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DESCRIPTION
Title of Invention

DEVICE FOR BLOOD

Technical Field
[0001] The presentinvention relates to a devacdlood, particularly to a device for blood
cell separation (hereinafter also referred to dsdth cell separation device”). The present

invention also relates to a method for using theass.

Background Art
[0002] Patent Literature (hereinafter, referred4dTL) 1 describes classification of blood

cells by using a microchannel.

Citation List
Patent Literature
[0003]

PTL1

W02018/123220

Summary of Invention

Technical Problem

[0004] Blood flowing through a microchannel maysa clogging in the microchannel.
An object of the present invention is to providgexice suitable for eliminating or reducing

such clogging and a method for using the device.
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Solution to Problem
[0005] < 1> A device for blood, the device indilog: a column; and a microchannel
located downstream of the column, in which:

the column includes a porous material as a st@tyophase, and

blood flows through the microchannel after corgdatith the porous material.
[0006] < 2> The device for blood according ta %, in which:

the porous material is composedeiticles;

the column further includes a housing part anttex fin which the housing part is for
housing the porous material, the filter is for pqy the particles of the porous material, and
the filter is located downstream of the housing parone side of the housing part, the one
side beingloser to the microchannel than the other side of the housing part is;

a small particle having a particle size equal tsmaller than a cutoff diameter is
removed in advance from the particles of the porous material; and

an opening of the filter is smaller than the cuthdmeter.
[0007] < 3> The device for blood according t& %, in which the cutoff diameter is in
a range of 2m to 100um.
[0008] <4 > The device for blood according t@ %= or < 3 >, in which a diameter of a
mesh of the filter is in a range of 20n to 40um, and the range is less than the cutoff
diameter.
[0009] <5> The device for blood according to amg of < 2 > to <4 >, in which:

the particles of the porous materialia particle size distribution; and

median particle size (d50V) of the particles &f forous material in a volume-based
cumulative distribution is 25 to 280n, in which the patrticle size distribution repreisea
particle size distribution before the small pagid removed according to the cutoff diameter.
[0010] < 6> The device for blood according ty ane of <2 >to <5 >, in which:

the column further includes a filter for trappitige particles of the porous material,
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the filter being located upstream of the housing pa the other side of the housing part, the
other side being farther from the microchannel ttienone side of the housing part is.
[0011] <7 > The device for blood according ty ane of < 2 > to < 6 >, in which:

when the blood flows through the microchannel raftentacted with the porous
material, the microchannel hydraulically classifiésod cells in the blood.
[0012] < 8> The device for blood according t@ %, in which:

the device for blood is for blood cellpseation;

the microchannel is made of a flat chip, the dkaip including a pillar dense area and
a hydraulic channel located dosueam of the pillar dense area;

the column is connected to a front or a back efflit chip; and

the device for blood further includes an outlet ébischarging the hydraulically
classified blood cells from the microchannel tooaitside of the device for blood.
[0013] <9> The device for blood according ty ane of <1 >to < 8 >, in which:

the porous material is composedefticles; and

the particles of the porous material have a posauntace made of a polysaccharide,
silica, or a resin.
[0014] < 10> A method for using the device ftwdad according to any one of <1 > to
< 9 >, the method including: allowing blood to ertee microchannel from the column, in
which

the column and the microchannel are provided parage bodies in the device for
blood,

the column includes a coupling part,

the microchannel includes an inlet, and

the blood is allowed to enter the microchannedratie coupling part is coupled with

the inlet to integrate the column with the micrawhel.
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Advantageous Effects of Invention
[0015] The present invention is capable of prawda device suitable for eliminating or

reducing clogging in a microchannel and a methodiging the device.

Brief Description of Drawing
[0016]
FIG. 1 is a schematic view of a device for blood separation;
FIG. 2 is affont view of a column;
FIG. 3 illustrates the particle size distribution of porous particles;
FIG. 4 is a front cross-sectional view of theice for blood separation;

FIG. 5 is an enlarged front cross-sectional viéthe column shown in area V of FIG.

FIG. 6 illustrates observation image 1 (upper rowjhe microchannel, namely an
Example, shown in area VI of FIG. 1 and the sketch thereof (lower row);

FIG. 7 is a partial plan view of the microchannel shown in area VII of FIG. 1;

FIG. 8 illustrates observation image 2 (upper rafva microchannel according to
Comparative Example 1 and the sketch thereof (lower row);

FIG. 9 illustrates observation image 3 (upper refva microchannel according to
Comparative Example 2 and the sketch thereofedi row); and

FIG. 10 is a cross-sectional view of a microch&ioh@ Reference Example.

Description of Embodiments

[0017] 1. Device for Blood Separation

[0018] One aspect of the present invention relesdevice for blood separation (herein
also referred to as “blood separation device”)udetg a column and a microchannel located

downstream of the column. Blood contains cells Blubd plasma. The cells include
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blood cells and other cells that circulate in th@od. The cells in blood are a mixture of
cells of various sizes. Each cell type exhibim@ue particle size distribution with respect
to cell size. The blood separation device is fassifying cells in blood according to the
size of the cells. Classifying blood by using bteod separation device can obtain a cell
population having enriched cells of a specific tgle. An example of the classification is
hydraulic classification performed in a microchanne

[0019] Examples of the types of target blood talassified by using the blood separation
device and types of cells to be enriched are &swWsl

[0020] Target blood contains blood cells as tHetgpe to be enriched. The blood cells
may be nucleated red blood cells from a fetus (hafter referred to as “fetal nucleated red
blood cells”). The blood to be obtained contaiewlf nucleated red blood cells. Fetal
nucleated red blood cells are contained in matdstoadd. Fetuses and pregnant women
are subjects to be diagnosed. A column is usgudiveat the maternal blood. The fetal
nucleated red blood cells are enriched by clasditio with the use of a microchannel.
Data useful for diagnosis of the fetus is obtaifieth the enriched fetal nucleated red blood
cells.

[0021] Target blood contains other cells thatudeaite in the blood and are not blood cells
as the cell type to be enriched. Such cells magifoailating tumor cells (CTCs). The
blood to be obtained contains CTCs. The bloodubjexts suspected of having cancer,
cancer patients, and subjects who have already toeated for cancer, for example, may
contain CTCs. These subjects and patients aredshp be diagnosed. A column is used
to pretreat the obtained blood. The CTCs are keddy classification with the use of a
microchannel. Steps necessary for enriching CTE€saried out regardless of whether or
not the blood contains the CTCs. Data useful fagmbsis of cancer is obtained from the
enriched CTCs.

[0022] The cell type to be enriched that are doethin the target blood may be myeloma
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cells. The blood to be obtained contains myeloeis.c Myeloma cells may be detected
as minimal residual disease (MRD) from, for exampétients treated for myeloma. These
patients are subjects to be diagnosed. An exacfpigyeloma is multiple myeloma. A
column is used to pretreat blood collected fromhsaatient. The myeloma cells are
enriched by classification. Steps necessary foicleing myeloma cells are carried out
regardless of whether or not the blood contains rtiyeloma cells. Data useful for
diagnosis of MRD is obtained from the enriched rogs cells.

[0023] The following describes an example of aidevio be used for hydraulic
classification. Blood separation device 1 willdescribed as a whole with reference to the
schematic view of FIG. 1. FIG. 1 illustrates blessparation device 1.

[0024] As illustrated in FIG. 1, blood separatidevice 1 includes column 50 and
microchannel 20. As illustrated in FIG. 1, chanclgb 70 having a multi-layer structure
may be provided by stacking plurality of microchalsn20. Channel chip 70 may be
composed of only one layer of microchannel 20. ehafter, microchannel 20 of the
uppermost layer of channel chip 70 will be desatibeA layer below the uppermost layer
of channel chip 70 may include a microchannel sartiglly the same as microchannel 20
described below, or may include a different micanaiel. Column 50 and microchannel
20 may be configured as separate bodies. Columsdi§posed upstream of microchannel
20.

[0025] Asillustrated in FIG. 1, one end of coluBthis coupled with syringe 30 containing
blood BL. The other end of column 50 is coupledhwnlet 21a of microchannel 20.
Column 50 includes at least porous material 51 fdteds 53a and 53b. In one aspect,
column 50 is for performing column chromatograpisyng porous material 51 filling the
column as a stationary phase and blood BL as alenpbase. Column 50 will be described
in detail with reference to FIG. 2. Blood BL ihight into contact with the porous surface

of porous material 51, thereby allowing porous makeo react and interact with the
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components in blood BL to pretreat blood BL. Segdiretreated blood BL from syringe
30 at a predetermined flow rate allows the bloggktss through column 50. Thus-obtained
pretreated blood BL enters inlet 21a of microch&20e

[0026] Microchannel 20 is used for separating tflga cells such as blood cells.
Microchannel 20 illustrated in FIG. 1 has a charsirlcture on the order of micrometers.
Such a microchannel structure is suitable for bidedsification (PTL1). Achip including

a microchannel to be used for blood classificati@y be particularly referred to as a blood
cell separation chip or a channel chip. Blood Blciassified in microchannel 20 and
reaches outlets 22a to 22c.

[0027] In FIG. 1, microchannel 20 includes maimmhel 23. One end of main channel
23 serves as inlet 21a. The other end of main rea@3 serves as outlet 22c.
Microchannel 20 further includes sub channel 24ne @nd of sub channel 24 serves as
inlet 21b. The other end of sub channel 24 is eoted to main channel 23 at junction 28.
[0028] InFIG. 1, main channel 23 includes champaets 25a to 25d provided sequentially
from inlet 21a toward outlet 22c. Channel parta 225d are connected to each other to
form one body from inlet 21a to outlet 22c. JumetR8 is located between channel part
25a and channel part 25b.

[0029] InFIG. 1, microchannel 20 includes branbhnnels 26a and 26b. Each of branch
channels 26a and 26b branches off from main chatthel Branch channels 26a and 26b
branch off from main channel 23 in this order frima upstream side. One end of each of
branch channels 26a and 26b is connected to manneh 23 at channel part 25c. In
channel part 25c, branch channels 26a and 26bispesgd on the side opposite to sub
channel 24. Outlet 22a and outlet 22b are locatéke other ends of branch channels 26a
and 26b.

[0030] In FIG. 1, each of branch channels 26a 260 includes a plurality of small

channels branching off from main channel 23. SrohRHnnels are disposed along the
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direction from the upstream to the downstream ifmnnehannel 23. Each small channel
reaches outlet 22a or 22b. Small channels joiatteg immediately before outlets 22a or
22b. Channel part 25d is located downstream ohmblapart 25c. Channel part 25d
reaches outlet 22c.
[0031] Blood BL is sent from syringe 30 to colurBf at a predetermined flow rate.
Blood BL sent to column 50 enters channel part\2&anlet 21a.
[0032] In FIG. 1, microchannel 20 includes subrote 24. Sub channel 24 is coupled
with syringe 35. Clarified liquid CL is housedsgringe 35. Clarified liquid CL is free
from floating cells. Clarified liquid CL does nalamage blood cells and other cells.
Clarified liquid CL is a buffer. Clarified liquicCL may be PBS. Increasing pressure
inside syringe 35 allow clarified liquid CL to entsub channel 24 through inlet 21b.
Clarified liquid CL flows through sub channel 2#dathen flows into channel part 25b.
[0033] A fraction of a cell suspension is discleltghrough each outlet. Fraction F3,
fraction F2, and fraction F1 are respectively aidiat outlet 22c, outlet 22b, and outlet 22a.
Fraction F1 and fraction F2 each contain cellssif@sl in channel part 25c. Fraction F3
contains blood plasma that has passed through ehgmamt 25c. The details of the
classification process of the floating cells thavé passed through channel parts 25b to 25d
shown in the area VII of FIG. 1 will be describesldw with reference to FIG. 7.
[0034] 2. Details of Column

In the following, the details of column 50 will lescribed with reference to FIG. 2.
Hereinafter, axes X, Y, and Z in the drawings dnewa for convenience in order to
understand the configuration and functions of callga.
[0035] FIG. 2 illustrates column 50 viewed frone thhont. Column 50 includes column
body 60. Column body 60 includes at least poroaternal 51, housing part 52 for housing
porous material 51, and at least one filter (53h)5 Column 50 may further include

coupling parts 54 and 55. Coupling part 54 caatteched to or detached from syringe 30.
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Coupling part 55 can be attached to or detached inbet 21a of microchannel 20. Tube
56 may be provided between filter 53a and coupbiag 54.

In the following, the details of each configuratiwill be explained.
[0036] 2-1. Porous Material
[0037] Porous material 51 is a material whoseasriis porous. In other words, a large
number of micropores are formed in the surfacecobps material 51. Porous material 51
may be particles. The particles may be spheric@he particles may be beads. As used
herein, beads refer to a group of particles forfme@ technique such that each particle is
formed to have a spherical shape. Porous matekiatay sink in blood. It is preferable
that small particles are cut off from the partidie®e used as porous material 51 as needed.
The cutting off (cutoff) herein means to remove Bmparticles having a particle size (i.e.,
particle diameter) equal to or smaller than theffuliameter from the particles of the porous
material in advance. Specifically, the removal bamperformed by sieving with a mesh or
the like. Details on the cutoff of the porous mialewill be described in “3. Cutoff of
Particles of Porous Material.”
[0038] The blood to be brought into contact witlk porous surface of porous material 51
may be whole blood that is not diluted with anothguid. Whole blood means that the
blood is not separated for each blood componentanthins all components such as blood
cells and blood plasma. For example, porous natdfi may interact with some of the
floating cells contained in whole blood. The iaeging components themselves may cause
clogging of microchannel 20. The interacting comgus may indirectly promote
clogging of microchannel 20.
[0039] The porous material may react with the congmts contained in blood plasma.
For example, the porous material may interact whth components contained in blood
plasma.

[0040] The porous material may be bonded to amatiaerial that is non-porous. For
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example, non-porous particles may be coated wathraus material to form porous patrticles.
The center of each particle may be non-porous. ddrger of each particle may be
ferromagnetic.

[0041] The material of the porous material may dmdysaccharides. The part with
micropores in the porous material may be formepabfsaccharides. The polysaccharide
may be crosslinked. The polysaccharides may befayarose, dextran, and allyl dextran.
The polysaccharides may be modified. The modificat may be DEAE
(Diethylethanolamine) modification. In additiohgetporous material may be made of silica
or resin.

[0042] The particulate porous material may be &enel that can be used for gel filtration
chromatography. Gel filtration chromatographyire £xclusion chromatography using an
aqueous solution as the mobile phase thereof. tAmahbthat can fractionate DNA may be
employed for the chromatography. The exclusiontlohthe porous material for DNA is
preferably 45 base pairs or more. The exclusioit bf the porous material for DNA may
be 165 base pairs or more or 165 base pairs ar |88 exclusion limit of the porous
material for DNA may be 1078 base pairs or mor&Qax#8 base pairs or less.

[0043] The particulate porous material may be &enel that can fractionate a protein.
The lower limit of the fractionation range of therpus material with respect to the protein
is preferably 1 x 10Da or more. The upper limit of the fractionatiamge of the porous
material with respect to the protein is preferabkl® Da or more. The particulate porous
material preferably satisfies at least any ondefaforementioned conditions.

[0044] 2-2. Housing Part

[0045] As illustrated in FIG. 2, housing part 2donfigured to be capable of housing
porous material 51. Housing part 52 may have peskach that end surfaces thereof are
open at both ends of the housing part, and cafobexample, a hollow form having a shape

of a cylinder or a square cylinder in a cross-seeti view. For example, housing part 52
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having a cylindrical shape includes no corner part; therefore, the retention of porous material

51 and the flow of blood BL at the corner part tenprevented. It is thus particularly
preferable that the shape of housing part 52 isdytal. When the shape of housing part
52 is cylindrical, the cross-sectional shape ofdirag part 52 may be any of, for example, a
perfect circle, a substantially perfect circle, amdellipse.

[0046] 2-3. Filter

[0047] Filters 53a and 53b have a mesh strucuchk that particles of the porous material
cannot pass therethrough, but a desired liquid asdtiood to be classified in a microchannel
can pass therethrough. That is, filters 53a amdt&® the particles of the porous material.
Small particles having a particle size equal temaller than the cutoff diameter are removed
from the particles of the porous material in adwam@nd thus small particles having a certain
particle size or less are excluded. Thereforeerfil53a and 53b preferably have a mesh
structure such that opening of the filter is smatan the cutoff diameter of the particles of
the porous material, that is, smaller than the mim particle size in the particles of the
porous material, and cells such as blood cellgpeas through the filter. The size of a cell
is, for example, about 1#m at the maximum. Thus, a filter with a mesh dtrreehaving,
for example, a diameter of 20 to gfh, particularly preferably a diameter of gt, can be
used. Itis preferable that the diameter of thehmstructure is constant. Providing such
a mesh structure for filters 53a and 53b can prethenparticles of the porous material from
leaking to the outside of column body 60.

[0048] Herein, the “diameter of mesh structure’amethe opening of filters 53a and 53b.
Examples of the mesh structure include structurasghich straight lines are disposed so as
to intersect each other in a crisscross pattechsanctures in which polygons are repeatedly
disposed. Examples of the structure in which gividines are disposed so as to intersect
each other in a crisscross pattern include grid-Bkructures. The mesh structure may

include repeatedly disposed circles.

11
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[0049] Of the both ends of housing part 52, theerfi(as shown as filter 53b) can be
disposed at least one end on the side where ihleb2microchannel 20 is located. That
is, filter 53b can be disposed on the downstreala i the blood flow in column 50. In
addition, filters 53a and 53b can also be dispaséke both ends of housing part 52. That
is, filters 53a and 53b can be disposed on theegstside and the downstream side in the
blood flow in column 50. Filters 53a and 53b candisposed so as to completely cover
the entire surface of the open end surfaces loatédth ends of housing part 52. It is
preferable that filters 53a and 53b each have tar diameter at least equal to or larger than
the outer diameter of housing part 52 in orderamgletely cover the entire surfaces of the
open end surfaces of housing part 52. By dispdstegs 53a and 53b on both end surfaces
of housing part 52, leaking of porous material®fhe outside can be prevented while blood
BL is brought into contact with porous materialfBling housing part 52.

[0050] 2-4. Coupling Part

[0051] Coupling parts 54 and 55 are members fapliog column body 60 with a syringe
located upstream of column 50 and with a microckalotated downstream of column 50.
As illustrated in FIG. 2, coupling part 54 is capfred in such a way that the coupling part
can be attached to or detached from syringe 30.upl@a part 55 is configured in such a
way that the coupling part can be attached to taated from inlet 21a of microchannel 20.
Coupling parts 54 and 55 may have any shape, mupreferable that coupling parts 54 and
55 are configured to be easily attached to or dethdrom the corresponding components.
For example, coupling part 54 may have a shape thaththe coupling part includes a
concave portion that fits to a convex-shaped poridthe tip of syringe 30.

[0052] For example, coupling part 55 may haveapsisuch that coupling part 55 includes
a convex portion corresponding to a concave portibinlet 21a of microchannel 20.
Further, it is also possible to provide screw-sklageoves on the surfaces of the convex

portion and the concave portion so that the postican be rotated relative to each other and

12
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connected to each other. Such a configuration ssnurely couple column 50 with
microchannel 20, thereby improving the operability.
[0053] The shapes of coupling parts 54 and 55 beagonfigured, for example, in such a
way that the coupling part cannot be detached tireceoupling part is coupled with syringe
30 or inlet 21a. With this undetachable configrat the coupling can be made more
securely, and thus when the pressure from syrilgis applied to each coupling part, the
blood flowing through the coupling part does nosilgaleak to the outside. The
watertightness at the coupling part thus can beaoxgal.
[0054] 2-5. Tube

In one aspect, tube 56 is provided between fl8arand coupling part 54 as illustrated
in FIG. 2. Tube 56 may have flexibility, and foraenple, a silicone resin tube, a polyvinyl
chloride tube, or the like can be used as tube B8oviding tube 56 can give some distance
from the syringe that feeds blood to column body 66or example, tube 56 may be
provided with a pinch valve. For disposing coluBthat a position in microchannel 20,
another tube may be provided between filter 53bamngbling part 55. When the distance
from syringe 30 to column body 60 is short, prauisiof tube 56 may not be required.
When tube 56 is not provided but coupling part 84atibed in “2-4. Coupling Part” is
provided, a configuration such that coupling pdrisdirectly coupled with filter 53a is also
possible.
[0055] 3. Cutoff of Particles of Porous Material
[0056] In the following, the particle size distuiion of porous particles will be described
with reference to FIG. 3, and then the cutoff of fharticles of a porous material will be
described in more detail. The cutoff means to nesrsmall particles from the particles of
the porous material.
[0057] FIG. 3 illustrates the particle size distrtion of porous particles as a volume-based

cumulative distribution. The particles of a porousterial have a particle size distribution.
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The median particle size d50V (median particle sizéhe cumulative volume distribution)
of the porous material is the median particle size volume-based cumulative distribution.
When the particles are made of a polysaccharigepdhnticle size of the particles that have
swelled in a buffer is used as a reference. A oreasent example of the particle size is an
effective size determined by laser diffraction aght-scattering, or a sphere volume
equivalent diameter determined by the Coulter netho

[0058] In FIG. 3, median particle size d50V isfgrably less than 500m. The median
particle size d50V is preferably 25 to 286, more preferably 25 to 168n, and further
preferably 45 to 16bm. The median particle size d50V falling withirchua range enables
the surface area of the porous material to beldaifar the contact with blood.

[0059] In FIG. 3, small particles are preferabiyt off from the particles of the porous
material, as needed. In one aspect, small pastidging a particle size equal to or smaller
than the cutoff diameter CF are removed in advanddat is, the cutoff diameter CF means
the particle size of the minimum particle in thetjgdes of the porous material. The range
of the cutoff diameter CF is 25 to 1Qth. The range of the cutoff diameter CF may be 25
to 70um, preferably 40 to 70m. The removal of small particles is preferablyfpened

by sieving with a mesh. For example, a cell seaimay be used for removing small
particles from a population of the particles of fherous material. With small particles
being removed, clogging in a microchannel causeshhgll particles of the porous material
mixed in the blood can be prevented.

[0060] Depending on the type of microchannel, $ipaiticles of a porous material that
have entered the microchannel can flow out of therauhannel without causing any
problem. For such a microchannel, clogging calbgesmall particles may not necessarily
be taken into consideration. However, even in sacamicrochannel, clogging (debris
described below) may still occur due to some chahtomponents in the blood. Even for

such a microchannel, employing particles of a psroaterial is also effective for preventing
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clogging, regardless of whether or not small pesiare cut off in the particles of the porous
material.

[0061] When small particles are removed from thigioal particles, the particle size
distribution of the particles changes from the ioilddy That is, the cutoff has an effect of
size selection. After the size selection, the medparticle size also changes. For
convenience, the median particle size d50V heselmased on the particle size distribution
before small particles are removed from the origpaticles by the cutoff.

[0062] The device for blood separation accordiagthie present invention has been
described.

The column and the microchannel may be configaseseparate bodies. At the time
of use, the column and the microchannel can be pwmdband used as one blood cell
separation device. The column and the microchacarelbe coupled with each other by
using a coupling part having a concave or convesciire as described above, for example.
In addition, the column and the microchannel carcdngpled with each other by using a
coupling part including screw-shaped grooves ondingace of the concave or convex
structure.

[0063] Alternatively, the column and the microcheahmay be configured as one body.
For example, a structure including a column stm&ctooupled with the inlet of the

microchannel is possible. The blood separationcéeaccording to the present invention
may be a cartridge integrated with a syringe. Hairrtfor the use, this cartridge may be
connected to a driving device for driving the matrannel, or disposed inside the driving
device.

[0064] Hereinafter, the details of the blood cifisation process using the blood
separation device will be described with referetiacelGS. 4 to 7.

[0065] 4. Outline of Blood Flow

[0066] Inthe following, the blood flow inside théood separation device will be described

15



10

15

20

25

with reference to FIG. 4. In the drawing, the ld@@paration device is in a cross-sectional
view from the front side. White arrows indicateeaies of blood BL flows. Channel chip
70 of this example includes eight layers compodeutiiorochannel 20 and microchannels
substantially the same as microchannel 20. Themppst layer of channel chip 70 is
composed of a plate-shaped sheet to which inleto/be connected to inlet 21a of
microchannel 20 is attached. Inlet 21a of microcieh 20 and the inlets of the other
microchannels in channel chip 70 are combinedim&t 71. Channel chip 70 includes, in
the lowermost layer thereof, outlet 72 to be cotewkdo outlet 22¢c of microchannel 20.
Outlet 22c of microchannel 20 and the outlets efdther microchannels in channel chip 70
are combined into outlet 72.  As indicated by thetevarrows, blood BL sent from syringe
30 passes through column 50. The behavior of bRloth column 50 will be described
below with reference to FIG. 5.

[0067] In the following, microchannel 20 of thepgsmost layer in channel chip 70 will
be described. The other layers also have a caafign substantially the same as
microchannel 20. As illustrated in FIG. 4, blood fRat has passed through column 50 and
inlet 71 enters microchannel 20 from inlet 21a. od8l BL that has entered microchannel
20 enters main channel 23, which is formed in dagbr of stacked microchannels 20.
Channel part 25a includes pillar dense areas 11 aratting as filters, and sections 12 and
14. In FIG. 4, pillar dense areas 11 and 13 adeated by vertical hatching. Channel
part 25a will be described in detail with referenad=1G. 6. That is, microchannel 20 is
made of a flat chip including pillar dense areasatdl 13 and a hydraulic channel located
downstream of pillar dense areas 11 and 13.

[0068] In FIG. 4, the blood that has passed thnatltannel part 25a subsequently passes
through channel parts 25b to 25d illustrated in .FIG As a result, microchannel 20
classifies the floating cells contained in the loloo The microchannels of the lower layers

in channel chip 70 also classify the floating cellsubstantially the same manner. Among
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the classified floating cells, fraction F3 reaclueglet 72 via outlet 22c. Details of the
process of classifying the floating cells will besdribed below with reference to FIG. 7.
[0069] 5. Interaction between Column and Blood

[0070] Inthe following, the interaction betweenadumn and blood will be described with
reference to FIG. 5. FIG. 5 is an enlarged franss-sectional view of column 50 shown
in area V of FIG. 4. FIG. 5 illustrates the interan between the column and blood.
[0071] In FIG. 5, for simplifying the explanatioonly a total of two layers, that is,
microchannel 20 and microchannel 80 that represbatshannels below microchannel 20,
are shown.

[0072] In FIG. 5, the blood flow is indicated blabk arrows. Blood BL contains non-
nucleated red blood cells 27, nucleated cells @28t, and precipitation-causing substance
CC. Nucleated cells 29a to 29c are cells of dffiersizes. Precipitation-causing
substance CC is considered to be one of the cafigésgging (debris) of microchannel 20
and microchannel 80.

[0073] Asillustrated in FIG. 5, blood BL sentncsyringe 30 at a predetermined flow rate
passes through column body 60 of column 50. Asstitated in FIG. 5, precipitation-
causing substance CC passes through porous métkrialPorous material 51 interacts with
precipitation-causing substance CC contained in llo®d to significantly reduce the
precipitation property of the precipitation-caussupstance. It is preferable to use porous
material 51 at an amount sufficient for reducing finecipitation property of precipitation-
causing substance CC so that that precipitatiostogisubstance CC forms substantially no
gel-like debris in microchannel 20. The preventafrclogging (debris) in microchannel
20 and other microchannels may be made by porotsriadabl adsorbing precipitation-
causing substance CC. On the other hand, nonatedeed blood cells 27 and nucleated
cells 29a to 29c flow through the gaps in poroutene 51. Porous material 51 thus does

not block the flow of blood cells.
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[0074] 6. Pillar Dense Area

[0075] The blood that has passed through columsui3equently passes through pillar
dense area 11 provided in main channel 23. Irfdbh@wing, a pillar dense area will be
described with reference to FIG. 6.

[0076] FIG. 6 illustrates the observation imagepgr row) of the microchannel shown in
area VI of FIG. 1 and the sketch thereof (lower)owPillar dense area 11 will be described
with reference to FIG. 6. FIG. 6 is also an obaton image of an example. The example
will be described below.

[0077] Pillar dense area 11 illustrated in FlGad@s as a filter. Pillar dense area 11
prevents impurities in the blood, such as insolgbl@ponents larger than blood cells, from
entering a channel part downstream of pillar demsa 11. In addition, if there are blood
cells that are aggregated, pillar dense area lakbréhe aggregated blood cells into
individual blood cells. Pillar dense area 11 isvided so as to cross the blood flow in
channel part 25a. Blood flows from the left (upain) side to the right (downstream) side
in the drawing, as indicated by the white arrowillaPdense area 11 connects the upper
surface to the lower surface of channel part 2%gach pillar has a shape such that the pillar
does not provide great resistance to blood flowhatTs, each pillar preferably has a shape
that reduces resistance to a fluid, and can besXample, a shape of a circle, ellipse, or a
streamlined drop in plan view. FIG. 6 illustratesp-shaped pillars as an example, but the
present invention is not limited thereto. Furthpgliar dense area 11 does not significantly
reduce the blood flow rate.

[0078] In FIG. 6, channel part 25a includes sectl@. Section 12 is adjacent to and
downstream of pillar dense area 11. Section 1Rides few pillars. Channel part 25a
further includes pillar dense area 13. Pillar @eaisea 13 is a next pillar dense area from
pillar dense area 11 in the downstream directiovi@ged from pillar dense area 11. The

configuration of pillar dense area 13 may be suistilly the same as that of pillar dense
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area 11.

[0079] InFIG. 6, section 12 is surrounded byauitlense area 11, pillar dense area 13, and
the sidewalls of channel part 25a, that is, thewalls of the microchannel. Channel part
25a further includes section 14. Section 14 is@lt to and downstream of pillar dense
area 13. Channel part 25a further includes arpidsse area downstream of section 14.
Elements with reference numerals 15 to 17 will bsadibed in Examples.

[0080] 7. Classification Process of Floating Cell#icrochannel

[0081] The floating cells contained in the blobatthas passed through the pillar dense
areas provided in channel part 25a are then dedsii channel parts 25b to 25d. In the
following, classification process of the floatinglls by a microchannel will be described
with reference to FIG. 7.

[0082] FIG. 7 illustrates microchannel 20 in plaiew. The drawing schematically
illustrates the process of classification of flogticells by using microchannel 20. For
simplifying the explanation, the drawing illustratéranch channel 26a with ten small
channels, and branch channel 26b with three srafimels.

[0083] As illustrated in FIG. 7, blood BL continugly flows from channel part 25a (not
illustrated in FIG. 7) located further upstreamcbfnnel part 25b. Blood BL contains a
large amount of cells. The flow of clarified liguCL is continuously brought into contact
with the flow of blood BL from a lateral side ofeliolood flow. The cells flowing through
main channel 23 are thus continuously pushed fhenside of main channel 23. As a result,
the flow of blood BL is continuously pushed tow#nd opposite side of the flow of clarified
liquid CL. In the channel parts 25b to 25c, flagticells are continuously pushed toward
the side of branch channels 26a and 26b, anddhérfy cells continuously flow into these
branch channels.

[0084] As illustrated in FIG. 7, non-nucleated t@ddod cells 27 continuously flow into

branch channel 26a. In channel part 25c, non-atediered blood cells 27 in blood BL are
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hydraulically classified. The classification isstmuously performed in the flow of blood
BL on the side that is not in contact with the floivclarified liquid CL.

[0085] As illustrated in FIG. 7, branch channebd@nctions as a channel for removing
non-nucleated red blood cells 27. The diametahefinscribed circle (hereinafter, also
referred to as “inscribed diameter”) of a smallraiel of branch channel 26a is 12 toud®.
The inscribed diameter may be any of 13, 14, 151T6and 1§m.

[0086] As illustrated in FIG. 7, nucleated celBa2o 29c continuously flow into branch
channel 26b. In channel part 25c¢ downstream ofiroélgpart 25b, nucleated cells 29a to
29c in blood BL are hydraulically classified. Ttlassification is continuously performed
in the flow of blood BL on the side that is notdontact with the flow of clarified liquid CL.
A cell suspension of nucleated cells is continupuditained, in particular, from branch
channel 26b.

[0087] As illustrated in FIG. 7, branch channebZ@nctions as a channel for collecting
nucleated cells 29a to 29c. The inscribed diam#fter small channel of branch channel
26b is 20 to 3@m. The inscribed diameter may be any of 21, 2222325, 26, 27, 28,
and 29um. The diameter of nucleated cells such as nwetle&id blood cells is considered
to be 11 to 13um.

[0088] The inscribed diameter of each small chhwfidoranch channels 26a and 26b
illustrated in FIG. 7 is the diameter of an insedlxircle in a cross section orthogonal to the
small channel. The shape of the cross sectiomefitnall channel may be rectangular,
other polygonal, or circular. Substantially thengaconfiguration applies to other branch
channels. The floating cells and blood plasmalthae not been taken into branch channel
26a or 26b continuously pass through channel a2 flow-through FT. Those floating
cells and blood plasma are then reach outlet 2E¢@ 1. For example, flow-through FT
includes aggregated blood cells.

[0089] As described above, a fluid containing loating cells of a certain size or larger
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can be collected from branch channel 26a. As @trason-nucleated red blood cells 27
are classified in this procedure. Further, nueléatells 29a and other nucleated cells are
classified in the downstream channel.

[0090] The above description explains a seriggro€edures for classifying by using the

blood separation device according to the embodiment

Examples
[0091] In this example, an Example and Compardgixamples in which the effect of the
column on eliminating or reducing clogging in a mithannel is investigated and the effects
thereof will be described with reference to FIGS8,6and 9.
The series of steps 1 to 5 of this example iDbevWs.
1. Cutting off small particles contained in bedukst fare porous particles
2. Spiking blood with fluorescent particles to abtsample blood
3. Allowing the blood to flow into a blood sepamatidevice to be classified
4. After the classification, collecting F1 to Fadtions and evaluating the collection rate of
the fluorescent particles
5. Evaluating the clogging rate of a blood cella@tion chip during the classification
Descriptions of steps 1 to 3 are for the classion performed in the examples. Step
4 is for the evaluation of data obtained by thesifecation. Step 5 is for the evaluation of
data obtained during the classification.
[0092] 1.1 Cutoff
[0093] Inthis example, small particles were dfifrem porous particles. In this example,
beads Sepharose CL-6B were used as the poroudgmrti Sepharose is a trademark. The
gel matrix of Sepharose CL-6B is composed of sgharade of 6% crosslinked agarose.
The patrticle size before the cutoff was 45 to @466 Into a nylon cell strainer (FALCON,

trademark), 1 mL of the beads are placed. Thedeamte filtered while stirred with a
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stirrer overnight.  The filtration time may be selédhours to 24 hours. The filtration was
performed in distilled water. The mesh size of¢b strainer was 40m, 70pm, or 100
um. The filtration was performed for the cell straii of each mesh size. In this example,
an example that uses the & mesh cell strainer will be described in detaithe mesh
size of a cell strainer corresponds to the cutcmeter. Large particles filtered by the
cutoff were housed in a column to be used for pattnent. The smaller the mesh size, the
larger the number of particles filtered on the meshhe beads were washed twice with PBS.
[0094] Beads were suspended in a clarified ligaithe same volume as that of the beads.
Added was 2@L of bead suspension to 2 mL of the clarified solutand obtained mixture
was well mixed. The clarified solution is a PBS&#&d buffer.  The mixed solution of the
beads and the clarified liquid was further added tdarified liquid. By pouring a part of
the clarified solution into the blood cell sepawatchip in advance, the inside of the blood
cell separation chip was immersed in the buffentswh in advance. The immersion of the
blood cell separation chip was performed for 40utes.

[0095] 1-2. Evaluation of Cutoff Diameter

[0096] The blood cell separation chip after thasslfication was observed with a
microscope. When 100m beads were placed in the column and blood wasepted,
debris was observed inside channel part 25a atfteinicinity of inlet 21a. The channel
was slightly clogged by the debris. On the otlard) no debris was observed when beads
having a cutoff diameter of 70m or 40um was used for the pretreatment. Further, the
classification of the sample blood was continued®fbours and 40 minutes, but no clogging
of the channel was observed. It was found thatctieff diameter of 7Qum or less is
desirable in order to obtain the effect of prevegitlogging of a channel caused by debris.
The cutoff diameter may be @®n or 50um.

[0097] In all cases of cutoff diameters of 4@, 70um, and 10Qum, the entire amount of

sample blood could be processed with a blood eplédation chip. There was no excess

22



10

15

20

25

sample blood that could not be fractionated—thessof the sample blood might be caused
by clogging of the blood cell separation chip bye In the following tests, the cutoff
diameter of 7Qum was employed.

[0098] The beads subjected to the cutoff were ddus the housing part of the column.
For example, 5Q.L of beads having a cutoff diameter of ith were housed in the column.
[0099] 2. Spiking of Blood with Fluorescent Padi

[0100] The “blood” in this example was whole blamadlected from a healthy human adult.
The blood collection tube to be used for collectiigod contains citric acid and EDTA,
which prevent blood coagulation. Collecting a it amount of blood into the blood
collection tube automatically adds an appropriat®ant of citric acid and EDTA to the
blood. The whole blood on the third day stored‘& after blood collection was spiked
with fluorescent particles to obtain sample blooéierein, to “spike” means to add a small
amount of cells or a substance imitating cells. luéFescent particles” are spherical
particles that imitate fetal nucleated red blooscevhich are contained in maternal blood
at a small amount. The fluorescent particles spwad to, for example, nucleated cells
29ato 29c in FIG. 5. A clarified liquid (a buffsolution based on PBS) was added to the
obtained sample blood to dilute the mixture 5-foldin this example, the blood was spiked
with two types of fluorescent particles having eifint diameters. Specifically, the blood
was spiked with resin fluorescent particles havardjameter of 8.4dm and a diameter of
10 um. FITC Particles (cat # F1CP-80-2) from Sphetotaere used as fluorescent
particles having a diameter of 8. 4. FluoSpheres (trademark) polystyrene microsghere
10 um, blue fluorescent (365/415), from Invitrogen werged as 10.Qum fluorescent
particles. The diluted blood in 1 mL was spikedmwé0 fluorescent particles having a
diameter of 8.42um and 60 fluorescent particles having a diametdiOgim, a total of 120
particles. Whole blood may be spiked with of flesrent particles and then diluted. For

example, 1 mL of whole blood may be spiked with 3Q@rescent particles having a
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diameter of 8.42um and 300 fluorescent particles having a diametekOqum and then
diluted 5-fold.

[0101] 3. Classification by Blood Cell Separatichip

[0102] The diluted sample blood was allowed tosghsough the column for pretreatment,
classified with a single layer blood cell sepanatichip, thereby collecting fluorescent
particles. The results of the classification agsalibed with reference to FIGS. 1 and 6.
Alarge number of leukocytes containing lymphocytese obtained in fraction F2. Alarge
number of non-nucleated mature red blood cells vabtained in fraction F1. Most (>
99.9%) of the cells that have flowed into the bl@etl separation chip flew out to fraction
F1. Not many blood cells were obtained in fractk® The fluorescent particles are
lymphocyte-like, and thus are expected to be coathin fraction F2.

[0103] The sample blood to be flowed in the Examg@omparative Example 1 and
Comparative Example 2 is as described in “(2) SpikBlood with Fluorescent Particles”
above, and is from the same conditions. The sgndite of the sample blood from the
syringe was 2@L/min. The sending rate of the clarified liquiadifn the syringe was 40
uL/min.  When 1.8 mL of the sample blood was semt, 90 minutes after the start of
classification, fluorescent particles were colldcfeom F1 to F3 fractions including the
fluorescent particles, and the collection rate determined.

[0104] The difference between the Example and Guatjve Examples 1 and 2 is the
configuration of the column of the blood separatiewice.

The column of the Example includes both CL-6B Iseaad a filter. The column is
filled with 50 uL of CL-6B beads having a cutoff diameter ofyf. The mesh of the filter
is grid-like and has a diameter of 2.

Comparative Example 1 includes no column. ThaC@nparative Example 1 does
not include CL-6B beads or a filter. The sampleoll was introduced directly into the

blood cell separation chip.
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The column of Comparative Example 2 is not fileith CL-6B beads. That is, the
column of Comparative Example 2 includes onlyteifiand no CL-6B bead. The mesh of
the filter is grid-like as in the Example and hadianeter of 2@um.

[0105] 4. Evaluation of Collection Rate of Fluarest Particles
[0106] The collection rate of fluorescent partictan be obtained by using the following
Expression 1.

Collection rate of fluorescent particles (%) = Naenof fluorescent particles collected
in a certain period of time / Expected value oftlienber of fluorescent particles contained
in blood cells fractionated within the certain pefiof time x 100 ... Expression 1

The “number of fluorescent particles collectedaircertain period of time” is the
number of fluorescent particles found by actual sneament.

The “expected value of the number of fluorescemtigles contained in blood cells
fractionated within the certain period of time”B%pression 1 can be obtained by using the
following Expression 2.

Expected value of the number of fluorescent pladicontained in blood cells
fractionated within the certain period of time (Noen) = (Number of blood cells
fractionated within the certain period of time (sl Blood cells per mL of whole blood
(cells/mL)) x Number of fluorescent particles per of whole blood at the time of adding
fluorescent particles to 5-fold diluted blood (nueminL) ... Expression 2
[0107] The collection rates of the fluorescenttioles of the Example and Comparative

Examples 1 and 2 are shown in Table 1 below.
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[0108] Table 1

Collection rates of fluorescent particles of Exaengphd Comparative Examples 1 and 2

: Collection rate of fluorescent particles |
CL-6B beads|  Filter =50 oter 8.4.um Diameter 1(um
Example + + 84.t 110.4
Comparative
Example | - - 96.6 114.7
Comparative
Example : - + 109.8 114.3

[0109] For the Example, the upper row of Tabldaves the collection rate of fluorescent
particles when sample blood was allowed to flowd0minutes with CL-6B beads having
a cutoff diameter of 7Qum. The numbers of fluorescent particles found hg t
measurement in the fractions of F1 to F3 were téréscent particles having a diameter of
8.42um and 85 fluorescent particles having a diametdiOddum. The number of blood
cells found in the fractions of F1 to F3 was 1.2Z0X The number of blood cells per mL
of the whole blood before adding fluorescent plsiavas 4.42 x 0 The numbers of
fluorescent particles per mL of the whole bloothattime of adding the fluorescent particles
to the 5-fold diluted blood were 313 fluorescenttigkes having a diameter of 8.4#n and
268 fluorescent particles having a diameter of (. The collection rates of the
fluorescent particles obtained from the above nrealsualues and the above calculation
expressions, namely Expression 1 and Expressiovets 84.5% for fluorescent particles
having a diameter of 8.42n and 110.4% for fluorescent particles having angigr of 10
nm.

[0110] For Comparative Example 1, the middle rdwWable 1 shows the collection rate of
fluorescent particles when sample blood was allowdbbw for 90 minutes. The numbers
of fluorescent particles found by the measuremerthe fractions of F1 to F3 were 114
fluorescent particles having a diameter of 842 and 131 fluorescent particles having a
diameter of 10.qam. The number of blood cells found in the fracti@h F1 to F3 was 1.70
x 1. The number of blood cells per mL of the wholedal before adding fluorescent

particles was 4.42 x 0 The numbers of fluorescent particles per mLhefwhole blood
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at the time of adding the fluorescent particleth&o5-fold diluted blood were 307 fluorescent
particles having a diameter of 8.4t and 297 fluorescent particles having a diamdtéfo
um. The collection rates of the fluorescent pagicbbtained from the above measured
values and the above calculation expressions, ryafxgression 1 and Expression 2, were
96.6% for fluorescent particles having a diameteB.42 um and 114.7% for fluorescent
particles having a diameter of jufh.

[0111] For Comparative Example 2, the lower rowalble 1 shows the collection rate of
fluorescent particles when sample blood was allowdbbw for 90 minutes. The numbers
of fluorescent particles found by the measuremerthé fractions of F1 to F3 were 133
fluorescent particles having a diameter of 842 and 127 fluorescent particles having a
diameter of 10.am. The number of blood cells found in the fracti@h F1 to F3 was 1.71

x 1. The number of blood cells per mL of the wholedal before adding fluorescent
particles was 4.42 x 0 The numbers of fluorescent particles per mLhefwhole blood

at the time of adding the fluorescent particleth&o5-fold diluted blood were 313 fluorescent
particles having a diameter of 8.d&h and 289 fluorescent particles having a diamdtéfo
um. The collection rates of the fluorescent pagicbbtained from the above measured
values and the above calculation expressions, yafgiression 1 and Expression 2, were
109.8% for fluorescent particles having a diamete8.42um and 114.3% for fluorescent
particles having a diameter of .

[0112] When CL-6B beads having a cutoff diametev@um were used, the collection
rate of fluorescent particles, which were usediasttutes for fetal nucleated red blood cells,
was 80% or more in every case, thus the collecttanis considered to be sufficiently high.
[0113] This example is performed as a model expent for enrichment of fetal nucleated
red blood cells. The results above indicate thaptretreatment with a column is useful for
enriching fetal nucleated red blood cells. Spealfy, it is indicated that long-term

classification can be performed by preventing tbgging of the blood cell separation chip.
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Alarge amount of the sample blood can be procdsgeerforming long-term classification
by a method using the blood separation device isfgkample. This indicates that the
amount of fetal nucleated red blood cells obtaipedprocess is large.
[0114] 5. Evaluation of Clogging Rate of Blood C&éparation Chip
[0115] Inthe following, the evaluation of the glying rate of the blood cell separation chip
will be described with reference to FIGS. 6, 8, nd

Before the classification is completed in “4. Ewlon of Collection Rate of
Fluorescent Particles” above, acquired was the émtaga of microchannel 20 (blood cell
separation chip, hereinafter referred to as “chgf'frIG. 1 in a state where blood is flowing
through the chip. The clogging rate was evaludtegerforming image analysis on the
acquired image data. Specifically, main channelc@annel part 25a) of the chip of FIG.
1 was evaluated. The evaluation of channel paat iB5this example and Comparative
Examples 1 and 2 was performed 30 to 90 minutes thi¢ sample blood was started to flow.
No clogging was observed in the Example, and cloggvas observed in Comparative
Examples 1 and 2. In the following, a specific Inoet for evaluating the clogging rate will
be described with reference to FIG. 8 showing Coaipee Example 1 with clogging
occurred.
[0116] FIG. 8 illustrates an observation imagep@mprow) of channel part 25a in
Comparative Example 1 and the sketch thereof (loow). FIG. 8 is an enlarged view of
the portion shown by area VI in FIG. 1. The cloggrate was evaluated for section 12.
A chip in which the sample blood was continuoukdyving was placed under a USB camera
(HOZAN TOOL IND. CO., LTD.). An observation imageas acquired with the chip in
plan view. The chip was photographed with HOZANBJ&m software to obtain the
image data shown in the upper row of FIG. 8. Tinage data was read into ImageJ
software and analyzed on the software.

[0117] Area 15 corresponding to section 12 wasoeutfrom the image data in FIG. 8.
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The total number of pixels in area 15 is treatethadotal area of section 12. Debris part
16 in area 15 was visually distinguished from flpart 17. Debris part 16 was occupied
by debris accumulated starting from pillar densmadrl. “Debris” is a gel-like substance
formed from precipitation-causing substance CC E4€e 5) contained in the sample blood.
Such debris entering the inside of pillar densa drke causes clogging of pillar dense area
11. Debris part 16 pushes the flow of blood callsy. On the other hand, blood cells
were flowing smoothly in flow part 17.

[0118] In FIG. 8, a line was drawn between depast 16 and flow part 17 by visual
observation. The total number of pixels of thetiporof area 15 excluding debris part 16,
that is, flow part 17, was obtained. This numidgrirels was specified as the area of flow
part 17. The area of flow part 17 was subtraateoh fthe total area of area 15 to obtain the
estimated area of debris part 16. This estimated was used as the debris area. The
debris area occupying the total area of sectiondcalculated as a percentage. This value
served as a clogging rate.

[0119] FIG. 9 illustrates an observation imagep@mprow) of channel part 25a in
Comparative Example 2 and the sketch thereof (lowesv). FIG. 6 illustrates an
observation image (upper row) of channel part 2b&xample 1 and the sketch thereof
(lower row).

[0120] As described above (see “4. Evaluation aflléCtion Rate of Fluorescent
Particles”), the column conditions of Comparativeammple 1, Comparative Example 2 and
the Example are as follows.

Comparative Example 1 includes no column. ThaC@nparative Example 1 does
not include CL-6B beads or a filter. The sampleoll was introduced directly into the
blood cell separation chip.

The column of Comparative Example 2 is not fileith CL-6B beads. That is, the

column of Comparative Example 2 includes onlyteifiand no CL-6B bead. The mesh of
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the filter is grid-like and has a diameter of 2.

The column of the Example includes both CL-6B Iseaad a filter. The column is
filled with 50 uL of CL-6B beads having a cutoff diameter ofyd. The mesh of the filter
is grid-like and has a diameter of 2.

[0121] The clogging rates of the blood cell separachips of the Example and
Comparative Examples 1 and 2 are shown in Tab&d@\b The clogging rate was obtained
at the time when the sample blood was flowing fontinutes.

[0122] Table 2

Clogging rates of blood cell separation chip of Eapée and Comparative Examples 1 and 2

CL-6B bead Filter | Clogging rate of blood cell separation chip
Example + + 0.C
Comparative - - 46.¢
Example .
Comparative - + 96.t
Example .

[0123] As shown in Table 2, the clogging rate W&%% in Comparative Example 1 not
including CL-6B beads or afilter. In Comparatiseample 2 with a column including only
a filter and no CL-6B beads, the clogging rate eased to 96.5% and most of section 12
was clogged. This result indicates that the filtene does not prevent clogging. FIGS.
8 and 9 show that the debris was generated insuay that the debris is connected to pillar
dense area 11, thereby causing clogging in eachpaxative example. Further, the
clogging rate of Comparative Example 2 being highan that of Comparative Example 1
leads to the assumption that the filter is likelygenerate a precipitation-causing substance
causing debris.

[0124] In contrast, no debris was observed inBkample with a column including both
CL-6B beads and a filter, and the clogging rate W8%0. The above results shows that the
column provided with CL-6B beads and at least atlerfcan prevent the generation of
debris. Ablood separation device suitable fanglating or reducing clogging thus can be

provided. In addition, the blood used in this epdarand the comparative examples was
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blood 3 days after blood collection. Even withlsbtood, it is possible to collect rare cells
such as fetal nucleated red blood cells by usisigall amount of beads.
[0125] Reference Example

FIG. 10 illustrates a reference example in whilessification is performed without
using a column. FIG. 10 is a partial front crosst®nal view illustrating a state in which
porous material 51 is poured into microchannel @fether with blood BL. Blood BL
contains non-nucleated red blood cells 27, nuadleatdls 29a to 29c and precipitation-
causing substance CC. Porous material 51 intersitts for example, precipitation-
causing substance CC, thereby providing an effeeliminating or reducing clogging in
microchannel 20.
[0126] In FIG. 10, microchannel 80 is the lowercrochannel illustrated in FIG. 5.
Microchannel 80 includes inlet 81a and main chaBBel Inlet 81a is substantially the same
as inlet 21a of microchannel 20. Main channels8&ubstantially the same as main channel
23 of microchannel 20.
[0127] In FIG. 10, the blood flow is indicated biack arrows. Blood BL enters main
channel 23 via inlet 21a of microchannel 20. Ad beginning of the flow of blood BL,
porous material 51 gathers at inlet 81a, and notlet 21a. Porous material 51 does not
enter main channel 23 or main channel 83. Thabtaspus material 51 filling inlet 81a
interacts with blood BL at the beginning of thewlof blood BL. On the other hand, as
porous material 51 does not fill inlet 21a, theseffof eliminating or reducing clogging by
porous material 51 may not be provided at inlet 21lla other words, when the amount of
porous material 51 poured together with blood B&nsall, the effect of the porous material
51 on eliminating or reducing clogging in microchah20 may vary in the upper part of
channel chip 70. In contrast, in the Example waitbolumn including both CL-6B beads
and filters, blood BL reacts with the CL-6B bea@$de blood BL enters main channel 23,

thus the precipitation-causing substance can beoved before the classification.
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Therefore, the blood separation device provideti e column according to this example
is advantageous especially when the amount of beautsall.

[0128] The present invention is not limited to thbove embodiment, and can be
appropriately modified without departing from treope thereof. For example, the blood
cell separation device may be another device foodl In one example, the device for
blood includes a column and a microchannel localeadnstream of the column. The
column includes a porous material as a stationaag®. Blood brought into contact with
the porous material flows into the microchanneh ohe example, the device for blood is a
blood analysis device. Blood is physically or cleatty analyzed in a microchannel.
[0129] This application claims priority to Japaedzatent Application No. 2019-192420,
filed on October 23, 2019, the disclosure of whicorporated herein by reference in its

entirety.

Reference Signs List
[0130] 1 Blood cell separation device
11 Pillar dense area
12 Section

13 Pillar dense area
14 Section

15 Area

16 Debris part

17 Flow part

20 Microchannel
21a, 21Db Inlet

22ato 22c Outlet

23 Main channel
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25a to 25d Channel part
26a, 26b Branch channel
27 Non-nucleated red blood cell
28 Junction

29a to 29c Nucleated cell
30 Syringe

35 Syringe

50 Column

51 Porous material

52 Housing part

53a, 53b Filter

54 Coupling part

55 Coupling part

56 Tube

60 Column body

70 Channel chip

71 Inlet

72 Outlet

80 Microchannel

81a Inlet

83 Main channel

BL Blood

CC Precipitation-causing substance

CF Cutoff diameter
CL Clarified liquid

F1 to F3 Fraction



CLAIMS
1. A device for blood, the device comprising:
a column; and
a microchannel located downstream of the colunirerein:
5 the column includes a porous material as a st@tjophase, and

blood flows through the microchannel after corgdatith the porous material.

2. The device for blood according to claim 1, wirere
the porous material comprises particles;

10 the column further includes a housing part anttex,fwherein the housing part is for
housing the porous material, the filter is for paqy the particles of the porous material, and
the filter is located downstream of the housing parone side of the housing part, the one
side being closer to the microchannel than the other side of the housing part is;

a small particle having a patrticle size equal tesmaller than a cutoff diameter is

15 removed in advance from the particles of the porous material; and

an opening of the filter is smaller than the cuthdmeter.

3. The device for blood according to claim 2, wiretbe cutoff diameter is in a range

of 25um to 100um.

20
4. The device for blood according to claim 2 onBerein a diameter of a mesh of the
filter is in a range of 2Qm to 40um, and the range is less than the cutoff diameter.
5. The device for blood according to any one oihea2 to 4, wherein:

25 the particles of the porous material have a particle size distribution; and

median particle size (d50V) of the particles &f forous material in a volume-based
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cumulative distribution is 25 to 280m, wherein the particle size distribution represemt

particle size distribution before the small pagid removed according to the cutoff diameter.

6. The device for blood according to any one oiheta2 to 5, wherein:
the column further includes a filter for trappitige particles of the porous material,
the filter being located upstream of the housing pa the other side of the housing part, the

other side being farther from the microchannel ttenone side of the housing part is.

7. The device for blood according to any one oihetal to 6, wherein:
when the blood flows through the microchannel raétentacted with the porous

material, the microchannel hydraulically classifiésod cells in the blood.

8. The device for blood according to claim 7, wirere

the device for blood is for blood cell separation;

the microchannel is made of a flat chip, the dkaip including a pillar dense area and
a hydraulic channel located downstream of the pillar dense area;

the column is connected to a front draak of the flat chip; and

the device for blood further includes an outlet ébscharging the hydraulically

classified blood cells from the microchannel tooatside of the device for blood.

9. The device for blood according to any one oihetal to 8, wherein:
the porous material comprises particles; and
the particles of the porous material have a posanace made of a polysaccharide,

silica, or a resin.

10. A method for using the device for blood acaogdio any one of claims 1 to 9, the
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method comprising:
allowing blood to enter the microchannel from taéumn, wherein
the column and the microchannel are provideceparate bodies in the device
for blood,
the column includes a coupling part,
the microchannel includes an inlet, and
the blood is allowed to enter the microchannigrahe coupling part is coupled

with the inlet to integrate the column with the roichannel.
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