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DESCRIPTION
Title of Invention
METHOD FOR CAPTURING RARE CELLS IN BLOOD
Technical Field
[0001] The present invention relates to methodcegturing rare cells
in blood using a filter, which allows for efficienaipture of rare cells in
blood, particularly circulating tumor cells (herafter referred to as
CTCs) in blood.
Background Art
[0002] The research/clinical significance of tunacetl concentration is
extremely large. If tumor cells in blood can als® concentrated, it
can be applied to the diagnosis of a cancer. kample, the most
important factor in the prognosis and treatmen& a@lancer is whether
the tumor cells have been metastasized at thedfntige first medical
examination and during the treatment. In the aabere the initial
spread of tumor cells has reached the periphepaldblthe detection of
CTCs is a useful means for evaluating the progsassi a cancer.
However, because an overwhelmingly large number béjod
components, such as red blood cells and white ltelis, are present in
blood, it is difficult to detect CTCs, whose amoiméxtremely small.
[0003] In recent years, a method in which a redier fusing parylene is
used to efficiently detect a small amount of CT@s been proposed
(Patent Literature 1).
[0004] Alternatively, a method in which a filtering metal in place of
resin is used to improve the filter strength, amel ¢ells are separated

based on the difference in deformability betweedlicells and tumor
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cells, has also been proposed (Patent Literature 2)

[0005] Alternatively, in recent years, a methodwhich white blood
cells are selectively removed, and the remainifly @s rare cells in
blood are extracted, has been proposed (Non Haterdtures 1 to 6).
Citation List

Patent Literature

[0006] Patent Literature 1: WO 2010/135603

Patent Literature 2: Japanese Unexamined Patbhic&ion No.
2013-42689
Non Patent Literature
[0007] Non Patent Literature 1. Fehm T, Solomayéi, Eleng S,
Tucker T, Lane N, Wang J, et al., “Methods for adivlg circulating
epithelial cells and criteria for their classificat as carcinoma cells”,
Cytotherapy, 2005; 7: 171-85.

Non Patent Literature 2: Konigsberg R, ObermayBises G,
Pfeiler G, Gneist M, Wrba F, et al., “DetectionEffCAM positive and
negative circulating tumor cells in metastatic Bteeancer patients”,
Acta Oncol, 2011; 50: 700-10.

Non Patent Literature 3: Sieuwerts AM, Kraan JIit Bpvan der
Spoel P, Elstrodt F, Schutte M, et al., “Anti-epithl cell adhesion
molecule antibodies and the detection of circutptiormal-like breast
tumor cells”, J Natl Cancer Inst, 2009; 101: 61-6.

Non Patent Literature 4: Mostert B, Kraan J, R@tVries J, van
der Spoel P, Sieuwerts AM, Schutte M, et al., “l0gta of circulating
tumor cells in breast cancer may improve throughckment with
anti-CD146”, Breast Cancer Res Treat, 2011; 127413



10

15

20

25

FP15-0404-00

Non Patent Literature 5: Schindlbeck C, Stellwagiefeschke U,
Karsten U, Rack B, Janni W, et al., “ilmmunomagneiicichment of
disseminated tumor cells in bone marrow and blobbreast cancer
patients by the Thomsen-Friedenreich-Antigen”, (ixp Metastasis,
2008; 25: 233-40.

Non Patent Literature 6: Deng G, Herrler M, BuggBs Manna
E, Krag D, Burke JF, “Enrichment with anti-cytokimnaalone or
combined with anti-EpCAM antibodies significantlycreases the
sensitivity for circulating tumor cell detection imetastatic breast
cancer patients”, Breast Cancer Res, 2008; 10: R69.

Summary of Invention

Technical Problem

[0008] According to a filter method, white bloodlisered blood cells,

and platelets in blood can be efficiently removetlowever, white

blood cells are close to tumor cells in size, dngstcannot be entirely
removed.

[0009] A filter method is a method in which whitdobd cells and

tumor cells are separated based on the differencsize and the
difference in deformability. In this method, byldaing the material of

the filter, the pore shape, the pore size, thetageratio, and the flow
rate, white blood cells and tumor cells can bdyfaeparated.

[0010] However, when the amount of blood is incegihighe number of
residual white blood cells tends to increase. Ugua healthy

individual possesses 3,500 to 9,500 white bloold/péd!.

[0011] CellSearch is the only test system for tumels in blood

approved by U.S. Food and Drug Administration (FP&gcording to
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which only tumor cells having EpCAM can be selesliyvcaptured.
However, because only tumor cells having EpCAM lrarcaptured, the
clinical significance of this method has been qoesd. The amount
of blood used in this method is 7.5 mL.

[0012] As a result of extensive research by theemors, in the case
where 7.5 mL of blood is allowed to flow, the numbéresidual white
blood cells is about 2,000.

[0013] At present, it is believed that the limit thle concentration rate
Is about 1:25000.

[0014] In recent years, the clinical significandeCellSearch has been
guestioned. That is, it is said that by simply g the number of
tumor cells, only the prognosis of cancer patieats be predicted.
[0015] In recent years, a downstream(downstrearntysisg such as the
gene analysis of collected cells, has been requiredthis case, the
number of white blood cells acceptable per tumdirieel0 to 100 (the
smaller the better).

[0016] In the case where 7.5 mL of blood is allowedflow, the
number of white blood cells acceptable is prefgrddds than 500, still
more preferably less than 100, still more prefgrdess than 50, and
still more preferably less than 10.

[0017] That is, the number 2,000 is insufficientnsidering a
downstream.

[0018] Meanwhile, although a method in which whileod cells are
selectively removed, and the remaining cells as catls in blood are
extracted, has also been proposed, this methodhassits limit.

[0019] Also in this method, as a result of exteasresearch by the
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inventors, in the case where 7.5 ml of blood isvedld to flow, the

number of residual white blood cells is about 2,00l addition, an

attempt to increase the white blood cell removaé reequires the
addition of a large amount of magnetic beads, winclteases the cost.

[0020] Although a large number of CTC removal methdave been
proposed in addition to the above methods, eachadetlone has its
limit.

[0021] The present invention has been accomplisigaihst the above
background. An object thereof is to provide a rodtlior capturing

rare cells in blood, according to which white blocells are reduced
using magnetic beads, and then the white blood aedl further reduced
using a filter, whereby a sample containing thetwapof rare cells in
blood suitable for a downstream can be prepared.

Solution to Problem

[0022] A method for capturing rare cells in bloodcarding to one

embodiment of the present invention is a methoaémturing rare cells
in blood, including isolating rare cells in bloodorin blood. The

method includes a step of removing white blood scefter blood

filtration using a filter.

[0023] Here, according to one aspect, it is possibat the step of
removing white blood cells is a step of removingte/blood cells using
beads having magnetic properties.

[0024] In addition, according to one aspect, itpigssible that the
number of white blood cells in a liquid containiting rare cells in blood
obtained after the blood filtration is 10,000 de

[0025] According to one aspect, it is possible that method includes,
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in or after the step of removing white blood cedisstep of diluting a
cell suspension with an aqueous solution contairtiig serum or
plasma of a mammal or a protein therefrom.

[0026] According to one aspect, it is possible that serum or plasma
of a mammal is of bovine, equine, or human origin.

[0027] According to one aspect, it is possible that serum or plasma
of a mammal is from a bovine fetus.

[0028] According to one aspect, it is possible tihat concentration of
the serum or plasma of a mammal in the aqueousi@olis within a
range of 1% to 50%.

[0029] According to one aspect, it is possible thatagueous solution
of serum or plasma contains a phosphate buffemaaiacomponent.
[0030] According to one aspect, it is possible thatagueous solution
of serum or plasma contains an anticoagulant.

[0031] According to one aspect, it is possible tifna anticoagulant is
EDTA, heparin, sodium citrate, or sodium fluoride.

[0032] According to one aspect, it is possible et method further
includes, before the blood filtration, a step ofmersing the filter in an
aqueous solution containing the serum or plasnaansdmmal.

[0033] According to one aspect, it is possible et method further
includes, after the blood filtration and before #sep of removing white
blood cells, a step of washing blood cells with aqqueous solution
containing the serum or plasma of a mammal.

[0034] According to one aspect, it is possible that serum or plasma
of a mammal is of bovine, equine, or human origin.

[0035] According to one aspect, it is possible tita serum of a
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mammal is fetal bovine serum or plasma.

[0036] According to one aspect, it is possible tha filter has a
surface made of gold, platinum, palladium, or amyahereof.

[0037] According to one aspect, it is possible ttieg filter contains
nickel as a main component and has a surface phaitd gold,
platinum, palladium, or an alloy thereof.

[0038] According to one aspect, it is possible ttieg filter contains
copper as a main component and has a surface phatadgold,
platinum, palladium, or an alloy thereof.

[0039] According to one aspect, it is possible ttia filter contains
palladium as a main component and has a surfa¢edplaith gold,
platinum, or an alloy thereof.

[0040] According to one aspect, it is possible #rabutermost layer of
the filter is gold plating.

[0041] According to one aspect, it is possible #rabutermost layer of
the filter is noble metal plating having a thicke@$ 0.05um to 1um.
[0042] According to one aspect, it is possible thatrare cells in blood
are tumor cells.

[0043] According to one aspect, it is possible thatfilter has through
pores whose opening shape is a circle, an ellipsmunded-corner
rectangle, a rectangle, or a square. Incidentally;ounded-corner
rectangle is a shape composed of two longer sitlegual length and
two semicircles. In the case where the openingesiga rectangle or
a rounded-corner rectangle, the through pores ese likely to be
clogged, and the concentration rate of the compaodme captured can

be further improved.
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[0044] According to one aspect, it is possible thatfilter has through
pores whose shape is at least one of a rectandle aounded-corner
rectangle, the minor length thereof beingrb to 15um.
[0045] According to one aspect, it is possible that filter has a
thickness of 31m to 50um.
Advantageous Effects of I nvention
[0046] According to the present invention, a metifimdcapturing rare
cells in blood, which allows for the preparationaosample containing
the capture of rare cells in blood suitable fooadstream, is provided.
Brief Description of Drawings
[0047] FIG. 1 illustrates the schematic structurfe aocell capture
cartridge.

FIG. 2 illustrates a method for producing a filter

FIG. 3 is a schematic cross-sectional view showimgethod for
producing a filter using a copper plate (or an Nitg in the case of
copper plating).

FIG. 4 is a diagram illustrating the definition thle major pore
size, minor pore size, and aperture ratio in arfilt
Description of Embodiments
[0048] Hereinafter, modes for carrying out the preésnvention will be
described in detail with reference to the attachéchwings.
Incidentally, in the description of drawings, samlements will be
indicated with same symbols, and redundant desmmiptill be omitted.
[0049] In the method for capturing rare cells indd according to this
embodiment, rare cells in blood are filtered frolndd using a filter.

The configuration of the device for blood filtratios not particularly



10

15

20

25

FP15-0404-00

limited. As an example, the case of using a @gdtare cartridge will
be described. The cell capture cartridge 100 deduas shown in FIG.
1. a casing 120 that has an inflow port 130 hazimignected thereto an
inflow tube 125 in which a cell dispersion flowsdaan outflow port
140 having connected thereto an outflow tube 18®fivhich a cell
dispersion flows; and a filter 105 that is locatedhe casing 120 and
has a capturing region for capturing rare celllood contained in a
cell dispersion.

[0050] The casing 120 is a member for holding thterf 105 and
composed of an upper member 110 and a lower mediier The
shape of the casing 120 is not particularly limitadd may be a
rectangular parallelepiped, a circular cylinderthar like.

[0051] Blood, a processing liquid such as a washangd, or the like,
for example, is connected upstream the inflow tL®&. In addition, a
pump P is connected downstream the outflow tube 13&cordingly,
when the pump P is driven, blood or the like ispdigiol from the inflow
tube 125 into the casing 120 and then dischargesideufrom the
outflow tube 135.

[0052] The filter 105 has formed therein throughrgz0106. When
blood is introduced into the cell capture cartrid@®, although the red
blood cells and the like of blood pass through ttireugh pores 106,
rare cells in blood cannot pass through the thropgres 106 and
remain on the filter 105 surface. As a resulte r@lls in blood can be
recovered.

[0053] Incidentally, the shape of the cell captaagtridge 100 is not

limited to the above. As long as rare cells indbl@an be captured by
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blood filtration using a filter, the device configdion is not particularly
limited.

[0054] Next, with reference to FIG. 2 and FIG. 8,example of a filter
preparation method will be shown, and also therfiltill be described.
[0055] FIG. 2 is a schematic cross-sectional viaamang a method for
producing a metal thin-film filter using a subs&ratomposed of a
peelable copper foil (or an Ni foil in the casecopper plating) attached
to an MCL.

[0056] FIG. 2(A) shows a substrate including an MChnd a peelable
copper foil 2 (or an Ni foil in the case of coppadating) laminated
thereon. This substrate is prepared first.

[0057] It is preferable that the material used fbe substrate for
producing a filter is copper (or nickel in the casfecopper plating).
Copper is easily removable by chemical lysis usinguid chemical,
and is also superior to other materials in termsadhesion to a
photoresist.

[0058] Next, as shown in FIG. 2(B), a photoresigs 3ormed on the
peelable copper foil 2 of the substrate. It isfenable that the
thickness of the photoresist is 1.0 to 2.0 times thickness of a
conductor to be formed later. When the thicknessmall, it becomes
difficult to strip the resist later, while when thkickness is large, it
becomes difficult to form a circuit. Specifically, is preferable that
the photoresist 3 has a thickness of 15 tuB0 As a photosensitive
resin composition for forming the photoresist 3,nagative type
photosensitive resin composition is preferable. tiAes negative type

photosensitive resin composition, a resin compwsitontaining at least

10
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a binder resin, a photopolymerizable compound lpaim unsaturated
bond, and a photopolymerization initiator is prafge.

[0059] Next, as shown in FIG. 2(C), a photomasls $laced to cover
the photoresist 3, and then the photoresist is segdo light. As a
result, an exposed area 3a is formed in the rethiahis not covered
with the photomask 4.

[0060] Next, as shown in FIG. 2(D), the photoregstieveloped with
an alkaline solution or the like to remove the pused area 3b. As a
result, the exposed area 3a remains at the pasitiorresponding to
through pores of a filter.

[0061] Next, as shown in FIG. 2(E), the portionttisanot covered with
the photoresist is subjected to electroplatingotonfa plating layer 5.
This plating portion serves as the material oftarfi

[0062] Next, as shown in FIG. 2(F), the peelablppsy foil 2 having
the plating layer 5 formed thereon by electroptimstripped from the
MCL 1.

[0063] Next, as shown in FIG. 2(G), the peelablegpay foil 2 is
removed by chemical lysis with a liquid chemicalnda the
self-supported film formed of the exposed arear8hthe plating layer
5 is isolated.

[0064] Next, as shown in FIG. 2(H), the exposedaaBa of the
photoresist remaining in the self-supported filnresnoved, whereby
through pores 6 are formed in the plating layer 5.

[0065] Next, as shown in FIG. 2(l), electroless dggblating is
performed to form a gold plating layer 7 on theefilsurface. As a

result, a filter 105 for use in the cell capturetmage 100 can be

11
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produced.

[0066] FIG. 3 is a schematic cross-sectional vieamang a method for
producing a metal thin-film filter using a coppéate (or an Ni plate in
the case of copper plating).

[0067] The method shown in FIG. 3 is the same @&s pfoduction

method shown in FIG. 2 except for that a coppeieflar an Ni plate) 2’
Is used in place of the MCL 1 and the peelable eoppil 2 in the

method shown in FIG. 2.

[0068] That is, FIG. 3(A) shows a step of prepaangppper plate 2’ for
use as a substrate.

In addition, FIG. 3(B) shows a step of laminatanghotoresist 3
on the copper plate 2’. In addition, FIG. 3(C) wkahe exposure of
the photoresist to light through a photomask 4. addition, FIG. 3(D)
shows the development of the photoresist to rentow@inexposed area
3b. In addition, FIG. 3(E) shows a step of elquabng a portion that
IS not covered with the exposed area 3a of theopbsist, thereby
forming a plating layer. In addition, FIG. 3(F)osts a step of
removing the copper plate 2’ by chemical lysis vattiquid chemical
(chemical etching), thereby isolating a self-supgubfilm formed of the
exposed area 3a and the plating layer 5. In addi&lIG. 3(G) shows a
step of removing the exposed area 3a of the plasbremaining in the
self-supported film, thereby forming through poées the plating layer
5. In addition, FIG. 3 (H) shows a step of eldese gold plating,
thereby forming a gold plating layer 7 on the fikarface.

[0069] As described above, a filter 105 for usethe cell capture
cartridge 100 can be produced by either of the ateihown in FIG. 2

12
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and the method shown in FIG. 3.

[0070] It is preferable that the material of théefi 105 is a metal.
Because metals have excellent processability, ter fprocessing
accuracy can be enhanced. As a result, the capates of the
component to be captured can be further improvéa addition, metals
are more rigid compared with other materials, sush plastics.
Accordingly, even when external force is applié $ize and shape can
be maintained. Therefore, in the case where a coemg slightly
larger than the through pores are deformed anag@dlsough the filter,
more accurate separation/concentration can bewthie

[0071] In addition, it is preferable that the mametal component is
nickel, silver, palladium, copper, iridium, or alog thereof. These
metals can be electroplated. Incidentally, “magmponent” means
that the weight proportion of the component basethe total weight of
the filter 105 is 50% or more.

[0072] Palladium and iridium have excellent chagastics in that the
oxidation-reduction potential is high and the sditybis low, but are
disadvantageous in that they are expensive. Nitlked a lower
oxidation-reduction potential than hydrogen andstisueasy to dissolve,
but is inexpensive. Silver and palladium are nobétals, and they are
relatively inexpensive compared with iridium.

[0073] It is preferable that the material used tfug substrate (copper
plate 2': see FIG. 3) for producing a filter is pep (or nickel in the case
where the material of the filter 105 is copper).op@er is easily
removable by chemical lysis using a liquid chemicahd is also

superior to other materials in terms of adhesionatghotoresist.
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Incidentally, also as the metal foil 2 (see FIGla2hinated on the MCL
1, copper (or nickel in the case where the matefidhe filter 105 is
copper) is preferable.

[0074] In addition, the formation of the platingyéa 5 shown in FIG.
2(E) and FIG. 3(E) is performed by electroplatingror example, for
nickel electroplating, a Watt bath (containing mklsulfate, nickel
chloride, and boric acid as main components), fasut acid bath
(containing nickel sulfamate and boric acid as m@amponents), a
strike bath (containing nickel chloride and hydnogsloride as main
components), and the like can be mentioned.

[0075] For silver electroplating, a bath containingotassium
argentocyanide or potassium tartrate as a main coemp can be
mentioned.

[0076] For palladium electroplating, a bath contagna water-soluble
palladium salt and a naphthalenesulfonic acid camgocan be
mentioned.

[0077] For iridium electroplating, a bath contamin a
halogen-containing soluble iridium salt and an ldédo can be
mentioned.

[0078] For copper electroplating, a bath containcapper sulfate,
sulfuric acid, and chloride ions as main componeatsbe mentioned.
[0079] Electroplating is performed using such atiptp bath. It is
suitable that the current density during electriopdpis within a range
of 0.3 to 4 A/dri, more preferably within a range of 0.5 to 3 Afdm
When the current density is 4 A/dnor less, roughening can be

suppressed, while when the current density is @d8nAor more, crystal
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grains of the metal grow sufficiently, enhancing #ffect as a barrier
layer. As a result, the effect of this embodimzart be obtained well.
[0080] The positions of the resist at the time &itipg, that is, the
positions of the exposed area 3a, correspond tpdkiions of through
pores. As the opening shape of the through parescle, an ellipse, a
square, a rectangle, a rounded-corner rectangielygon, and the like
can be mentioned, for example. In terms of effittie capturing the
target component, a circle, a rectangle, and adedntorner rectangle
are preferable. In addition, in terms of prevemtie filter from
clogging, a rounded-corner rectangle is particylpreferable.

[0081] The pore size of the through pores 6 isasebrding to the size
of the component to be captured. As used hereiting case where the
opening shape is not a circular shape, such asatbe of an ellipse, a
rectangle, or a polygon, the pore size means th@énman diameter of a
sphere that can pass through each through pore. example, in the
case where the opening shape is a rectangle, asnsimo FIG. 4,
although the minor pore size on the shorter sideth@ major pore size
on the longer side can be defined, the minor paeeis used as the pore
size of the through pore 6. In addition, in theecavhere the opening
shape is a polygon, the diameter of an inscribesflecof the polygon is
used. In the case where the opening shape is tangbe or a
rounded-corner rectangle, even in the state wheredmponent to be
captured is captured in the through pore 6, th@iogehas a gap in the
longitudinal direction of the opening shape. Ailgjcan pass through
this gap, and thus the filter can be prevented fogging. The
length of the minor pore size of the filter is @ebly 5um to 15um,

15
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and still more preferably dm to 9um.

[0082] The average aperture ratio of the througlepof the filter 105
Is preferably 3 to 50%, more preferably 3 to 20%¢l goarticularly
preferably 3 to 10%. Here, an aperture ratio méhagroportion of
the area occupied by the through pores relatithdarea of the region
that functions as a filter (see FIG. 4). Thattlne area of the region
that functions as a filter means the region defibgdconnecting the
outermost parts of through pores among a pluraltyhrough pores
contained in the filter (in FIG. 4, region Al swraled by the broken
line). When the aperture ratio is too high, thesgure on white blood
cells decreases, resulting in an increase in thabeu of residual white
blood cells. When the aperture ratio is low, theoant of blood that
can flow decreases.

[0083] The thickness of the filter 105 is prefeyalBl um to 50 um,
more preferably ftm to 30um, and particularly preferably @ to 20
um. In the case where the thickness of the fil@5 & less than Am,
the strength of the filter may decrease, resulimgoor handleability.
Conversely, when the thickness is more thapm®Q it is feared that the
productivity may decrease due to the increasedegsmeg time, the
materials may be overconsumed, causing cost disgayes, or
microprocessing itself may become difficult. Ferthit becomes
difficult for white blood cells to pass therethrdug

[0084] After the above circuit formation, the refayer is stripped, and
the copper foil is etched (FIG. 2) or the coppeatels removed (FIG. 3).
As a result, as shown in FIG. 2(H) or FIG. 3(Ghijtar composed of the

plating layer 5 is completed.
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[0085] Next, the resist remaining in the filter pesed area 3a) is
removed with a strong alkali. As the strong alkali0.1 to 10 wt%
NaOH or KOH aqueous solution is preferable. Ineortb promote
stripping, monoethanolamine (1 to 20 vol%) or ttke imay be added.
In the case where stripping is difficult, the resimy also be removed
with a solution prepared by adding an alkali (@110 wt% NaOH or
KOH) to sodium permanganate, potassium permangaoratee like.
[0086] It is suitable that the filter from which ehresist has been
removed is subjected to noble metal plating.

[0087] For noble metal plating, gold, palladiumatpium, ruthenium,
indium, and the like are desirable.

[0088] Among metals for noble metal plating, goldshthe highest
oxidation-reduction potential among all metals asadibed above, and
iIs believed to have no cytotoxicity. In additio@lmost no
discoloration, for example, occurs during long-testorage.

[0089] Gold plating may be performed as electrolgdating or
electroplating. In the case of electroplating, ¥aeation in thickness
is likely to increase, affecting the pore size aacy of the filter.
Therefore, electroless plating is desirable. Hawev gold
electroplating can improve the coverage.

[0090] Although gold plating by displacement plgtialone is also
effective, the combination of displacement plat@mgl reduction plating
Is more effective.

[0091] The metal filter before gold plating may kaan oxidized
surface. Thus, the removal of an oxide film isf@ened. Here, it is

suitable that the filter is washed with an aquesalstion containing a
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compound that forms a complex with metal ions.

[0092] Specifically, an aqueous solution containengyan, an EDTA,
or a citric acid is suitable.

[0093] Among them, citric acids are optimal for fhretreatment before
gold plating. Specifically, citric acid anhydrideydrates of citric acid,
citrates, and hydrates of citrates are suitablgecffcally, citric acid
anhydride, citric acid monohydrate, sodium citrggetassium citrate,
and the like may be used. Its concentration isepmbly within a
range of 0.01 mol/L to 3 mol/L, more preferably®rol/L to 2 mol/L,
and patrticularly preferably 0.05 mol/L to 1 mol/L.When the
concentration is 0.01 mol/L or more, the adhesi@iwben the
electroless gold plating layer and the metal filierimproved. In
addition, a concentration of more than 3 mol/L daes improve the
effect and is also economically undesirable.

[0094] It is suitable that immersion in the solaticontaining citric acid
Is performed at 7C to 95C for 1 to 20 minutes.

[0095] Within a range where the effects of the en¢snvention can be
obtained, the solution containing citric acid mégoacontain a reducing
agent, which is contained in the plating solutiorthe like, or a buffer
such as a pH adjuster. However, it is desirabd¢ the amounts of
reducing agent, pH adjuster, and the like are snaalll an aqueous
solution of citric acid alone is most preferabl@he pH of the solution
containing citric acid is preferably 5 to 10, andrenpreferably 6 to 9.
[0096] The pH adjuster is not particularly limitad long as it is an acid
or an alkali. Examples of usable acids include rbgdloric acid,

sulfuric acid, and nitric acid, and examples ofaétkinclude a solution
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of a hydroxide of an alkali metal or an alkalinetleametal, such as
sodium hydroxide, potassium hydroxide, or sodiumb@aate. AsS
described above, they may be used within a ranggemhe effect of
citric acid is not inhibited. In addition, whenetlsolution containing
citric acid contains nitric acid at a high concahon of 100 mL/L, the
adhesion-improving effect decreases as compareld thi case of
treatment with a solution containing only citriadac

[0097] The reducing agent is not particularly liesitas long as it has
reducing ability, and examples thereof include pjpsphorous acid,
formaldehyde, dimethylamine borane, and sodiumipaiade.

[0098] Next, substitution gold plating is performedSubstitution gold
plating may be performed using a cyanide bath noracyanide bath.
Considering the environmental impact or the cytmitx of the residue,
a non-cyanide bath is desirable. Examples of galts contained in a
non-cyanide bath include chloraurates, gold susf#is, gold thiosulfate
salts, and gold thiomalate salts. The gold sa#tg be used alone, and
it is also possible to use a combination of twonoire kinds.

[0099] Further, the metal-dissolving effect of aanile-based bath is
too strong, and some metals are likely to be disshlforming pinholes.
In the case where the pretreatment is sufficigmglformed as described
above, a non-cyanide plating bath is preferable.

[0100] As the supply source of gold, gold sulfitase particularly
preferable. As gold sulfites, gold sodium sulfiggld potassium
sulfite, gold ammonium sulfite, and the like aréatle.

[0101] It is preferable that the gold concentratisrwithin a range of
0.1 g/Lto 5 g/L. When the concentration is ldsant0.1 g/L, gold is

19



10

15

20

25

FP15-0404-00

less likely to be deposited, while when it is mthran 5 g/L, the solution

is likely to be decomposed.

[0102] It is suitable that the substitution golatpig bath contains an
ammonium salt or an ethylenediaminetetraacetic aeitl as a gold
complexing agent. Examples of ammonium salts delammonium
chloride  and ammonium sulfate, and examples  of
ethylenediaminetetraacetic acid salts include etladiaminetetraacetic
acid, sodium ethylenediaminetetraacetate, potassium
ethylenediaminetetraacetate, and ammonium
ethylenediaminetetraacetate. It is preferabletttmammonium salt is
used at a concentration within a range of Z0° mol/L to 0.4 mol/L.
When the ammonium salt concentration is outsidehs range, the
solution tends to be unstable. It is preferableat tithe
ethylenediaminetetraacetic acid salt is used angentration within a
range of 2x 10° mol/L to 0.2 mol/L. When the ammonium salt
concentration is outside of this range, the sofutemds to be unstable.
[0103] In order to keep the solution stable, $ustable that a sulfurous
acid salt is contained at 0.1 g/L to 50 g/L. Ex&espf sulfurous acid
salts include sodium sulfite, potassium sulfiteJ ammonium sulfite.
[0104] As a pH adjuster, in the case where thegts be reduced, it is
preferable to use hydrochloric acid or sulfuricdaci In addition, in the
case where the pH is to be increased, it is prefertp use sodium
hydroxide, potassium hydroxide, or aqueous ammorliais suitable
that the pH is adjusted to 6 to 7. A pH outsideéhad range adversely
affects the stability of the solution or the appeae of the plating.

[0105] It is preferable that displacement platisgused at a solution
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temperature of 3@ to 80CC. A pH outside of this range adversely
affects the stability of the solution or the appeae of the plating.
[0106] Displacement plating is performed as destribabove.
However, it is difficult to completely cover the takby displacement
plating. Thus, next, reduction-type gold platirging a reducing agent
is performed. It is preferable that the thicknesshe displacement
plating is within a range of 0.Q2n to 0.1um.

[0107] As gold salts for reduction-type gold platirgold sulfite salts
and gold thiosulfate salts are preferable, and ipreferable that the
content thereof is, as gold, within a range ofl1tg/10 g/L. When the
gold content is less than 1 g/L, the gold depasitisaction decreases,
while when it is more than 10 g/L, the stabilitytbe plating solution
decreases, and also the consumption of gold iresedise to the loss of
the plating solution; therefore, this is undesieabl It is more preferable
that the contentis 2 g/Lto 5 g/L.

[0108] Examples of reducing agents include hypophosc acid,
formaldehyde, dimethylamine borane, and sodium fpaiade, but
phenyl compound-based reducing agents are moreerpbdé.
Examples thereof include phenol, o-cresol, p-cresebthylphenol,
p-ethylphenol,  t-butylphenol, = o-aminophenol, p-appihenol,
hydroquinone, catechol, pyrogallol, methyl hydromure, aniline,
o-phenylene diamine, p-phenylene diamine, o-toh@dio-ethylaniline,
and p-ethylaniline. They may be used alone, amlatso possible to
use two or more kinds.

[0109] It is preferable that the reducing agentteonnis 0.5 g/L to 50
g/L. When the reducing agent content is less thang/L, it tends to
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be difficult to obtain a practical deposition ratéhile when it is more
than 50 g/L, the stability of the plating solutitamds to decrease. The
reducing agent content is more preferably 2 g/L1® g/L, and
particularly preferably 2 g/L to 5 g/L.

[0110] The electroless gold plating solution mantam a heavy metal
salt. In terms of promoting the deposition ratés preferable that the
heavy metal salt is at least one member selectash fihe group
consisting of thallium salts, lead salts, arseraltss antimony salts,
tellurium salts, and bismuth salts.

[0111] Examples of thallium salts include inorgac@mpound salts,
such as thallium sulfate, thallium chloride, thaii oxide salt, and
thallium nitrate, and organic complex salts, susklighallium malonate.
Examples of lead salts include inorganic compoualts,ssuch as lead
sulfate and lead nitrate, and organic acetic aalid,ssuch as acetate.
[0112] In addition, examples of arsenic salts ideluinorganic
compound salts and organic complex salts, suchrseige, arsenate,
and arsenic trioxide. Examples of antimony saftslude organic
complex salts, such as antimonyl tartrate, andyenac compound salts,
such as antimony chloride, antimony oxysulfate, amgnmony trioxide.
[0113] Examples of tellurium salts include inorgamiompound salts
and organic complex salts, such as tellurite alaréde. Examples of
bismuth salts include inorganic compound saltshsag bismuth(lll)
sulfate, bismuth(lll) chloride, and bismuth(lll) trate, and organic
complex salts, such as bismuth (l11l) oxalate.

[0114] One or more kinds of the above heavy methtis snay be used.

Their total amount added is preferably 1 ppm to J@®n, more
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preferably 1 ppm to 10 ppm, based on the totalmelwf the plating
solution. When the amount is less than 1 ppmintipeoving effect on
the deposition rate may not be sufficient, whileswlit is more than 100
ppm, the plating solution stability tends to deseea

[0115] The electroless gold plating solution maptan a sulfur-based
compound. When a sulfur compound is further coetiin the
electroless gold plating solution containing a pthexompound-based
reducing agent and a heavy metal salt, a suffidlepbsition rate can be
obtained even when the solution temperature i®wasaks 60 to 8TC,
and also excellent film appearance can be achievitbreover, the
stability of the plating solution is particularijnproved.

[0116] Examples of sulfur-based compounds includdide salts,
thiocyanates, thiourea compounds, mercaptan conasousulfide
compounds, disulfide compounds, thioketone compsurtiazole
compounds, and thiophene compounds.

[0117] Examples of sulfide salts include potassiaaifide, sodium
sulfide, sodium polysulfide, and potassium polyisielf examples of
thiocyanates include sodium thiocyanate, potasditiocyanate, and
potassium dithiocyanate, and examples of thiouosapounds include

thiourea, methylthiourea, and dimethylthiourea.

[0118] Examples of mercaptan compounds include
1,1-dimethylethanethiol, 1-methyl-octanethiol, dcaleethiol,
1,2-ethanedithiol, thiophenol, o-thiocresol, p-thesol,

o-dimercaptobenzene, m-dimercaptobenzene, p-dipitoanzene,
thioglycol, thiodiglycol, thioglycolic acid, dithglycolic acid, thiomalic

acid, mercaptopropionic acid, 2-mercaptobenzimiligzo
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2-mercapto-1-methylimidazole, and
2-mercapto-5-methylbenzimidazole.

[0119] Examples of sulfide compounds include diethsulfide,
diisopropyl sulfide, ethyl isopropyl sulfide, diphg sulfide,
methylphenyl  sulfide, rhodanine, thiodiglycolic @ci and
thiodipropionic acid, and examples of disulfide @munds include
dimethyl disulfide, diethyl disulfide, and dipropgisulfide.

[0120] Further, examples of thioketone compoundscluge
thiosemicarbazide, examples of thiazole compoundhide thiazole,
benzothiazole, 2-mercaptobenzothiazole,
6-ethoxy-2-mercaptobenzothiazole, 2-aminothiazole, 2,1,3-
benzothiadiazole, 1,2,3-benzothiadiazole, (2-bdmnapblythio)acetic
acid, and 3-(2-benzothiazolythio)propionic acid,daexamples of
thiophene compounds include thiophene and benzitaite.

[0121] Sulfur-based compound may be used alone, iand also
possible to use two or more kinds. The sulfur-dasempound
content is preferably 1 ppm to 500 ppm, more padfigr 1 ppm to 30
ppm, and particularly preferably 1 ppm to 10 ppnmWhen the
sulfur-based compound content is less than 1 ppendéposition rate
decreases, resulting in poor plating coverage, e&Wdyerthe film
appearance is deteriorated. When the contentiie than 500 ppm, it
becomes difficult to control the concentration, mgkthe plating
solution unstable.

[0122] The electroless gold plating solution prefdy contains, in
addition to the gold salt, reducing agent, heavytamealt, and

sulfur-based compound described above, at leasbbaecomplexing
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agent, a pH buffer, and a metal ion masking agert,more preferably
contains all of them.

[0123] It is preferable that the electroless godlatipg solution of the
present invention contains a complexing agent. ci8peexamples

thereof include non-cyanide complexing agents suash sulfites,

thiosulfates, and thiomalates. It is preferablat tthe complexing
agent content is 1 g/L to 200 g/L based on thel taddume of the

plating solution. In the case where the complexaggnt content is
less than 1 g/L, the gold complexing ability dese=sa resulting in a
decrease in stability. When the content is moaa 200 g/L, although
the plating stability is improved, recrystallizatioccurs in the solution,
which is economically not good. It is more prebeathat the

complexing agent content is 20 g/L to 50 g/L.

[0124] It is preferable that the electroless gditipg solution contains
a pH buffer. A pH buffer is effective in maintangi the deposition rate
constant to stabilize the plating solution. Italso possible to mix a
plurality of buffers. Examples of pH buffers indki phosphates,
acetates, carbonates, borates, citrates, andesulfaBmong them, boric
acid and sulfates are particularly preferable.

[0125] It is preferable that the pH buffer contentl g/L to 100 g/L

based on the total volume of the plating solutiowhen the pH buffer
content is less than 1 g/L, no pH-buffering effectobtained, while

when it is more than 100 g/L, recrystallization nwocur. It is more
preferable that the content is 20 g/L to 50 g/L.

[0126] It is preferable that the gold plating smatcontains a masking

agent. As the masking agent, a benzotriazole-besegound can be
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used. Examples of benzotriazole-based compounddudm
benzotriazole sodium, benzotriazole potassiumghgtirobenzotriazole,
methylbenzotriazole, and nitrobenzotriazole.

[0127] It is preferable that the metal ion maskaggent content is 0.5
g/L to 100 g/L based on the total volume of thaiptasolution. When
the metal ion masking agent content is less thamgl., the masking
effect on impurities is low, and there is a tendetitat the solution
stability cannot be sufficiently secured. Meanehivhen the content
Is more than 100 g/L, recrystallization may oceuthe plating solution.
In terms of cost and effect, the most preferabigeas 2 g/L to 10 g/L.
[0128] It is preferable that the gold plating smuothas a pH within a
range of 5 to 10. In the case where the pH ofplaéng solution is
less than 5, the sulfite or thiosulfate, which ssnas a complexing
agent in the plating solution, may be decomposedulting in the
generation of toxic sulfurous acid gas. In theecafere the pH is
more than 10, the stability of the plating soluttends to decrease. In
order to improve the deposition efficiency of thleglucing agent and
obtain a high deposition rate, it is preferabletttee pH of the
electroless gold plating solution is within a ramdg® to 10.

[0129] As a method for electroless plating, theefilafter substitution
gold plating is immersed and subjected to goldmjat

[0130] It is suitable that the plating solution feenature is 5UC to
95°C. When the temperature is less tharf(Q0the deposition
efficiency is low, while when it is 9& or more, the solution is likely to
be unstable.

[0131] It is preferable that the gold plating layérformed in this
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manner, which is the outermost layer, has a gohttypaf 99 wt% or
more. When the gold purity of the gold platingday is less than 99
wt%, the contact portion has increased cytotoxicityn terms of
enhancing the reliability, it is more preferablattthe purity of the gold
layer is 99.5 wt% or more.

[0132] In addition, the thickness of the gold pigtiayer 7 is preferably
0.005um to 3 pum, more preferably 0.0gm to 1 um, and still more
preferably 0.1um to 0.5um. When the thickness of the gold plating
layer 7 is 0.005um or more, metal elution can be suppressed to some
extent. Meanwhile, even when the thickness is ntoaa 3um, the
effect is not improved any further, and, therefoedso from an
economical point of view, it is preferable that thekness is 3im or
less. In the case of noble metal plating, it iefgmable that the
thickness is 0.0pm to 1um.

[0133] The gold surface formed as described abageno cytotoxicity,
and is stable in air or in most blood-containinguemus solutions.
However, the gold surface is relatively hydropholaicd has low
biocompatibility, and thus it is suitable to suljebe surface to a
biocompatibility-improving treatment. An exampld the surface
treatment will be shown hereinatfter.

[0134] White blood cells, red blood cells, and elats, which are
components in blood, show a rejection responser&gn substances.
Therefore, it is suitable that the metal surfagarétreated. In this case,
it is preferable that the metal surface is immersetsolvent containing
a biocompatible polymer immediately before bloduldtion.

[0135] Examples of solvents containing a bioconipati polymer
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include the serum and plasma of a mammal. In &ise evhere blood
Is collected in a blood collection tube containeny anticoagulant and
then allowed to stand or be centrifuged, the swgiant resulting from
the precipitation of blood cell components is plasmSuch plasma
contains a coagulation factor. Meanwhile, in theecwhere blood is
collected in a blood collection tube containingamicoagulant and then
allowed to stand, because there is no anticoaguthat blood cell
components coagulate due to a coagulation facitine supernatant in
that case is serum, and serum lacks a coagulattborf

[0136] Among mammals, considering the charactessbr price, it is
preferable that the mammal is bovine, equine, andny and fetal
bovine serum is particularly preferable.

[0137] Blood serum contains proteins. Albumin twbglin contained
in proteins is adsorbed on the filter surface, whegr blood cell
components are prevented from being adsorbed offiltie surface.
Proteins are abundantly present in serum, and seloumin occupies
about 50% to 65%.

[0138] Albumin contains a large number of aminalaagonnected, and
thus has a large number of amino groups. An amgmoop firmly
coordinates with a noble metal (gold, platinum)gzalim).

[0139] Particularly in the case of gold, becausesde film is hardly
present, firm binding to albumin is formed evenhwiit any special
pretreatment.

[0140] The filter 105 is pretreated with an aquesaisition prepared by
diluting such serum or plasma. The concentratfoseaum or plasma

Is preferably within a range of 1% to 50%, stillm@greferably within a
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range of 5% to 30%, and still more preferably withirange of 10% to
20%.

[0141] It is suitable that serum or plasma is edltvith a water-based
solvent, and it is desirable that a buffer, suchplssphoric acid, is
contained. It is preferable that the aqueous isolubf serum or
plasma contains a phosphate buffer as a main canpon

[0142] Further, it is desirable that the serumlasma solution contains
an anticoagulant of blood. Examples of such aagatants include
EDTA, heparin, sodium citrate, and sodium fluoriddmong them,
EDTA or heparin is desirable.

[0143] The treatment time is preferably 1 minute more and 60
minutes or less, and still more preferably 1 minatemore and 10
minutes or less. In the case where the time stlegn 1 minute, the
biocompatible polymer is less likely to firmly calimate with the noble
metal surface, while a treatment for more than @futes is undesirable
in terms of working hours.

[0144] Blood is passed through the filter treatathva biocompatible
polymer in this manner (blood filtration). Thetdit 105 is installed to
the cell capture cartridge 100 or a like deviced &food is passed
therethrough. The blood may be treated from belwavfilter with a
negative pressure, treated from above the filtén wipositive pressure,
or treated with a centrifugal force as in centrétign. In any method,
it is important to control the linear velocity athiwwh blood passes
through the pores of the filter.

[0145] Incidentally, the amount of blood necessasya sample is 1 to
10 ml.
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[0146] It is preferable that the blood collectiahé¢ for collecting blood
contains an anticoagulant. Examples thereof imclEDTA-2K,
EDTA-2Na, sodium citrate, sodium fluoride, and hapa

[0147] In addition, a method in which blood colledtin a blood
collection tube is entirely used as a sample amgktlnod in which only
the buffy coat is isolated by centrifugation aresgble. Although the
method in which blood collected in a blood collentitube is entirely
used is easier, the removal of red blood cells l&k&dcomponents is
advantageous in that the subsequent steps artatad!

[0148] In the case where the method in which ohly buffy coat is
isolated is used, it is suitable that dilution exfprmed with a solvent
containing a biocompatible polymer. As a resuig tadsorption of
tumor cells in blood at unnecessary positions, deample, can be
prevented.

[0149] Examples of solvents containing a bioconipati polymer
include the serum and plasma of a mammal. In &ise evhere blood
is collected in a blood collection tube containenrg anticoagulant and
then allowed to stand or be centrifuged, the swgiant resulting from
the precipitation of blood cell components is plasmSuch plasma
contains a coagulation factor. Meanwhile, in theecwhere blood is
collected in a blood collection tube containingamicoagulant and then
allowed to stand, because there is no anticoaguthat blood cell
components coagulate due to a coagulation faciine supernatant in
that case is serum, and serum lacks a coagulattborf

[0150] Among mammals, considering the charactessbr price, it is

desirable that the mammal is bovine, equine, ordwum In particular,
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fetal bovine serum is likely to offer excellent cheteristics.

[0151] Blood serum contains proteins. Albumin twbglin contained
in proteins is adsorbed on the filter surface, whegr blood cell
components are prevented from being adsorbed offiltie surface.
Proteins are abundantly present in serum, and seloemin occupies
about 50% to 65%.

[0152] The filter is pretreated with a solution paeed by diluting such
serum or plasma. The concentration of serum @anpdais preferably
within a range of 1% to 50%, still more preferaghin a range of 5%
to 30%, and still more preferably within a rangel0%6 to 20%.

[0153] It is suitable that serum or plasma is edltvith a water-based
solvent, and it is desirable that a buffer, suchplssphoric acid, is
contained.

[0154] Further, it is desirable that the serumlasma solution contains
an anticoagulant of blood. Examples of such aagatants include
EDTA, heparin, sodium citrate, and sodium fluoriddmong them,
EDTA or heparin is desirable.

[0155] After a cell suspension containing whitedalccells and CTCs
diluted with a biocompatible polymer-containing\sait is prepared in
this manner, white blood cells are removed.

[0156] For the removal of white blood cells, a vehilood cell removal
method using magnetic beads (beads having magpetigerties),
which is a conventionally known method, can be use&s such beads,
Dynabeads M-450-CD45 (pan-leucocyte) can be megtion

[0157] The above magnetic beads are allowed tot g a CD45

antibody, and then immersed in the cell suspensiét.this time, it is
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suitable that the amount of magnetic beads is dbouto ten times the
amount of white blood cells. When the amount ofjnsic beads is
small, the white blood cell removal efficiency deases, while when the
amount of magnetic beads is large, it leads tcesmssd cost.

[0158] Magnetic beads and white blood cells arevadld to react for a
predetermined period of time, and then the magihetacls are removed.
[0159] Through the above step, the number of wihlibed cells can be
reduced from the original order of 50,000,000 ki@ tase of 5 mL) to at
least the order of 500,000.

[0160] The suspension of cells obtained through dbeve step is
subjected to blood filtration, whereby reductiommade to the level that
allows for a downstream.

[0161] The linear velocity at which blood passe®tigh pores of the
filter 105 (volume of blood/total area of pores)dssirably within a
range of 0.5 to 100 cm/min, and still more desyatikhin a range of 5
to 20 cm/min.

[0162] It is suitable that the filter 105 after btbfiltration is washed
again with a serum or plasma solvent. As the senuptasma solvent,
one completely the same as the solvent used foremsion described
above can be used. The linear velocity of the wgshquid is also
desirably within a range of 0.5 to 100 cm/min, @t more desirably
within a range of 5 to 20 cm/min.

[0163] Because of the immersion in the beginnihg, biocompatible
polymer has been adsorbed on the surface of tke 105, and thus the
adsorption of blood cell components during filinatican be suppressed.

However, as a result of the blood treatment, blogts become likely to
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be adsorbed on the surface.

[0164] In addition, when the biocompatible polyneeallowed to flow
at the time of washing again, the washing effeenisanced.

[0165] Although the amount of washing liquid mayswatably adjusted,
at the above linear velocity, washing for 1 to 2ihutes is desirable,
and washing for 5 to 15 minutes is still more dede.

[0166] The concentrated rare cells, such as CT&s,be captured as
above. When the filter is chemically firmly coatedith a
biocompatible polymer, components such as red bloelts, white
blood cells, and platelets can be eliminated. dmatally, it is
necessary to include at least either of a stemofarsing the filter in an
aqueous solution containing the serum or plasma wlammal before
blood filtration and a step of washing blood celighe blood with an
aqueous solution containing the serum or plasma ofammal after
blood filtration. However, particularly when theeatment is
performed before blood filtration, rare cells iroddl can be efficiently
captured.

[0167] In a filter method using blood filtrationhd amount of
eventually remaining white blood cells tends toyvdepending on the
amount of white blood cells initially added. Acdorg to the
inventors’ examination, the amount of white blo@llscan be reduced
to about 1/25000 by filtration through a filter.

[0168] However, in some cases, about 50,000,00Qewtbiood cells
may be present in 7.5 ml of blood. In such a cakeut 2,000 (1,000
to 10,000) white blood cells will remain.

[0169] Even when there are 2,000 white blood cedlmaining, it is
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possible to count tumor cells. However, in thessgfuent downstream,
such as gene analysis, when the number of tumés isebmall, the
background is too much, making it difficult to oiot@xcellent results.
[0170] In a filter method, there remains the prablef how to reduce
1,000 to 10,000 remaining white blood cells.

[0171] Thus, white blood cells and tumor cells renmg on the filter
are recovered. As the recovery method, a methedioh the filter is
immersed in a beaker is possible, for example. Hewean easy
method is to backwash the filter. That is, a kibis passed backwards
through the filter to recover the cells. As theaeery liquid therefor,
it is preferable to use a solvent containing admmgcatible polymer.
[0172] Examples of solvents containing a bioconipati polymer
include the serum and plasma of a mammal. In &ise evhere blood
Is collected in a blood collection tube containeny anticoagulant and
then allowed to stand or centrifuged, the supematsulting from the
precipitation of blood cell components is plasm&uch plasma
contains a coagulation factor. Meanwhile, in theecwhere blood is
collected in a blood collection tube containingamicoagulant and then
allowed to stand, because there is no anticoaguthat blood cell
components coagulate due to a coagulation facitine supernatant in
that case is serum, and serum lacks a coagulattborf

[0173] Among mammals, considering the charactessbr price, it is
desirable that the mammal is bovine, equine, ordwum In particular,
fetal bovine serum is likely to offer excellent cheteristics.

[0174] Serum contains proteins. Albumin or globutontained in

proteins is adsorbed on the filter surface, wherdidgod -cell
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components are prevented from being adsorbed offiltie surface.
Proteins are abundantly present in serum, and seloumin occupies
about 50 to 65%.

[0175] Albumin contains a large number of aminalaagonnected, and
thus has a large number of amino groups. An amgmoop firmly
coordinates with a noble metal (gold, platinum|gzalim).

[0176] Particularly in the case of gold, becausesde film is hardly
present, firm binding to albumin is formed evenhwiit any special
pretreatment.

[0177] The concentration of serum or plasma is quedfly within a
range of 1 to 50%, still more preferably withinaamge of 5 to 30%, and
still more preferably within a range of 10 to 20%.

[0178] It is suitable that serum or plasma is edltvith a water-based
solvent, and it is desirable that a buffer, suchplssphoric acid, is
contained.

[0179] Further, it is desirable that the serumlasma solution contains
an anticoagulant of blood. Examples of such aagatants include
EDTA, heparin, sodium citrate, and sodium fluoriddmong them,
EDTA or heparin is desirable.

[0180] After a cell suspension containing whitedalccells and CTCs
diluted with a biocompatible polymer-containing\saoit is prepared in
this manner, white blood cells are removed.

[0181] For the removal of white blood cells, a vehilood cell removal
method using magnetic beads, which is a converljokieown method,
can be used. As such beads, Dynabeads M-450-Giafsl€ucocyte)

can be mentioned.
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[0182] Magnetic beads are allowed to react withCad& antibody, and

then immersed in the cell suspension. At this tilhé suitable that

the amount of magnetic beads is about 4 times @atihes the amount
of white blood cells. When the amount of magnbk&ads is small, the
white blood cell removal efficiency decreases, whhen the amount
of magnetic beads is large, it leads to increasstl ¢

[0183] Magnetic beads and white blood cells arevadld to react for a
predetermined period of time, and then the magihetacls are removed.
[0184] Through the above step, the number of wihlibed cells can be
reduced from the original order of 1,000 to 10,Q@0the case of 7.5
mL) to the order of 10 to 100.

[0185] The cell suspension thus obtained is ondtel that allows for

a downstream.

Examples

[0186] (Filter 1)

A photosensitive resin composition (PHOTEC RD-12Z5um
thick, manufactured by Hitachi Chemical Co., Ltdias laminated to
one side of a 250-mm-square substrate (MCL-E679Fsulastrate
prepared by attaching a peelable copper foil tostirlace of an MCL,
manufactured by Hitachi Chemical Co., Ltd.). Thamination
conditions were as follows: roll temperature’©Qpressure: 0.3 MPa,
conveyor speed: 2.0 m/min.

[0187] Next, a glass mask having a light-transngftpart in the shape
of a rounded-corner rectangle and designed to &aree of 7.8 (minor
pore sizekx 100 (major pore sizg)m and an aperture ratio of 6.7% was

allowed to stand on the photoresist-laminated sarfaf the substrate.
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In this example, a glass mask in which roundedeawonectangles
extending in the same direction are aligned in mm&gor-axis and
minor-axis directions at constant pitches was used.

[0188] Subsequently, in a vacuum of 600 mmHg os,l&B/ light was
applied at an exposure dose of 30 m3/aging a UV irradiation device
from above the substrate having the glass maskglkhereon.

[0189] Next, the photoresist was developed with .8%l agueous
sodium carbonate solution, thereby forming a rekiger having a
photoresist in the shape of rectangles vertica#lpding on the substrate.
The copper exposed portion of the resist-deposgeldstrate was
subjected to plating in a nickel plating solutiatjusted to pH 4.5 at a
temperature of 5% for about for 20 minutes to give about gon.
The composition of the nickel plating solution w/n in Table 1.
[0190] [Table 1]

Plating solution composition Concentration (g/L)
Nickel sulfamate 450
Nickel chloride 5
Boric acid 30

[0191] Next, the obtained nickel plating layer wstsipped together
with the peelable copper foil of the substrate. e Ppkelable copper foil
was removed by chemical lysis with a liquid chehi@EC Bright
SF-5420B, MEC Co., Ltd.) by a stirring treatmentaatemperature of
40°C for about 120 minutes, thereby isolating a seffported film (20
mm x 20 mm) to serve as a metal filter.

[0192] Finally, the photoresist remaining in thé-sepported film was
removed by ultrasonic resist stripping (P3 Polet#enkel) at a

temperature of 6@ for about 40 minutes, thereby producing a metal
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filter having through micropores.

Accordingly, a metal filter having no damages, hsuas
wrinkling, bending, or curling, and having througbres with sufficient
accuracy was prepared.

[0193] Next, the metal filter was immersed in andec degreasing
solution Z-200 (manufactured by World Metal: tratiame) to remove
organic matters on the metal filter {41) 3 minutes).

[0194] After washing with water, a pretreatmentsoibstitution gold
plating was performed at 80 for 10 minutes using a solution prepared
by eliminating the gold sulfite, which is a goldpgly source, from
non-cyanide electroless Au plating HGS-100 (martufad by Hitachi
Chemical: trade name).

[0195] Next, the filter was immersed in non-cyangiéstitution-type
electroless Au plating HGS-100 (manufactured bya¢ht Chemical:
trade name) at 8C for 20 minutes to perform substitution gold pigti
The thickness of the substitution gold plating @&5 um.

[0196] After washing with water, the filter was imemsed in
non-cyanide reduction-type electroless Au platingG345400
(manufactured by Hitachi Chemical: trade name)BaC&or 10 minutes
to perform gold plating, washed with water, anchtdeied. The total
thickness of the gold plating was Q.

[0197] (Preparation of non-small-cell cancer deit)

NCI-H358 cells, which are a non-small-cell cancetl line,
were statically cultured in an RPMI-1640 culturedmen containing
10% fetal bovine serum (FBS) under conditions diG3@nd 5% C@
Cells were separated from the culture dish by @stry treatment,
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recovered, and washed using a phosphate bufferspiRate buffered
saline, PBS). Subsequently, the NCI-H358 cellsevatiowed to stand
in 10 uM Cell Tracker Red CMTPX (Life Technologies Japan
Corporation) at 37C for 30 minutes and thus stained. Subsequently,
the cells were washed with PBS and allowed to s&n87C for 3
minutes by a trypsin treatment, whereby cell chssteere dissociated.
Subsequently, the trypsin treatment was halted thighculture medium,
and the cells were washed with PBS and then susdemd PBS
containing 2 mM EDTA and 0.5% bovine serum albuniBSA)
(hereinafter referred to as 2 mM EDTA-0.5% BSA-PB8)give a
suspension for adjustment. Incidentally, PBS ghasphate buffered
saline, and a product code 166-23555 manufactuyedVako Pure
Chemical Industries was used. As BSA, a produadmfr
SIGMA-ALDRICH  (Product Name: Albumin from bovine
serum-Lyophilized powder, Bio Reagent for cell atd) was used. As
EDTA, 2Na (ethylenediamine-N,N,N’,,N’-tetraacetio@ disodium salt,
dihydrate) (product code 345-01865 manufactured Vilgko Pure
Chemical Industries) was used.

[0198] (Concentration of CTCs in blood sample usimagnetic beads)

(Comparative Example 1)

As a 7.5-ml blood sample, a sample prepared bingdd000 of
the above tumor cells per 7.5 mL of the blood dfealthy individual
collected in an EDTA-2Na-containing vacuum bloodlemtion tube
was used. The number of white blood cells in thenge was
4,700,000/ml, that is, 35,250,000/7.5 ml.

[0199] An experiment was performed using a CTC vegpdevice: CT
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6000 (manufactured by Hitachi Chemical, trade nam&ying the filter
produced above set to a cartridge. The CTC regadevice includes
a flow path for introducing a blood sample or agerd, and the
entrance of the flow path was connected to a reseprepared by
processing a syringe. The device was designed thatha blood
sample or a reagent is successively added to seeviar, whereby the
operations including the capture, staining, andhmasof CTCs, etc.,
can be continuously performed in a simple manner.

[0200] First, 1 ml of 2 mM EDTA-10.0% FBS (fetal \ooe
serum)-PBS (PBS manufactured by Gibco, pH 7.4){hefter referred
to as washing liquid) was introduced into the resierto fill the filter
surface, and then allowed to stand for 10 minut&subsequently,
liquid delivery was started using a peristaltic puat a flow rate of 200
uL/min. Subsequently, the Sample 1 was added. RBABominutes
later, 9 mL of the washing liquid was introducetbithe reservoir to
wash the cells.

[0201] Next, a solution of 4% PFA in PBS was plagethe cartridge,
and the cells were immersed for 15 minutes. Aftashing, a solution
of 0.2% TritonX in the washing liquid was placedtie cartridge, and
the cells were immersed for 15 minutes.

[0202] Another 10 minutes later, the pump flow nates changed to 20
puL/min. 600 uL of a cell staining solution (Hoechst 33342: @0
Wash buffer: 300 ml) was introduced into the resgnand the tumor
cells or white blood cells on the filter were flescently stained. After
cells captured on the filter were stained for 3dutes, 1 mL of 2 mM
EDTA-0.5% BSA-PBS was introduced into the resentoiwash the
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cells.

[0203] Subsequently, the filter was observed usidluorescence
microscope (BX61, Olympus Corporation) equipped hwita
computer-controlled electrical stage and a coolgdatll camera (DP70,
Olympus Corporation), and the number of tumor cafld the number
of white blood cells on the filter were counted.

[0204] In order to observe the fluorescence fronec¢tst 33342 and
CellTracker Red CMTPX, images were acquired using snd WIG
filters (Olympus Corporation), respectively. A timage acquisition
and analysis software, Lumina Vision (Mitani Comgiton) was used.
The results are shown in Table 2. Cell recovety (%) = the number
of tumor cells recovered on the filter/the numbtumor cells mixed to
the blood samplex 100%. The number of white blood cells was
calculated by subtracting the number of tumor dedisx the number of
cells stained with Hoechst 33342. In this mantie, experiment of
Comparative Example 1 was performed.

[0205] (Comparative Example 2)

An experiment was performed in the same mannernas
Comparative Example 1, except that the initial amoaf blood was
changed from 7.5 ml to 15 ml.

[0206] (Comparative Example 3)

An experiment was performed in the same mannernas
Comparative Example 1, except that the initial amoaf blood was
changed from 7.5 ml to 30 ml.

[0207] (Example 1)
As a 7.5-ml blood sample, a sample prepared byngdd000 of
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the above tumor cells per 7.5 mL of the blood dfealthy individual
collected in an EDTA-2Na-containing vacuum bloodlemtion tube
was used. The number of white blood cells in thenge was
4,700,000/ml, that is, 35,250,000/7.5 ml.

[0208] Blood filtration was performed using a CT€&covery device:
CT 6000 (manufactured by Hitachi Chemical, tradm@&g having the
filter produced above set to a cartridge. The Q€&Covery device
includes a flow path for introducing a blood sammi@ reagent, and the
entrance of the flow path was connected to a regeprepared by
processing a syringe. The device was designed thatha blood
sample or a reagent is successively added to seeviar, whereby the
operations including the capture, staining, andniasof CTCs, etc.,
can be continuously performed in a simple manner.

[0209] First, 1 ml of 2 mM EDTA-10.0% FBS (fetal \ooe
serum)-PBS (PBS manufactured by Gibco, pH 7.4){hefter referred
to as washing liquid) was introduced into the resierto fill the filter
surface, and then allowed to stand for 10 minute&subsequently,
liquid delivery was started using a peristaltic puat a flow rate of 200
HL/min.  Subsequently, the blood sample was adde#élbout 5
minutes later, 9 mL of the washing liquid was iduoed into the
reservoir to wash the cells.

[0210] Next, a washing liquid was passed backw#ndzugh the filter
to recover cells on the filter (backwashing), tigrgiving 10 ml of a
cell-containing suspension.

[0211] 1 ml of a dispersion of 4% 10° Dynabeads CD45, which are
magnetic beads provided with a CD45 antibody (0BSA, 0.02%
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Sodium azide, PBS pH 7.4) was added and alloweck&ot for a
predetermined period of time, and then the magnk&ads were
removed using a magnet, thereby giving a suspenki@ontaining
remaining tumor cells.
[0212] A CTC recovery operation was performed usir@TC recovery
device: CT 6000 (manufactured by Hitachi Chemit¢edde name),
having the filter produced above set to a cartridgéhe CTC recovery
device includes a flow path for introducing a bl&ainple or a reagent,
and the entrance of the flow path was connectedraservoir prepared
by processing a syringe. The device was designeld that a blood
sample or a reagent is successively added to seeviar, whereby the
operations including the capture, staining, andniasof CTCs, etc.,
can be continuously performed in a simple manner.
[0213] First, 1 ml of 2 mM EDTA-10.0% FBS (fetal \ooe
serum)-PBS (PBS manufactured by Gibco, pH 7.4)e{hefter referred
to as washing liquid) was introduced into the resierto fill the filter
surface, and then allowed to stand for 10 minute&subsequently,
liquid delivery was started using a peristaltic puat a flow rate of 200
UL/min.  Subsequently, the suspension 1 was addesbout 5
minutes later, 9 mL of the washing liquid was iduoed into the
reservoir to wash the cells.
[0214] Next, a solution of 4% PFA in PBS was plagethe cartridge,
and the cells were immersed for 15 minutes.

After washing, a solution of 0.2% TritonX in thasghing liquid
was placed in the cartridge, and the cells wereamad for 15 minutes.
[0215] Another 10 minutes later, the pump flow rates changed to 20
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uL/min. 600 uL of a cell staining solution (Hoechst 33342: @D
Wash buffer: 300 ml) was introduced into the resgnand the tumor
cells or white blood cells on the filter were flescently stained. After
cells captured on the filter were stained for 3dwutes, 1 mL of 2 mM
EDTA-0.5% BSA-PBS was introduced into the resentoirwash the
cells.

[0216] Subsequently, the filter was observed usadluorescence
microscope (BX61, Olympus Corporation) equipped hwita
computer-controlled electrical stage and a coolgdatll camera (DP70,
Olympus Corporation), and the number of tumor cafld the number
of white blood cells on the filter were counted.

[0217] In order to observe the fluorescence fromec¢tst 33342 and
CellTracker Red CMTPX, images were acquired using snhd WIG
filters (Olympus Corporation), respectively. A timage acquisition
and analysis software, Lumina Vision (Mitani Coigaarn) was used.
The results are shown in Table 2. Cell recovety (%) = the number
of tumor cells recovered on the filter/the numbietuanor cells mixed to
the blood samplex 100%. The number of white blood cells was
calculated by subtracting the number of tumor delln the number of
cells stained with Hoechst 33342.

[0218] (Example 2)

The experiment of Example 2 was performed in thenes
manner as in Example 1, except that the initial @am®f blood was
changed from 7.5 ml to 15 ml.

[0219] (Example 3)

The experiment of Example 3 was performed in thenes
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manner as in Example 1, except that the initial @am®f blood was
changed from 7.5 ml to 30 ml.

[0220] The results of the examples and comparativamples are
shown in Table 2.

[0221] [Table 2]

The number of
. ) Tumor cell
Example remaining white
recovery rate
blood cells
Comparative Example 1 1862 94.9%
Comparative Example 2 4763 89.8%
Comparative Example 3 9865 88.1%
Example 1 18 89.2%
Example 2 48 86.4%
Example 3 99 79.9%

[0222] In Comparative Examples 1 to 3, in which éxperiments were
performed without using magnetic beads, the nurobeesidual white

blood cells is large, which is unsuitable for a deweam. In

Examples 1 to 3, white blood cells in the cellxomparative examples
were reduced using magnetic beads, and then @lterkn each case,
white blood cells were reduced, which is applicablea downstream.
However, when the number of white blood cells befperforming

magnetic beads is large, the number of remainingewblood cells

tends to increase accordingly. Further, the tuo®l recovery rate
decreases. It is preferable that the number ofewbibod cells after
filter filtration is 10,000 or less.

[0223] As shown above, by combining the filter sinoiv the prevent
invention with the removal of white blood cells By antigen-antibody
reaction, the characteristics are improved overveotonal filters,

allowing for a downstream.
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Reference SignsList

[0224] 1. MCL, 2: peelable copper foil, 2’: coppaate, 3: photoresist,
3a: exposed portion of photoresist (exposed aBea)developed portion
of photoresist (unexposed area), 4: photomask, l&ing layer, 6:

through pore, 7: gold plating layer.
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CLAIMS

1. A method for capturing rare cells in blood, caoisipg isolating
rare cells in blood from blood,
the method for capturing rare cells in blood idohg a step of

removing white blood cells after blood filtratiosing a filter.

2. The method for capturing rare cells in bloodoadmng to claim
1, wherein the step of removing white blood cdlls istep of removing

white blood cells using beads having magnetic piagse

3. The method for capturing rare cells in bloodoadmg to claim
1 or 2, wherein the number of white blood cellsaitiquid containing
the rare cells in blood obtained after the blodulation is 10,000 or

less.

4, The method for capturing rare cells in bloodoadng to any
one of claims 1 to 3, further comprising, in oreafthe step of removing
white blood cells, a step of using a cell suspensiuth an aqueous
solution containing the serum or plasma of a mamanah protein

therefrom.
5. The method for capturing rare cells in bloodoadmg to claim

4, wherein the serum or plasma of a mammal is @fneg equine, or

human origin.
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6. The method for capturing rare cells in bloodoadmg to claim

4, wherein the serum or plasma of a mammal is xdravine fetus.

7. The method for capturing rare cells in bloodoadmg to any
one of claims 4 to 6, wherein the concentratiothefserum or plasma

of a mammal in the aqueous solution is within ayeaonf 1% to 50%.

8. The method for capturing rare cells in bloodoadng to any
one of claims 4 to 7, wherein the aqueous solutfoserum or plasma

contains a phosphate buffer as a main component.

9. The method for capturing rare cells in bloodoadmg to any
one of claims 4 to 8, wherein the aqueous solutfoserum or plasma

contains an anticoagulant.

10. The method for capturing rare cells in bloodoading to claim
9, wherein the anticoagulant is EDTA, heparin, sodicitrate, or

sodium fluoride.

11. The method for capturing rare cells in bloodoading to any
one of claims 1 to 10, further comprising, befdre blood filtration, a
step of immersing the filter in an aqueous solutontaining the serum

or plasma of a mammal.

12. The method for capturing rare cells in bloodoading to any

one of claims 1 to 11, further comprising, aftez tilood filtration and
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before the step of removing white blood cells,epsif washing blood
cells with an aqueous solution containing the senmplasma of a

mammal.

13. The method for capturing rare cells in bloodoading to claim
11 or 12, wherein the serum or plasma of a mansnaf bovine, equine,

or human origin.

14, The method for capturing rare cells in bloodoading to claim
11 or 12, wherein the serum of a mammal is fetalir® serum or

plasma.

15. The method for capturing rare cells in bloodoading to any
one of claims 1 to 14, wherein the filter has da@ made of gold,

platinum, palladium, or an alloy thereof.

16. The method for capturing rare cells in bloodoading to claim
15, wherein the filter contains nickel as a maimponent and has a

surface plated with gold, platinum, palladium, oradloy thereof.
17. The method for capturing rare cells in bloodoading to claim
15, wherein the filter contains copper as a maimgmnent and has a

surface plated with gold, platinum, palladium, oradloy thereof.

18. The method for capturing rare cells in bloodoading to claim

15, wherein the filter contains palladium as a ne@@imponent and has a
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surface plated with gold, platinum, or an alloyrdod.

19. The method for capturing rare cells in bloodoading to any
one of claims 15 to 18, wherein an outermost lafehe filter is gold

plating.

20. The method for capturing rare cells in bloodoading to any
one of claims 15 to 18, wherein an outermost l@ye¢he filter is noble

metal plating having a thickness of 0j@% to 1um.

21. The method for capturing rare cells in bloodoading to any

one of claims 1 to 20, wherein the rare cells oodlare tumor cells.

22. The method for capturing rare cells in bloodoading to any
one of claims 1 to 21, wherein the filter has tlgtoypores whose
opening shape is a circle, an ellipse, a roundedecorectangle, a

rectangle, or a square.

23. The method for capturing rare cells in bloodoading to any
one of claims 1 to 22, wherein the filter has tlgtoypores whose
opening shape is at least one of a rectangle andumlded-corner

rectangle, the minor length thereof beingrb to 15um.
24. The method for capturing rare cells in bloodoading to any

one of claims 1 to 23, wherein the filter has @&khess of 3um to 50

um.
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