5. A process for the separation of cells which comprises injecting a cell-
containing fluid into a cell separating space, applying selectively a given electric voltage
to two gel electrodes each disposed on opposite side walls of the cell separating space,
and discharging selectively a cell contained in the fluid into a different channel of at
least two discharge channels connected to the cell separating space depending on

whether or not a given electric voltage is applied to the two gel electrodes.

6. A process for the separation of cells with the use of a cell separation




each di sposed on opposite side walls of the cel
separating space, wherein a cell is selectively
di scharged fromthe cell separating space into a
different channel of the at |east two channels
dependi ng on whether or not a given electric voltage
is applied to the two gel electrodes. 2. The cel
separation apparatus of claiml wherein the two gel
el ectrodes each contact withthe cel I -contai ni ng
fluid through a fine comuni cati on opening cut on the
side walls of the cell separating space, and the two
comuni cati on openings are disposed in relatively
devi ated position relative to the downstream direction
- appa@itus lofeink/| siedof Slaimhq cal isapaba F)h@ék A9e@Im ¥eAlcontaining fluid
claim1 or 2 which has two channe i nj'ecting the
“into g@efell cs@mratmg rﬁ@af:qa,umplmgosctlh@tm@yla gopsar elechie srpgage to two gel

cloctfode, i B L, HSREAR B o Yoo B BionieBh space, and
d1schairgmgt9el@t1&el@eel telt omitained ng tihd fiidl indd a dift@ronsthi:ael of at least two
t he g tion point and at an upstream of the cel

- dischagge e sppnestedso the sell seraratiag spaee densadag om wdrether or not a
gweﬁ?iécﬁﬂ‘@bl‘f&f‘:ﬁ F)h@&%o IHY G EO%18fdles - cont aining
urdinto Separ at i ng~space, appl yi ng
selectively a given electric voltage to two gel
el ectrodes each di sposed on opposite side walls of the
Tedibe preprss dor thy S_,qmé@on ahelatn Scenb grhrieine attenvlpgirig voltage is
apph&?'tb tﬁ@%%' @ldeIeEt ﬁ‘e%h 13) gwh}'gﬁtaoc lqbfl;eeE@d?)tvgféﬁaﬂ%Js in the cell
eas e c anne connected to the
Sepm@Hngsﬁwﬁaratlng space dependi ng on whether or not a
given electric voltage is applied to the two gel
el ectrodes. 6. A process for the separation of cells
with the use of a cell separation 9 apparatus of any
one of clainms 1 - 4, which conprises injecting a
cell-containing fluid into a cell separating space,
applying selectively a given electric voltage to two
gel electrodes each di sposed on opposite side walls
of the cell separating space, and di scharging
selectively a cell contained in the fluid into a
~different channel of at |east two - di scharge channel s
connected to the cell separating space dependi ng on
whet her or not a
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given electric voltage is applied to the two gel
PCIEIBRNOUIO006209 7. The process for the separation of claim

5 or 6 wherein a given electrig voltage is applied to

the two gel electrodes only when a cell to be

recovered flows in the cell separating space.

Abstract A cell separation apparatus which do not

danage a cell sanpl e, prevgg{ thg exhausti on of an

el ectrode to which an el ect V¥4I tage is applied in

the separation of a cell, and does not cause the

cl oggi ng of channels over a |long period of termfor

feepll sepapatiani amaragup rovicledo niftedawlage sepatlasample, prevent th
R TR
a ceHPRhNIdd@s It @ 16s PRt cfRLHE gfécﬁ(g{nﬂﬁs oDer Ehgngglsk"iod of term for cell

separating space from out si channel's

sepayapenats prpvacetl.di schargi ng the cell, which thus does
prevents the exhaustion

ot %f\ma e a% cell sanple d
Tg’ﬁ g 8819%‘”& MGt 8PHAEA YIS (Pffl Qleepé%%%| Vyegtionscomppigps a means for
movi®¥ aQI.@H!Witﬂgr ggbte?lﬁe&%?ﬂinggﬁjgﬁ% P?eagﬁil%in?p%r? %&geﬂ“%al force to cells in

cont ai ni ng ers
the ellbedparating dpage ffamaweelde, agdndadneNdforRRparallAg A1 flischarging
apparatus may further conprise a filter

Qs?iﬁar atio _
the Pouely thys (pes pefadamere & ashlamepletdndpryvents the axhaustion of an
&t | ced,into a cell separating space .
eleciS3P e @ 18 AT Erp it PelutS i, BB RS BT R force. a el
electrbde ebagdhig elecchApitels prsferRIRYSHRAY an electric voltage to a cell

separating space.

The cell separation apparatus may further comprise a filter disposed at upstream
of a channel through which a sample to be introduced into a cell separating space is
passed, whereby impurities can be captured so that the clogging of channels is

prevented.



