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PCT/ JP2004/ 006299 1 CELL SEPARATI ON APPARATUS Field
of the Invention The present invention relates to a
PCT/IPEPP4/6¥8499 at i on 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
sol ution. Wen a cell can be separated from ot her :
cells by a diffemHIceHPABNENDN £APBABRMTYSOf the cell,
the cell can be obtained by a velocity 10
sedi nentati on nethod. However, when there is
t ntial.ly no difference anong cells in such a
ngui sh an unsensitized cell and a
qqié%ﬂebéﬁtdnﬁz%hhorﬂ feldtes tHACRICH raﬁoﬁ%wa@halg 9 cell sorter)
I's one by one on the basis of information obtained
by dyeing themw th a-fluorescent antibody or-

' i nfor Lon visually obtained by human eyes. .15 As an
Vm@%ﬁ&é&@@@@&chm que, there is a cell sorter.

g}?/ ﬁ'%@)gig;an% t cﬁﬁﬁ'ﬂ@'lso %lf’é%%{ &ha ﬁé&@%ﬁﬁﬁgﬂ%es to separate and

e-trea S are In one ce

- recover apgpedificnded] irchaudiarte dobplied. sWhandh eelhicgh ml miamated from other

field is applied to the charged droplets d
cells by a@ffﬁ@q@e or Becifis sanyity opee glhitbe asll capihorp! @W@. iy velocity

sednﬁ&tﬁﬁ%n%gﬁ% g}ﬂM % g@lenofhetrgeis %ﬁﬁlsé%rﬁﬁaﬁahﬁo difference among

sence or sence 0 ["'Uor escence on e cellsin

cells ﬁllﬂ%udhcmlcaﬁ@ t@rlﬂsﬂﬁgﬁish ex twatieneftidddecaimual aofensitgitd cell, it is
scattering, V\,hereb)hthe dropping direction. is

necessaRy tolsPparade theagslishene bmcsnea% the hasioaf Helgrmadion obtained by
dyeirgr Tt et A by G iR &Sy 6 852 FBtedhed by human

" eyes.pages 150- 167(1987)) Hovvever this techni que has

many drawbacks that it is expensive and 25
Am&n exginpde of thid ’mcbm@pqgaﬂmt@ss aaxehi girted dill sorter &8 d technique

wherSi BB ROt AT 0 RS o BRI Boroed e
char® dl%&)g(ﬁ:@r HAg £hapl Efe%tn& BR1P ?sr@%)ghé:@% %he %’h"a?%éd Wr&flets during

observ etc. In these circunstances, a new

‘the dseppiag prasedseeahy wldyrepladevditemtih vélateinntof iiredropping direction

particles are separated under direct m croscopic
on th@ baawdthe presensce ofmbrancy plohngrgseanng 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
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30 through fine channels being cut using a mcro
' technique (Mcro Total Analysis, 98,

PCT’{']B{?B@B%%KI uwer Academ ¢ Publishers, 1998);

Anal yti cal Chem stry, 70, pg. 1909-1915(1998)).

However, this cell sorter has a drawback that the

speed of PCT/JP2004/ 006299 2 response to observation

nmeans when separating a sanple is slow. Therefore, it
respdnse toedesswntjon onelve iwtienasepalrhtingrd eampie ab s&twes Twrefore, it is

neceqFHTR tp %?e%%?%%%gﬁgeer FEAIER foFS gt CanyoRBU ST “r%emﬁampie and

already filed a patent
cantg%%%%ti ,%g\ggggﬁ? régatlon No. 2002- 245902) a5

Inf @deate eblveanahnmoblmsj the grasatt imveappartetvesalreadynfikid a patent
a sanple is fractlonlzed usin Cr.0 praocessin

-applicaidani fatesh Apelisadps Ho. f%ﬁg]%?)r et PR Bf Cq qheanalysw and . .

sepatzagfn% ﬁggaﬁg d%\ﬁl%lllbﬁ gés‘%@p‘? 18 ff"ééfgorrﬁﬁgde %%?n%%t f:r{/l@ro processing

cel e conveni

techiS@Raroal efge ba@ﬂ; selay émedstehétuebtofddmagimgld hadctd distribution of

sanple. 10 Problens to be Solved by the Present
fluoresppnne e rthptsar@p]@nvvb@r@m thst celhsapide wan hogemvenipntly separated

ovi d anal S ation apparatus
and '\%ﬁ?vc:% ga’&ﬁ % ﬂr%‘.%&ﬁ‘ég ec%ci %‘g‘R‘EJ e, prevents the
exhaustion of an electrode to which an electric

voltage is applied in order to separate a cell, and
ProbidoastolBe Bolvedduuthe Reesentd gtigh channel s when

| d, of t
Itiaea cweloel Hierre Eﬂiéﬁ%@?g 4P FpPidy e shll GBIy R phdhscparation
appa?@ﬂﬁ%l &h3 Wob@MdtNd&ma %gné(edéﬂ' 9{&3&31& e}t)fev%ﬁ@é %8k Se:@¥istion of an

separation apparatus (for exanple ent Application
electhleZt@O@hﬂ#ﬁ@ﬁ)%lecttrperohmlgb isappliedmayrider dasegmcitamdeell, and does

h d bl xh
not ogfigie ééé’@egéﬁf%%%haﬁfwﬁm%é%?aﬁéa%@ c{yér@algeg.p@md of time.
W%@Bl %%tg%ﬁ@n‘%ﬁe 57 %%E %‘i &\i‘g&ﬂf Cgﬁg%tF %\{fgﬁ’q S lgl'ergi‘)lutlon ina

e purl Ion O

convétiinaleeUsinalpsie fa@ﬂ@@a@mﬁ{rn aphﬁﬂg:uﬁéfdr%iamplbi PetenttApplication
i S necessary to ﬁr event the annel s from cl oggi n

No. 2@%Zr§éa9®%,rﬂmncrz i samplectmay he¢ siweagecag&mhttbe Ql@@g@de possibly

conkg ne

exhaﬁtgrr%qe)};% 11'tshr—*glpgtrﬂ ?1%8%60531&% e qg&%bcl Yoltage is applied to an
electé)gl%aé@éﬂ M oARPAERLA DI Wi RO U B ENE N Gy hEE SRe O @MBRLHSn 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 to Solve the Problems

The cell separation apparatus of the present invention comprises a means for
moving a cell in a cell separating space by applying an external force to the cell
separating space from outside, and channels capable of separating and discharging
the cell, whereby this apparatus can prevent the damage of a cell sample and the
exhaustion of an electrode due to its electrolysis. Further, the cell separation

apparatus of the present invention may have a means for preventing the channels
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Means to Solve the Problens The cell separation
aratus of the present invention conprises a neans
PCT/‘ﬁJD(%%O‘U%QﬂS’ﬂg a cell in a cell _separating space by
appl yi ng an external force td the cell separati ng
space from outside, and channel s capabl e of separating
and di scharging 30 the cell, whereby this apparatus
can prevent the danmage of a cell sanple and the
from ekdppisg ibgrcaphtusingahgninitde atdud tpstréamepationodfysichannel where a
' Further,, the_ cell separation, apparatus of the present
sarupl, SR F AR SRS T B 1ﬁ6?-“_§ﬁ8€%iwti ng the channels
. C C .
T P ot oot ek UL Be PR apion B Id comprising a cell
sepasaimy ephdd)iad leart aneehhnsepdsminjoaiapdberoducing) a cell-containing
introduced. That is, the present invention is a cell

Mluid spieathe sedhsenspatiagpasenir lesphva channelsdep disshapging fluids from

the o355 arfling 8%, B0R, £ RERRE af Ao BPEGh Onrnnl foson ty p ool in the
cell sepRAdthE RPasPERR oRltsileawtherih chaRNdnfcds are disposed such that

di scharging fluids fromthe cell separating space, and
cells arerecaed dischargsidy frogp dhe eoetleseparatng epace mtoep |diffgrent channel

the cel arating space om out si de rei.;n these.
deperig i whePBR il SRR Ral Faps T aPp Sy bR Eal ot Peine space
from SLBGharged fromthe cell separating space into a
different channel depending on whether or not an
Acextrdingdb thoy odl sepaappbhnethparatiee stedd aseptarati figes paepplied to a
1 10 fr moutst.de. According to.this ciell epar at,j on .
cell iga cell; spparatingesnace Jrpmy ulside, pe § gctg?)cgq darectly contacts with a

11-c6ftdinidk 3ohftidn, SERAAKAD jrdg celO 1

cell-oGfttiplil 3o Gt oy T RO RF AR AR HARMER YE e cample and also

prevesutl theiexhauation of pheslestirsdd Hae danaoilagirolyses.cel | sanpl e
and al so prevent the exhaustion of an el ectrode due

Apgng igeanedey appLyiag sushagpnextosanks fqse mpindesjeciaestatic force,

al for i-nGl ude | ect.rostyatic farce, .. ..
clect 3R RH AL A e PlabfihldoME BN En Rt dREr G it ppiation pressure
etc, ahdtiRbleRtvos it Rt @veRidit®paEe®, etc, and an
el ectrostatic force is conveniently used. Wen an

Whea ety dectavstaticdpree isdo be usedudtamn be atamdsebnapnlyneg an electric

field E%%ggﬁ#bagqtﬁgg g!gzgc%gwﬁtglnthfg: lg%’e? Q 0 g]@%ﬁr{oglpfﬁ%ﬁgz{i%tuilgn glectrolyte.
Arﬁbﬁ? bIREMIPres 2Ra PR Bh 668 RN EES gé‘ﬁ&kﬂ‘, %lﬁ%h%h%saig%rose, amino

I nclTuded generic gels such as agaro0se, a pectin,
pectig,oddl mgen, cet c.

Electric voltages to be applied may depend on a target cell, but it is preferable to
set them by practically passing a cell so that the target cell can be separated. For
example, in a case where an agarose gel is used with a distance between electrodes of
from 10 to 15 u m, a white blood cell. (the extent of 5 m) 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. /

The present invention is also a cell separation apparatus comprising a cell
separating space, at least one channel for injecting a cell-containing fluid into the cell

separating space, at least two channels for discharging fluids from the cell separating
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El ectri c voltages to be applied nay depend on a target
but it is preferable to set themby practically

PCT/JE&Q@‘#?I%GzﬁgceII so that the target cell can be
: separated. For exanple, in & case where an agarose

gel is used wth a distance between el ectrodes of 25

from1l0 to 15m a white blood cell (the extent of 5m

can be separated at an electric voltage of around 40
spaceyanHur inkens férharplerid as ep@ranl Dcappacell s tkacell Bgialalting space

a filter, in the channel for injectin
from c@PTSlfé‘%)nt"@ilti’leHg | Gllgr as dls@@wfit riéaﬁ?l@)f clamnel for injecting a

nd a of th

~ cell- cbﬂfpagrﬁa goﬂuﬁ)g Ip%f:% 0§7618%Jheé111% rogQgﬁtm?eﬁvlgﬁt }}’O&ﬂt a§1 filt gn | upstream of

the c@l@sbpﬁﬁﬂ@lﬁ@%p@& apfPlafladsd che@iRld 5+0dishosed lsuch that cells are each
separ ating space, at |east one channel for injecting a

-dischaeged éesmm ihei er]l Bppaxiting spape intd dﬁﬁqg‘anbtchﬁgnsbd@éendmg on ..

whet iy bEBEL o A0SR SonbB D360 0 sphttngd O i ousice
FuRes thed caRReyhRgisn o nlAF BevE v Eﬁéﬁnélﬁ foli‘e.m]ectmg a
cell separating space rom out si'de, wherein a fil

cell- colstainurgaﬂemd info & lvellcdegametingospaca Jami twg channels for dlSCharglng

fuids ipie et et i SHaca BpETRRAPOF IS agp fisposed such that,

whentS ﬁgtaé & ef /126 s %S}gﬁdi‘ 2 %&ﬁagegea 248 %'n%p?is ¢He SHED injection

S are eac schar ge rom t
chanisdpanad ithg @ﬂ)]ascqaamtmgaspmfef & pat;sarhammabstmneﬁw ngeoaif the two
nal . force |s applied to th

dlschggfqt gﬁ%\yg%rla? @e@eﬁ%ﬁ Sisea jpaotherp ypeqtaqm Chamiel into the cell
se].:)ar%‘i3 Agc ?ﬁg&r EJ?[P?G%P 'B@%%ﬁa%ﬁaﬂ'ﬁ% Iﬂ ac\cfjl% 61%'}% QF l(ﬁsgh%rge channels,

ng a contal ning

wher@lgparc@mda@t@mﬁ@ flandlid pRsseaapnalls onerofdhs ¢hREEbAGhannels.
fluids fromthe cell separating space, wherein these

channel s are d| sposed such that, 10 when no external
Br1ef ree |tsa afluidflovvedfromone of the two
t 0 the cell separating space is

F1§q31§%dﬁ)é1%p§é’t@§é @féw ﬂ'lé\ﬁhrfg‘@n@ém'bﬁﬁlﬂﬂéﬁt ofth 3EMAbARr of the present
channels while a fluid fl'owed from anot her injection

inventlvamnel into the cell separati ng space is passed to

stantially the her of the, discharge. channel s
Flﬁ#é ilg madiq Ylg‘grﬁ VADG P q}‘p’ao dhe congigpgtignet channels

ol PR 15 2 1 e o0 B e

Fig. |3bl©d1 Bf&tﬁm@iﬁc Figelshow@hg ehe ¥mbddEnsdthe 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; injection port for a solution containing a cell
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i nventi on. Fig.2 is a schematic view show ng one
odi mrent of the construction of channels 20 of a

PCTIJ@@pngQﬁZp%r of the present invention. Fig.3 is a
schematic vi ew show ng one efbodi ment of the

construction of a filter section 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
202nvgpttion portoforiadsedl-iree @oRfthaimat i ¢ vi ew show ng one
enbodi ment of the cell sorting process by a cell

- 2080 20¢r heje fomanglesdratte i nvention. Fig.6 is a
Z%Tﬁrénggﬁtrg%roggpe hcovm ng a cell sorting procedure of
nve

résen Nt | on, wherein the arrow i ndicates a
zorgem»ﬁerl n these draw ngs, reference nuneral s indicate
those el ements as follows: 30 101; chip 102, 103, 104,
- 204108051481, 41@7501,0@2'1109:1“01‘13&1!&@11%1 i nj ection port for -

208, 2B TN A A i an EREGRITR “906. 207:

21@%@1;} aﬁrﬂlrpéz%% pode 211, 212; cell rermval port 203;
I ter 204 401, 402, 501, 502; m cro-channel

30208042@]; el ectrode (space filled with an electrolyte)
élg (g separ ating space 301, 304; cell 302, 305;
30 95’1 3; colum-like structure (filter) 403, 404,

: yf i ne communi cati on openi ng
Sogn%(ggkﬁng%l?{g%glfﬂﬁre gﬁgglént | nvention
403, 404; gel electrode

1405, 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 cohstruction of a cell
separation apparatus (cell sorter) of the present invention. This cell sorter is
constructed 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 1s 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-channei, 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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15 Now, one enbodi nent of a cell separation apparatus
42 6present invention will be described but the
PCT”%PQ% PR62PAvention is not to be restricted in any way
to this enbodinment. Fig. 1 &hows schemati cal | y one
enbodi nent of the systematic construction of a cell
separation apparatus (cell sorter) of the present
invention. This cell sorter is 20 constructed in the
203 14 dispoedd at upsttesh ofithd miiceo-chapndlid04 itherdehitp pheserst the clogging

ot i S S U b ot
strucg;ﬁ%nint& I%ﬁe cmxgkﬁﬁrc’%he?fot eh%hffstshebge?l LR asto%tlillgn qﬁ%dﬁ%ed into a

n as possi 0 ‘conduc

hole mwﬁmdtthnﬁ@gh aexchampnel 20b6aib mﬁtlﬁ&tﬁbbeﬁe&ﬁﬁngssétﬁﬂﬂl 210 as in
whi ch_has _a nunerical aperture of 1.4 and a factor of

- the aheys, The ¢adl eppairpbipesectian 20Ads, 13 4p Qb%n%ds‘@‘kﬁld@ @ndzphannel 205

side, ?cﬁé ec VB S%};l%ng c% g}rni@-llragzr rg%lr%sdgs gs)zf(géd %9 which are

fllled%lt]citd gél @AMERIIAE RBArdgtd. TRUG, 8nBl&tFraaANah b@applied to the
hole 103 for introducing a cell-free solution into Pﬁ

cell sepayasingsechion 2 10dibesugb 4)ectosles insertaddn holed 206 and 207.

T 855 il M aThebie Sodlt anPpd RlreBup i it aceshiaop iy s, when
belngcﬁtl.)ﬂ s@ﬁj@cfeﬂrfﬂegnr&é@ﬁ'&t FYel Ya c%ﬁ 1}1:6\99(? FRIIR e, uﬂstg?arél side of a

schemat’i cal ly one enbodi nerit e constructio
channdi el cohveyedciel 4 dewnstreain beld weMremrihmleFlel OnTtiee other hand,

e e
eor GBI 4 $68/00 6300 T ST ERLIRETHR v cam

by the mneswer of @ spheven intrbaued ddongoled 200002, 211 and 212, that is, a
m cro-channel . This filter 203 is directly
differpheasip Setahépfi thetlrﬂéllddemmf tther slutiont r&ﬂ@pua% in fhis embodiment,

‘whenCh'g?s(]j da?'ctaocf% t1st I?eéorﬁg{nae eg Mito Sﬁ‘l&aglfglégs f"ﬁﬁ%lbl%(a ho%ga cell sorter, it is

unneddidaieto 24ee Hitnd ort e aHLhnESRAIA G ad et A2 X ARs deposited
in 5 the above. The cell "separating section 210 is, on

surfa¢a 83 vhasnaveridanal Metaldecnadmel 205 si de,
specti vel in.contact. wwth m struc es )
Fig. E'Ba}ée‘%)gc%éé‘ﬁﬁd’l%‘ﬁ iog op% CIoRBgnhof g Ecture of a filter
sectioh® %&l B t flod th&t%&l ! the #H4P of 3NfiRL %‘Efﬁdt ré hﬁoda%ﬁp B8 order to

separ ating section

preveﬁt eher ddggingnsf it etcrdichoied A0Gtamndd20y Flgm t fﬁ‘l&scﬁltbr gection
separatl ng section 210, the streamis in a |.am nar
compmsesiy, fieugolupplikel Gtiatige ngb3s msriedicedlst gligosed and  directly

embe%ﬁeeigﬁf % éﬂlﬁ lo‘ija c%llcs(f")réeﬂc lﬁ%‘? of silY é(ﬁearw bk gsa%fﬂggred 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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channel 204 is conveyed to a downstreamcell reservoir
I ..On the other hand, when being subjected to .

PCT/’&%OQTL@%%%BPC field, the cell iLs conveyed to a

downstream cel | reservoir hdle 212. Then, the flow

rate of the solution can be controlled, for exanple,

by the anmount of a solution introduced into holes 201,

202, 211 and 212, that is, a 15 difference in height
incorpbrathd initqui dell esoeterof Fighda ssilowtd an. erlhsged absénvativinsof the cell

_ Fi n.ex sérvatd
sepafAiia (gHgk o AuPOL GTEeTe ol (ol IATOUcHT S0k ARG 404 are’ disposed,

resp SRSEEE SRR SRR 10, ARASOBEN 0L 0o s

micraseapientbenahtiont af @l eglocnddes Fhgvidg hsflaofaentdoloring matter
vi ew showi ng one enbodi nent of the structure of a

- incorppyated thegeigecthegelielectrodesi ¢roarperentedvith emnrieds 01 and 402

in ructure into a [ j rder,to revent
throuth fub ARS8 dhd oo TR ibltepRofi§eht. a 16w
agaroddiig uskll la@rths @@l bldtrodeMRhH $88iih 1694 HsdKEs the electrolyte to
structure 303 perlodlcafly di sposed and direct

|
be digiuedien the agarose pf @rtb&r,chImsbwa'eﬁnngﬂn@spHobg tl¢ Icgthode side

O R e e —
to corttR6Bthe?Serfe@htitR of lakea St 4ifd dbE8G0393 SO as to prevent

the downstream mi cro-channel from clogging. Fig.3b is
Fig® opta cdewnsbowpimptsobemphicsHywangelbreeranporiovens when actually
wher ei Cfllter.section is.inc orated. into_th
applyIhg giledriscfirlds Whep nerfjestrif E‘Pg%ﬁ%%wf%dpﬂs i g, the coll run
chroghel ofShey S9PnBGS SAPLYLSDhoRRLUTIR! LSLALE LN Shannl 1.
On tlzedthieo hang, othea o electiie €elvhiscapglas] animRid. 8b 3hevdedlt fun through
relative to the width of a mcro-channel. As a result,

the chypnel; F0lpsdrangferreddis theethannel ®98se col um-1i ke

. c tre f._the channel is t.oat;. ..
Figie {0 R ophOtBeRdie Y Bing Mool RORReLs preslls, Mlloptiuygly passed to
eithes bPWW A BhAReelstih UClelll R rodr. Reb8@irir® BE4JABRI0us photograph Nos. 1-3 of
~PCT/JP2004/ 006299 7 i ncor&gr ated into a cell sorter.
Fig .6 Rhpyshoshtivat veheend atepbric dledd ivapploed, of cellmaaseb ks it is through an

en YR B SR 4B e ST b RSN 3955 o he ot
hand! Wos-67dF- s ' j
an Tl ugr escognt E%;ngﬁé‘gs@g%i‘?H%’%g“g’rz\?%eﬁ“g%%%}&ggﬁé’?’g& ra o%%ls maoves to
anotheavnhingo-ehfihnel.escent col oring matter 5 incorporated
therein. The gel el ectrodes conmunicate with channels

401 and 402 through fine communicati on openi ngs 405
~and 406. In this enbodinent, a 1% w v)
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agarose is used as the gel electrode, and sodi um
|oride i's used as the electrolyte to be dissolved
PCTMR%@ﬁ@Ogﬁﬁrose Further, by maintaining the pH of the
cat hode side acidic (pH 6.0F and the pH of the anode
side basic (pH 8.4), respectively, it is possible 10
to control the generation of a gas in the el ectrode.
Fig.5 is a view showing schematically a cell sorting
Whapisdetsedren actually applying an electric field.
When no electric field is applied as in Fig.5a, the
cell run { through a channel 501 flows as it is to

t ?’hc&?@nﬁ%{aecﬁﬁe%béﬁfatpg(ﬁoﬁ%ﬁ?%& %%nﬁege ?&cégé’égaﬁg at least one

chanfblOfo® bnjebH g e&dell-doaifih8 YR idf ﬂlié&:eﬂ%ﬁﬁ?éﬁﬁ@%ph@e at least two
transferred to the channel 502. Fig.6 is a

--channglsr fvp‘hdxsolga@ngsﬂhmdsn@om ths ecelheeparatiog] bpace, and a means for

sel ecti vegl)r(a1 s sed to her I?ﬁ t wo, channel

apply&gglans%?ftF BEedPa it Pb IE%Fﬁ %&twpc?ﬁ?i I%‘ﬁﬂde wherein
thesel cﬁaﬁﬁels’zb% QilSISJb%H RO ARt cMERLH oea%heﬁiéch%réé@lfﬂom the cell

is applied, a cell passes as it is through an
separaimg spade wito rmdxffeaantek:hanna] dépending omawhsiler oonphan external
ovvns On the ot her éo hand, . Nos. 4- 6 of
Emf‘i"gﬁ’diei s applied, a

258 BRI O BLEEI el cho sy for opling

extemab forat 10 gabglacabds contmining éﬂgc’@olﬁblappepag@tn algctric field to the
pace, at |east one channel for injecting a
cell S@Eﬂa-tb%ﬁ%ficr‘ﬁ ng fluid into the cell separating space,
ga char giong+f L ui
tthTeﬂ Ce§t1 Steﬁaléar.é?rg Qig) Sﬁgéf‘ug of geh%nrl 519 2 gfh J:ﬁ' hdﬁ% év(rg r@hannels for
injeckiniged Rall- cbﬁtmlﬂga flad eko lancélme,-epgfe{m@@gaaé B ﬁ&ﬁ@Qﬂlannels for
fromoutside, wherein these channels are disposed
dischepgme Hardedron the osllcisennenting gadces grharhin cidlese channels are

dispoRfR ehEn it MERSE nomdeftl for e R Al ASR ot bme of the

injecti6h lchaRRAIAhtH thS BAT §e]fr»£1‘é!ﬂr%1§}§édé(% phlsed td Q’@b.&‘?ihlmally one of the
separati on apparat us claim™ wherein the neans

two daprilaygaghannelsxwhilaal fitial pasdesl ﬁogean@ﬂlecunmdaon channel into the
contai.ning el ectrol yte appl.ying electric field

cell separaiiag) Sgaéﬁa}sapﬁﬁ%?dsﬁgc%lb%anﬁiﬁgyc@}q °§]é%|0§tt|hé’ntw° discharge

. cham?%@?éﬁ i gf Cg{ Fl'" onita %[1%1 gﬁl%n%%&gccew%hé §£%he injection

chansépar ati ng space and two channel s for

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

5. A cell separation apparatus comprising a cell separating space, at least one

. channel for injecting a cell-containing fluid into the cell separating space, at least two

channels for discharging fluids from the cell separating space, and a means for
applying an external force to the cell separating space from outside to give it to the
cell therein, wherein the injection channel comprises a filter at downstream of the
injection point of a cell-containing fluid but upstream of the cell separating space ,
and these channels are disposed such that cells are each discharged from the cell

separating space into a different channel depending on whether or not an external
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~whengapextgrnal

15 di scharging fluids fromthe cell separating space,
erein these channels are di sposed such that, when no

PCT”@%@@WH§P5¥orce is applied, a fluid fl owed from one of

- the injection channels |nto9the cell separating space
is passed to substantially one of the two discharge
channels while a fluid passed from another injection
channel into the <cell separating space is passed to
force b léet icadHeycel heeprirh g gQfp abB €rdnautdigsharge 20
channel s, whereby a cell-containing fluid is passed to
6. Thenes/l éﬁ@ar@fﬂ%@mﬁqaé@@ o6 §laigh émﬁblcg hag tvm ehganpls for mJectmg a

ot BB AMPRALELN otV Uinll S cMyfollCES Bochareing

fluidscfebin therded é@!pﬁgaiflhg|s§ac@twﬁe1@wﬂﬁ§é§eec@fﬂrﬁfelé Afe disposed such that,
i njection P0|nt and at an upstream of the cel

ogpadeappBed, a Alwdiflovsehiom ooa tﬁptibarlmmlon channels -

[ | t
into SETHIL RPN el Bt S BRbSantioght Pt o Yoo discharee
chanrfe% WwISRPAFREd PYwaReGEm Qﬁoﬂh%@?ﬁjletéﬁ@n cRAARNBRIoHBE cell sgparating

di scharging fluids fromthe cell separating space,
spaceaisnpaseedf tr subghingially dhe exther rdl theodzehnogd Iuhannbls whereby a

arat | ace f tside,to give. it to the ceI
cell-cqni2iming fﬂ%ﬂég BRH5¢ Eowhf Yem9 Srtherarmsectipm eharaels.

filter at downstreamof the 30 injection point of a
cell-containing fluid but upstream of the cel
separating space , and these channels are di sposed
such that cells are each discharged fromthe cel
separating space into a different channel dependi ng on
~whet her or not an external PCT/JP2004/006299 9 force
is applied to the cell separating space from outside.
6. The cell separation apparatus of claim5 which has
two channels for injecting a cell-containing fluid:
into a cell separating space and two channels for
di scharging fluids fromthe cell separating space,
wherei n these channel s are di sposed such that, 5 when
noexternal force is applied, a fluid flowed from one
of the injection channels into the cell separating
space i s passed to substantially one of the two
di scharge channels while a fluid fl owed from anot her
i njection channel into the cell separating space is
passed to substantially the other of the discharge
channel s, whereby a cell-containing fluid is passed
to only one of the two injection channels. 10



