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AFFINITY CHROMATOGRAPHY CARRIER AND METHOD FOR PURIFYING
BIOLOGICAL SUBSTANCE

BACKGROUND OF THE INVENTION
1. Field of the Invention
[0001] The present invention relates to an affimhyomatography carrier and a method for
purifying a biological substance.
2. Description of the Related Art
[0002] In recent years, along with the developn@rgenetic engineering, protein engineering
and cell engineering, development of drug utilizfagctions of an antibody, which is called
an antibody drug, has been actively conducted. c@xspared with a conventional drug, an
antibody drug works more specifically on a targetlenule, and it is therefore expected that
use of an antibody drug will result in further redd side effects and high therapeutic effects.
In fact, an antibody drug contributes to improvetsef various pathological conditions.
[0003] Meanwhile, since an antibody drug is admerisd to a living body in large amounts,
the purity has a large influence on the qualitythef antibody drug in the case of comparing
with other recombinant protein drugs. Since aribady drug is produced by purifying
antibodies expressed in a host cell by genetic mbawation, incorporation of impurities
derived from host cells and production processesgpa problem. For example, since a host
cell protein (HCP) remaining as an impurity in anildody drug is assumed to be associated
with the onset of anaphylaxis upon administratibrthe antibody drug, it is required that
purification purity is improved to reduce impurgie
[0004] For example, WO2010/095673A discloses, ahramatography carrier suitable for
separation and purification of a protein preparatay the like, a chromatography carrier
obtained by adding a sulfoxy group as a ligand pm@us cellulose-based gel constituted of
porous cellulose particles with a polysaccharidertgaan intrinsic viscosity of 0.21 dL/g to
0.90 dL/g being added thereto, in which the dryghkeiper unit volume of the porous
cellulose-based gel is 1.06 to 1.40 times the dright per unit volume of the porous cellulose
particles.
[0005] Further, for example, W0O2014/034457A disekghat an affinity chromatography
carrier obtained by immobilizing an affinity ligaiéving a function of specifically binding to
a specific molecule on a water-insoluble carrierutdized for efficient separation and

purification of useful substances from microorgarssand mammalian cell cultured cells
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containing biological components or recombinantd discloses an affinity chromatography
carrier having an affinity ligand and a cation exatje group on the same carrier, as an affinity
chromatography carrier achieving a high purificapurity of antibodies.
SUMMARY OF THE INVENTION
[0007] However, the present inventors have examihedcation exchange chromatography
carrier described in W02010/095673A and found thate is room for improvement in the
purification purity even though such a cation exae chromatography carrier exhibits an
excellent antibody adsorption capacity, as showiRéference Example 1 described in the
present specification.
[0008] In addition, the present inventors have exauoh the affinity chromatography carrier
described in W02014/034457A and found that an igffiothromatography carrier having an
affinity ligand and a cation exchange group ongame carrier is thought to be advantageous,
but, as shown in Comparative Examples 4 and 5 ginehe present specification, there is
room for improvement in the purification purity evéhough such an affinity chromatography
carrier exhibits an excellent antibody adsorptiapacity.
[0009] Therefore, it is an object of the presereimtion to provide an affinity chromatography
carrier which exhibits an excellent antibody adsiorpcapacity and an excellent purification
purity.
[0010] As a result of extensive studies to achithneeforegoing object, the present inventors
have found that an affinity chromatography carhiaving a substrate, a hydrophilic polymer,
and an affinity ligand exhibits an excellent antipoadsorption capacity and an excellent
purification purity, in the case where the substiatconstituted of at least one selected from
the group consisting of a polysaccharide, an amased polymer, a methacrylate-based
polymer and a styrene-based polymer, the hydrappdiymer is at least one selected from the
group consisting of hydrophilic polysaccharides tffinity ligand is at least one selected
from the group consisting of an antibody-bindingtpm and an antibody-binding polypeptide,
a carboxy group is introduced into the affinity @matography carrier, and the amount of the
carboxy group introduced is 15 mmol/L-gel to 60 nhingel in terms of ion exchange
capacity. The present invention has been compleedd on these findings.
[0011] That is, the present invention providesftilwing [1] to [14].
[1] An affinity chromatography carrier, comprising
a substrate;

a hydrophilic polymer; and



an affinity ligand, in which

the substrate is comprised of at least one seldcten the group consisting of a
polysaccharide, an acrylate-based polymer, a metlade-based polymer and a styrene-based
polymer,

the hydrophilic polymer is at least one selecteamf the group consisting of
hydrophilic polysaccharides,

the affinity ligand is at least one selected frdhe group consisting of an
antibody-binding protein and an antibody-bindindypeptide,

a carboxy group is introduced into the affinityamatography carrier, and

the amount of the carboxy group introduced is Thohi-gel to 60 mmol/L-gel in
terms of ion exchange capacity.

[2] The affinity chromatography carrier accorditgy [1], in which the hydrophilic
polymer has an intrinsic viscosity of 0.10 dL/gnoore.

[3] The affinity chromatography carrier accorditeg[1] or [2], in which the coating
amount of the hydrophilic polymer is 3 mg/g-dry teb00 mg/g-dry gel.

[4] The affinity chromatography carrier accordityany one of [1] to [3], in which
the substrate is comprised of at least one seletteh the group consisting of a
polysaccharide, an acrylate-based polymer and haostiate-based polymer.

[5] The affinity chromatography carrier accorditmyany one of [1] to [4], in which
the hydrophilic polymer is at least one selecteaimfrthe group consisting of dextran,
carboxymethyl dextran and pullulan.

[6] The affinity chromatography carrier accorditmyany one of [1] to [5], in which
the substrate is a porous particle.

[7] The affinity chromatography carrier accorditmany one of [1] to [6], in which
the affinity ligand undergoes an antigen-antiboslyction with an antibody.

[8] The affinity chromatography carrier accorditmyany one of [1] to [7], in which
the affinity ligand is protein A or a variant thefe

[9] The affinity chromatography carrier accorditmyany one of [1] to [8], in which
the substrate is comprised of at least one seldoted the group consisting of cellulose,
agarose, dextran, chitosan, glucomannan, and aslioked polysaccharide obtained by
introducing a crosslinked structure thereinto,

the hydrophilic polymer is at least one hydromhpiolysaccharide selected from the

group consisting of dextran, carboxymethyl dext&ad pullulan,
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the intrinsic viscosity of the hydrophilic polysdaride is 0.12 dL/g to 0.30 dL/g,

the coating amount of the hydrophilic polymer & rhg/g-dry gel to 240 mg/g-dry
gel,

the amount of the carboxy group introduced is Thoti-gel to 55 mmol/L-gel in
terms of ion exchange capacity,

the affinity ligand is protein A or a variant tkeef, and

the amount of the affinity ligand introduced i2@mmol/L-gel to 1.0 mmol/L-gel.

[10] The affinity chromatography carrier accordiegany one of [1] to [8], in which
the substrate is comprised of at least one seletit®mh the group consisting of an
acrylate-based polymer and a methacrylate-basgugo)

the hydrophilic polymer is at least one hydromhpiolysaccharide selected from the
group consisting of dextran, carboxymethyl dext&ad pullulan,

the intrinsic viscosity of the hydrophilic polysdaride is 0.12 dL/g to 0.30 dL/g,

the coating amount of the hydrophilic polymer & rhg/g-dry gel to 240 mg/g-dry
gel,

the amount of the carboxy group introduced is XBoii-gel to 55 mmol/L-gel in
terms of ion exchange capacity,

the affinity ligand is protein A or a variant tieef, and

the amount of the affinity ligand introduced i2@mmol/L-gel to 1.0 mmol/L-gel.

[11] A purification method for purifying a biologgl substance using the affinity
chromatography carrier according to any one ot¢JJLO].

[12] The purification method according to [11],vumich the pH at the time of adding
the biological substance is 5.0 to 9.0.

[13] The purification method according to [11][@®], in which the pH at the time of
eluting the biological substance is 2.0 to 5.0.

[14] The purification method according to any oofe[11] to [13], in which the
biological substance is an antibody or an antilaeyvative.
[0012] According to the present invention, an affirchromatography carrier exhibiting an

excellent antibody adsorption capacity and an éxaepurification purity is provided.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0013] By a configuration in which the affinity amatography carrier of the present

invention has both an affinity ligand which is ea$t one selected from the group consisting of
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an antibody-binding protein and an antibody-bindiadypeptide and a carboxy group which
is a cation exchange group, and the amount of éineogy group introduced is within the
range of 15 mmol/L-gel to 60 mmol/L-gel in termsiaf exchange capacity, it was possible to
reduce the amount of non-specific adsorption, dedefore improve the purification purity.
In addition, the carboxy group has a lower ioniemsgth than the sulfoxy group, and is
therefore advantageous because non-specific adsogan be suppressed.
[0014] Hereinafter, the affinity chromatography rear of the present invention and the
production method thereof will be described in deta

With respect to a numerical range, numerical \&loie the left and right of “to” are
intended to be included in the numerical range.

[0015] [Affinity chromatography carrier]

The affinity chromatography carrier of the presenvention is an affinity
chromatography carrier including a substrate, adpfiilic polymer, and an affinity ligand, in
which the substrate is constituted of at least selected from the group consisting of a
polysaccharide, an acrylate-based polymer, a metlade-based polymer and a styrene-based
polymer, the hydrophilic polymer is at least ondestd from the group consisting of
polysaccharides, the affinity ligand is at lease @elected from the group consisting of an
antibody-binding protein and an antibody-bindindypeptide, a carboxy group is introduced
into the affinity chromatography carrier, and timecaunt of the carboxy group introduced is 15
mmol/L-gel to 60 mmol/L-gel in terms of ion exchancapacity.

[0016] <Substrate>

The substrate is at least one selected from thepgronsisting of a polysaccharide, an
acrylate-based polymer, a methacrylate-based polyared a styrene-based polymer,
preferably at least one selected from the groupsising of a polysaccharide, an
acrylate-based polymer and a methacrylate-basgdneo] and more preferably at least one
selected from polysaccharides. Also, one substnzg be used alone or two or more
substrates may be used in combination.

[0017] The polysaccharide is not particularly liedf and examples thereof include natural
polysaccharides such as cellulose, agarose, dexthiosan, and glucomannan, and
crosslinked polysaccharides obtained by introdueargyosslinked structure into these natural
polysaccharides. The crosslinked polysaccharide ba produced, for example, by
introducing a crosslinked structure into the hygtayroup of the natural polysaccharide using

a crosslinking agent such as epichlorohydrin, (jadkylene glycol diglycidyl ether, or



alkylene diisocyanate.

[0018] The polysaccharide is preferably at least selected from cellulose, crosslinked
cellulose, agarose and crosslinked agarose, and preferably at least one selected from
agarose and crosslinked agarose.

[0019] The acrylate-based polymer is not partidylamited, and examples thereof include a
polymer obtained by polymerizing one kind of aaryéicid esters such as methyl acrylate,
ethyl acrylate, hydroxyethyl acrylate, hydroxyprbpgrylate, butyl acrylate, stearyl acrylate,
2-ethylhexyl acrylate, cyclohexyl acrylate, glyeerimonoacrylate, glycidyl acrylate,
4,5-epoxybutyl acrylate, and 9,10-epoxy stearylylate; a copolymer obtained by
copolymerizing two or more kinds of the foregoingryic acid esters; and a copolymer
obtained by copolymerizing one or more kinds ofykcracid esters with one or more kinds of
vinyl group-containing compounds other than acrydicid esters. Examples of vinyl
group-containing compounds other than acrylic asters include a monovinyl compound
such as ethylene or propylene, an aromatic polywieynpound such as divinylbenzene or
trivinylboenzene, and a polyvinyl compound such asalliene, methylenebisacrylamide, or
triallyl isocyanurate. A crosslinking structure ynae introduced into these polymers or
copolymers using a crosslinking agent such as &puhydrin, (poly)alkylene glycol
diglycidyl ether, or alkylene diisocyanate.

[0020] The methacrylate-based polymer is not paldity limited, and examples thereof
include a polymer obtained by polymerizing one kimfdmethacrylic acid esters such as
methyl methacrylate, ethyl methacrylate, hydroxyktimethacrylate, hydroxypropyl
methacrylate, butyl methacrylate, stearyl methateyl2-ethylhexyl methacrylate, cyclohexyl
methacrylate, glycerin monomethacrylate, glycidgthacrylate, 4,5-epoxybutyl methacrylate,
and 9,10-epoxy stearyl methacrylate; a copolyméainbd by copolymerizing two or more
kinds of the foregoing methacrylic acid esters; ancbpolymer obtained by copolymerizing
one or more kinds of methacrylic acid esters wite or more kinds of vinyl group-containing
compounds other than methacrylic acid esters. [plesnof vinyl group-containing
compounds other than methacrylic acid esters imcladmonovinyl compound such as
ethylene or propylene, an aromatic polyvinyl commpbusuch as divinylbenzene or
trivinylboenzene, and a polyvinyl compound such asalliene, methylenebisacrylamide, or
triallyl isocyanurate. A crosslinking structure ynae introduced into these polymers or
copolymers using a crosslinking agent such as &plydrin, (poly)alkylene glycol

diglycidyl ether, or alkylene diisocyanate.
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[0021] The styrene-based polymer is not particuléinhited, and examples thereof include a
polymer obtained by polymerizing one kind of stydrased compounds such as styrene,
methylstyrene, ethylstyrene, hydroxystyrene, antbrobtyrene; a copolymer obtained by
copolymerizing two or more kinds of the foregoingyrene-based compounds; and a
copolymer obtained by copolymerizing one or monmedki of styrene-based compounds with
one or more kinds of vinyl group-containing compdsitother than styrene-based compounds.
Examples of vinyl group-containing compounds ottem styrene-based compounds include
a monovinyl compound such as ethylene or propylanegromatic polyvinyl compound such
as divinylbenzene or trivinylbenzene, and a polyvicompound such as butadiene,
methylenebisacrylamide, or triallyl isocyanuraté crosslinking structure may be introduced
into these polymers or copolymers using a crosslmkagent such as epichlorohydrin,
(poly)alkylene glycol diglycidy! ether, or alkylersiisocyanate.

[0022] The substrate is preferably a porous particla porous film. Since the substrate is a
porous particle or a porous film, the surface atteareof is increased and therefore the
treatment capacity per unit time can be increased.

[0023] Although the pore volume of the substratehiea case where the substrate is a porous
particle or a porous film is not particularly lired, the pore volume measured by a mercury
porosimeter is preferably within the range of 0.R/gnto 10 mL/g and more preferably 0.2
mL/g to 5.0 mL/g. In the case where the pore va@ums within this range, the antibody
adsorption capacity and purification purity are foyed. In addition, the mechanical
strength does not decrease.

[0024] Although the specific surface area of thbsstate in the case where the substrate is a
porous particle or a porous film is not particyfdimited, the specific surface area measured
by a Brunauer, Emmett, Teller (BET) method (BETcsfoe surface area) is preferably within
the range of 2 Afg to 1,500 g and more preferably 5%g to 1,000 fig. In the case
where the specific surface area is within this eanipe antibody adsorption capacity and
purification purity are improved.

[0025] The average particle diameter of the sulestia the case where the substrate is a
porous particle is not particularly limited, butist preferably within the range of 0.pm to
1,000um, more preferably tm to 250um, and still more preferably2m to 150um. In the
case where the average particle diameter is withérange, the loss of pressure in the case of
a column being filled with porous particles andntfaiowing a liquid to pass therethrough can

be decreased and the flow rate of the liquid cannbeeased, which, in turn, results in an
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improved treatment efficiency as well as improveudtiteody adsorption capacity and
purification purity. The average particle diametéthe porous particles can be measured by
a known method. For example, an average partielneter can be obtained by measuring
particle diameters of 100 or more porous partitigsan optical microscope and calculating
the volume median diameter from the particle di@mdistribution thereof.
[0026] Examples of commercially available produofsthe substrate include, but are not
limited to, SEPHAROSE series (manufactured by GEaltheare GmbH) which is an
agarose-based carrier (“SEPHAROSE” is a registerademark), CELLUFINE series
(manufactured by JNC Corporation) which is a ceBelbased -crosslinking carrier
(“CELLUFINE” is a registered trademark), SEPHACRYderies (manufactured by GE
Healthcare GmbH) which is a crosslinked polymer dflyl dextran and
N,N’-methylenebisacrylamide (“SEPHACRYL" is a regired trademark), and TOYOPEARL
HW series (manufactured by Tosoh Corporation) whishan acrylate-based carrier
(“TOYOPEARL” is a registered trademark).
[0027] <Hydrophilic polymer>

The hydrophilic polymer is at least one selecteamf the group consisting of
hydrophilic polysaccharides. One hydrophilic pogmmay be used alone or two or more
hydrophilic polymers may be used in combination.
[0028] In the present invention, the term “hydrdighiused in conjunction with a polymer or
a polysaccharide refers to the fact that the potyongolysaccharide contains at least one type
of hydrophilic group. Preferred examples of theddaophilic group include a functional
group such as a carboxy group, an alkali metalfadt carboxy group, a sulfoxy group, an
alkali metal salt of a sulfoxy group, a hydroxy gpo an amide group, a carbamoyl group, a
sulfonamide group, a sulfamoyl! group, a phosphgmatip, an alkali metal salt of a phosphoric
group, an oxyphosphoric group, and an alkali meadtl of an oxyphosphoric group. These
hydrophilic groups may be present at any positionthe polymer. For example, the
hydrophilic group may be bonded to the polymer sidain directly or through a linking group,
or may be bonded to the polymer side chain or thé gide chain. In addition, a plurality of
hydrophilic groups are preferably present in onéeawe.
[0029] The hydrophilic polysaccharide is not part&ly limited, but it is preferably at least
one selected from dextran, carboxymethyl dextrath @uilulan and more preferably dextran,
from the viewpoint of having a high effect of imphog the purification purity.

[0030] Coating the substrate with a hydrophilicymoér increases the hydrophilicity of the
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surface of the affinity chromatography carrier ¢fe tpresent invention and suppresses
adsorption of non-specific adsorbates, which thass dn effect of improving the purification
purity.
[0031] The molecular weight of the hydrophilic pwigr is not particularly limited, but it is
preferably within the range of 0.10 dL/g or more@renpreferably 0.10 dL/g to 0.90 dL/g, still
more preferably 0.12 dL/g to 0.90 dL/g, even morefgrably 0.12 dL/g to 0.30 dL/g, and
even still more preferably 0.17 dL/g to 0.25 duigterms of intrinsic viscosity. In the case
where the intrinsic viscosity is within this rangbe purification purity is further improved.
The intrinsic viscosity can be determined by measguthe viscosity of polymer solutions of
several different concentrations according to tiseosity measurement method in the general
measurement method listed in the 16th revised &mgaRPharmacopoeia, the first method
“capillary viscometer method” to measure the cotregion dependence of the viscosity, and
extrapolating the concentration of the obtainedight line to 0.
[0032] Meanwhile, the following Mark-Houwink-Sakua equation is established between
the intrinsic viscosityn and the molecular weight M of the polymer. Theref once the
molecular weight of several samples is determinedding a direct measurement method, and
K anda are determined from the molecular weight and éspective intrinsic viscosity values,
the molecular weight M is determined by measurhm ibtrinsic viscosityy and the intrinsic
viscosityn is determined by measuring the molecular weightréépectively, for the same
type of polymers.

n=KM*

Here, K ando are constants determined by the type of polynier,type of solvent
and the temperature.
[0033] For example, it is known that the intrinsiscosity {pexray and the weight-average
molecular weight (Mwextran) Of dextran satisfy the following relational expsen.

NpextraldL/Q]=9% 10" MWDextranO's[d L/g]
[0034] The coating amount of the hydrophilic polynileereinafter, sometimes simply referred
to as “hydrophilic polymer coating amount”) is rgarticularly limited, but it is preferably 3
mg/g-dry gel to 500 mg/g-dry gel, more preferablyngd/g-dry gel to 350 mg/g-dry gel, still
more preferably 10 mg/g-dry gel to 300 mg/g-dry, @&ld even more preferably 20 mg/g-dry
gel to 240 mg/g-dry gel. In the case where thedplilic polymer coating amount is within
this range, the hydrophilicity of the surface ot thffinity chromatography carrier of the

present invention is moderately increased to therglppress adsorption of non-specific
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adsorbates and there is room for diffusion and fpatien of antibodies into a substrate, thus
increasing an antibody adsorption capacity, sottiipurification purity is further improved.
The hydrophilic polymer does not need to coverdhtire surface of the substrate, and it is
sufficient that the hydrophilic polymer covers east a part of the substrate.
[0035] The hydrophilic polymer coating amount [umitg/g-dry gel] is calculated by dividing
the dry weight (W) [unit: mg] of the coated hydrophilic polymer byetdry weight (W) [unit:
g-dry gel] of the substrate before coating. Thewdeight (W) of the hydrophilic polymer is
the difference (WW,) [unit: mg] between the dry weight (Wof the total amount of the
carrier and the dry weight (y)/of the substrate before coating.

Therefore, the hydrophilic polymer coating amowan be determined by the
following equation.

Hydrophilic polymer coating amount (mg/g-dry gelWWs/Wo=(W;1-W)/W

The dry weight (W) of the substrate before coating can be calculasefdllows.

Wo=Wo, xgXWo/X

in which

W, xg: dry weight of wet gel xg of substrate before augt

wo: wet gel total weight of substrate before coatusgd for hydrophilic polymer
coating reaction, and

x: wet gel weight (xg) of substrate before coatisgd for drying.

The dry weight (W) of the total amount of the carrier can also bleudated in the
same manner.
[0036] <Affinity ligand>

The affinity ligand is at least one selected frahe group consisting of an
antibody-binding protein and an antibody-bindingypeptide, and preferably at least one
selected from antibody-binding proteins.
[0037] In the present invention, the polypeptideaisnolecule containing a peptide chain
consisting of 2 to 50 amino acid residues, and gdiyerefers to a molecule having a
molecular weight of less than 5,000. In the presewention, the protein is a molecule
containing a peptide chain consisting of 51 or mareno acid residues, and generally refers
to a molecule having a molecular weight of 5,00@nore.
[0038] The antibody-binding protein is not partey limited as long as it is a protein that
binds to an antibody by an antigen-antibody reactimd examples thereof include protein A,

protein G, protein L, protein D, and a variant abtein A. The antibody-binding protein is
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preferably protein A or a variant thereof. The iaar of protein A is preferably an
alkali-resistant protein A.
[0039] The antibody-binding polypeptide is not pararly limited as long as it is a
polypeptide that binds to an antibody by an antigetibody reaction, and examples thereof
include a polypeptide having an amino acid sequedertical to a part of the amino acid
sequence of the antibody-binding domain of proteiand variants thereof. The variant of
the antibody-binding polypeptide is preferably #mb-resistant variant.
[0040] The amount of the affinity ligand to be pduced into the affinity chromatography
carrier of the present invention (hereinafter, siomes simply referred to as “affinity ligand
introduction amount”) is not particularly limitedut it is preferably 0.01 mmol/L-gel to 100
mmol/L-gel, more preferably 0.05 mmol/L-gel to 50nwi/L-gel, still more preferably 0.10
mmol/L-gel to 10 mmol/L-gel, even more preferablyd®@ mmol/L-gel to 2.0 mmol/L-gel,
further more preferably 0.10 mmol/L-gel to 1.0 mrfheajgel, and even still more preferably
0.10 mmol/L-gel to 0.50 mmol/L-gel.
[0041] <Carboxy group>

The amount of the carboxy group to be introduced the affinity chromatography
carrier of the present invention (hereinafter, siomes simply referred to as “carboxy group
introduction amount”) is 15 mmol/L-gel to 60 mmoldel, preferably 15 mmol/L-gel to 55
mmol/L-gel, and still more preferably 15 mmol/L-ged 40 mmol/L-gel in terms of ion
exchange capacity. In the case where the carbmypgntroduction amount is within this
range, the affinity ligand introduction amount ch@ set within an appropriate range, and
therefore the antibody adsorption capacity is impthb In addition, adsorption of
non-specific adsorbates can be suppressed.

[0042] [Method for producing affinity chromatograpbarrier]

The affinity chromatography carrier of the presamtention can be produced by
coating a substrate with a hydrophilic polymeryaducing a carboxy group thereinto, and
further introducing an affinity ligand.
[0043] Details of the substrate, the hydrophiliclypger, and the affinity ligand are as
described in the section “Affinity chromatographarrer”.
[0044] <Coating with hydrophilic polymer>

The substrate is coated with a hydrophilic polymer

The method of coating the substrate with a hydtmppolymer is not particularly

limited as long as it is capable of binding the doydhilic polymer to the substrate by a
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covalent bond. Examples of the method of coatiregsubstrate with a hydrophilic polymer
include a method in which a substrate is reacted ahloromethyloxirane (epichlorohydrin)
to introduce an epoxy group into the substrate Wwhg then reacted with a hydrophilic
polymer; a method in which a substrate is reacteth \& crosslinking agent such as
chloromethyloxirane (epichlorohydrin) in the presenof an alkali in a solvent, and the
resulting reaction product is reacted with a hyditp polymer; and a method in which a
halogen group such as a chloro group is introdirtteda substrate using a halogenating agent
and a hydrophilic polymer is immobilized on the stwate using Williamson ether synthesis.

In the case where the substrate is coated withytdiephilic polymer, the hydrophilic
polymer coating amount is preferably 3 mg/g-dry @web00 mg/g-dry gel, more preferably 3
mg/g-dry gel to 350 mg/g-dry gel, still more prefiely 10 mg/g-dry gel to 300 mg/g-dry gel,
and even more preferably 20 mg/g-dry gel to 240gaaiyy gel.

In the present specification, a substrate immebjiddefore coating with a hydrophilic
polymer is sometimes referred to as “substraterbedoating” in some cases, and a product
obtained by coating such a substrate before coatitiga hydrophilic polymer is sometimes
referred to as “carrier” in some cases.

[0045] <Introduction of carboxy group>

A carboxy group is introduced into a carrier.

The method of introducing a carboxy group into ¢herier is not particularly limited
as long as it is capable of binding a compoundrwé carboxy group to the carrier by a
covalent bond. Examples of the method of introdgca carboxy group into the carrier
include a method in which a carrier is reacted whitoroacetic acid under alkaline conditions
and a carboxymethyl group is introduced into a pamydroxy groups on the surface of the
carrier; and a method in which an aldehyde grouptreduced into a carrier, and a carboxy
group is introduced into the aldehyde group by citla amination through an amino group of
a compound having a carboxy group and an amingpgsaah as amino acid.

In the case of introducing a carboxy group int® ¢arrier, the amount of the carboxy
group introduced is 15 mmol/L-gel to 60 mmol/L-g@keferably 15 mmol/L-gel to 55
mmol/L-gel, and more preferably 15 mmol/L-gel to @@nol/L-gel in terms of ion exchange
capacity.

In the present specification, the product obtaimgdhtroducing a carboxy group into
the carrier is sometimes referred to as “carborgdatarrier” in some cases.

[0046] <Introduction of affinity ligand>
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An affinity ligand is introduced (immobilized) imthe carboxylated carrier.

The method of introducing (immobilizing) an aftyiligand into the carboxylated
carrier is not particularly limited as long asstdapable of binding the affinity ligand to the
carboxylated carrier by a covalent bond. Examptésthe method of introducing
(immobilizing) an affinity ligand into the carboxtied carrier include a method in which a
part of carboxy groups is converted into N-(3-dinyaminopropyl)-N'-ethylcarbodiimide
(EDC)/N-hydroxysuccinimide (NHS) and reacted with afinity ligand such as protein A,
and the unreacted EDC/NHS-converted carboxy greupdenerated after the reaction; and a
method in which, in the case of an affinity ligamaving an amino group such as protein A, a
carboxy group is protected, an aldehyde group ti®duced, and then the affinity ligand is
introduced into the aldehyde group by reductiveratidon through an amino group.

In the case where the affinity ligand is introdiigeto the carboxylated carrier, the
amount of the affinity ligand introduced is pretelsa0.01 mmol/L-gel to 100 mmol/L-gel,
more preferably 0.05 mmol/L-gel to 50 mmol/L-gei|l snore preferably 0.10 mmol/L-gel to
10 mmol/L-gel, even more preferably 0.10 mmol/L-gel 2.0 mmol/L-gel, even further
preferably 0.10 mmol/L-gel to 1.0 mmol/L-gel, andrem still more preferably 0.10
mmol/L-gel to 0.50 mmol/L-gel.

In the case where the affinity ligand is bonded tpart of the carboxy group of the
carboxylated carrier, the amount of the carboxyupgrointroduced into the affinity
chromatography carrier is expressed by “amount afbaxy group introduced into
carboxylated carrier - amount of affinity ligandtrimduced into affinity chromatography
carrier”.

[0047] [Method for purifying biological substancadabiological substance purified by same
purification method]

<Biological substance>

The biological substance to be purified by theénéff chromatography carrier of the
present invention is not particularly limited, btiis preferably an antibody or an antibody
derivative and more preferably immunoglobulin Gaaterivative thereof.

[0048] The antibody refers to an immunoglobulinaor analog, fragment or fusion thereof.
Here, the analog refers to a naturally occurringauificially constructed protein or protein
conjugate in which the structure or function of imenunoglobulin is at least partially retained.
The fragment refers to a protein having a partialcsure of the immunoglobulin which is

constructed by enzymatic treatment or genetic e®ging design. In addition, the fusion
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includes Fc fusion proteins (Fc-containing molespl®btained by fusing a Fragment
crystallizable (Fc) region, which is a constantisagof an immunoglobulin molecule, with
other functional proteins or peptides. In the présnvention, the immunoglobulin may be
any of the five classes (isotypes) of Immunoglabu® (IgG), Immunoglobulin M (IgM),
Immunoglobulin A (IgA), Immunoglobulin D (IgD), antinmunoglobulin E (IgE), but it is
preferably IgG or IgM and more preferably I1gG.
[0049] The antibody derivative refers to a chimentibody in which an Fc region of a human
immunoglobulin and an Fab region of a non-human malhan immunoglobulin are fused, a
chimeric antibody in which several Fc regions dfitanan immunoglobulin and several Fv
regions of a non-human mammalian immunoglobulin fased, a humanized antibody in
which the remaining portion excluding a complemegtytaletermining region (CDR) portion
of a human immunoglobulin and a non-human mammatranunoglobulin CDR portion are
fused, a chimeric antibody in which an Fc regioraaion-human mammal immunoglobulin
and a Fragment, antigen binding (Fab) region ofumdn immunoglobulin are fused, a
chimeric antibody in which several Fc regions afaa-human mammal immunoglobulin and
several Fv regions of a human immunoglobulin asedi) a non-human mammalian antibody
in which the remaining portion excluding a CDR pamrtof a human immunoglobulin and a
CDR portion of a non-human mammalian immunoglobalia fused, a chimeric antibody in
which an Fc region of a non-human mammal immunagioband an Fab region of a
non-human mammalian immunoglobulin are fused, aneht antibody in which several Fc
regions of a non-human mammalian immunoglobulin sexkral Fv regions of a non-human
mammalian immunoglobulin are fused, a non-human malman antibody in which the
remaining portion excluding a complementarity deieing region (CDR) portion of a
non-human mammalian immunoglobulin and a non-humammalian immunoglobulin CDR
portion are fused, or a chemically modified protiiareof which retains an Fc region.

These antibody proteins are used as raw matéoiaéstibody drugs.
[0050] <Purification method>

Hereinafter, a detailed description of the puafion method using the affinity
chromatography carrier of the present inventionexemplified for the case where the
biological substance is immunoglobulin G, but thesgnt invention is not limited thereto.
[0051] The purification of a biological substanae jparticular, an antibody) using an affinity
chromatography carrier is largely composed of &iaps of an adsorption step, a washing step,

an ionic strength adjusting step, and an eluti@p,sand may include subsequent steps for
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re-use such as a regeneration step and/or a ofeempilace (CIP) step, and a re-equilibration
step.
[0052] In the adsorption step, a general affinityoenatography purification method can be
used. That is, in one example, the pH of a pradeiation containing immunoglobulin G is
adjusted to near neutral pH and then the solusguessed through a column packed with the
affinity chromatography carrier of the present mwen, so that the immunoglobulin G is
specifically adsorbed on the affinity chromatogrnapglarrier through an affinity ligand. For
example, in the case where protein A is used asftimety ligand, the loading pH, that is, the
pH at the time of adding a biological substangaréferably 5.0 to 9.0, more preferably 5.3 to
9.0, still more preferably 5.5 to 9.0, and even enpreferably 6.0 to 8.5. In the purification
of immunoglobulin G produced by cultured mammalieells, it is not necessary to
specifically adjust the ionic strength, and it lsoapossible to further suppress the non-specific
adsorption by increasing the ionic strength in adea
[0053] In the washing step, an appropriate amotird buffer solution within the range of
conditions in which the affinity ligand functions allowed to pass, so that the interior of the
column is washed. That is, the preferred range@pH may be the same range as that at the
time of loading. For example, it is preferably B pf 5.0 to 9.0. At this point, the
immunoglobulin G is adsorbed on the affinity chraogmaphy carrier of the present invention.
In this case, impurities may be effectively removied optimizing ionic strength and
composition at a pH near neutral. It is prefertteat the carboxy group does not function at
the time of washing, that is, it is preferable &®wa washing solution having a certain ionic
strength or more at a pH near neutral, and in phegess, it is possible to wash impurities
non-specifically remaining in the column througle thffinity chromatography carrier and/or
the immunoglobulin G. The ionic strength is, foample, preferably 0.2 M or more and
more preferably 0.5 M or more.
[0054] In the ionic strength adjusting step, théuom is replaced with a buffer solution
having a low ionic strength near neutrality to @nep for the expression of an ionic
strength-dependent elution function by the carbgroup at the time of elution.
[0055] In the elution step, the combination of &xidH and ionic strength allows the cation
exchange separation mode to function at the timelation from the affinity ligand, and
therefore a fraction having a high monomer coneamt be recovered into a low ionic strength
elution fraction by the cooperative action of bligfands. As for the pH of the eluate, the pH

at the time of elution of immunoglobulin G from théinity ligand can be applied. Since
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this pH is determined mainly by the separation @wvwk determined by the affinity
chromatography carrier and the type of immunogliobd, it is not necessary to set special
conditions.
[0056] In the case where protein A is used as ti@itst ligand, the pH at the time of elution is
preferably set to 2.0 to 5.0. However, for thepmse of avoiding acid denaturation of the
biological substance, the pH is more preferably2p8ior more, still more preferably pH 3.0 or
more, and even more preferably pH 3.2 or more. pHas preferably 5.0 or less and more
preferably 4.8 or less.
[0057] In the case where an alkaline-resistantgamoA is used as the affinity ligand, the pH at
the time of elution is generally set to preferaBl$ to 4.0, but it is not limited thereto. In
addition, the elution ionic strength depends onitiduction ratio of the affinity ligand and
the carboxy group and also depends on the loadimguat of immunoglobulin G per unit
volume, but the optimization point thereof can beily set by gradient experiment or stepwise
dissolution experiment.
[0058] The antibody elution from the affinity chratography carrier prepared according to
the present invention can be applied either by gaicentration gradient elution or stepwise
elution, but in the case of aiming to reduce theoam of eluate, stepwise elution by ionic
strength is preferable. Further, in order to sippghe operation, it is preferable to set the
conditions that can achieve recovery and high atibn purity of antibodies by one step
elution.
[0059] Even with a combination of ionic strengthdaacidic pH in the washing step, in the
case where the aggregate remains in the columndagad not incorporate into the eluted
fraction, the ionic strength adjusting step camiétted.
[0060] <Purified biological substance>

The biological substance purified according to poe@fication method of the present
invention, particularly an antibody or an antibatbrivative, exhibits an increased purification
purity although the structure and properties oflitmogical substance are not changed before
and after purification thereof. However, since pheification purity depends on the solution
or the like before purification, it is impossible gay unconditionally how high the purification
purity is.
[0061] The immunoglobulin G purified using the affy chromatography carrier prepared
according to the present invention exhibits a highgonomer selectivity than affinity

chromatography carrier based on a single separatamie and a high content of monomers in
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the eluate.
[0062] Even in the case where an affinity chromedply carrier based on a single separation
mode is used, it is possible to increase the monaoment to some extent by optimization of
pH and ionic strength at the time of elution, hutisan effect is low and it is accompanied by
a greater decrease in recovery rate for exhibitihg effect. By using the affinity
chromatography carrier of the present inventiomcssi affinity purification with high
specificity and improvement in monomer content thah be achieved mainly by cation
exchange chromatography can be achieved with effocgi in a single chromatographic
operation while maintaining a high recovery rate,isi possible to reduce the load on
subsequent processes, which is therefore capaldentfibuting to improvement of the yield
of the entire process and improvement of the momaroetent. That is, the use of the novel
affinity chromatography carrier of the present imwen can contribute to improvement in
productivity and purification of the antibody drpgpduction process.
Examples
[0063] Hereinafter, the present invention will besdribed in more detail with reference to
Examples, but the present invention is not limitesreto.
[0064] [Measurement method and evaluation method]

1. Method for measuring hydrophilic polymer cogtamount

5 g of the wet gel of a substrate before coatireg wWried at 50°C under reduced
pressure until the weight change disappeared amdvdight thereof was measured, and the
resulting numerical value from the product of thest measured weight and the wet gel weight
of the substrate before coating used for a hydtigppolymer coating reaction was taken as
the dry weight of the substrate before coating. xtN®& g of the wet gel of a carrier obtained
by coating the substrate before coating with a diilic polymer was dried at 50°C under
reduced pressure until the weight change disapgesrd the weight thereof was measured,
and the resulting numerical value from the prodafcthe thus measured weight and the wet
gel weight of the carrier obtained after the hydhibp polymer coating reaction was taken as
the dry weight of the carrier. The difference bedw the dry weight of the carrier and the dry
weight of the substrate before coating was takethesiry weight of the hydrophilic polymer
coating the substrate before coating. The hydtapghwlymer coating amount was calculated
as the dry weight of the hydrophilic polymer pey dreight of the substrate before coating.
[0065] 2. Method for measuring carboxy group introiion amount

1 g of the carboxylated carrier was suspended mnL3of pure water, the resulting
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suspension was poured into a disposable colummdan inner diameter of 15 mm, and the
solvent was removed by suction filtration. Thisswallowed by washing 4 times with 3 mL
of 0.2 mol/L hydrochloric acid and then repeatedshiag with 4 mL of pure water. After
washing, the height of the bed (carrier part ddépdson the column) was measured to
calculate the volume of the carboxylated carriérhe carboxylated carrier was taken out,
transferred to a 100 mL beaker, suspended in 40f0L1 mol/L saline, and titrated with a 0.1
mol/L aqueous sodium hydroxide solution using artomatic titrator “COM-1600"
(manufactured by Hiranuma Sangyo Co., Ltd.). Tmedxchange capacity (meqg/L-gel) per 1
L of the carboxylated carrier was calculated frév@ a&mount of the titration solution up to the
end point. Further, the unit was converted intorfoifL-gel” (1 meg/L-gel = 1 mmol/L-gel).
The carboxy group introduction amount was expregséerms of ion exchange capacity.
[0066] 3. Method for measuring affinity ligand iatluction amount (protein A immobilization
amount)

The protein A solution, the reaction solution, ath@ washing solution after the
protein A immobilization reaction were each sulgecto gel filtration chromatography (which
will be described below), and the amount of prot&incontained in each solution was
calculated from the peak surface area value ofrabsge at 280 nm.

The protein A immobilization amount was calculatesin the difference between the
thus calculated amount of protein A and the amaidrirotein A contained in the protein A
solution, the reaction solution, and the washinigtsm before the protein A immobilization
reaction.

(Conditions for gel filtration chromatography)

Chromatographic system: AKTA avant 25 (manufacturg GE Healthcare GmbH)
(“AKTAavant” is a registered trademark)

Column: Desalting column “HiTrap Desalting” (maaafured by GE Healthcare
GmbH) (“HITRAP” is a registered trademark)

Buffer: 20 mM phosphate buffer, 150 mM NacCl, pH4 7.

Flow rate: 3 mL/min
[0067] 4. Evaluation method of antibody adsorptapacity

(1) Measurement of antibody adsorption capacity

1 mL of an affinity chromatography carrier premhie Examples, a chromatography
carrier prepared in Comparative Examples, or a ceroialy available chromatography

carrier was packed in a glass column “TRICORN 108umn” (manufactured by GE
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Healthcare GmbH) (“TRICORN?” is a registered tradekhavhich was then connected to a
chromatographic system “AKTA avant 25" (manufacturey GE Healthcare GmbH)
(“AKTAavant” is a registered trademark), followedy ithe measurement of antibody
adsorption capacity.
[0068] After the column was equilibrated with anudigration solution (20 mM phosphate
buffer, 150 mM NaCl, pH 7.4), 15 mL of a solutionepared by adjusting a human 1gG
antibody (Immunoglobulin G) to 5 mg/mL with standdauffer (20 mM phosphate buffer, 150
mM NaCl, pH 7.4) was added thereto at a flow rét€®.d2 mL/min. After washing the
column with 5 mL of a post-loading washing soluti®0 mM phosphate buffer, 150 mM
NaCl, pH 7.4) at the same flow rate, 5 mL of a ek&ion washing solution (20 mM
phosphate buffer, 1 M NaCl, pH 7.4) was alloweflda at the same flow rate. Thereafter, 5
mL of an eluant (100 mM citrate buffer, 150 mM Na@H 3.2) was allowed to flow at the
same flow rate. Further continuously, 5 mL of aagling in place (CIP) solution (0.1 M
agueous sodium hydroxide solution) was allowedadw fat the same flow rate and then 5 mL
of a re-equilibration solution (20 mM phosphatefeyfl50 mM NacCl, pH 7.4) was allowed to
flow at the same flow rate. At this time, the aotly elution amount of the eluate in each
fraction was calculated from the IgG elution peditamned by monitoring the absorbance at
280 nm. The amount of antibodies eluted from treeghution washing solution to the CIP
solution was calculated as the antibody adsormagacity.
[0069] (2) Evaluation of antibody adsorption capaci

The antibody adsorption capacity was evaluate@das the antibody adsorption
capacity in the case where only a carboxy group@otkein A were introduced, according to
the following evaluation standards. That is, thékedy adsorption capacity was evaluated
based on Comparative Example 4 for Examples 1 ©©omparative Examples 1 to 6 and 8
and Reference Example 1 (Examples, Comparative pbemmand Reference Example in
which the substrate was a polysaccharide), anddb@s€omparative Example 7 for Example
8 and Comparative Example 7 (Example and Compar&xample in which the substrate is a
methacrylate-based polymer), respectively.

Antibody adsorption capacity is 40% or more of ttandard Evaluation of
antibody adsorption capacity “A”

Antibody adsorption capacity is less than 40% loé standard  Evaluation of
antibody adsorption capacity “C”

[0070] 5. Evaluation method of purification purity
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(1) Calculation of purified purity

1 mL of an affinity chromatography carrier premhia Examples or Comparative
Examples or a commercially available chromatogragdnyier was packed in a glass column
“TRICORN 10/20 column” (manufactured by GE HealtlecaGmbH) (“TRICORN” is a
registered trademark) which was then connected dbrematographic system “AKTA avant
25" (manufactured by GE Healthcare GmbH) (“AKTAavais a registered trademark),
followed by the measurement of the amount of hedt mrotein (HCP) and the amount of
Immunoglobulin G (IgG) eluted from each fraction.
[0071] After the column was equilibrated with anudigration solution (20 mM phosphate
buffer, 150 mM NaCl, pH 7.4), an IgG/HCP mixed smn prepared by using standard buffer
(20 mM phosphate buffer, 150 mM NaCl, pH 7.4), battlgG and HCP derived from a
Chinese Hamster Ovary S (CHO-S) cell were 1.6 mgamdl 0.32 mg/mL, respectively, was
added at a flow rate of 0.21 mL/min such that atibady amount of 80% of the antibody
adsorption capacity obtained in the above (1) wadéd. After washing the column with 5
mL of a post-loading washing solution (20 mM phasehbuffer, 150 mM NaCl, pH 7.4) at a
flow rate of 0.42 mL/min, 5 mL of a pre-elution vidrsg solution (20 mM phosphate buffer, 1
M NaCl, pH 7.4) was allowed to flow at the samenlmate. Thereafter, 5 mL of an eluant
(100 mM citrate buffer, 150 mM NacCl, pH 3.2) wasoeled to flow at the same flow rate.
Further continuously, 5 mL of a CIP solution (0.1agueous sodium hydroxide solution) was
allowed to flow at the same flow rate and then 5 ofla re-equilibration solution (20 mM
phosphate buffer, 150 mM NacCl, pH 7.4) was alloweflow at the same flow rate. At this
time, the 1gG elution amount of the eluate in efmahtion was calculated from the 1gG elution
peak obtained by monitoring the absorbance at 280 nThe eluate of each fraction was
recovered and the amount of HCP of the eluate ah éeaction was calculated by ELISA
using a host cell protein detection kit “CHO HCPl &eneration ELISA kit” (manufactured
by Cygnus Technologies, Inc.).
[0072] Using the thus calculated IgG amount and H@®unt of the eluate, the purification
purity was calculated according to the followinguation in terms of HCP incorporation
amount in the eluate, that is, HCP amount per Ig@umnt in the eluate.

Purification purity (ppm) = HCP incorporation anmbu(ppm) = HCP amount of
eluate/lgG amount of eluate
[0073] (2) Evaluation of purification purity

The purification purity was evaluated based on ittmorporated amount of HCP
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(ppm) in the case where only a carboxy group aotepr A were introduced, according to the
following evaluation standards. That is, the HG@€orporation amount was evaluated based
on Comparative Example 4 for Examples 1 to 7, Coatpee Examples 1 to 6 and 8 and
Reference Example 1 (Examples, Comparative Exangplé®Reference Example in which the
substrate was a polysaccharide), and based on CatieaExample 7 for Example 8 and
Comparative Example 7 (Example and Comparative plarm which the substrate is a
methacrylate-based polymer), respectively.

HCP incorporation amount (ppm) decreased by 20%more Evaluation of
purification purity “A”

HCP incorporation amount (ppm) decreased by mioa& 0% and less than 20%
Evaluation of purification purity “B”

HCP incorporation amount (ppm) did not decreas&valuation of purification
purity “C”
[0074] [Example 1]

1. Preparation of affinity chromatography carrier

(1) Preparation of wet gel

The crosslinked agarose-based substrate, Seph@arbast Flow (manufactured by
GE Healthcare GmbH) (“SEPHAROSE” is a registeretiémark) was washed on a glass
filter by repeating suspension and filtration usimgre water, thereby obtaining a substrate
slurry. The pure water was removed from the sabsslurry by suction filtration to obtain a
wet gel.

In the column “Substrate” of Table 1, “Sepharoser8 refers to “Sepharose 6 Fast
Flow”.
[0075] (2) Preparation of substrate before coatimgroduction of epoxy group

100 g of the obtained wet gel, 152 mL of pure wated 50 g of chloromethyl oxirane
were placed in a 500 mL three-neck flask and sgrof the contents of the flask was started in
a warm bath at 45°C. Stirring was carried outluh& temperature in the flask reached 45°C.
41 g of a 50% (w/w) agueous sodium hydroxide sotutivas added dropwise in the flask over
2 hours in a warm bath at 45°C while maintaining tbmperature in the flask at about 45°C.
After the whole amount of the aqueous sodium hyidensolution was added dropwise, the
mixture was further reacted for 1 hour and washed glass filter by repeating suspension
and filtration using pure water to obtain a wet@fethe substrate before coating.

[0076] (3) Preparation of carrier - Coating withdngphilic polymer
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13 g of dextran 70 (intrinsic viscosity: 0.23 dilgeight-average molecular weight:
about 70,000) and 154 mL of pure water were placed500 mL three-neck flask and stirring
of contents of the flask was started at room teatpee. Stirring was carried out until the
dextran 70 was completely dissolved. After dissoiy 90 g of the wet gel of the substrate
before coating was added to the three-neck flaskctwivas then further stirred at room
temperature. After the mixed solution in the thneek flask became homogeneous, 4.2 g of
a 50% (w/w) aqueous sodium hydroxide solution weded thereto. After adding the
aqueous sodium hydroxide solution, the mixed sotutvas reacted at room temperature for
16 hours and washed on a glass filter by repeatisgension and filtration using pure water
to obtain a wet gel of the carrier.

[0077] Further, the dextran coating amount of thiamed carrier was measured in accordance
with the section “Method for measuring hydrophpialymer coating amount” described above.
The obtained hydrophilic polymer coating amountsigown in the column “Hydrophilic
polymer coating amount” of Table 1.

[0078] (4) Preparation of carboxylated carriertrdduction of carboxy group

12 g of the wet gel of the obtained carrier, 6 godium chloroacetate and 24 mL of

pure water were placed in a 100 mL three-neck ftasik stirring of the contents of the flask
was started in a warm bath at 50°C. Stirring waasied out until the sodium chloroacetate
was completely dissolved. After dissolution, 8.80f a 50% (w/w) aqueous sodium
hydroxide solution was added dropwise over 1 how warm bath at 50°C while maintaining
the temperature in the flask at about 50°C. Affter whole amount of the aqueous sodium
hydroxide solution was added dropwise, the mixtwaes further reacted for 3 hours and
washed on a glass filter by repeating suspensidrfilaration using pure water to obtain a wet
gel of the carboxylated carrier.
[0079] Further, the carboxy group introduction amioaf the obtained carboxylated carrier
was measured in accordance with the section “Metfayd measuring carboxy group
introduction amount” described above. The obtaicadboxy group introduction amount is
shown in the column “Carboxy group introduction amtj of Table 1.

The amount of carboxy group introduced into tHan&y chromatography carrier was
expressed in terms of “carboxy group introductiomoant of carboxylated carrier - affinity
ligand introduction amount”.

[0080] (5) Preparation of protein A-immobilized barylated carrier - Introduction of affinity

ligand
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The obtained carboxylated carrier was placeddisposable column in an amount of
2.5 mL as a wet volume and washed by repeatingesisggn and filtration using pure water to
obtain a carrier slurry. The pure water was rerdofrem the carrier slurry by suction
filtration to obtain a wet gel.

2.0 g of the obtained wet gel was placed in ati@awessel and 2 mL of a solution of
N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide (EDGwvas added thereto. The mixture
was stirred with inversion of the reaction vesselr@eom temperature for 10 minutes.
Thereafter, 2 mL of a solution of N-hydroxysucciimde (NHS) was added to the reaction
vessel which was then stirred with inversion théraoroom temperature for 30 minutes.
Here, the EDC solution was prepared by dissolvir@g) @ of EDC in 2 mL of dimethyl
sulfoxide (DMSO), and the NHS solution was prepdredlissolving 0.2 g of NHS in 2 mL of
DMSO.

The reaction gel solution was transferred to aaiable column and washed with 6
mL of ice-cooled 1 mM hydrochloric acid to obtain EDC/NHS activated carboxylated
carrier.

[0081] 1.5 g of the obtained EDC/NHS activated oaxtbated carrier was placed in a reaction
vessel, followed by addition of 1.5 mL of a 10 mb/protein A solution to the reaction vessel
and shaking at 25°C for 2 hours. The 10 mg/mL gmotA solution was prepared by

dissolving recombinant native protein A “rSPA” (nudactured by Repligen Corporation) in

20 mM 2-(N-morpholino)ethanesulfonic acid (MES) feaf(pH 4.5).

The solvent was replaced with a 1 M aqueous sodibloride solution and a 0.5 M
aqueous ethanolamine solution, followed by washimgobtain a protein A-immobilized
carboxylated carrier.

[0082] In addition, the protein A immobilization ammt (affinity ligand introduction amount)

of the protein A-immobilized carboxylated carrieu$ obtained was measured in accordance
with the section “Method for measuring affinity digd introduction amount (protein A
immobilization amount)” described above. The protd immobilization amount thus
obtained is shown in the column “Affinity ligandtinduction amount” of Table 1.

[0083] 2. Evaluation of antibody adsorption capaaitd purification purity

Using the protein A-immobilized carboxylated carrthus prepared, the antibody
adsorption capacity and purification purity werealerated in accordance with the sections
“Evaluation method of antibody adsorption capacayid “Evaluation method of purification

purity” described above. The evaluation resultstted antibody adsorption capacity and
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purification purity are shown in the columns “Ardilty adsorption capacity (evaluation)” and
“Purification purity (evaluation)” of Table 1, resgtively.
[0084] [Example 2]

1. Preparation of affinity chromatography carrier

A protein A-immobilized carboxylated carrier wagpared in the same manner as in
Example 1, except that the amount of sodium chimtzie used was changed from 6.2 g to
3.6 g at the time of preparing the carboxylatedieafintroduction of a carboxy group).

Further, the hydrophilic polymer coating amourite tcarboxy group introduction
amount, and the affinity ligand introduction amowsre measured in the same manner as in
Example 1. The measurement results are shown enctdiumns “Hydrophilic polymer
coating amount”, “Carboxy group introduction amdurand “Affinity ligand introduction
amount” of Table 1, respectively.

[0085] 2. Evaluation of antibody adsorption capaaitd purification purity

Using the protein A-immobilized carboxylated carrthus prepared, the antibody
adsorption capacity and purification purity weraleated in the same manner as in Example
1, in accordance with the sections “Evaluation métbf antibody adsorption capacity” and
“Evaluation method of purification purity” descridbeabove. The evaluation results of the
antibody adsorption capacity and purification purtre shown in the columns “Antibody
adsorption capacity (evaluation)” and “Purificatigourity (evaluation)” of Table 1,
respectively.

[0086] [Example 3]

1. Preparation of affinity chromatography carrier

A protein A-immobilized carboxylated carrier wagpared in the same manner as in
Example 1, except that the amount of sodium chitetzde used was changed from 6.2 g to
11.7 g at the time of preparing the carboxylatedea(introduction of a carboxy group).

Further, the hydrophilic polymer coating amourite tcarboxy group introduction
amount, and the affinity ligand introduction amowsre measured in the same manner as in
Example 1. The measurement results are shown enctiumns “Hydrophilic polymer
coating amount”, “Carboxy group introduction amdurand “Affinity ligand introduction
amount” of Table 1, respectively.

[0087] 2. Evaluation of antibody adsorption capaaind purification purity
Using the protein A-immobilized carboxylated carrthus prepared, the antibody

adsorption capacity and purification purity weralerated in the same manner as in Example
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1, in accordance with the sections “Evaluation métbf antibody adsorption capacity” and
“Evaluation method of purification purity” descridbeabove. The evaluation results of the
antibody adsorption capacity and purification purtre shown in the columns “Antibody
adsorption capacity (evaluation)” and “Purificatigourity (evaluation)” of Table 1,
respectively.
[0088] [Example 4]

1. Preparation of affinity chromatography carrier

A protein A-immobilized carboxylated carrier wagpared in the same manner as in
Example 1, except that the amount of dextran 7Qrifgic viscosity: 0.23 dL/g;
weight-average molecular weight: about 70,000) usad changed from 13 g to 66 g at the
time of preparing the carrier (coating with a hyghidic polymer), and the amount of sodium
chloroacetate used was changed from 6.2 g to 2i0tlge time of preparing the carboxylated
carrier (introduction of a carboxy group).

Further, the hydrophilic polymer coating amourtte tcarboxy group introduction
amount, and the affinity ligand introduction amowsre measured in the same manner as in
Example 1. The measurement results are shown encttumns “Hydrophilic polymer
coating amount”, “Carboxy group introduction amdurand “Affinity ligand introduction
amount” of Table 1, respectively.

[0089] 2. Evaluation of antibody adsorption capaaind purification purity

Using the protein A-immobilized carboxylated carrthus prepared, the antibody
adsorption capacity and purification purity weralerated in the same manner as in Example
1, in accordance with the sections “Evaluation métbf antibody adsorption capacity” and
“Evaluation method of purification purity” descridbeabove. The evaluation results of the
antibody adsorption capacity and purification purre shown in the columns “Antibody
adsorption capacity (evaluation)” and “Purificatiogpurity (evaluation)” of Table 1,
respectively.

[0090] [Example 5]

1. Preparation of affinity chromatography carrier

A protein A-immobilized carboxylated carrier wagpared in the same manner as in
Example 4, except that the crosslinked agarosedosgiestrate was changed to “Sepharose 4
Fast Flow” (manufactured by GE Healthcare GmbH)EPSAROSE” is a registered
trademark) at the time of preparing the wet gedl e amount of sodium chloroacetate used

was changed from 2.0 g to 3.9 g at the time ofgmieg the carboxylated carrier (introduction
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of a carboxy group).

In the column “Substrate” of Table 1, “SepharoseH refers to “Sepharose 4 Fast
Flow”.

Further, the hydrophilic polymer coating amourite tcarboxy group introduction
amount, and the affinity ligand introduction amowsdre measured in the same manner as in
Example 1. The measurement results are shown enctiumns “Hydrophilic polymer
coating amount”, “Carboxy group introduction amdurand “Affinity ligand introduction
amount” of Table 1, respectively.

[0091] 2. Evaluation of antibody adsorption capaaind purification purity

Using the protein A-immobilized carboxylated carrithus prepared, the antibody
adsorption capacity and purification purity weraleated in the same manner as in Example
1, in accordance with the sections “Evaluation métbf antibody adsorption capacity” and
“Evaluation method of purification purity” descridbeabove. The evaluation results of the
antibody adsorption capacity and purification purtre shown in the columns “Antibody
adsorption capacity (evaluation)” and “Purificatiogpurity (evaluation)” of Table 1,
respectively.

[0092] [Example 6]

1. Preparation of affinity chromatography carrier

A protein A-immobilized carboxylated carrier wagpared in the same manner as in
Example 5, except that dextran 40 (intrinsic vidyo9.17 dL/g; weight-average molecular
weight: about 40,000) was used in place of dextr@n (intrinsic viscosity: 0.23 dL/g;
weight-average molecular weight: about 70,000hattime of preparing the carrier (coating
with a hydrophilic polymer), and the amount of sodichloroacetate used was changed from
3.9 g to 4.5 g at the time of preparing the carlabeygl carrier (introduction of a carboxy
group).

Further, the hydrophilic polymer coating amourite tcarboxy group introduction
amount, and the affinity ligand introduction amowsre measured in the same manner as in
Example 1. The measurement results are shown enctiumns “Hydrophilic polymer
coating amount”, “Carboxy group introduction amdurand “Affinity ligand introduction
amount” of Table 1, respectively.

[0093] 2. Evaluation of antibody adsorption capaaind purification purity
Using the protein A-immobilized carboxylated carrthus prepared, the antibody

adsorption capacity and purification purity weralerated in the same manner as in Example
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1, in accordance with the sections “Evaluation métbf antibody adsorption capacity” and
“Evaluation method of purification purity” descridbeabove. The evaluation results of the
antibody adsorption capacity and purification purtre shown in the columns “Antibody
adsorption capacity (evaluation)” and “Purificatigourity (evaluation)” of Table 1,
respectively.
[0094] [Example 7]

1. Preparation of affinity chromatography carrier

A protein A-immobilized carboxylated carrier wagpared in the same manner as in
Example 5, except that dextran 19 (intrinsic viggo<.12 dL/g; weight-average molecular
weight: about 19,000) was used in place of dextr@n (intrinsic viscosity: 0.23 dL/g;
weight-average molecular weight: about 70,000hattime of preparing the carrier (coating
with a hydrophilic polymer), and the amount of sodichloroacetate used was changed from
3.9 g to 5.7 g at the time of preparing the carlabegl carrier (introduction of a carboxy
group).

Further, the hydrophilic polymer coating amourte tcarboxy group introduction
amount, and the affinity ligand introduction amowsre measured in the same manner as in
Example 1. The measurement results are shown anctdiumns “Hydrophilic polymer
coating amount”, “Carboxy group introduction amdurand “Affinity ligand introduction
amount” of Table 1, respectively.

[0095] 2. Evaluation of antibody adsorption capaeitd purification purity

Using the protein A-immobilized carboxylated carrthus prepared, the antibody
adsorption capacity and purification purity weralerated in the same manner as in Example
1, in accordance with the sections “Evaluation métbf antibody adsorption capacity” and
“Evaluation method of purification purity” descridbeabove. The evaluation results of the
antibody adsorption capacity and purification purtre shown in the columns “Antibody
adsorption capacity (evaluation)” and “Purificatigourity (evaluation)” of Table 1,
respectively.

[0096] [Example 8]

1. Preparation of affinity chromatography carrier

(1) Preparation of wet gel

A methacrylate-based porous substrate, “TOYOPEARI-65F (manufactured by
Tosoh Corporation) (“TOYOPEARL” is a registereddemark) was washed on a glass filter

by repeating suspension and filtration using puagew thereby obtaining a substrate slurry.
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The pure water was removed from the substrateyshyrisuction filtration to obtain a wet gel.
[0097] (2) Preparation of substrate before coatimgroduction of epoxy group

100 g of the obtained wet gel, 152 mL of pure wated 50 g of chloromethyl oxirane
were placed in a 500 mL three-neck flask and sgrof the contents of the flask was started in
a warm bath at 45°C. Stirring was carried outluh& temperature in the flask reached 45°C.
41 g of a 50% (w/w) aqueous sodium hydroxide sotutivas added dropwise in the flask over
2 hours in a warm bath at 45°C while maintaining thmperature in the flask at about 45°C.
After the whole amount of the aqueous sodium hyidensolution was added dropwise, the
mixture was further reacted for 1 hour and washed glass filter by repeating suspension
and filtration using pure water to obtain a wet geBy repeating this reaction three times, a
wet gel of the substrate before coating was obdaine
[0098] (3) Preparation of carrier - Coating withdngphilic polymer

A wet gel of the carrier was obtained in the samamner as in Example 1, except that
126 g of dextran 40 (intrinsic viscosity: 0.17 dilgeight-average molecular weight: about
40,000) was used in place of 13 g of dextran 7@iiisic viscosity: 0.23 dL/g; weight-average
molecular weight: about 70,000).

Further, the dextran coating amount of the obthirearier was measured in the same
manner as in Example 1, in accordance with themetMethod for measuring hydrophilic
polymer coating amount” described above. The abthi hydrophilic polymer coating
amount is shown in the column “Hydrophilic polyno&ating amount” of Table 1.

[0099] (4) Preparation of carboxylated carriertréduction of carboxy group

A wet gel of a carboxylated carrier was obtaimethie same manner as in Example 1
except that the amount of sodium chloroacetate wsesdchanged from 6.2 g to 3.4 g.

Further, the carboxy group introduction amounth#f obtained carboxylated carrier
was measured in the same manner as in Exampleatcordance with the section “Method
for measuring carboxy group introduction amountSa&ed above. The obtained carboxy
group introduction amount is shown in the columrati@xy group introduction amount” of
Table 1.

[0100] (5) Preparation of protein A-immobilized barylated carrier - Introduction of affinity
ligand

A protein A-immobilized carboxylated carrier wast@ined in the same manner as in
Example 1.

In addition, the protein A immobilization amount the protein A-immobilized
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carboxylated carrier thus obtained was measurethénsame manner as in Example 1, in
accordance with the section “Method for measurifignity ligand introduction amount
(protein A immobilization amount)” described abovelhe protein A immobilization amount
thus obtained is shown in the column “Affinity ligdiintroduction amount” of Table 1.
[0101] 2. Evaluation of antibody adsorption capaaind purification purity

Using the protein A-immobilized carboxylated carrthus prepared, the antibody
adsorption capacity and purification purity weralerated in the same manner as in Example
1, in accordance with the sections “Evaluation métbf antibody adsorption capacity” and
“Evaluation method of purification purity” descridbeabove. The evaluation results of the
antibody adsorption capacity and purification purre shown in the columns “Antibody
adsorption capacity (evaluation)” and “Purificatiogpurity (evaluation)” of Table 1,
respectively.

[0102] [Comparative Example 1]

1. Preparation of affinity chromatography carrier

A protein A-immobilized carboxylated carrier wagpared in the same manner as in
Example 1, except that the amount of sodium chimtzie used was changed from 6.2 g to
1.8 g at the time of preparing the carboxylatediea(introduction of a carboxy group).

Further, the hydrophilic polymer coating amourte tcarboxy group introduction
amount, and the affinity ligand introduction amowsdre measured in the same manner as in
Example 1. The measurement results are shown enctiumns “Hydrophilic polymer
coating amount”, “Carboxy group introduction amdurand “Affinity ligand introduction
amount” of Table 1, respectively.

[0103] 2. Evaluation of antibody adsorption capaaind purification purity

Using the protein A-immobilized carboxylated carrithus prepared, the antibody
adsorption capacity and purification purity weraleated in the same manner as in Example
1, in accordance with the sections “Evaluation métbf antibody adsorption capacity” and
“Evaluation method of purification purity” descridbeabove. The evaluation results of the
antibody adsorption capacity and purification purtre shown in the columns “Antibody
adsorption capacity (evaluation)” and “Purificatiogpurity (evaluation)” of Table 1,
respectively.

[0104] [Comparative Example 2]
1. Preparation of affinity chromatography carrier

A protein A-immobilized carboxylated carrier wagpared in the same manner as in
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Example 1, except that the amount of sodium chimtzie used was changed from 6.2 g to
22.7 g at the time of preparing the carboxylatedea(introduction of a carboxy group).

Further, the hydrophilic polymer coating amourtte tcarboxy group introduction
amount, and the affinity ligand introduction amowsdre measured in the same manner as in
Example 1. The measurement results are shown enctdiumns “Hydrophilic polymer
coating amount”, “Carboxy group introduction amdurand “Affinity ligand introduction
amount” of Table 1, respectively.
[0105] 2. Evaluation of antibody adsorption capaaind purification purity

Using the protein A-immobilized carboxylated carrthus prepared, the antibody
adsorption capacity and purification purity weralerated in the same manner as in Example
1, in accordance with the sections “Evaluation métbf antibody adsorption capacity” and
“Evaluation method of purification purity” descridbeabove. The evaluation results of the
antibody adsorption capacity and purification purtre shown in the columns “Antibody
adsorption capacity (evaluation)” and “Purificatiogpurity (evaluation)” of Table 1,
respectively.
[0106] [Comparative Example 3]

1. Preparation of affinity chromatography carrier

(1) Preparation of carrier - Coating with hydrdghpolymer

A wet gel of the carrier was obtained in the sananer as in Example 1. Further,
the dextran coating amount of the obtained cawias measured in the same manner as in
Example 1, in accordance with the section “Method iheasuring hydrophilic polymer
coating amount” described above. The obtained dprdlic polymer coating amount is
shown in the column “Hydrophilic polymer coating @ummt” of Table 1.

(2) Preparation of protein A-immobilized carridntroduction of affinity ligand

The obtained carrier was placed in a disposalienoo in an amount of 4 mL as a
wet volume and washed by repeating suspension iiratién using pure water to obtain a
carrier slurry. The pure water was removed from ¢arrier slurry by suction filtration to
obtain a wet gel.

The obtained wet gel was placed in a reactioneleasnd the volume of the slurry
was adjusted to 5 mL with pure water. Then, 1 mR%0 mM sodium citrate buffer (pH 3.5)
was added thereto. Further, 2 mL of a 160 mM agsisodium periodate solution was added,
followed by stirring with inversion of the reactioressel at room temperature for 0.5 hours,

washing by repeated suspension and filtration uping water and phosphate buffer on the
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filter, and removing the pure water or phosphatiéebiloy suction filtration to obtain a wet gel
of an aldehyde group-introduced carrier.

1.5 g of the wet gel of the obtained aldehyde grimiroduced carrier was placed in a
reaction vessel, and 3 mL of a 20 mg/mL proteiroAitson was added to the reaction vessel,
followed by stirring with inversion of the reactioressel at room temperature for 2 hours.
The 20 mg/mL protein A solution was prepared bysaligng recombinant native protein A
“rSPA” (manufactured by Repligen Corporation) in020M 2-(N-morpholino)ethanesulfonic
acid (MES) buffer (pH 7.4).

Subsequently, 11 mg of triethylaminoborane wasddd the reaction vessel which
was then shaken at 25°C for 16 hours. The somestreplaced with 200 mM MES buffer
(pH 7.4), followed by washing. After the washingugion was removed, 3 mL of 20 mM
Tris-HCI buffer and 11 mg of triethylaminoboraneres@dded to the reaction vessel, followed
by stirring with inversion of the reaction vesset@m temperature for 2 hours. The solvent
was replaced with pure water and a 1 M aqueoususodaihloride solution, followed by
washing to obtain a protein A-immobilized carrier.

In addition, the protein A immobilization amounéaffinity ligand introduction
amount) of the protein A-immobilized carrier thustained was measured in accordance with
the section “Method for measuring affinity ligandtroduction amount (protein A
immobilization amount)” described above. The protd immobilization amount thus
obtained is shown in the column “Affinity ligandtinduction amount” of Table 1.

[0107] 2. Evaluation of antibody adsorption capaaind purification purity

Using the protein A-immobilized carrier thus preggh the antibody adsorption
capacity and purification purity were evaluatedtlie® same manner as in Example 1, in
accordance with the sections “Evaluation methodanfibody adsorption capacity” and
“Evaluation method of purification purity” descridbeabove. The evaluation results of the
antibody adsorption capacity and purification purdre shown in the columns “Antibody
adsorption capacity (evaluation)” and “Purificatiogpurity (evaluation)” of Table 1,
respectively.

[0108] [Comparative Example 4]

1. Preparation of affinity chromatography carrier

The crosslinked agarose-based substrate, Seph@arbast Flow (manufactured by
GE Healthcare GmbH) was washed on a glass filterelpgating suspension and filtration

using pure water, thereby obtaining a substrateyslu The pure water was removed from the
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substrate slurry by suction filtration to obtaiwat gel.

12 g of the obtained wet gel, 4.7 g of sodium widoetate and 24 mL of pure water
were placed in a 100 mL three-neck flask and sgrof the contents of the flask was started in
a warm bath at 50°C. Stirring was carried outluh& sodium chloroacetate was completely
dissolved. After dissolution, 8.8 g of a 50% (w/agueous sodium hydroxide solution was
added dropwise over 1 hour in a warm bath at 50Alewnaintaining the temperature in the
flask at about 50°C. After the whole amount of #ggieous sodium hydroxide solution was
added dropwise, the mixture was further reacted3fbours and washed on a glass filter by
repeating suspension and filtration using pure weteobtain a wet gel of the carboxylated
carrier.

Using the obtained carboxylated carrier, a profeimmobilized carboxylated carrier
was obtained in the same manner as in Example 1.

Further, the carboxy group introduction amountha carboxylated carrier and the
protein A introduction amount of the protein A-imbiized carboxylated carrier were
measured in the same manner as in Example 1. Hasurement results are shown in the
columns “Carboxy group introduction amount” and fiAity ligand introduction amount” of
Table 1, respectively.

[0109] 2. Evaluation of antibody adsorption capaaitd purification purity

Using the protein A-immobilized carboxylated carrithus prepared, the antibody
adsorption capacity and purification purity weraleated in the same manner as in Example
1, in accordance with the sections “Evaluation métbf antibody adsorption capacity” and
“Evaluation method of purification purity” descridbeabove. The evaluation results of the
antibody adsorption capacity and purification purdre shown in the columns “Antibody
adsorption capacity (evaluation)” and “Purificatigourity (evaluation)” of Table 1,
respectively.

[0110] [Comparative Example 5]

1. Preparation of affinity chromatography carrier

A protein A-immobilized carboxylated carrier wagpared in the same manner as in
Comparative Example 4, except that the crosslirdgalrose-based substrate was changed to
“Sepharose 4 Fast Flow” (manufactured by GE Heatth&mbH) at the time of preparing the
wet gel, and the amount of sodium chloroacetatd wses changed from 4.7 g to 9.3 g at the
time of preparing the carboxylated carrier.

Further, the carboxy group introduction amounths carboxylated carrier and the
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protein A introduction amount of the protein A-imbiized carboxylated carrier were
measured in the same manner as in Example 1. Hasurement results are shown in the
columns “Carboxy group introduction amount” and fiAity ligand introduction amount” of
Table 1, respectively.
[0111] 2. Evaluation of antibody adsorption capaeaind purification purity

Using the protein A-immobilized carboxylated carrthus prepared, the antibody
adsorption capacity and purification purity weralerated in the same manner as in Example
1, in accordance with the sections “Evaluation métbf antibody adsorption capacity” and
“Evaluation method of purification purity” descridbeabove. The evaluation results of the
antibody adsorption capacity and purification purre shown in the columns “Antibody
adsorption capacity (evaluation)” and “Purificatiogpurity (evaluation)” of Table 1,
respectively.
[0112] [Comparative Example 6]

1. Preparation of affinity chromatography carrier

As an affinity chromatography carrier, a proteinirdvroduced carrier “MabSelect
SuRe” (manufactured by GE Healthcare GmbH) (“MAB&ELT” is a registered trademark)
was prepared.
[0113] 2. Evaluation of antibody adsorption capaeind purification purity

Using the protein A-introduced carrier thus prepathe antibody adsorption capacity
and purification purity were evaluated in the sam&nner as in Example 1, in accordance
with the sections “Evaluation method of antibodysamgption capacity” and “Evaluation
method of purification purity” described above. eTlevaluation results of the antibody
adsorption capacity and purification purity are whan the columns “Antibody adsorption
capacity (evaluation)” and “Purification purity @wuation)” of Table 1, respectively.
[0114] [Comparative Example 7]

1. Preparation of affinity chromatography carrier

A methacrylate-based porous substrate, “TOYOPEARI-65F (manufactured by
Tosoh Corporation) (“TOYOPEARL” is a registereddemark) was washed on a glass filter
by repeating suspension and filtration using puatew thereby obtaining a substrate slurry.
The pure water was removed from the substrateyshyrisuction filtration to obtain a wet gel.

12 g of the obtained wet gel, 3.8 g of sodium widoetate and 24 mL of pure water
were placed in a 100 mL three-neck flask and sgrof the contents of the flask was started in

a warm bath at 50°C. Stirring was carried outluh& sodium chloroacetate was completely
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dissolved. After dissolution, 8.8 g of a 50% (w/@gueous sodium hydroxide solution was
added dropwise over 1 hour in a warm bath at 50~ewnaintaining the temperature in the
flask at about 50°C. After the whole amount of #uygieous sodium hydroxide solution was
added dropwise, the mixture was further reacted3fbours and washed on a glass filter by
repeating suspension and filtration using pure weteobtain a wet gel of the carboxylated
carrier.

Using the obtained carboxylated carrier, a profeimmobilized carboxylated carrier
was obtained in the same manner as in Example 1.
[0115] Further, the carboxy group introduction amioof the carboxylated carrier and the
protein A introduction amount of the protein A-imhilized carboxylated carrier were
measured in the same manner as in Example 1. Hasurement results are shown in the
columns “Carboxy group introduction amount” and fiAity ligand introduction amount” of
Table 1, respectively.
[0116] 2. Evaluation of antibody adsorption capaeind purification purity

Using the protein A-immobilized carboxylated carrthus prepared, the antibody
adsorption capacity and purification purity weraleated in the same manner as in Example
1, in accordance with the sections “Evaluation métbf antibody adsorption capacity” and
“Evaluation method of purification purity” descridbeabove. The evaluation results of the
antibody adsorption capacity and purification purre shown in the columns “Antibody
adsorption capacity (evaluation)” and “Purificatiogpurity (evaluation)” of Table 1,
respectively.
[0117] [Comparative Example 8]

1. Preparation of affinity chromatography carrier

A wet gel of the carboxylated carrier was obtaiitethe same manner as in Example

The obtained wet gel was used as an affinity clatography carrier.
[0118] Further, the hydrophilic polymer coating amband the carboxy group introduction
amount were measured in the same manner as in Exdmp The measurement results are
shown in the columns “Hydrophilic polymer coatingn@unt” and “Carboxy group
introduction amount” of Table 1, respectively.
[0119] 2. Evaluation of antibody adsorption capaeid purification purity

Using the carboxylated carrier thus prepared,ahiébody adsorption capacity and

purification purity were evaluated in the same nearas in Example 1, in accordance with the
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sections “Evaluation method of antibody adsorpta@pacity” and “Evaluation method of
purification purity” described above. The evaloatiresults of the antibody adsorption
capacity and purification purity are shown in th&unns “Antibody adsorption capacity
(evaluation)” and “Purification purity (evaluatidrgf Table 1, respectively.
[0120] [Reference Example 1]

1. Preparation of chromatography carrier

As a chromatography carrier, a sulfoxy group-idtreed carrier “CELLUFINE MAX
S-r" (manufactured by JNC Corporation) (“CELLUFINES a registered trademark) was
prepared.

[0121] 2. Evaluation of antibody adsorption capaaind purification purity

Using the sulfoxy group-introduced carrier thuggared, the antibody adsorption
capacity and purification purity were evaluatedactordance with the sections “Evaluation
method of antibody adsorption capacity” and “Evétwamethod of purification purity” to be
described later. The evaluation results of thébady adsorption capacity and purification
purity are shown in the columns “Antibody adsorpteapacity (evaluation)” and “Purification
purity (evaluation)” of Table 1, respectively.

[0122] 3. Measurement of sulfoxy group introductamount

In addition, the sulfoxy group introduction amouvds measured in accordance with
the section “Method for measuring carboxy groupodtiction amount” described above, and
the sulfoxy group introduction amount thus measuvad 150 mmol/L-gel.

[0123] 4. Evaluation method of antibody adsorptapacity

1 mL of a commercially available chromatographyriea was packed in a glass
column “TRICORN 10/20 column” (manufactured by GEdtthcare GmbH) (“TRICORN?” is
a registered trademark) which was then connectedctoromatographic system “AKTA avant
25" (manufactured by GE Healthcare GmbH) (“AKTAavairs a registered trademark),
followed by the measurement of antibody adsorptapacity.

After the column was equilibrated with an equéition solution (10 mM acetate
buffer, pH 4.7), 30 mL of a solution prepared byjuating a human IgG antibody
(Immunoglobulin G) to 5 mg/mL with standard buffdf0 mM acetate buffer, pH 4.7) was
added thereto at a flow rate of 0.42 mL/min. Aftesishing the column with 5 mL of a
post-loading washing solution (10 mM acetate bufp¢t 4.7) at the same flow rate, 30 mL
was allowed to flow at the same flow rate whiledyrally increasing the salt concentration
with an eluant 1 (20 mM phosphate buffer, pH 7@d an eluant 2 (20 mM phosphate buffer,



36

1 M NacCl, pH 7.4). Thereafter, 5 mL of a CIP smnt(0.1 M aqueous sodium hydroxide
solution) was allowed to flow at the same flow ratel then 5 mL of an equilibration solution
(20 mM phosphate buffer, 150 mM NacCl, pH 7.4) whewaed to flow at the same flow rate.
At this time, the antibody elution amount of thaeatk in each fraction was calculated from the
IgG elution peak obtained by monitoring the abspndeaat 280 nm. The amount of
antibodies eluted from the pre-elution washing sofuto the CIP solution was calculated as
the antibody adsorption capacity.

The antibody adsorption capacity was evaluate@das the antibody adsorption
capacity in the case where only a carboxy group@otkein A were introduced, according to
the following evaluation standards. That is, thékedy adsorption capacity was evaluated
based on Comparative Example 4.

Antibody adsorption capacity is 40% or more of tt@ndard Evaluation of
antibody adsorption capacity “A”

Antibody adsorption capacity is less than 40% lof standard  Evaluation of
antibody adsorption capacity “C”

[0124] 5. Evaluation method of purification purity

1 mL of a commercially available chromatographyriea was packed in a glass
column “TRICORN 10/20 column” (manufactured by GEaithcare GmbH) (“TRICORN” is
a registered trademark) which was then connectedctoromatographic system “AKTA avant
25" (manufactured by GE Healthcare GmbH) (“AKTAavais a registered trademark),
followed by the measurement of the amount of hedt mrotein (HCP) and the amount of
Immunoglobulin G (IgG) eluted from each fraction.

After the column was equilibrated with an equ#éitton solution (10 mM acetate
buffer, pH 4.7), an IgG/HCP mixed solution prepabgdising standard buffer (10 mM acetate
buffer, pH 4.7), so that IgG and HCP derived froi@lanese Hamster Ovary S (CHO-S) cell
were 1.6 mg/mL and 0.64 mg/mL, respectively, wadeddat a flow rate of 0.21 mL/min such
that an antibody amount of 80% of the antibody gutsmn capacity obtained in the above (1)
was loaded. Thereafter, 30 mL was allowed to fetwa flow rate of 0.42 mL/min while
gradually increasing the salt concentration withearant 1 (20 mM phosphate buffer, pH 7.4)
and an eluant 2 (20 mM phosphate buffer, 1 M Na®l,7.4). Thereafter, 5 mL of a CIP
solution (0.1 M aqueous sodium hydroxide solutiay allowed to flow at the same flow rate
and then 5 mL of an equilibration solution (20 mkibbpphate buffer, 150 mM NacCl, pH 7.4)

was allowed to flow at the same flow rate. At tise, the IgG elution amount of the eluate
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in each fraction was calculated from the IgG ehitipeak obtained by monitoring the
absorbance at 280 nm. The eluate of each fraetamrecovered and the amount of HCP of
the eluate in each fraction was calculated by ELL®fg a host cell protein detection kit
“CHO HCP 3rd Generation ELISA kit” (manufactured ®ygnus Technologies, Inc.).

Using the calculated 1IgG amount and HCP amounthefeluate, the purification
purity was calculated according to the followinguation in terms of HCP incorporation
amount in the eluate, that is, HCP amount per lg@unt in the eluate.

Purification purity (ppm) = HCP incorporation anmbu(ppm) = HCP amount of
eluate/lgG amount of eluate

The purification purity was evaluated based on ittmorporated amount of HCP
(ppm) in the case where only a carboxy group aotepr A were introduced, according to the
following evaluation standards. That is, the HG@€orporation amount was evaluated based
on Comparative Example 4.

HCP incorporation amount (ppm) decreased by 20%more Evaluation of
purification purity “A”

HCP incorporation amount (ppm) decreased by mioa@ 0% and less than 20%
Evaluation of purification purity “B”

HCP incorporation amount (ppm) did not decreas&valuation of purification

purity “C”
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Hydrlophilic Hydrophilic b Affinity ligand Antibody ad .
polymer . Carboxy group inity ligan ntibody adsorptio I .
Substrate Upper: type a?ﬁmnnf[rgoft'_g? introduction amount Affinity ligand introduction amounf| capacity Puzgt:;ﬂ(;r:ig#)nty
Lower: intrinsic gel] 9/g-ary [mmol/L-gel] [mmol/L-gel] (evaluation)
viscosity [dL/g ]
Sepharose 6 FF Dextran 70 .
(crosslinked agarose-based) 0.23 22 21 Protein A 0.16 A A
Sepharose 6 FF Dextran 70 .
] 0.19 A A
(crosslinked agarose-based) 0.23 22 19 Protein A
Sepharose 6 FF Dextran 70 . B
(crosslinked agarose-based) 0.23 22 54 Protein A 0.17 A
Sepharose 6 FF Dextran 70 . A
(crosslinked agarose-based) 0.23 209 21 Protein A 0.14 A
Examples Sepharose 4 FF Dextran 70 215 a3 Protein A 016 A A
(crosslinked agarose-based) 0.23 )
Sepharose 4 FF Dextran 40 . A
(crosslinked agarose-based) 0.17 156 32 Protein A 019 A
Sepharose 4 FF Dextran 19 . B
(crosslinked agarose-based) 0.12 96 29 Protein A 020 A
TOYOPEARL HW-65F Dextran 40 .
. B
(methacrylate-based) 0.17 37 29 Protein A 013 A
Sepharose 6 FF Dextran 70 . A
(crosslinked agarose-based) 0.23 22 1 Protein A 0.10 c
Sepharose 6 FF Dextran 70 . c
(crosslinked agarose-based) 0.23 22 84 Protein A 0.18 A
Sepharose 6 FF Dextran 70 ) . c
(crosslinked agarose-based) 0.23 22 Protein A 013 A
Sepharose 6 FF - ) . A c
Comparative (crosslinked agarose-based) - 18 Protein A 0.17
Examples Sepharose 4 FF - ) 26 Protein A 017 A c
(crosslinked agarose-based) - )
MabSelect SuRe (crosslinked - ) ) Protein A Not shown A c
lagarose-based) - (alkali-resistant)
TOYOPEARL HW-65F . - 35 Protein A 0.10 A C
(methacrylate-based) -
Sepharose 6 FF Dextran 70 ) i c
(crosslinked agarose-based) 0.23 22 21 c
CELLUFINE MAX S-r Dextran (150) ) ) c
Reference Examplil (crosslinked cellulose-based) Not shown Not shown (sulfoxy group) A
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[0126] <Explanation of results>

Each of the affinity chromatography carriers ofaBwples 1 to 8 was evaluated as
having antibody adsorption capacity and purificatfurity of “B” or higher, and exhibited
excellent antibody adsorption capacity and excefpemification purity.

On the other hand, in Comparative Examples 1 tat8east one of the antibody
adsorption capacity or purification purity was exsted as “C”, and at least one of the
antibody adsorption capacity or purification pumgs inferior.

[0127] In addition, in the case of comparing Exaenplwith Example 8, the purification purity
in Example 6 in which the substrate is crosslinkemirose-based was evaluated as “A”,
whereas the purification purity in Examples 8 inieththe substrate was methacrylate-based
was evaluated as “B”, and it was therefore suggetiat the purification purity in the case of
the crosslinked agarose-based substrate was suptyiothat in the case of the
methacrylate-based substrate. In Examples 1 amavhich the hydrophilic polymer coating
amounts were greatly different from each other, phoeification purity in both cases was
evaluated as “A”. Therefore, it is considered tttz¢ reason why the evaluation of the
purification purity differs between Example 6 ardhEple 8 is due to whether the substrate is

crosslinked agarose-based (Example 6) or methaerplsed (Example 8).
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WHAT ISCLAIMED IS

1. An affinity chromatography carrier, comprising:

a substrate;

a hydrophilic polymer; and

an affinity ligand, wherein

the substrate is comprised of at least one seldcten the group consisting of a
polysaccharide, an acrylate-based polymer, a metladée-based polymer and a styrene-based
polymer,

the hydrophilic polymer is at least one selecteamf the group consisting of
hydrophilic polysaccharides,

the affinity ligand is at least one selected frdahe group consisting of an
antibody-binding protein and an antibody-bindindypeptide,

a carboxy group is introduced into the affinityaimatography carrier, and

the amount of the carboxy group introduced is XBoii-gel to 60 mmol/L-gel in

terms of ion exchange capacity.

2. The affinity chromatography carrier accordirgy dlaim 1, wherein the hydrophilic

polymer has an intrinsic viscosity of 0.10 dL/gnoore.

3. The affinity chromatography carrier accordirgy dlaim 1 or 2, wherein the coating

amount of the hydrophilic polymer is 3 mg/g-dry ¢@b00 mg/g-dry gel.

4. The affinity chromatography carrier accordingany one of claims 1 to 3, wherein the
substrate is comprised of at least one selected fhe group consisting of a polysaccharide,

an acrylate-based polymer and a methacrylate-hasgcher.

5. The affinity chromatography carrier accordimgany one of claims 1 to 4, wherein the
hydrophilic polymer is at least one selected frohe tgroup consisting of dextran,

carboxymethyl dextran and pullulan.

6. The affinity chromatography carrier accordimgany one of claims 1 to 5, wherein the

substrate is a porous patrticle.
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7. The affinity chromatography carrier accordingany one of claims 1 to 6, wherein the

affinity ligand undergoes an antigen-antibody rigactvith an antibody.

8. The affinity chromatography carrier accordingany one of claims 1 to 7, wherein the

affinity ligand is protein A or a variant thereof.

9. The affinity chromatography carrier accordingany one of claims 1 to 8, wherein the
substrate is comprised of at least one selected fn@ group consisting of cellulose, agarose,
dextran, chitosan, glucomannan, and a crosslinkégsgccharide obtained by introducing a
crosslinked structure thereinto,

the hydrophilic polymer is at least one hydroghpiolysaccharide selected from the
group consisting of dextran, carboxymethyl dextad pullulan,

the intrinsic viscosity of the hydrophilic polysdaride is 0.12 dL/g to 0.30 dL/g,

the coating amount of the hydrophilic polymer & rhg/g-dry gel to 240 mg/g-dry
gel,

the amount of the carboxy group introduced is Thohi-gel to 55 mmol/L-gel in
terms of ion exchange capacity,

the affinity ligand is protein A or a variant tleef, and

the amount of the affinity ligand introduced i@ mmol/L-gel to 1.0 mmol/L-gel.

10. The affinity chromatography carrier accordiogany one of claims 1 to 8, wherein the
substrate is comprised of at least one selected the group consisting of an acrylate-based
polymer and a methacrylate-based polymer,

the hydrophilic polymer is at least one hydromhpiolysaccharide selected from the
group consisting of dextran, carboxymethyl dext&ad pullulan,

the intrinsic viscosity of the hydrophilic polysdaride is 0.12 dL/g to 0.30 dL/g,

the coating amount of the hydrophilic polymer & rhg/g-dry gel to 240 mg/g-dry
gel,

the amount of the carboxy group introduced is XBoii-gel to 55 mmol/L-gel in
terms of ion exchange capacity,

the affinity ligand is protein A or a variant tieef, and

the amount of the affinity ligand introduced i @mmol/L-gel to 1.0 mmol/L-gel.
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11. A purification method for purifying a biologit substance using the affinity

chromatography carrier according to any one ohtéal to 10.

12. The purification method according to claim wherein the pH at the time of adding the

biological substance is 5.0 to 9.0.

13. The purification method according to claim dil12, wherein the pH at the time of

eluting the biological substance is 2.0 to 5.0.

14. The purification method according to any ohelaims 11 to 13, wherein the biological

substance is an antibody or an antibody derivative.



