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DESCRIPTION
CARRIER FOR BLOOD COMPONENT ADSORPTION AND BLOOD

COMPONENT ADSORPTION COLUMN

TECHNICAL FIELD
[0601}

The present invention relates to a carrier for blood component adsorption and
a column for blood component adsorption.

BACKGROUND ART
{0002]

Inflammatory cytokines are deeply involved in causes of inflammatory
diseases such as systemic lupus erythematosus, rheumatoid arthritis, multiple
sclerosis. uleerative colitis and Crohn’s disease, and it has been considered that these
inflammmatory diseases can be treated by inactivating inflammatory cvtokines with
biologicals such as low molecular drugs and antibodies. However. it is becoming
clear that each inflammatory cytokine does not act alone on the site of inflammation,
but a plurality of types of inflammatory cytokines synergistically act to cause
development and progression of inflammatory diseases.  Therefore, recent interest
has focused on the effectiveness of leukocytapheresis, in which activated leukocytes
as the source of inflammatory cytokines are removed from the blood.

{0003]

Known examples of the method for removing activated leukocytes from the
blood include a method wherein a column for removal of leukocytes, which column
uses a fiber or bead as a medium, is employed to carry out extracorporeal circulation
of blood of the patient with an inflammatory disease in order to selectively remove
activated leukocytes by adsorption.  In terms of the medium for selectively

o

adsorbing granulocytes, there is a report wherein a bead having a cettain level of
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irregularity in its surface is used as a medium (Patent Document 1), and, in terms of
the medium that adsorbs activated lenkocytes and cytokines at the same time, there
are reports wherein a nonwoven fabric or bead whose surface is modified with amino
groups is used as a medium (Patent Documents 2 and 3).

PRIOR ART DOCUMENTS

[Patent Documents]

[0004]

[Patent Document 1] JP 2501500 B

[Patent Document 2] JP 2006-312804 A

[Patent Document 3} JP 7-080062 A
SUMMARY
PROBLEMS TO BE SOLVED
[0005]

However, known adsorption carriers used for selective adsorption of activated
leukocytes cannot be said to have a sufficient adsorption capacity at present, and,
therefore, in order to increase the therapeutic effect of leukocytapheresis in an
inflammatory disease patient, it is thought that the adsorption capacity needs to be
improved especially for granulocytes and monocytes among leukocytes.

[0006]

In view of this, the present disclosure aims to provide a carrier for blood
component adsorption that enables selective and efficient adsorption removal of
granulocytes and monocytes, and, at the same time, enables adsorption removal of
inflammatory cytokines.

MEANS FOR SOLVING THE PROBLEMS
[0007]
In order to solve the above-described problem, the present inventors

intensively studied to discover a carrier for blood component adsorption that enables
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efficient adsorption removal of granulocytes and monocytes as well as inflammatory
cytokines, thereby completing the present disclosure.
[0008]

That is, the present disclosure provides the carrier for blood component
adsorption and the column for blood component adsorption described in the (1) to (9)
below.

(1)  Inafirst aspect, there is provided a carrier for blood component adsorption
comprising a water-insoluble carrier having a surface to which a functional group(s)
containing a silyl group and an amino group is/are introduced.

(2)  The carrier for blood component adsorption according to the above-described
(1), wherein the water-insoluble carrier has a proton adsorption capacity of 1.5x107
to 3.0x107 eg/g.

(3)  The carrier for blood component adsorption according to the above-described
(1) or (2), wherein the silicon atom of the silyl group and the nitrogen atom of the
amino group are linked together by an alkyl chain.

(4)  The carrier for blood component adsorption according to the above-described
(3), wherein the alkyl chain is an alkyl chain having not more than 6 carbon atoms.
(5)  The carrier for blood component adsorption according to any one of the
above-described (1) to (4), wherein the silyl group has an alkyl group and/or alkoxy
group.

(6)  The carrier for blood component adsorption according 1o the above-described
(5), wherein the alkyl group is a methyl group or ethyl group.

(7)  The carrier for blood component adsorption according to the above-described
(5) or (6), wherein the alkoxy group is a methoxy group or ethoxy group.

(8)  The carrier for blood component adsorption according to any one of the
above-described (1) to (7), wherein the water-insoluble carrier is composed of a fiber

or particle.
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(9)  The carrier for blood component adsorption according to the above-described (8),
wherein the fiber has a fiber diameter of, or the particle has a particle diameter of, 0.5 to
20 pm.

(10)  In asecond aspect, there is provided a column for blood component adsorption
filled with the carrier for blood component adsorption according to any one of the
above-described (1) to (9).

EFFECT

[0009]

With the carrier for blood component adsorption of the present disclosure,
granulocytes and monocytes can be efficiently removed by adsorption from blood of a
patient with an inflammatory disease, and inflammatory cytokines can also be removed
by adsorption at the same time. Further, a column for blood component adsorption
filled with the carrier for blood component adsorption of the present disclosure can be
used for leukocytapheresis, and can produce a preferred therapeutic effect in treatment
of a severe inflammatory disease.

BEST MODE FOR CARRYING OUT THE INVENTION
[0010]

The carrier for blood component adsorption of the present invention is
characterized in that it comprises a water-insoluble carrier having a surface to which a
functional group(s) containing a silyl group and an amino group is/are introduced.
[0011]

The “carrier for blood component adsorption” means a material with which a
blood component(s) can be removed from blood by adsorption.

[0012]

The blood component means a component constituting blood, and examples of
the blood component includes blood cell components such as erythrocytes, leukocytes
and platelets; and humoral factors such as inflammatory cytokines. For the purpose of

treatment of an inflammatory disease, leukocytes and inflammatory
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cytokines are preferably removed by adsorption.
[0013]

The inflammatory cytokine means a protein which is secreted from a cell and
transmits information to a specific cell.  Examples of the inflammatory evtokine
include mnterleuking. tumor necrosis factor-a., transforming growth facior beta,
interferon-~y, angiogenic growth factors and immunaosuppressive acidic protein.
(0014]

The interleukin means a cytokine which is secreted from a leukocyte and
functions for controlling the imimune system. and examples of the interleukin include
mterleukin-1, interleukin-6 (hereinafter referred to as H.-6). interfeukin-8 (hereinafter
referred to as HL-8), interfeukin-10 and interieukin-17.

{0015]

The adsorption means a state where a blood component(s) is/are attached to
the carrier for blood component adsorption, and detachment of the blood
component(s) does not easily occur.

[0016]

Examples of the “water-insoluble carrier™ include polyolefing such as
polyethylene and polvpropylene; polyesters such as polyvethylene terephthalate and
polvbutylene terephthalate: fluorinated polymers such as Teflon (registered
trademark}: polysulfone-based polvmers such as poly(p-phenyiene ether sulfone),
polvetherimides; polyimides: polvamides; polyethers; polyphenylene sulfides;
polystvrenes: and acrylic polymers; and materials prepared by blending or alloving of
these macromolecular compounds.  For easy introduction of a functional group to
the surface of the water-insoluble carrier, polystyrenes are preferred, and. in view of

heat resistance or retention of the shape upon processing. polypropylene and

¢

yovlene-polyvethyiene copolymers are preferred.
7 ki J B IS
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The “functional group containing a silvl group and an amino group” means a
functional group containing at least one each of silyl group and amino group in the
chemical structure of the functional group.

10018
The ~silyl group™ means a functional group having the following chemical structure.

[Chemical Formula 1]

RT
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wherein the chemical structure of each of R', R” and R” is not limited, and each of R,
R?and R is preferably an alkyl group or alkoxy group. more preferably methyl. ethyl.
methoxy or ethoxy. Examples of the silyl group wherein all of R', R and R” are the
same alkyl group include trimethylsilyl and triethylisilyl.  Examples of the siivl

group wherein all of R, R? and R” are the same alkoxy group include trimethoxysilyl
and triethoxysilyl.  Examples of the silyl group wherein R, R? and R are a plurality
of types of alkyl group(s) and/or alkoxy group(s) include methyldimethoxysilyl.
[0019]

The silyl group may contain one or more siloxane bonds.  However. in cases
where stloxane bonds conlinue too much. free movement of the functional group is
suppressed, so that the number of continuous siloxane bonds is preferably not more
than 5.

[0020]

fn cases where the silvl group described above is a silyl group wherein all of
R'.R? and R’ are substituted by an alkyi groupls) and/or alkoxy group(si. the number
of carbon atoms and oxypen atoms constituting the alky! group(s) and/or alkoxy

group(s}) 1s preferably not more than 5 since, in this case. the silyl group can more
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easily interact with blood components.
FO021)

The “amino group” means a functional group having the following structure.
[Chemical Formula 2]

R4
5

e N R
wherein the chemical structure of each of R* and R” is not limited, and examples of
each of R* and R’ include alkyl groups.
100221

The structure in which both R* and R” are hydrogen is called a primary
amino group; a structure in which one of R* and R” is a chemical structure other than
hydrogen is called a secondary amino group: and a structure in which each of R and
R* is substituted by a chemical structure other than hydrogen is called a tertiary
amino group.
100231

The “amino group” herein include functional groups having the structure
shown below, that s, quaternary ammonium groups.

[Chemical Formula 3}

wherein cach of R%, R” and R® represents a chemical structure other than hvdrogen.
and the chemical structure is not limited.  Examples of cach of R®. R” and R®
inciude alkyl groups.

[OG241

In cases where the functional group has an amino group at its terminus, that 1s,



in cases where the functional group has a primary amino group, which s highly
reactive, there is an increased risk of cross-linking of this aminoe group o another
chemical structure contained in the carrier for blood component adsorption. and.

moreover, the hiving body may be overstimulated by the amino group.  Therefore,

L5

the amino group is preferably a secondary or tertiary amino group, or a quaternary
ammonium group,
[0025]
in the chemical structure of the functional group. the chemical structure
between the sily] group and the amino group, that 8. the chemical structure linking
10 the silicon atom of the silyl group to the nitrogen atom of the amine group
{hereinafter referred to as the spacer) is preferably constituted by a hydrogen atom(s),
carbon atom(s}. oxvgen atom{s) and/or sulfur atom{s). In cases where the spacer is
too large. the density of the silyl group is low. so that the number of atoms
constituting the spacer is preferably not more than 200, The spacer is more
preferably an alkyl chain, still more preferably an alkyl chain having not more than 6
carbon atoms.
[0026]
Examples of the reactive functional group that mediates linking between the
water-insoluble carrier and the above-described functional group when the
20 “functional group containing a silyl group and an amino group™ is 10 be introduced to
the surface of the water-insoluble carrier include active halogen groups such as the
halomethyl group. haloacetvi group. haloacetamidomethy! group and halogenated
alkyl group: epoxide group: carboxyl group: isocyvanate group: thioisocyanate group;
and acid anhydride group.  Active halogen groups are preferred. and the
25 h§iﬁacetan‘}.idomethyé group is more preferred, since these have appropriate degrees
of reactivity.

[0027)
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The above-described functional group wherein a silyl group s ternunally
positioned and the spacer s an atky! chain can be obtained by, for example. reacting
sitviatkviamine. which is commercially easily available. with a haloacetamidomethyl
group. For example, the above-described functional group wherein the spacer is an
alkyl chain having 3 carbon atoms can be obtained by reacting 3-
aminopropyitrimethoxysilane or 3-aminopropyliriethoxysilane with a
haloacetamidomethyl group.

[0028]

The form of the “water-insoluble carrier™ is preferably a “fiber or particle™ in
view of enhancing the efficiency of removal of leukocvtes by adsorption.  In cases
where the water-insoluble carrier is a {iber. the cross-section of the {iber may have a
shape other than a true circle. and the fiber may be a hollow fiber.  The “fiber
diameter of the fiber™ and “particle diameter of the particle™ of the “fiber or particie”
are preferably 0.3 to 20 um, more preferably 4 to 10 um, in view of more stable
exertion of the phagoceytic activity of leukocytes.  The fower limit is preferably 0.5
pm, more preferably 4 um.  The upper limit 1s preferably 20 um. more preferably 10
pwm.  Either preferred lower limit may be combined with either preferred upper Hmit.
The phagocytic activity of leukocytes herein means the property of granulocytes and
monocytes to capture and eat microorganisms, bacteria and the like which have
invaded into the body of human or the fike.

10029]

The ~“fiber diameter of the fiber ™ means the mean of values obtained by
randomly collecting 10 samples of small pieces of the fiber and taking a photograph
of each sample using a scanning electron microscope at a magnification of 2000x,
followed by measuring the diameter of the fiber at 10 locations per photograph (100
locations in total).  Similarly, the “particle diameter of the particle” means the mean

of values obtained by randomly collecting 10 samples of small pieces of the particle
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and taking a photograph of each sample using a scanning electron microscope at a
magnification of 2000x, followed by measuring the diameter of the particle at 10
locations per photograph (100 locations in total),

fOU30]

In cases where the fiber diameter of the fiber is less than [0 pm, a fiber
having a larger diameter may be mixed in view of securing the strength of the carrier
for blood component adsorption. and the fiber diameter of such a fiber having a
larger diameter is preferably 10 to 50 pm.

(0031)

Examples of the shape of the water-insoluble carrier composed of a fiber
include a woven fabric. non-woven fabric, cotton cloth and hollow fiber.  In cases
where the shape is a non-woven fabric. a scaffold fiber such as polypropvlene is also
preferably included for maimtaining the shape.

(0032}

In cases where the carrier for blood component adsorption of the present
invention is composed of a fiber. removal of the blood component may be based on
the principle of filtration.  However, in consideration of suppression of the pressure
loss due to clogging, granulocytes and monocyies are preferably removed by
adsorption utilizing their phagocytic activity and the interaction with the “functional
group containing a sityl group and an amino group”, and inflammatory cytokines are
preferably removed by adsorption utilizing the interaction with the “functional group
contaiming a silvl group and an amino group”™.  In view of this. in cases where the
carrier for blood component adsorption of the present invention is used by filling a
container such as a column with the carrier. the porosity may be increased.  On the
other hand, since. in cases where the porosity is too large, the shape of the adsorption

S
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carrier can be hardly maintained. the porosity of the water-insoluble camier

preferably 85 10 98%, more preferably 90 to 95%.  The lower limit of the value is



weferably 85%. more preferably 90%.  The upper limit of the value is preferably
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G8%. more preferably 95%,.  Either preferred fower imit may be combined with
p A £ Y

either preferred upper Himit,

[0033]

The “porosity™ is the ratio of the volume of the void n the carrier for blood

(A

component adsorption. and means the percentage value caleulated by dividing the
volume of the void in the carrier for blood component adsorption by the apparent
volume of the carrier for blood component adsorption.  More specifically, a cross-

sectional photograph of the carrier for blood component adsorption 18 taken using a

>

scanning electron microscope at a magnification of 200>, and. based on the result of
image analysis of the photograph, the porosity 1s caleulated according to the bquation
1 below.
Porosity (%) = {(b-a}/ b} x 100 ... Equation |
a: Area of the part occupied by thé water-insotuble carrier
15 b: Total area of the cross-section of the carrier for blood component
adsorpgitm
[0034]
The silyt group contained in the “functional group containing a silyl group
and an amino group” 18 assumed to contribute largely 1o selective adsorption of
20 granulocytes and monocytes.  On the other hand. 1t is considered that the presence
of silyl groups at high density suppresses free movement of the functional group.
teading o insufficient interaction with granulocytes and monocyles.
[00351]
The amino group contained in the “functional group containing a silyl group
25 and an amino group” is alse assumed to contribute largely to selective adsorption of
granulocyies and monocytes,  On the other hand, it 1s assumed that the presence of

amino groups at high density causes competitive adsorption with proteins having



negative charges. leading to decreased adsorption rates of granulocvies and
monocyies.  The density of amino groups can be represented by the proton
adsorption capacity. and the proton adsorption capacity of the carrier for blood
component adsorption of the present invention is preferably 1.5%107 o 3.0x 106 eq/g.

more preferably 1.0x107 t0 2.0x10%eq/g.  The lower limit of the value is preferably
1.5% 10 eq/g, more preferably 1.0x107eq/g.  The upper limit of the value is

=

v 3.0x107eq/g. more preferably 2.0x1 07eq/g. Either preferred lower limit

preferabl
muay be combined with either preferred upper imit.  An adsorption capacity of teq/g
herein means that | g of an adsorption carrier can adsorb 1 mol of protons.

9 10036)

The stlyl group contained in the “functional group containing a silvl group
and an amino group” is assumed to contribute also 1o adsorption of inflammatory
cytokines to some extent.  Although detailed mechanisms are unknown. 1 is
assumed that. since inflammatory cytokines are proteins of about | to several 10 kDa

15 and contain many kinds of hydrophobic amine acids, inflammatory cviokines interact
with. for example. hydrophobic silyl groups such as trimethvisilvl,
[0037]

The container shape of the blood component adsorption column of the present

invention filled with the carrier for blood component adsorption is not limited as long

20 as it has an inlet and an outiet for blood. and examples of the container include
polygonal prism-shaped containers such as cylindrical, triangular prism-shaped,
guadrangular prism-shaped. hexagonal prism-shaped and octagonal prism-shaped
containers. The container is preferably a container which can be filled with the
carrier for blood component adsorption in a laminated form. a container which can be

25 filled with the carrier for blood component adsorption wound into a cvlindrical shape,
or & container wherein blood flows from the circumference of a cylinder into the

inside thereof. followed by flowing to the outside of the container.
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EXAMPLES
[0038]

The column for blood component adsorption of the present invention will
now be described liz‘i more detail by way of experimental examples.  In Examples.
wi% represents % by weight.

[0039]
(Preparation of Non-woven Fabric Made of PP}

A sea-island composite fiber having 36 islands each of which further has a
core/sheath complex was obtained using the following components under the
conditions of a spinning rate of 800 m/minute and a draw ratio of 3.

Core component of the island: polypropvlene

Sheath component of the island: 90 wt% polystyrene and 10 wt%
polypropylenc

Sea component: copolymernized polyester comprising ethylene terephthalate
units as major repeating units and 3 wt% 3-sodium sulfoisophthalic acid as a
copolvmerization component

Composite ratio (weight ratio}: core:sheath:sea=45:40:15
[0040]

After preparing a non-woven fabric composed of this fiber in an amount of 85
wi% and a polvpropylene fiber having a diameter of 20 pum in an amount of 15 wit%.
a sheet-shaped polypropyiene net (thickness, 0.5 mm: single fiber diameter. 0.3 mm:
aperture. 2 mmx2 mm) was sandwiched between two sheets of this non-woven fabric,
and the resultant was needle-punched to obtain a non-woven fabric having a three~
tayer structure (hereinafter referred to as the non-woven fabric made of PP}

(0041}
{(Preparation of Non-woven Fabric Made of PSt+PP)

The non-woven fabric made of PP was treated at 95°C with 3 wt% agueous
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sodium hydroxide solution to dissolve the sea component, By this, a non-woven
fabric having a diameter of the core/sheath fiber of 5 pm and a bulk density of (.02
5!’61'}13 {non-woven fabric made of PSt+PP. hereinafter referred to as the non-woven
fabric A} was prepared.

[0042]

(Preparation of Chloroacetamidomethyiated Non-woven Fabric)

At not more than 10°C, 46 wit% nitrobenzene. 46 wit% sulfuric acid, 1 wi%
paraformaldehyde and 7 wi% N-methyviol-a-chloroacetamide (hereinafter referred to
as NMCUA) were mixed together, and the resulting mixture was stirred and dissolved,
to prepare a reaction hiquid for NMCA modification.  The temperature of this
reaction liquid for NMCA modification was adjusted to 5°C., and the reaction liguid
for NMCA modification was added to the non-woven fabric A at a solid/liquid ratio
corresponding to about 40 mL of the reaction Hquid for NMCA modification with
respect 1o 1 g of the non-woven fabric A, The reaction mixture was left to stand at
57C in a water bath to allow the reaction to proceed for 2 hours.  Thereafter, the
non-woven fabric was removed from the reaction liquid, and immersed in
nitrobenzene in the same amount as the reaction liquid for NMCA treatment. for
washing. Subsequently, the non-woven fabric was removed therefrom. and
immersed in methanol for washing, to obtain a chloroacetamidomethylated non-
woven fabric (hereinafter referred to as the non-woven fabric B).

{0043
(Preparation of Tetracthylenepentamine-modified Non-woven Fabric)

Tetracthylenepentamine (hereinafter referred 10 as TEPA) and triethvlamine
were dissolved in 500 mi. of dimethyl sulfoxide (hereinafter referred o as DMSQ)
such that their concentrations are 20 mM and 473 mM, respectively.  In the
resulting solution. 10 g of the non-woven fabric B was immersed, and the reaction

was allowed to proceed at 40°C for 3 hours. The non-woven fabric after the
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reaction was washed with DMSO and methanol. and further with water. to obtain a
TEPA-modified non-woven fabric (hereinafier referred to as the non-woven fabric O
The strucrural formula of the functional group ntroduced to the non-woven fabric €
ts shown in Table 1-1.

10044 ]

(Preparation of N-2-(aminoethyl)y-3-aminopropyltrimethoxvsilane-modified Non-
woven Fabric)

To 46.5 mL of DMSO. 0.22 mL of N-2-(aminoethyl}-3-
aminopropyltrimethoxysilane was added. and 3.3 mL of triethylamine was further
added thereto. followed by mixing the resulting mixture to prepare a liquid.  In this
liquid, T g of the non~woven fabric B was immersed, and the reaction was allowed to
proceed at 40°C for 2 hours.  The non-woven {abric after the reaction was washed
with DMSO and methanol. and further with water, 1o obtain an N-2-(aminoethvl}-3-
aminopropyltrimethoxysilane-modified non-woven fabric (heremalter referred to as
the non-woven fabric D). The structural formula of the functional group introduced
to the non-woven fabric ) 1s shown in Table 1.

(00453
{Preparation of N-2-(aminoethyl)-3-aminopropyltriethoxysilane-modified Non-
woven Fabric)

To 46.5 ml. of DMSO. 0.27 mL of N-2-(aminoethyi)}-3-
aminopropyltriethoxysilane was added. and 3.3 ml. of triethylamine was further
added thereto. followed by mixing the resulting mixture to prepare a hquid.  [n this
liguid. 1 g of the non-woven fabric B was immersed. and the reaction was allowed to
proceed at 40°C for 2 hours.  The non-woven fabric after the reaction was washed

with DMSO and methanol. and further with water, t¢ obtain an N-2-(aminoethy!)-3-

4

aminopropyliriethoxysilane-modified non-woven fabric (hereinafier referred to as the

non-woven {abric B}, The structural formula of the functional group introduced to
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the non~woven fabric I is shown in Table 1.
[0046]
{Preparation of N-2-{amunoethyl)-3-aminopropyimethyidimethoxysilane-modified

Non-woven Fabric)

n

To 46.5 mL of DMSO, .21 mL of N-2-(aminoethyl}-3-
aminopropyimethvidimethoxysilane was added. and 3.3 mL of wiethylamine was
further added thereto. followed by mixing the resulting mixture to prepare a liquid.
In this liquid, 1 g of the non-woven fabric B was immersed, and the reaction was
allowed to proceed at 40°C for 2 hours.  The non-woven fabric after the reaction
10 was washed with DMSO and methanol, and further with water, to obtain an N-2-
{(aminocthyl}-3-aminopropylmethyldimethoxysilane-madified non-woven fabric
{hereinafier referred to as the non-woven fabric F). The structural formula of the
functional group introduced to the non-woven fabric F is shown in Table |,
[0047]
25 (Preparation of 3-Aminopropyltrimethoxysifane-modified Non-woven Fabric)
To 465 mb of DMSEO. .18 ml. of 3-aminopropyitnimethoxysilane was added.
and 3.3 ml. of wiethylamine was further added thereto. followed by mixing the
resulting mixture to prepare a liquid.  In this lquid. 1 g of the non-woven fabric B
was immersed, and the reaction was allowed to proceed at 40°C for 2 hours.  The
20 non-woven fabric afier the reaction was washed with DMSO and methanol, and
further with water. to obtain a 3-aminopropylirimethoxysilane-modified non-woven
fabric (hereinafier referred 1o as the non-woven fabric GY.  The structural formula of
the functional group introduced to the non-woven fabric G is shown in Table 1.
F0048]

25 {Preparation of 3-Aminopropyltriethoxysilane-modified Non-woven Fabric)

To 46.5 mbL of DMSO, 0.18 mL of 3-aminopropyltricthoxysilanc was added,

and 3.3 mi. of triethvlamine was further added thereto, followed by mixing the
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resulting mixture to prepare a hiquid.  In this liguid, 1 g of the non-woven fabric B
was immersed. and the reaction was altowed o proceed at 40°C for 2 hours.  The
wm-woven fabric after the reaction was washed with DMSO and methano!, and
further with water, to obtain a S«amimpmpfEtri.cthm(ysiIane~mc)diﬁefi non-woven
fabric (hereinafter referred to as the non-woven fabric H).  The structural formula of
the functional group introduced to the non-woven fabric H is shown in Table 1.
[0049]
{(Preparation of 3-Fthoxypropylamine-modified Non-woven Fabric)

To 46.5 mL of DMSO, 0.12 ml. of 3-ethoxypropylamine was added, and 3.3
ml. of triethylamine was further added thereto. followed by mixing the resulting
mixture to prepare a hquid.  In this figuid. T g of the non-woven fabric B was
immersed, and the reaction was allowed 1o proceed at 40°C for 2 hours.  The non-
woven fabric after the reaction was washed with DMSO and methanol, and further
with water. to obtain a 3-cthoxypropylamine-modified non-woven fabric (hereinafier
referred to as the non~-woven fabric ). The structural formula of the funcuonal
group introduced o the non-woven fabric [ is shown in Table 1.
00501
(Preparation of 4-Aminobutylaldehvde Dimethylacetal-madified Non-woven Fabric)

To 46.5 mL of DMSO. 0.14 ml. of 4-aminobutylaldehyde dimethvlacetal wag
added. and 3.3 ml. of triethylamine was further added thereto. followed by mixing
the resulting mixture to prepare a higuid.  In this liquid. 1 g of the non-woven fabric
B was immersed. and the reaction was allowed o proceed at 40°C for 2 hours.  The
non-woven fabric after the reaction was washed with DMSO and methanol. and
further with water. to obtain 2 4-aminobutylaldehvde dimethviacetal-modified non-

woven fabric (hereinafier referred to as the non-woven fabric ). The structural

%

formula of the functional group introduced to the non-woven fabric J is shown in

Table 1.



[0051]
(Preparation of 3-Aminopropionaldehyde Diethylacetal-modified Non-woven Fabric)
To 46.5 mbL of DMSO. (.16 mi. of J-aminopropionaldehyde diethvlacetal was

added. and 3.3 ml. of tricthylamine was further added thereto. followed by mixing

5 the resulting mixture to prepare a liquud.  In this liquid. 1 g of the non-woven fabric
B was immersed, and the reaction was allowed to proceed at 40°C for 2 hours.  The
non-woven fabric after the reaction was washed with DMSO and methanol., and
further with water, to obtain a 3-aminopropionaldehyde dicthylacetal-modified non-
woven fabric (hereinafier referred to as the non-woven fabric K). The structural

10 formula of the functional group introduced 1o the non-woven fabric K is shown in
Table 1.

[00521
(Preparation of Chloroacetamidomethylated Polysulfone)
To 32 mL of § wt% polvsulfone/nitrobenzene solution. 2 mL of 2 wi%

15 NMC A/sutfuric acid solution prepared at 0°C was added, and the resulting mixture
was stirred for | hour.  To this mixture, 800 mi. of ice-cold methanol was added to
precipitate chloroacetamidomethylated polysulfone. which was then recovered.  The
recovered chloroacetamidomethylated polysulfone was dissolved in 20 mbL of
dimethvlformamide (hereinafter referred to as DMF). and 400 mL of ice-cold

20 methanol was added again to the resulting solution. {o obtain
chloroacetamidomethylated polysulfone.

[6053]
(Preparation of Tetraethvlenepentamine-modified Polysulfone Non-woven Fabric)
In 30 mL of DMF. 1 g of chioroacetamidomethylated polysulfone was

25 dissolved, and tetraethyienepentamine was added to the resulting solution to a

concentration of 20 mM.  The resulting mixture was stirred for 17 hours, and 600

mL of ice-cold methano! was added thereto to precipitate tetracthylenepentamine-
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modified polysulfone, which was then recovered.  The recovered
wetragthylenepentamine-modified polysulfone was dissolved again in 20 mi. of DMF,
and (1.1 g of the non-woven fabric A was inunersed in the resulting solution. The
non-woven fabric A was then immediately removed from the solution, and further
immersed in methanol, to obtain a tetracthylenepentamine-modified polysulfone non-
woven {abric (hereinafter referred 1o as the non-woven fabric ). The structural
formula of the functional group introduced to the non-woven fabric L is shown in
Table .

[0054]

{ Preparation of N-2-(aminoethyl)-3-aminopropyltrimethoxysilane-modified
Polysulfone Non-woven Fabric)

In 30 mL of DMF. 1 g of chlorocacetamidomethylated polyvsulfone was
dissolved. and N-Z-(aminoethyl}-3-aminopropyltrimethoxysilane was added to the
resuliing solution to a concentration of 20 mM.  The resulting mixture was stirred
for 17 hours, and 600 mL of ice-cold methanol was added thereto to precipitate N-2-

N

{aminoethyl}-3-aminopropvitnimethoxysilane-modified polysulfone. which was then
recovered.  The recovered N-2-(aminoethyl)-3-aminopropyltrimethoxysilane-
modified polysulfone was dissolved again in 20 miL of DMF. and 4.1 ¢ of the non-
woven fabric A was immersed in the resulting solution.  The non-woven fabric A
was then immediately removed from the solution, and further immersed in methanol,
to obtain a N-2-(aminoethyl}-3-aminopropyltrimethoxysilane-modified polvsulfone
non-woven fabric (heremafter referred to as the non-woven fabric M), The
structural formula of the functional group intraduced to the non-woven fabric M is
shown in Table 1.

(00551

(Preparation of N-2-(aminoethyl)-3-aminopropyliricthoxysitanc-modified

Polysulfone Non-woven Fabric)
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In 30 mbL of DMYE, 1 g of chioroacetamidomethyiated potysulfone was
dissolved. and N-2-(aminoethyl}-3-aminopropyltricthoxvsilane was added o the
resulting solution (o a concentration of 20 mM.  The resulting mixture was stirred
for 17 hours, and 600 ml. of ice-cold methanol was added thereto (o precipitate N-2-
(aminoethyl)-3-aminopropyliriethoxysilane-modified polysulfone. which was then
recovered.  The recovered N-Z-(aminoethyl)-3-aminopropyltriethoxystlane-modifie
polysulfone was dissolved again in 20 mL of DMF. and 0.1 g of the non-woven
fabric A was immersed in the resulting solution.  The non-woven fabric A was then
immediately removed from the solution, and further immersed in methanol, to obtain
a N-2-(aminoethyl)-3-aminopropyltricthoxysitane-modified polysulfone non-woven
fabric (hereinafter referred to as the non-woven fabric N).  The structural formula of
the functional group introduced to the non-woven {abric N is shown in Table 1.
[0056]

(Preparation of N-2-(aminoethyl)-3-aminopropylmethyldimethoxysilane-madified
Polysulfone Non-woven Fabric)

In 30 mL of DMF. 1 g of chloroacetamidomethylated polysulfone was
dissolved, and N-2-(aminoethyl}-3-aminopropyimethyldimethoxysilane was added to
the resulting solution to a concentration of 20 mM.  The resulting mixture was
stirred for 17 hours. and 600 ml. of ice-cold methanol was added thereto to
precipitate N-2-(aminoethyl)-3-aminopropylmethyldimethoxysilane-modified
polysulfone, which was then recovered.  The recovered N-2-(aminoethyl}-3-
aminopropylmethvidimethoxysilane-modified polysulfone was dissolved again in 20
mb of DMF . and 0.1 g of the non-woven fabric A was immersed in the resulting
solution.  The non-woven fabric A was then immediately removed from the solution.
and farther immersed in methanol, to obtain a N-2-(aminoethy!}-3-
aminopropvimethyldimethoxystlane-modificd polysulfone non-woven fabric

(hereinafier referred to as the non-woven fabric O).  The structural formula of the
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functional group mtroduced to the non-woven fabric O is shown in Table 1.

10057}

(Preparation of 3-Aminopropylirimethoxysilane-modified Polysulfone Non-woven
Fabric)

In 30 mL of DMF, 1 g of chloroacetamidomethylated polysulfone was
dissolved. and 3-aminopropyltrimethoxysilane was added to the resulting solution o
a concentration of 20 mM.  The resulting mixture was stirred for 17 hours. and 600
ml. of ice-cold methanol was added thereto 1o precipitate 3-
aminopropylirimethoxysitane-modified polysulfone, which was then recovered.

The recovered 3-aminopropylirimethoxysilane-modified polysulfone was dissolved
again tn 20 ml. of DMF, and 0.1 g of the non-woven fabric A was immersed in the
resulting solution.  The non-woven fabric A was then immediately removed from
the solution, and further immersed in methanol, to obtain a 3-
aminopropylirimethoxysilane-modified polvsulfone non-woven fabric (hereinafier
referred to as the non-woven fabric P).  The structural formula of the functional
group introduced to the non-woven fabric P is shown in Table 1.

[0058]

(Preparation of 3-Aminopropyltriethoxysilane-modified Polysulfone Non-woven
Fabric}

In 30 ml. of DMF. 1 g of chloroacetamidomethylated polysulfone was
dissolved. and 3-aminopropyitriethoxysilane was added 1o the resulting sotution to a
concentration of 20 mM.  The resulting mixture was stirred for 17 hours, and 600
mi. of we-cold methanol was added thereto to precipitate 3-
aminopropylriethoxysilane-modified polysulfone. which was then recovered.  The
recovered 3-aminopropylinethoxysilane-modified polysulfone was dissolved again in
20 ml. of DMF, and (.1 g of the non-woven fabric A was immersed in the resulting

solution.  The non-woven fabric A was then immediately removed from the solution.
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and further immersed in methanol. to obtain a 3-aminopropyltriethoxysilane-

modified polysulfone non-woven fabric (hereinafter referred to as the non-woven

fabric Q). The structural formula of the functional group introduced to the non-

woven fabric G is shown in Table T,

[0059]

{Preparation of 3-Ethoxypropylamine-modified Polysulfone Non-woven Fabric)
in 30 ml of DMF, 1 g of chloroacetamidomethylated polysulfone was

dissolved, and 3-ethoxypropylamine was added 1o the resulting solution to a

concentration of 20 mM.  The resulting mixture was stirred for 17 hours, and 600

ml of ice~-cold methano! was added thereto to precipitate 3-cthoxypropylamine-

modified polysulfone., which was then recovered.  The recovered 3-

ethoxypropylamine-modified polysulfone was dissolved again in 20 mL of DMF. and

0.1 g of the non-woven fabric A was immersed in the resulting solution.  The non-
woven fabric A was then immediately removed from the solution. and further
immersed in methanol. to obtain a 3-ethoxypropylamine-modified polysulfone non-
woven fabric (hereinafier referred to as the non-woven fabric R}, The structural
formula of the functional group introduced to the non-woven fabric R 1s shown in
Tabie 1.
(60601
{Preparation of 4-Aminobutylaldehyde DHmethylacetal-modified Polysulfone Non-
woven Fabric)

In 30 mL of DMF. 1 ¢ of chloroacetamidomethylated polysulfone was
dissolved. and 4-aminobutvlaldehyde dimethylacetal was added to the resulting
solution to a conceniration of 20 mM.  The resulting mixture was stirred for 17

hours, and 600 mL of ice-cold methanol was added thereto to precipitate 4-

aminobutylaldehyde dimethylacetal-modified polysulfone. which was then recovered.

o

The recovered 4-aminobutvlaldehvde dimethylacetal-modified polysulfone was
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dissolved again in 20 ml. of DMF. and 0.1 g of the non-woven fabric A was
immersed in the resulting solution.  The non-woven fabric A was then immediately
removed from the solution., and further immersed in methanot, to obtain a 4-
aminobutylaldehvde dimethylacetal-modified polvsulfone non-woven fabric
(hereinalter referred to as the non-woven fabric 8). The structural formula of the
functional group introduced to the non-woven fabric § 15 shown in Table 1.
[0061]
(Preparation of 3-Aminopropionaldchyde Diethylacetal-modified Polysulfone Non-
woven Fabric)

In 30 mL of DMF. 1 g of chioroacetamidomethylated polysulfone was
dissolved. and J-aminopropionaldehyde diethylacetal was added (o the resulting
solution to a concentration of 20 mM.  The resulting mixture was stirred for 17
hours, and 600 ml. of ice-cold methano! was added thereto to precipitate 3-
aminopropionaldehyde dicthylacetal-modified polysulfone. which was then
recovered,  The recovered 3-aminopropionaldehyde diethylacetal-modified
polysulfone was dissolved again in 20 ml. of DMF, and 0.1 g of the non-woven
fabric A was immersed in the resulting solution.  The non-woven fabric A was then
immediately removed from the solution. and further immersed in methanol. to obtain
a 3-aminopropionaldehyde diethylacetal-modified polysulfone non-woven fabric
(herematter referred to as the non-woven fabric Ty, The structural formula of the
functional group introduced to the non-woven fabric T is shown in Table 1.
[0062]

[Table 1-1]
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[0064]
(Example 1)

The non-woven fabric D was cut out into a disk having a diameter of 8 mm,
and placed in a polypropylene container.  To this container. | mL of human blood
(heparin concentration, 30 U/mlL) was added. and the content of the container was
mixed by inversion in an incubator at 37°C for 20 minutes.  Thereafier. the
adsorption ratic of each blood component was calculated according 1o the Equations
2 to 4 below. Measurement of the number of each blood component was carried owt
using Automated Hematology Analyzer XT-1800i (Sysmex Corporation).  The
results are shown in Table 2.

Ratio of granulocyte adsorption (%) = {(number of granulocytes in blood
hefore circulation) - {number of granulocytes in blood after circulation)} / (number of

granulocyies in blood before circulation) x 106 ... Equation 2
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Ratio of monocyte adsorption (%) = {{(number of monocytes in blood before
circulation} ~ (number of monocytes in blood after circulation}} /7 (number of
monocvies in blood before circulation) » 100 ... Eguation 3

Ratio of lymphocyte adsorption (%) = {{(number of lymphocyies in bEcrh(i
before circulation) - (number of lymphocytes in blood after circulation)! / (number of
lymphocytes in blood before circulation} x 100 ... Equation 4
{0065]

{(Example 2}

The non-woven fabric E was cut out into a disk having a diameter of 8 mm.
and placed in a polypropylene comainer,  To this container, 1 ml of human blood
(heparin concentration. 30 U/ml) was added, and the content of the container was
mixed by inversion in an incubaior at 37°C for 20 minutes.  Thereafter. the
adsorption ratio of cach blood component was caleulated in the same manner as in
Examplte 1. The results are shown in Table 2.

00667
{Example 3}

The non-woven fabric F was cut out into a disk having a diameter of § mum.
and placed in a polypropylene container.  To this container, | mL of human blood
(heparin concentration, 30 U/ml) was added. and the content of the container was
mixed by inversion in an incubator at 37°C for 20 minutes.  Thereafier. the
adsorption ratic of each blood component was calculated in the same manner as in
Example 1. The results are shown in Table 2.

{0067]
(Exampie 4)

fhe non-woven fabric (G was cut out into a disk having a diameter of 8§ mm,

and placed in & polypropylene container.  To this container. | ml of human blood

(heparin concentration, 30 U/mlL) was added. and the content of the container was



mixed by inversion in an incubator at 37°C for 20 minutes. Thereafier, the
adsorption ratio of cach blood component was calculated in the same manner as in
Exarnple I, The results are shown in Table 2.
[0068]
5 {(Exampie 5)
The non-woven {abric H was cut out into a disk having a diameter of § mm.
and placed in a polypropylene container.  To this container. | mi. of human blood

(heparin concentration. 30 U/ml) was added. and the content of the container was

mixed by inversion in an incubator at 37°C for 20 minutes. Thereafter, the

L0 adsorption ratio of each blood component was calculated in the same manner as in
Exampie 1. The resuits are shown in Table 2.
[0069]
{Example 6)
The nor-woven fabric M was cut out into a disk having a diameter of § mm,
15 and placed i a polvpropylene container.  To this container. | mL of human blood

(heparin concentration. 30 U/mLY was added. and the content of the container was
mixed by inversion in an incubator at 37°C for 20 minutes.  Thereafler, the
adsorption ratio of each blood component was calculated in the same manner as in
Example [, The results are shown in Table 2,

20 100701
(Example 7)

The non-woven fabric N was cut out mto a disk having a diameter of 8 mm,
and placed in a polvpropylene container.  To this container. | mL of human blood
{heparin concentration, 30 U/ml.} was added. and the content of the container was

25 mixed by mmversion in an incubator at 37°C for 20 minutes.  Thereafler. the
adsorption ratio of each blood component was calculated in the same manner as in

Example 1. The results are shown in Table 2.
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(0071
(Example 8)

The non-woven fabric () was cut oul into a disk having a diameter of § mm.
and placed in a polypropyiene container. To this container, | mb. of human blood
(heparin concentration. 30 U/ml.) was added. and the content of the container was
mixed by inversion in an mcubator at 37°C for 20 minutes,  Thereafler, the
adsorption ratio of each blood component was calculated in the same manner as in
Exampie 1. The results are shown in Table 2.

16072]

{Example 9)

The non-woven fabric P was cut out into a disk having a diameter of 8 mm.
and placed in a polypropylene container.  To this container, | mL of human blood
(heparin concentration, 30 U/ml) was added. and the content of the container was
mixed by inversion in an incubator at 37°C for 20 minutes.  Thereafter, the
adsorption ratio of each blood component was calculated in the same manner as in
Example I, The results are shown in Table 2.

[00673]

(Example 10)

The non-woven fabric Q was cut out into a disk having a diameter of 8 mim.
and placed in a polypropylene container.  To this container, T mL of human blood
(heparin concentration. 30 U/mL) was added. and the content of the container was
mixed by inversion in an incubator at 37°C for 20 minutes.  Thereafler, the
adsorption ratio of each blood component was calculated in the same manner as in
Example 1. The results are shown in Table 2.

10074]
(Comparative Example 1}

The non-woven fabric C was cut out into a disk having a diameter of & mm.
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and placed in a polypropylene container.  To this container, | mL of human blood
(heparin concentration. 30 U/mL) was added. and the content of the container was
mixed by inversion in an incubator at 37°C {or 20 minutes.  Thereafter, the
adsorption ratio of each blood component was calculated in the same manner as in
Example 1. The results are shown in Table 2.

100751

{(Comparative Example 2)

The non-woven fabric I was cut out into a disk having a diameter of 8 mm,
and placed in a polypropylene container.  To this container, 1 mb of human blood
{(heparin concentration. 30 U/ml.) was added. and the content of the container was
mixed by inversion in an incubator at 37°C for 20 munutes.  Thereafier, the
adsorption ratio of each blood component was calculated in the same manner as in
Example 1. The results are shown in Table 2,

(00761
(Comparative Example 3}

The non~waoven fabric J was cut out into a disk having a diameter of § mm.
and placed 10 a polypropylene container.  To this contamer. 1 mbL of human blood
(heparin concentration, 3¢ U/mL) was added. and the content of the container was
mixed by inversion in an incubator at 37°C for 20 minutes.  Thereafter. the
adsorption ratio of each blood component was calculated in the samie manner as in
Lxample 1. The results are shown in Table 2.

[0877]
(Comparative Example 4)

The non-woven fabric K was cut out into a disk having a diameter of § mm.
and placed in a polypropylene container.  To this contamer, ! mlb of human blood
{(heparin concentration. 30 U/mL) was added, and the content of the container was

mixed by inversion in an incubator at 37°C for 20 minutes.  Thereafier. the
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adsorption ratio of each blood component was calculated in the same manner as in
Example 1. The results are shown in Table 2.

[0078]

(Comparative Example 53

The non-woven fabric L was cut out into a disk having a diameter of § mm,
and placed in a polypropylene container.  To this container. | ml of human blood
(heparin concentration, 30 U/mL) was added, and the content of the container was
mixed by inversion in an incubator at 37°C for 20 minutes.  Thereafter. the
adsorption ratio of cach blood component was calculated in the same manner as in
Example |. The results are shown in Table 2.

[0079]
{Comparative Example 6)

The non-woven fabric R was cut out into a disk having a diameter of 8 mm,
and placed in a polypropylene container.  To this container, 1 ml, of human blood
{(heparin concentration, 30 U/mL) was added. and the content of the container was
mixed by inversion in an incubator at 37°C for 20 minutes.  Thereafter. the
adsorption ratio of each blood component was caleulated in the same manner as in
Example 1. The results are shown in Table 2.

[O080]
(Comparative Example 7)

The non-woven fabric § was cut out into a disk having a diameter of 8 mm.
and placed in a polypropylene comtainer.  To this container, | mL of human blood
(heparin concentration. 30 U/ml.) was added. and the content of the container was
mixed by inversion in an incubator at 37°C for 20 minutes.  Thereafter. the
adsorption ratio of each blood component was calculated in the same manner as in

Example I, The results are shown in Table 2.
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{Comparative Example 8)

The non-woven fabric T was cutf out into a disk having a diameter of 8 mm,
and placed in a polypropylene container.  To this container. I ml of human blood
(heparin concentration. 30 U/mL.y was added. and the content of the container was
mixed by inversion in an incubator at 37°C for 20 minutes.  Thereafter, the
adsorption ratio of each blood component was calculated in the same manner as in
Example 1. The results are shown in Table 2.

FO0821
(Example 11}

The non-woven fabric D wag cut out into 2 disks cach having a diameter of §
mm, and placed in a polypropylenc container.  'To this container, 0.8 mL of fetal
bovine serum (hereinafier referred 1o as FBS) prepared such that each of 11.-6 and I1.-
8 is contained at a concentration of 500 pg/ml was added. and the content of the
container was mixed by inversion in an incubator at 37°C for 1 hour.  Thereafter.
the remaining concentration of each of [1.-6 and 1L-8 was measured by the ELISA
method. to calculate the adsorption ratios of [L-6 and 1.-§ according to the Equations
S and 6, respectively.  The results are shown in Table 2.

Ratio of I1.-6 adsorption (%) = {{concentration of I1.-6 before mixing by
inversion) - (concentration of [L-6 afier mixing by inversion)} / {concentration of IL-
6 before mixing by inversion) x 100 ... Equation 5

Ratio of 1L.-8 adsorption (%) = {{concentration of [L-8 before mixing by
inversion} - {(concentration of [L-8 after mixing by inversion)! / (concentration of [L-
8 before mixing by inversion) » 100 ... Equation 6
[0083]

{Example 12)
The non-woven fabric E was cut out into 2 disks cach having a diameter of 8§

mm. and placed in a polypropylene container.  To this container. (.8 ml. of FBS
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prepared such that each of IL-6 and IL-8 15 contained at a concentration of 500 pg/ml
was added. and the content of the container was mixed by inversion in an incubator at
37°C for 1 hour.  Therealter. the adsorption ratios of 1L-6 and 11.-8 were caleuiated
in the same manner as in Example 9. The results are shown tn Table 2.
[0084]
{Example 13}

The non-woven fabric F was cut out into 2 disks each having a diameter of §
mm, and placed in a polypropylene comainer.  To this container. (0.8 ml. of FBS
prepared such that each of 1L-6 and [L-8 is contained at a concentration of 500 pg/ml
was added, and the content of the container was mixed by inversion in an incubator at
37°C for 1 hour. Thereafter, the adsorption ratios of IL-6 and [1.-8 were calculated
in the same manner as in Example 9. The results are shown in Table 2.
[0085]
{Example 14}

The non-woven fabric G was cut out into 2 disks each having a diameter of 8
mim, and placed in a polypropylene container.  To this container. (.8 ml. of FBS
prepared such that each of IL-6 and 11.-8 is contained at a concentration of 500 pg/mL
was added. and the content of the container was mixed by inversion in an incubator at
37°C for 1 hour.  Thereafier. the adsorption ratios of 1L-6 and 1].-8 were calculated
in the same manner as in Example 9. The results are shown in Table 2.
{00861
{Example 15}

The non-woven fabric H was cut out into 2 disks each having a diameter of 8
mm, and placed in a polypropylene container.  To this container, 0.8 mL of FBS
prepared such that each of IL-6 and 11.-8 is contained at a concentration of 500 pg/mL
was added. and the content of the container was mixed by inversion m an incubator at

37°C for 1 hour. Thereafter, the adsorption ratios of 11.-6 and I1.-§ were calculated
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m the same manner as in Example 9. The results are shown in Table 2.
[(087]
(Example 16}

The non-woven fabric M was cut out into 2 disks each having a diameter of 8
mm. and placed in a polypropylene container.  To this container, 0.8 mL of FBS
prepared such that each of 1L-6 and {1.-8 s contained at a concentration of 500 pg/mL
was added. and the content of the container was mixed by inversion in an incubator at
37°C for 1 hour.  Thereafier, the adsorption ratios of [1L.-6 and 1L-8 were calculated
in the same manner as in Example 9. The results are shown in Table 2.
[0088]
{(Example 17)

The non-woven fabric N was cut out into 2 disks each having a diameter of 8
mm. and placed in a polypropvlene container.  To this container, 0.8 mL of FBS
prepared such that each of 11.-6 and 11.-8 is contained at a concentration of 500 pg/ml.
was added. and the content of the container was mixed by inversion in an incubator at
37°C for | hour.  Thereafter, the adsorption ratios of 1L-6 and 11.-8 were calculated
in the same manner as in Example 9. The results are shown in Table 2.
0089
(Example 18)

The non~woven fabric O was cut out into 2 disks each having a diameter of §

mm. and placed in a polypropvlene container.  To this container. 0.8 mL of FBS

prepared such that each of IL.-6 and 1L-8 s contained at a concentration of 500 pg/ml.
was added. and the content of the container was mixed by inversion in an incubator at
37°C for T hour.  Thereafter, the adsorption ratios of IL-6 and H.-8 were calculated
inr the same manner as in Example 9. The results are shown in Table 2.

[00901

(Example 19)



The non-woven fabric P was cut out into 2 disks each having a diameter of 8

mm. and placed in a polypropylene container.  To this container, 0.8 ml. of FBS

prepared such that cach of [L-6 and 1L.-8 is contained at a concentration of 500 pg/ml.

was added. and the content of the container was mixed by mversion in an incubator at
5 37°C for | hour.  Thereafter, the adsorption ratios of 1L-6 and -8 were calculated

in the same manner as in Example 9. The results are shown in Table 2.

[0091]

{Example 20}

The non-woven fabric ( was cut out into 2 disks each having a diameter of' 8

L0 mm, and placed in a polvpropylene container.  To this container, 0.8 mL of FBS
prepared such that each of 1L-6 and I1.-8 1s contained at a concentration of 500 pg/ml.
was added. and the content of the container was mixed by inversion in an incubator at
37°C for 1 hour. Thereafter, the adsorption ratios of [L-6 and [1.-8 were caleulated
in the same manner as in Example 9. The results are shown in Table 2.

15 {0692}

(Comparative Example 9)
The non-woven fabric € was cut out into 2 disks each having a diameter of 8
mm. and placed in & polypropviene container.  To this container, 0.8 mL of FBS

prepared such that each of [L-6 and [L-8 is contained at a concentration of 500 pg/mlL

20 was added, and the content of the container was mixed by inversion in an incubator at
37°C for | hour. Thereafier, the adsorption ratios of 1L.-6 and IL.-8 were calculated
in the same manner as in Example 9. The results are shown in Table 2
(00931
{Comparative Example 10)

25 The non-woven fabric I was cut out into 2 disks each having a diameter of 8

mm, and placed in a polypropylenc container.  To this container, 0.8 mL of F'BS

prepared such that each of 1L-6 and [L-8 is contained at a concentration of 500 pg/ml.
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was added. and the content of the container was mixed by inversion in an incubator at
37°C for 1 hour, Thereafter. the adsorption ratios of 1L-6 and [1.-8 were calculated
in the same manner as in Exampic 9. The results are shown in Table 2.

[0094]

i

{Cormparative Example 11}

The non-woven fabric J was cut out into 2 disks each having a diameter of 8
mm. and placed in a polypropylene container.  To this container, 0.8 mL of FBS
prepared such that each of 11.-6 and 1L.-8 1s contained at a concentration of 500 pg/ml.
was added. and the content of the container was mixed by imversion in an incubator at
10 37°C for | hour. Thereafter. the adsorption ratios of IL-6 and 11-8 were calculated
in the same manner as in Example 9. The results are shown in Table 2.
[0095]
(Comparative Example 12)

The non~woven fabric K was cut out into 2 disks each having a diameter of 8
15 mm. and placed in a polypropvlene container.  To this container. 0.8 mL of FBS
prepared such that cach of 11.-6 and 1L-8 is contained at a concentration of 300 pg/mL

cas added, and the content of the container was mixed by inversion in an incubator at

37°C for | hour.  Thereafter. the adsorption ratios of 1L.-6 and IL-8 were calculated

in the same manner as in Example 9. The results are shown in Table 2.

2

[0096]

s

{Comparative Example 13)

The non-weven fabric L was cut out into 2 disks each having a diameter of 8
mm. and placed in a polypropylene container.  To this container, 0.8 mL of FBS
prepared such that each of 11.-6 and 11.-8 is contained at a concentration of 560 pg/mbL
25 was added. and the content of the container was mixed by inversion in an incubator at
37°C for 1 hour.  Thereafter, the adsorption ratios of 1L-6 and [L-§ were calculated

in the same manner as in Example 9. The results are shown in Table 2.
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{Comparative Example 14)

The non-woven fabric R was cut out into 2 disky each having a diameter of 8
mum. and placed in a polypropylene container.  To this container. 0.8 mL of I'BS
prepared such that each of IL-6 and 11.-8 is comained at a concentration of 500 pg/ml.
was added, and the content of the container was mixed by inversion in an incubator at
37°C for 1 hour. Thereafter. the adsorption ratios of H.-6 and IL-8 were calcuiated
in the same manner as in Example 9. The results are shown in Table 2.

{0098
(Comparative Example 15)

The non-woven fabric S was cut out into 2 disks cach having a diameter of 8
mm. and placed in a polypropylene container.  To this container, 6.8 mi of FBS
prepared such that each of [1.-6 and 1L-8 is contained at a concentration of 500 pg/ml.
was added, and the content of the container was mixed by inversion in an incubator at
37°C for | hour.  Thereafter. the adsorption ratios of 1L-6 and IL-8 were calculated
in the same manner as in Example 9. The results are shown in Table 2.

[0099]
(Comparative Example 16)

The non-woven fabric T was cut out into 2 disks each having a diameter of 8§
mm. and placed in a polypropylene container.  To this container, (.8 mL of FBS
prepared such that each of 11.-6 and L-8 is contained at a concentration of 500 pg/mi.
was added. and the content of the container was mixed by inversion in an incubator at
37°C for 1 hour.  Thereafter. the adsorption ratios of [L-6 and [1.-8 were calculated
in the same manner as in Example 9. The results are shown in Table 2.

FG100]

{ Table 2]
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Granuloeyte | Lymphocyte | Monocyte L6 -8

Sample (Non-woven fabric) adsorption adsorption | adsorption | adsorption | adsorption

ratior (o) ratio (%) ratio (%) rativ (Yo} ratio (Yo
amples Nomwoven 756 0.0 9 955 74.9
Sxampes NomwoYe | 86.5 0.0 91 913 499
frampies oWV L 89.0 0.0 94 96.9 85.9
Pxampies Nomwosen | 80.4 0.0 92 88.4 60.2
Lrampies NoPWOYT | 895 0.0 9 85.3 402
amp s Monwoven | 80.2 0.0 95 92.2 80.3
Lampies Nopwovetl 850 0.1 93 94.2 54.0
ampes Nomworer ] 865 0.0 95 95.4 90.0
Fxamples NommOnE 82,0 0.0 90 90.4 55.0
anples Mo | 854 0.0 92 91.2 45.5
Comparative Examples | Nonwoven | 6.8 0.0 73 96.9 79.3
Comparative faamples | Nep-wover 1 92,0 0.0 95 14.5 1.8
Ce}mpagaggz éi;:ampies : Nc;:;:ijer; 890 0.0 04 438 11
(I.Gm-paza;i:; Eﬁ;amp%s N;;E;::);:(m 59 0 0.0 36 g 113
Comparative Examples | Nor-wovert | 90,2 0.1 75 95.0 85.3
| Comparative Bamples | Nopwoven | 825 0.0 94 10.4 8.5
. Ca‘?mpaf;a::; !;i;(ampies N?;gzg';en 1 759 (’}'2 94 357 53
(.Tompa;ai:{e{ E{'ﬁ;amp?es Mﬁ;:::néen 50.0 0.0 ) 73 150

[0101]

Based on the results shown in Table 2. it became clear that the carriers for

blood component adsorption of the present invention comprising a water-insoluble

carrier having a surface to which a functional group containing a silyl group s

introduced have higher adsorption ratios of granulocytes and monocytes as weli as




higher adsorption ratios of IL-6 and 11.-8 compared to the carriers comprising a
vater-insoluble carrier having a surface whose functional group does not contain a
silyl group.
INDUSTRIAL APPLICABILITY
[0102)
The present invention can be used as a blood component adsorption column

in the field of medicine,
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CLAIMS
A carrier for blood component adsorption comprising a water-insotuble

carrier having a surface to which a functional group(s) containing a silyl group and an
amino group 18/are introduced.

2. The carrier for blood component adsorption according to claim 1, wherein
said water-insoluble carrier has a proton adsorption capacity of 1.5x107 to 3.0x107?
eqfy.

3. The carrier for blood component adsorption according to claim 1 or 2.
wherein the silicon atom of said silyl group and the nitrogen atom of said amino
group are linked together by an alkyl chain.

4. The carrier for blood component adsorption according wo claim 3., wherein
said alkyl chain is an alkyl chain having not more than 6 carbon atoms.

5. The carrier for blood component adsorption according to any one of claims 1
io 4. wherein said stlyl group has an alkyl group and/or alkoxy group.

6. The carrier for blood component édsorption according 1o claim 5. wherein
said alkyl group s a methyl group or ethy! group.

7. The carrier for blood component adsorption according to claim 3§ or 6,
wherein said alkoxy group is a methoxy group or ethoxy group.

8. The carrier for blood component adsorption according to any one of claims |
to 7, wherein said water-insoluble carrier is composed of a fiber or particle.

g, The carrier for blood component adsorption according to claim 8, wherein
said fiber has a fiber diameter of. or said particle has a particle diameter of, 0.5 to 20
LeTTL.

Hh A column for blood component adsorption filled with the carrier for blood

component adsorption according to any one of claims 1 10 9.
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ABSTRACT
The present invention aims to provide a carrier for blood component
adsorption that enables selective and efficient adsorption removal of granulocytes
and monocytes, and, at the same time. enables adsorption removal of inflammatory
cvtokines.  The present invention provides a carrier for blood component adsorption
comprising a water-insoluble carrier having a surface to which a functional group(s)

containing a sily! group and an amino group is/are introduced.



