DESCRIPTION
TITLE OF THE INVENTION: MIXED-MODE ANTIBODY AFPFINITY SEPARATION
MATRIX AND PURIFICATION METHOD USING THE SAME, AND THE TARGET

MOLECULES

TECHNICAL FIELD
0001 ]

The present invention relates to an affinity separatiocn
matrix for specifically purifving a target molecule, especially
relates to a novel mixed mode antibody affinity separation matrix
in which an affinity ligand and another ligand can simultanecusly
or continucusly function on a single matrix, a purification method

using the separation matrix, and a target molecule.

BACKGROUND ART
[0002]

An affinity ligand has a function of specifically binding to
a particular molecule, and an affinity separation matrix prepared
by immobilizing the ligand to a water—insoluble carrier is utilized
for efficient separation and purification of a useful substance
from biological components or recombinant cells including
microorganisms and mamnmalians. An industrislliy utilized antibody
affinity ligand includes, for example, a peptide ligand or a protein
ligand derived from a microorganism such as protein A, protein G
and protein L or consisted of a functional wvariant (analog
substance) obtained by recombinant technology thereof; a
recombinant protein ligand such as & camel single strand antibody
and an Fc receptor of an antibody; and a chemosynthetic ligand such
as a thiarole derivative. The antibody affinity ligand is used in

purification of an antibody drug and the like. Since the antibody
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preparaticon has lower toxicity and higher specificity than
chemicals, there is much demand for an antibody drug as an ideal
pharmaceutical.
r0063i

A monoclonal antibedy as active pharmaceutical ingredients
of an antibody drug is mainly expressed in a culture fluid as a
recombinant protein using a mammalian cultured cell or the like,
and purified to a high purity by several steps of chromatography
and filtration process before formulation. An antibody drug
includes not only a molecule generally called an antiboedy such as
immunoglobulin G and an analog thereof, but alsc an Fo fusion protein
(Fc-containing molecule} in which an Fc region of a constant region
of an immuncglobulinmolecule is fused to another functicnal protein
or peptide. Antibody drugs are also prepared by purifying and
formulating from recombinant microorganisms, secreted substances
in the culture supernatant, or expressed substances in bacterial
cell or periplasmic space.
[0004]

Impurities such as aggregates ¢f antibodies (a dimeric and
multiple form of a monomer} which are formed or remains in the steps
of culture, purification and formulation is a major cause of side
effects, and it i1s an important issue to reduce the impurities on
production of an antibedy preparaticn. Here, a moncmer is defined
as a unit of a molecule of an an&ibody having a tetramer structure
composed of two molecules of heavy chains (H chains) consisting
of an Fc region of a constant region, and a variable region, and
two molecules of light chains (L chains} consisting of a variable
region. Amultimer of theunitmolecules is regarded as an aggregate,
and thought to be a major cause of side effects of an antibody

.preparation.



[000%]

Attempts to control suppression of production of the
aggregate and remove the aggregate have been made by a complicated
management technigue and use of an additive in the steps of culture,
purificaticn and formulation. Especially, nct only suppression of
production of the aggregate, but alsc removal of the aggregate is
important in the purification step. Thus, development of a simple
and efficient technique for removing the aggregate has been reguired
in the purification step.

[0006]

Patterning of purification techniques by combining
particular unit coperations {(making of a platform) is developed in
the purification step of the antibody preparation. In the early
purification step (recovery step), an antibody affinity separation
matrix in which protein A is immobilized as a ligand on a
water-inscluble carrier (protein A carrier) 1s widely utilized.
A technique of adsorbing an antibody to the protein A carrier under
neutral conditions, and eluting the antibody under acidic
conditions is generally used. However, in the elution process, the
antibody subjected to the acidic conditions tends to be denatured
and form an aggrsegate. In general, impurities such as an aggregate
are removed by a combination of ion exchange chromatography,
hydropheckic interacticon chromatography and the like, in the
subseguent step of protein A chromatography step (Nen-patent
Document 1, Non-patent Document 2, Non-patent Document 3, Patent
Document 5) .

[0007]

Howevey, after protein A chromatography step, high content

of the aggraegate is resulted in lowering of yield of the obhjective

moncmeric substance (monomer) in Lhe subseguent step of removing
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impurities. Thus, not only suppression of formaticn of an
aggregate, but also removal of an aggregate is studied in the protein
A chromatography step.

[0008]

The protein A chromatography step 1s generally carried out
with acidic elution. However, since the lower the elution pH is,
the more the risk of formation of an aggregate 1s, the protein A
ligand is modified by means of protein engineering, so that the
antibody which requires pH elution as low as about pH 3 ¢an alsc
e elutad near pH 3.5 to 4 (Patent Document 1).

[00G9]

In addition, amethod for improving resolution of an aggregate
from monomer fracticon is examined in the protein A chromatography
step. That is to say, optimization of pH and ionic strength at the
time of elution, as well as fractionation of the first half of the
elution peak and the second half of the 2lution peak, and the like
are proposed. Concretely, there are methods utilizing slight
decrease cof dissociation constant by contacting an antibody
molecule polymerizedwith a protein A ligand with probability higher
than that of an antibody molecule which is not polymerized as a
characteristic of the protein A carrier, and utilizing separation
mechanisms based on delicate adjustment of hydrophobicity (Patent
Document 2, Patent Document 2, Patent Document 4). However, since
‘these methods are difficult to be strictly controlled and have low
resolutiocn, these methods are not used as a general separation
technique 1in production of antibody drug.

[0010]

As described above, although the antibody affinity separation

matrix exhibits high specificity to an antibody and is capable of

improving the purity, the ability of separating a monomeric
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substance (monomer) and an aggregate is low even 1f the usage is
strictly set. Thus, the antibody affinity separation matrix had

limitation for removing an aggregate.

PRIOR ART
PATENT DOCUMENT

[0011]

et

Patent Document JP 4391830

Patent Document 2: WC 2008/085988

Patent Document 3: JP 2010-507583

Patent Document 4: WO 2010/019493

Patent Document 5: WO 2010/141039
NON-PATENT DCCUMENT |
(0012}

Non-Patent Document 1: beer:S.et,al.,LF.Chromatogr;E% 2007,

Vol.848, pages 40-47

Non-Patent Document 2: Low D. et al., J. Chromatogr. B, 2007,
Vol.848, pages 48-63

Non-Patent Document 3: Rogue A. C. A. et al., J. Chromatogr.

A, 2007, Vol.11l60, pages 44-55

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0013]

An object of the present invention is to provide a novel
separation material which can, in a first chromatography step of
a process fozr puﬁifying an antibody or an Fc¢-containing target
molecule, improve the purity of the antibody as the main target
substance of the affinity purification, and can also improve the

selective separation properties of monomers, and can reduce the

5



burden on a subsequent impurity removal step with respect to the
removal of impurities such as aggregates, and a separation technique

therecf.

SOLUTIONS TO THE PROBLEMS
[0014]

‘As a result of intensive investigation from the viewpoint of
the problems, the inventor found that each of an antibody affinity
ligand and a cation exchange group (cation exchange ligand)
concertedly acts by immobilizing both of the ligands on a
water—insoluble carrier, thereby obtaining a separation matrix
having both an adsorption abkility specific to an Fe-~containing
target nolecule such as an antibody and an excellent ability of
removing impurities such as aggf@gates, to complete the present
invention.

[G015]

Specifically, the mixed mode antibody affinity separation
matrix of the present inventiocn is a mixed mode antibody affinity
separation matrix comprising an antibody affinity ligand and a
cation exchange group on a single separation matrix.

[001e?

The dynamic binding capacity of the cation exchange group
under the condition of elution pl for a target molecule is preferably
not more than two times of the dynamic binding capacity of the
antibody affinity ligand under the condition of neutral pH.
[0017]

Further, it is preferable that the cation exchange group is
attached tc a separation matrix comprising an antibody affinity
ligand.

10018]



Tt is preferable that the antibody affinity ligand is attached

o

to a separation matrix comprising a cation exchange group.
[0019]

t is preferable that the antibody affinity ligand is at least
one selected fromprotein A, protein G, protein L, protein H, protein
D, protein Arp, protein FcyR, a synthetic ligand for binding an
antibody and an analog thereof.-

It is preferable that the antibody affinity ligand is at least
one selected from protein A, protein G, protein L and an analog
thereot.

[0020]

In addition, it is preferable that the antibody affinity
ligand is at least one selected from protein A and an analog thereof.
[0021]

It is preferable that the caticon exchange group is a ligand
comprising at least one selected from a carboxvyl group and a sulfate
group.

[0022]

It is preferable that a base material_of a water-insoluble
carrier of the separation matrix is made from at least one selected
from carbohydrate and derivatives therecf, synthetic polymers and
glass.

It is preferable that the structure of the base material of
the separation matrix is a porous bead, monolith or membrane.
[0023]

Further, the present invention is a method for purifving a
target melecule using the mixed mode antibody affinity separation
matrix.

[ocz4a]
The elutlion pH of the target moleculs is preferably 6 or less,
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and the elution pH of the target molecule is preferably 2 or more.
The target molecule i1s preferably immunoglcbulin G,
immunoglobulin G derivative, or Fc-contalning molecule.
[0025]
Tn addition, the present invention is a target molecule

purified with the method of the present invention.

EFFECTS OF THE INVENTION
[0C26]

According to the present invention, in the first affinity
chromatography step of a process for purifving an Fec-containing
target molecule such as an antibody, the antibody as the main target
substance of.the affinity purification can be purified at high
purity, the selective geparation properties of monomers can also
be improvead; and the burden on a subseguent inmpurity removal step

can be reduced.

MODE FOR CARRYING 0OUT THE IRNVENTION
[0027]

The mixed mode antibody affinity separation matrix of the
presentinventionjfscharacterizedjjltha;bothau1antibodyaffinity
ligand and a caticn exchange group are immobilized to a.separation
matrix (herein also referred to as a walter-insoluble carrier or
a carrier) via a covalent bond.

[0028]

Since the present invention 1s a mixed mode antibody'éffinity
separation matrix comprising an antibody affinity ligand and a
cation exchange group on a water—insoluble carrier, the mixed mode
antibody affinity separation matrix of the present invention can

be prepared using a sseparation matrix on which one of the antibody
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affinity ligand and the caticn exchange group 1s previously
immobilized. That is to say, a cation exchange group can be
introduced to a separation matrix containing an antibody affinity
ligand, or an antibody affinity ligand can be immcbilized to a
separation matrix containing a cation exchange group.
Alternatively, both the antibody affinity ligand and the cation
exchange group can be simultaneously immobilized To a
water—insoluble carrier.

[0029]

The antibody. affinity ligand, the cation exchange group, the
water~insoluble carrier, binding {(immobilization) of the antibody
affinity 1iqand and fhe cation exchange group toe the carrier, and
the 1like in the present inventicon will be explained in detail below.
[0020]

The "antibody affinity ligand"™ in the present invention
indicates a substance which selectively collects.(binds) a target
(objective) molecule from a certain group of molecules on the basis
of affinity between specific molecules represented by a bond of
an antigen and an antibody.

[0031]

The antibody affinity ligand which can be used in the present
invention ig not specifically limited, so long as the substance
has a characteristic capable of specifically binding to an antibody
or an Fc—ccntainihg molecule of a constant region of an antibody,
as a target molecule. The antibody affinity ligand is pr@f@rabiy
a peptide ligand, a protein ligand, or a chemosynthetic ligand
{synthesized compound). From the viewpoint of specificity to a
target molecule, a peptide ligand or a protein ligand is further
preferable. Among them, it 1s especially preferable that the

antibody affinity ligand is protein A, protein G, protein L, protein
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H, protein D, protein Arp, protein FoyR, a synthetic peptide ligand
for binding an antibody and an analog substance thereof. The
antibody affinity ligand is more preferably protein A, protein G,
protein L and an analog substance thereof, and the antibody affinity
ligand is most preferably protein A and an analog substance thereof.
The antibody affinity ligand is not specifically limited, so long
as the substance has a target molecule-binding domain {(a monomer
peptide or protein, a single domain). It is preferable that the
aptibody affinity ligand is & polymer péptide or a protein linked
with preferably two or more domains (multiple domains), more
preferably 2 to 10 domains, 2 to 8 domains, and further preferably
2 to 6 domains. It is @sp@cially preferable that the antibody
arfinity ligand is a polymer protein linked with 3 to & domains.
The polymer protein may be a homopolymer such as a homodimer and
a homotrimer which is a linked body ofa single target
molecule-binding domain. The polymer protein may be a
heteropolymer such as a heterodimer and a heterotrimer which is
a linked body of plural kinds of target molecule-binding domains
so long as the target molecules are identical.
100321

As a method for linking the target molecule-binding domains
of the antibody affinity ligand of the present invention, a method
of not destabilizing a three~dimensional structure of the polymer
poroteln is preferable. The method includes, but not limited to,
for example, amethod of 1inking the target molecule-binding domains
via a terminal amino acid of the domain sequence, amethod of linking
the target molecule—biﬁdinq domains not via an amino acid residue
of the domain sequence, 0r a method~of'linking the target
molecule~binding domains via amino acid residues other than one

or plural domain sequences,
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{0033]

As the antibody affinity ligand of the present invention, a
fusion protein in which a polymer protein as one component is fused
to another protein having a different function can be preferably
used. Examples of the fusion protein may include, but not limited
to, a protein to which albumin or GST {glutathicne S-transferase)
are fused, and a protein to which a nucleic acid such as a DNA aptamer,
a drug such as an antibiotic, and a macromolecule such as ?EG
(polyethyiene glycol) are fused.

[0034]

In the present invention, the “cation exchange group” can
function as a catiocn exchange group to capture a target molecule
under conditions that an antibody or a Feo-containing melecule of
a target molecule is eluted (released) from an antibody affinity
ligand. Also, the “cation exchange group” can function as a catlion
exchange group to elute a monomer and an aggregate of the farget
moclecule in this order in the manner dependent on ionic strength
py a counter ion such as sodium ion or potassium ion. For example,
the cation exchange group includes a carboxyl group and a sulfate
group. It is preferable to prevent the formation of locally acidic
environments in the range of the elution pH of the target molecule
from the antibody affinity ligand. It ispreferable that the cation
exchange group 1s a mildly acidic group. For example, in the case
where protein A is used in the antikbody affinity ligand, it is
preferable that the cation exchange group 1s & carboxyl group.
[0035]

A “water—-inscluble carrier” used in the present invention is
a carrier made of water-insoluble base material, and 1s not
particularly limited so long as the antibody affinity ligand and

the cation exchange group are immobilized on the carrier. The
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water—-inscluble carrier includes inorganic carriers such as glass
beads and silica gel; organic carriers such as synthetic polymers
including cross~linked polyvinyl alcohol, cross-linked
polyacrylate, cross—linked polyacrylamide, cross-1linked
polystyrene and polysaccharides including crystalline cellulose,
cross—linked cellulose, cross—linked agarcse, cross-linked
dextran; and composite carriers of combinations of these carriers
such as orqanic—organic composite carrier and organic-inorganic
composite carrier. Examples of commercial products thereof can
include GCL 2000 (porous cellulose gel}, Sephacryl S$-1000
(covalently cross-linked copolymer of allyl dextran and methylene
bis acrylamide), Tovopearl (acrvylate carrier), Sepharose CL4B or
Rapid Run Agarose Beads (cross-—liinked agarose carrier), Cellufine
{cross—linked cellulose carrier)y and the like. The
water-insoluble céfrier can be classified intoc carbohydrate and
derivatives thereof, synthetic polymers, glass and the 1ike. These
carriers can be appropriately combined.

[0036]

In addition, the water-insoluble carrier used in the present
invention has desirably a large surface area and is preferably a
porous matrix having a large number of fine pores with a suitébl@
size for target antibody molecules and the like, from the viewpoint
of productivity to be treated per unit time. The carrier may be
any form such as bead, monolith, fiber, or membrane (including
hollow fiber), and the carrier can be selected from any form of
these. The water-insoluble carrier is preferably a porous bead,
monoliith, or membrane. The water-insoluble carrier is especially
preferably a porous bead because the separation matrix can
effectively functiocn by concertedly working the antibody affinity

ligand and the cation exchange group arranged on the water—-insoluble
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cerrier, causing proximity of physical distance between the
antibody affinity ligand and the cation exchange group, and
chtaining a given retention time. When the cation exchange group
is immobilized on the carrier to which the antibody affinity ligand
is fixed, a carrier made of polysaccharides or modified with
monosaccharides or polysaccharides is preferable from the viewpoint
of easy of introduction of the antibody affinity ililgand.
Concretely, the carrier 1s not particularly limited, and is
preferably an agarose carrier and a cellulose carrier.

[0037]

As a method for immebilizing the antibody affinity ligand to
the separation matrix, a general method can be used. For example,
an amino group of the antibody affinity 1igand may bind to a carrier
via a formyI group introduced on the carrier, and an amino group
of the antibody affinity ligand may bind to a carrier via an
activated carboxvl group on the carrier. In additicn, these
water-inscluble carriers are activated so that the ligand can
covalently bind to the carrier before introduction of the antibody
affinity ligand. A commercially available activated carrier may
be used, and activation may be carried cut by an operator
himself/herself.

[0038]

A functional group introduced to the water~ingscluble carrier
by activaticn is not specifically limited, so long as the functional
group can form a covalent bond with the antibody affinity ligand.
Examples of the functional group may include a reactive functional
group {"activating group") such as an epoxy group (epichlorohydrin),
a hydroxy group activated by cyanogen promide, N,N~-disuccinimidyl
carbeonate (DSC) and the like, an aldehyde group or an activated

carboxyllic acid group (for example, N-hydroxysuccinimide (NES)
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ester, carbonyldiimidazole (CDI) activated ester), and the like
(Hermanscn G.T. et al, "Immcbilized Affinity Ligand Techniques,
Academic Press'", 1992, US 5,874,165, US 3,932,557, Us 4,772,653,
Us 4,210,723, US 5,250,613, EP 13 52857, WO 2004/074471). These
functional groups include a functioconal group in which the antibody
affinity ligand directly, covalently binds to the carrier, and a
functional group in which a linear, branched, or cyclic linker or
spacer 1s used. Moreover, when the carrier to which the antibody
affinity ligand is introduced is activated, it is preferably
activated by the technique in which the activated group directly
dbes net react to the ligand.

10039

As a method for immobilizing & protein ligandg among the
antipody affinity iigands to the carrier, a method for reacting
a part of the functicnal group of the @rot@in with a part of the
functional group of the carrier can be used. Examples of the major
functional group in the protein which can be utilized for the
reaction {activating group) may include, but not limited to,
N-terminal amino acid and an aminc group of a lysine (Lys) side
chain, or a thiol group of a cysteine (Cys) side chain, or C-ferminal
amino acid and carboxyl groups of a glutamic acid (Glu)} side chain
and an aspartic acid {(Asp; side chain.

(0040}

In addition, as a method for immobilizing the proteinous
antibody affinity ligand to the water-insoluble carrier by
céntrolling the orientation of the ligand, a method of utilizing
protein A having cysteine at the C-terminus is proposed (US
6,39%,750, Lyjungquist C. et al., "Eur. J. Biochem.™ 1989, Vol. 186,
p. BE7-561).

Examples of immobilization techniques utilizing a linker may
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include not oniv a methed of ensuring the distance between the
carrier and the ligand to exclude the steric hindrance aiming at
provision of high performance, but also a method of giving and
forming a functional group (for example, a charged amine) in a linker
or a spacer. Improvement of separation performance by improvement
of dmmebilization yield by effectively accumulating the ligand in
the portion of a linker or a spacer at the time of immobilization
of the antibody affinity ligand has been examined. For example,
the immeobilization technigue includes an immobilization technigue
of a protein ligand fo an agarose carrier derivatized by an
NHS-activated carbeoxyvlicacidas apart of a linker arm (US 5,280,373,
JP2010~-133733, JPZ010-133734).

In addition, a methced for separately immebilizing an antibody
affinity ligend on a water-inscluble carrier by utilizing an
assoclative group on the carrier besides a linker or a spacer in
which the antibody affinity ligand is accumulated on a carrier
without forming a covalent bond between the associative group and
the antibody affinity ligand is alsco proposed (JP2011-256176) :

As a technigue to immobilize or introduce a cation.éxchange
group to a water-insoluble carrier, when the caticn exchange group
ig introduced before immobilization of the antibody affinity Ligand,
a technique used for production of a cation exchanger can be usually
utilized. For example, a technigque to introduce a carboxymethyl
group to a sugar skeleton includes, but rnot limited to, & method
of making monochloroacétic acld react under aikaline conditions,
andeamethodcﬁfintroduciﬁgzisulfategﬁxngaincludes,butzuﬁ:limited
to, amethod of making sulfuric acid react under alkaline conditions.
It is also possible to introduce & carboxyl group by introducing
an actlve group which reacts with an amino group on a water-insolublie

carrier, and immobilizing an amince acid via an amino group of the
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amino acid.
[0041]

When the cation exchange group is introduced after
introduction of the antibody affinity ligand, it is preferable to
select a technigue of minimizing decrease of activity of the
antibody affinity ligand. For example, a cation exchange group can
be introduced from covalent binding due tec reductive amination of
the aldehyde grouﬁ and the ahinc>group>on the carrier, by activating
the carrier from reaction of sodium periodate.with a diol group
present in or introduced to the water-insoluble carrier to introduce
an aldehyde group, and adding a molecule having an amino group and
a cation exchange group in a single molecule, and carrying out
reduction treatment after formation of an imine. A method for
introducing a carboxyl group cof an amino acid is preferabkle as a
method of preparing a material of a separation matrix for antibody
purification, from the viewpoint of toxicity in a case where the
ligand is leached.

[0042]

The antibody affinity ligand and the cation exchange group
can also be CQﬂtiHUOUSly or simultanecusly introduced to the
water—-insoluble carrier. For example, the carrier is activated by
reacting sodium periodate to a dicl group present in or introduced
to the water-inscluble carrier to introduce an aldehyde group.
When adding and immobiiizing the antibody affinity ligand,ﬁhereto,
a molecule such as an amino acid having an amino group and a cation
exchange group in a single molecule is continuously or |
simultaneously added together. Thus, the antibody affinity ligand
and the cation exchange group can be individually introduced to
individual aldehyde groups on the water-insoluble carrier by

reductive amination.
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[0043]

The cation exchange group may be directly immobilized to the
water~inscluble carrier, and may be indirectly immobilized via a
spacer, linker and the like. In additicn, so long as the cation
exchange group can function as a catiocn exchanger under acidic pH
conditions that a target molecule is sluted (released) from the
antibody affinity ligand, the cation exchange group, the spacer
or the linker may include a functicnal group having other functions,
and the molecular shape thereof is alsc not particularly limited.
[0044]

The present inventicn 1s a mixed mode antibody affinity
separation matrix in which both an antibody affinity ligand and
a cation exchange group are immobilized on a carrier composed of
awater-insoluble base material via a covalent bond., The mixed mode
antibody affinity separation matrix is characterized in that the
separation matrix has exéelleﬁt resolution (for example,
Sélectivity of a monomeric substance, removal performance of an
aggregate) due to concerted actions of each separation function
"by combining different separation functions.

(00457

As representative examples of the first Chromatoéraphy and
the second chromatography utilized in the purification platform
process of an antibody preparation, for example, a combination of
protein A chromatography and cation chromatography is used.
[0046]

in the first chromatography, the ability of separating a
monomeric substance and an aggregate by pﬁotein A chromatography
used is low, and robustness of the separation is also poor. Thué,
in general, elution conditions that High recovery rate can be

obtained by minimlizing degeneration and aggregation of an antibody
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or an Fc-contalning melecule as a target molecule are salected,
and removal of the impurity such as the aggregate and the like is
carried out in the subseguent processes.

[0047]

As the second chromatoegraphy, when cation exchange
chromatography is selected, the aggregate and other contaminants
are generally removeciby'adsorption.and.desorption.mode. However,
in this chromatography, the eluate from the protein A carrier is
required to adjust to pH and iconic strength appropriate for
adsorption of cation exchange chromatography. Additionally, the
ability for separating impurity such as the aggregate and the like
depends on a lead amount. When separation is prioritized, the load
amount is restricted. Thus, while there are a wide wvariety of’
controlling factors, efficient separation of the impurity such as
the aggregate is not necessarily possible.

[0048]

Cn the other hand, when the mixed mode antibody affinity
separation matrix of the preéent invention is used, an excellent
geparation characteristic is exhibited by concerted functions
possessed by both the antibody affinity ligand and the cation
exchange group to separate the monomer.and the impurity such as
the aggregate. Additionally, two steps of the chromatography
operations can be shortened Lo one step, and reduction of the kinds
and the amount of the buffer to be used, and shortening of working
hours can be expected.

[0049]

In addition, the mixed mode antibody affinity separation
matrix of the present invention can give an elution fracticon having
high content of monomeric substances by setting ¢of a narrow pH range

(preferably pH 3 to 4, more preferably pH 3.1 to 3.9, further
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preferably pH 3.2 tc 3.8) at which the target molecule is eliuted
from the antibody affinity ligand and an ionic strength {preferably
10 to 300 mM, more preferably 15 to 400 mM, further preferably 20
to 350 mM, "stepwise elution” wherein two or more kinds of salt
concentrations which increase gradually in the range are used, or
"gradient elution" wherein a salt concentration which gradiently
increases in the range is used). Especially in purification of a
monoclonal antibody, since the elution vH is significantly
separated from the isoelectric point of the target molecule, there
is no significant difference in the range of the elution ionic
strength of each antibody. Thus, i1t is possible to set conditions
of various target molecules in a narrow range. Furthermore, when
modified protein A ligand is used as the antibody affinity ligand,
the elution pH range can be set to be further narrower range, and
effective washing is also possible due to use of alkaline CIP
{cleaning in place; staticnary washing). Thus, utilizaticon of
modified protein A is preferable from the viewpoint of construction

of a robust process.

A geparation matrix using a synthesized compound containing
an ion exchange group and a hydrophobic group as a ligand, which
is generally used as a mixed mode separation matrix, not only has
different setting of conditions for each target molecule depending
ondifference in hydrophobicity and iscelectricpoint, and the 1ike,
but also bés low specificity, even if the Larget molecule is a
monoclonal antibody. Thus, it ig difficult to make a platform as
a recovery step.

[0051]
On the other hand, the mixed mode antibody affinity separation

matrix of the present invention can not only exhibit high
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specificity with the antibedy affinity ligand at the time of
adsorption, but also easily set condiftions thereof by setting ionic
strength in the range of the elutiocon conditions of the antibody
affinity ligand. Thus, the mixedmode antibody affinity separation
matrix of the present invention is more excellent than an existing
mixed mode separation matrix.

[0052]

More concretely, in the mixed mode antibody affinity
separation matrix of the present invention, when a target molecule
such as an antibody 15 adsorbed arcund neutral pH, it is preferable
to add a counter ion of the cation exchange group at a certain
concentration or higher. Thus, the cation exchange group does not
work under the conditions. In addition, if the cation exchange
group works, a nonspecific adsorbate dérived from the cation
exchange group can be washed and removed with a solution having
further higher ionic strength. 0On the other hand, the ionic
strength dees not inhibit adsorption of the antibodyaffinity ligand,
and enables adsorption of an objective substance with high
specificity. Additionally, a molecule which nonspecifically
adsorbs to the base material, the linker, the spacer, the ligand
and the target molecule can be effectively washed and removed by
use cof a washing fluid having high ionic strength.

[0053]

In general, the mixed mode antibody affinity separation
matrix can show high specificity for a recombinant monoclonal
antibody which is expressed in a culture supernatant because it
contains an lonic strength close to that of a body fluid of a human
and the like, even 1f directly subjected to the separation matrix
of the present invention. Additionaily, a contaminant can be

further reduced by a washing fluid having a higher ionic strencth.
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[0054]

Moreover, a method for improving immobilization rate of
ligands by noncovalently and effectively accumulating an antibeody
affinity ligand on a carrier of a base matrix using an ion exchange
group or a hydrophebic functional group at the time of
immeobilization of the ligand to a separation matrix is known
(JP2011-256176). This method 1s essentially different from the
present invention in that (1) the ability of separating impurity
such as an aggregate and the like is not improved; clearly
distinguished from the present invention in principle of
preparation in that (2) a cation exchange group of the other ligand
of the present invention is not utilized in accumulation of the
antibody affinity ligand on the carrier of the base matrix; and
clearly distinguished also in terms of the function in that (3)
the separation matrix of the present invention has sxcellent
separation characteristics for impurity such as an aggregate.
[0055]

The mixed mode antibody affinity separation matrix of the
present invention can also be prepared by additionally introducing
a cation exchange group on an antibody affinity carrier to which
the éntibody affinity ligand is immobilized. The mixed mode
antibody affinity separation matrix of the present invention is
characterized in that a desired ion exchange group can be introduced
independently of immobilization of the antibody affinity ligand.
[005¢]

In addition, a method of introducing an antibody affinity
liganq to an NHS-activated carrier i1s generally known. However,
since} safter introducing a protein ligénd inte a carboxyl group
activated by NHS, the carboxyl group is usually inactivated by

reaction of the carboxyl group with an amine and the like, there
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is no case example to utilize the function of the carbogyl group
on purpose. Therefore, this general method is clearly
distinguished from the present invention introducing a cation
exchange group on purpose. In the present inventioﬁf a cation
exchange group may be introduced either before or after introduction
of the antibody affinity ligand, and the method of introducing the
ligand is alsco not limited to the carboxyl group activated by NHS
and the like. |
(005773

A technique to efficiently introduce a carboxyl.group to a
water-insoluble carrier and a technigque to prepare an antibody
affinity separation matrizx using a carrier of which introduced
carboxyl group is activatéd are disclosed (JP2010-133733,
JP2010-133734) . However, the technigue subsequent to NHS
activation is the same as a known method for immobilizingan affinity
ligand using any known NHS-activated carrier. The present
invention provides a novel mixed mode antibody affinity separation
matrix which simultanecusly utilizes an antibedy affinity ligand
and a cation exchange group and which reduces a contaminant such
as an aggregate, and a method for using the same. Thus, the present
matrix is clearly distinguished from the antibody affinity
separation matrix prepared using a conventional NHS-activated
. carrier,
00587

The mixed mode antibody affinity separation matrix prepared
by the present inventicn can adjust the function thereof by the
ratio of the antibody affinity ligand and the cation exchange group.
When,theibinding'capacity'of the antibody affinity ligand is higher
than the binding capacity of the cation exchange group, an antibody

tends to be eluted from the carrier at the time of acidic elution

22



even at a low icnic strengfh. When the binding capacity of the
antibody affinity ligand is at the same level as or lower than the
'binding capacity of the cation exchange group, an antibody eluted
from the antibody affinity ligand is strongly retained by the cation
exchange group at a low ionic strength, and the antibody tends to
be hardly eluted. Thus, in order to obtain a higher recovery rate,
it is necessary to set the elution ionic strength to be high. In
either case, the recovery rate and the monomer ratioc thereof can
be contreolled by adjusting the ionic strength.

[0059]

The.ratio of the antibody binding capacity of the antibody
affinity ligand and the antibody binding capacity of the cation
exchange group is not particularly limited. In the mixed mode
antibody affinity sepération matrix of the present invention, the
dynamic binding capacity of a cation exchange group under the
conditionof elution pH for the target molecule (especially antibody,
more preferably human IgG or IgG of humanized monoclonal antibody
and the like) is preferably not more than two times, more preferably
not more than one time, and especially preferably not more than
one fifth with respect to the dynamic binding capacity of an antibody
affinity ligand under the condition of antibody adsorption (under
the condition of neutral pH) for a target molecule (especially
antibody, more preferably human IgG or IgG of humanized monoclonal
antibody and the like) . The lower limit thereofmaybe, for example,
not less than one hundredth, or not less than one fiftieth. When
the amount of antiboedy binding with the cation exchange group is
small, 1t is possible to set the elution ionic strength low, and
there is a tendency that a treatment such as desalting becomes
unnecessary in the subsequent antibody purification process.

Additionally, the range of setting of the elution ionic strength
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baecomes narrow, 50 that 1t 1s easy to develop the process.
[0060]

The target molecule to be purified with the mixed mode
antibody affinity separation matrix of the present invention is
immuncglobulin G and an analog thereof (including a derivative).
The target molecule alse includes not only a molecule generally
called an antibody, but alsc an Fe fusion protein (Fe-containing
molecule) in which an Fc region of a constant region of an
Jimmunoglobulin molecule, and another functioconal protein or peptide
ére fused. These target molecules are utilized as a raw material
of an antibody drug.

[0061]

Detailed description of the purification method using the
mixed mode antibody affinity separation matrix of the present
invention will be exemplified herein below by the case where the
target molecule ls immuncglcebulin G, but the present invention is
not limited thereto.

(00621

Purification of a target molecule (antibody) using the mixed
mode antibody affinity separaticon matrix is roughly composed of
4 steps: an adsorption step, a washing step, a step of adjusting
the ionic strength, and an elution step. Inaddition, purification
may comprise a step for reuse such as subéequent regeneration step
and/or CIP step, and re~eguilibretion step.

[0063]

In the adsorption step, a general purification method of
affinity column chromatography can be used. That is to say, in one
example therecf, pH of & protein solution comprising‘immunogiobulin
G is adjusted to be near neutral, and thereafter the soluticn is

loaded on a column packed with the mixed mode antibody affinity
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separation matrix of the present invention, to let the separation
matrix specifically adsorb the immunoglobulin G via the antibody
affinity ligand. For example, when protein A 1s the antibody
affinity ligand, pH of the protein sclution comprising
immunoglobulin G is preferably 6 or more, more preferably 6.3 or
more and 9 or less, and further preferably 6.5 or mere and 8.5 or
less. In purificatlon of immuncglobulin G produced by a mammalian
cultured cell, not cnly adjustment of the ionic strength is not
especially necessary, but also nonspecific adscrption can also be
suppressed by previously increasing the ionic strength.

[C064]

In the washing step, an.appropriate amount of a buffer
solutionwithin the range of the conditions under which the antibody
affinity ligand functions is let to pass through the column, to
wash the column. That is to say, the ﬁreferable range of pH may
be the same range as that of the above-mentioned case of the
adsorption step (near neutral pH). For example, pH is preferably
6 or more. At this point, immunoglobulin G of the target molecule
is adsorbed to the mixed mode antibody affinity separation matrix
of the present invention. At this time, Impurities can be
cffectively removed in some cases, by optimization of the ionic
strength and the composition at near neutral pH. At the time of
the loading and washing, conditions under which the cation exchange
group dees not function is preferable. That is to say, it is
pref@rable that pH is near neutral and that a washing fluid having
acertainleveiorn@reofionicstrengthisutilized,andiﬁ@urities
nenspecifically remaining in the separation matrix and/or in the
column via immunoglcobulin & can be washed in this process. For
example, the ionic strength is preferably 0.2 M or more, and more

preferably 0.5 M or more.
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[0065]

In the step of adjusting the ionic strength, a buffer having
low iconic strength near neutrality is passed through the column,
to prepare an ilonic¢ strength-dependent eluticn function by the
cation exchange group.

[00&e¢6]

Tn the eiution step, the target molecule can be separated from
a cation exchange group aft the time of elution from the antibody
affinity ligand by a combinatiocn of acidic pH and the ionic strength,
to recover a fraction having high monomer content in a fraction
elutedatJalowiqnicStrengthkufconcertedactionsfromtﬁmaaﬁtibody
affinity ligand and the cation exchange group. For the pH of the
eluate, the elution pH for immunoglobulin G from the antibody
affinity liigand can be applied. Since the pH is deterﬁined‘on the
basis of the separétion conditions by the kind of the mixed mode
antibody affinity éeparation matrix consisting of the antibody
affinity ligand used for production of the matrix and of
immunoglobulin G, it is unnecessary to set special ceonditions.
[0067]

In the case where protein A is used as the antibody affinity
ligand, it is preferable that the elution pH is Z or more and &
or less. In order to prevent acidic denature of a target meclecule,
the elution pH 1s preferably 3.0 or more, mcre preferably 3.3 or
more, and especlially preferably 3.5 or more. The elution pH 1is
preferably 5.5 or less, and more preferably 5.0 or less.

[0068]

When an alkéliwresistamt type of a protein A ligand is used,
the sluticn pH thereof is generally mainly set within the range
of 3.5 to 4.0, but ﬁot limited thereto. In addition, the ignic

strength for the elution not only depends con the introductlion ratio
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of the antibody affinity ligand and the cation exchange group, but
alsé depends on the leoad amount of immuncglobulin G per unit volume.
However, the optimized conditicons can be easily set by a gradient
elution experiment or a stepwise elution experiment.

[0069]

In the elution of antibodies from the mixed mode antibody
affinity separation matrix prepared by the present invention,
either gradient elution or stepwise elution with salt concentration
is applicable. From the viewpoint of reduction of the amount of
the aluate, stepwise elution with the itonic strength is preferable.
Furthermore, from the viewpolnt of simplification of the cperation,
it iz preferable Lo set conditions for one-step eluticon such that
recovery of an antibody and high content of a monomer can be
accomplished.

[0070]-

Moreover, when impurity including an aggraegate remains in the
column and is not mixed in the elution fraction even with the
combination of the icnic strength of the washing step and acidic
pH, the step of adiusting the lonic strength can be.omitted.
(0671

When the immunoglobulin ¢ is purified by the mixed modse
antibody affinity separation matrix of the present inventiocn,
higher monomer selectivity is exhibited thaﬁ that of an antibody

ffinity separation matrix based on a single separation mode, and
the monomer content in the eluate thereof is high.
00721

When an antibody affiniﬁy separation matrix is used in a
single separation mode, the monomer content can also be increased
to some extent by optimization of the elution pH and the ionic

strength, and the like. However, the effect of lncrease of the
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monomer content 1s small, and exertion of the effect is accompanied
by significant reduction of the reccvery rate. By using the mixed
mode antibody affinity separation matrix of the present invention,
affinity purification with high specificity and improvement of the
monomer content which can be accomplished mainly by cation exchange
chromategraphy can be efficiently accomplished by a single
chromatography operation with retaining the high recovery rate.
'Therefore, 1t 1s possible to reduce the burden on the subsequent
process, and to contribute to improvement of yield of the whole
process and improvement of the monomer content., Thus, use of the
novel mixed mode antibody affinity separation matrix of the present
invention enables fo contribute to lmprovement of productivity in
the process of producing an antibody preparation and to high
purification thereof.

[0073]

The present application claims the benefit of priority to
Japanese Patent Application Number 2012-193069 filed on Ssptember
3, 201Z. The entire contents of the specification of Japanese
Patent Application Number 2012-183069 filed on September 3, 2012

are hereby incorporated by reference.

EXAMPLES
[0074]

The present invention will be explained more in detail on the
basis of the Examples herein below, but the present invention is
not limifed Lo these Examples.

[0075]
(Preparation Example 1 of carvier)
Preparation of protein A-immobilized carrier

As 4% agarose beads, 4 mL in wet volume of LOW Density GLYOXAL
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4.RapiﬁiRun,(Agarose Bead Technologies) substituted with water were
taken into a reaction vessel, and mads up for the slurry volume
of 5 mlL with water. Thereafter, 1 mL of a 0.25 M sodium citrate
solution (pH 3.5) was added thereto. Furthermore, 2 ml of 0.8 M
sodium pariodate was added thereto, and the mixture was overturned
and stirred at room temperature for 0.5 hours, to give a carriler
to which an aldehvyde group was introduced. Slurry of this carrier
wés sufficiently washed with water and Dulbecce's PBS (-} (NISSUI
PHARMACEUTICAL CO., LTD) {(hereinafter PBS) as a phosphate buifer.
After recovery, the amount of the slurry was made up for Shﬂh. Next,
5 mL of a mixed solution (pH 6.8) of 0.1 M sodium phosphate, 1 M
sodium citrate aﬁd,O;3 M sodium chlecride was added thereto. After
mixing the mixture, the amcunt of the scolution was adjusted to 5.5
mL. An agueous 5 N sodium hydroxide solutlon was added thereto,
to adijust the pH of the slurry including the carrier to 11.5 to
12. Thereafter, 100 mg of protein A was immediately added thereto,
and the mixture was stirred under conditions of 2 to 8°C for 2.5
hours. The pH of the carrier slurry was adjusted to 7 to 5 using
alMcitricacidsolution, and thereafter 0.5 mL of 1 Mdimethylamine
borane was added thereié. The mixture was overturned and stirred
at room temperature overnight. Themixture was sufficiently washed
with water, 0.1 M citric acid, 0.1 M sodium hydroxide and PBS, to
give a protein A carrier in which protein A was covalently
immobilized (bound) to dgarcse (hereinafter referred to as carrier
1) . Here, the protein A herein used was prepared on the basis of
Lxamples of WO 2011/118699.
[0076]

Regarding the carrier 1, antibody binding capacity,
especially dynamic binding capacity cof the antibody affinity

separation matrix was determined. Concretely, as 10% dynamic
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binding capacity (Dynamic binding capacity; DBC), the amount of
IgG adsorption per 1 mbL of carrier was calculated from the value
obtained by dividing the amount of antibody bound te the column
by the time of leakage of 10% of the leocaded TgG octher than the fraction
such as IgG3 which dees not bind to fThe protein A carrier by the
volume of the carrier in the column. The chromatography conditions
are shown below, and the dynamic binding capacity at & minutes of
contéctﬁtimeVWMsfoundkursettingtﬂnaflow:rateai;théztime<3floading
as 0.4 mL/min. Morecver, the flow rate besides loading was set as
0.6 mL/min {contact time: 4 minutes).
[0CG77]

Regarding the carrier 1, 10% DBC cof the antibody affirnity

separation matrix at & minutes of contact time was 56.0 mg.

Chromatography condition used for determination of 10% DBC based
on antibedy affinity ligand

column: ID 0.66 cm x Height 7 cm (manufactured by Omnifit Ltd.)
flow rate: 0.4 mL/min {(contact time: 6 minutes) or 0.6 mi/min
{contact time: 4 minutes)

polyclonal antiboedy (IgG): gamma globulin NICHIYARU (human
immunoglobulin G} (NIHON PHARMACEUTICAL CO., L'TD.)

loading solution: 2.5 mg - IgG/mL (PBS: Dulbecco Nissui)
equilibrating scolution: ‘PBS {pH 7.4)

eluate: 50 mM acetic acid, 0.1 M sodium chloride {pH 3.75)
regeneration solution: 0.1 M acetic acid, 1 M scodium chloride
CIP solution: 0.1 M sodium hydroxide, 1 M sodium chloridé
neutralizing and re-equilibrating solution: PBS (pH 7.4)

(o078l

(Preparation Example 2 of carrier)

Preparation of mixed mode antibody affinity separation matrix by
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immobilization of protein A to carboxyl group-introduced carrier

As 4% agarose beads, 4 ml In wet volume of LOW Density GLYOXAL
4 Rapid Run {Agarose Bead Technologies) substituted with water were
fTaken intoe a reaction vessel, and made up for the slurry volume
of b mL with water. Thereaftar, 1 mlL of a (.25 M scodium citrate
solution {pH 3.5) was added thereto. Next, 1 mL of a mixed solution
(pE 3.5) of 0.1 M citric acid and 0.1 M glutamic acid was added
thereto, and the mixture was stirred. Furthermore, 0.5 mlL of 0.8
Msodiumperiodatewasaddedthereto,andthenﬁxtuﬁawasovefturned
and stirred at room temperature fdr]‘houxy to introduce an aldehvde
group on the carrier of agarose beads. Slurry of this carrier was
washed 5 times with 1 M glutamic acid/PBS (pH 7) diluted to 100
times with cold water. After recovery, the amount cf the sliurry
was made up for D mL. To the slurry, 5 mL of 1 M glutamic acid/PBS
{pH 7} wa$ added, and the mixture was overturned and stirred at
room temperature for 2 hours. Thereafter, 0.5 mlL of an aqueous 1
M dimethylamine borane solution was additionally put thereto, and
the mixture was overturned and stirred at room temperature overnight.
The carrier was precipitated by centrifugation, and thereafter the
supernatant was removea so that the liguid amount became ¢ ml.
Twentymilligrams of sodium borohydride was directly added thereto,
and the mixture was further overturned and stirred at room
temperature for 2 hours. The mixturé-was sufficiently washed with
water, 0.1 M citric acid, 0.1 M sodium hydroxide and PBS containing
0.5 M NaCl was added, to give an agarose carrier in which a carboxyl
group was introduced to an aldehyde.group by reductive amination
via an amino group of glutamic acid.
[007¢%]

Next, the agarose carrier to which a carboxyl group was

introduced was washed with 0.1 M MES and 0.5 M NaCl (pH &) (MES
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Bﬁffer) and the solution was substituted. Thereafter, 4 mL in wet
volume of the carrier was taken intoe a reaction vessel, and the
slurry volume was made up for 5 mi. To the slurry, 5mL of an NHS/EDC
" solution prepared by dissolving 0.25 g of NHS per 20 mL of MES buffer
and subsequently dissolving 1.5 g of EDC was added, and the mixture
was coverturned and stirred at room temperature for 15 minutes.
Thereafter, the mixture was sufficiently washed with ccoled PBS,
to give an agarose carrier in which a part of carboxyl group is
modified with EDC/NHS. The amount of the solution was adjusted to
7 mL, and 80 mg of protein A was added thereto. The mixture was
overturned and stirred fo% 2 hours. The mixture was substituted
and washed with a ¢.1 N sodium hydroxide solution, and the carboxyl
group which was modified with EDC/NHS and did not react with protein
E was regenerated, Lo glve the mixed mode antibody affinity
separation matrix of the present invention as a protein A carrier
to which a carboxyl group was introduced {(hereinafter referred to
as carrier 2). Here, the protein A used herein was prepared on the
basis of Examples of WO 2011/118699.

(00807

Regarding the carrier 2, the antibody binding capacity of the
antibody affinity ligand was determined. The determination method
was the same as that of Preparation Example 1 of carrier. As aresult,
10% DBC at 6 minutes of contact time was 10.2 mg.

[co81l}

Next, regarding the carrier 2, the antibody binding capacity
of the cation exchange group was determined. As conditions for
loading the antibody, a 10 mM acetate buffer at pH 3.5 was used
such that protein A of the antibody affinity ligand hardly had
antibody-capturing ability, and the carboxyl group introduced as

a cation exchange group could function. Since the cation exchange
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gfoup did not exhibit selectivity for IgG 3 and the like unlike
the protein A ligand, as 10% DBC, the amount of IgG adsorption per
1 mi of carrier was calculated by dividing the amount of antibody
bound to the column f£rom the start of the loading to the time of
leakage of 10% of the entire loaded IgG by the volume of the carrier
in the column. The chromatography conditions are shown below, and
the dynamic binding capacity at § minutes of contact time was found
by setting the flow rate at the time of loading as 0.4 mL/min.
Moreover, the flow'rate besides lcading was =et as 0.6 mL/min
{(contact time: 4 minutes}. Regarding the carrier 2, 10% DBC based
on introduction of the cation exchange group under antibody elution
conditions at 6 minutes of contact time was 10.46 mg.

{0082}

As described above, the carrier 2 to be used in the mixed mode
antibody affinity separation matrix of the present invention could
be obtained, so that the antibody binding capacity based on the
cation exchange group was slightly higher than the antibody binding

capacity based on the.antibody affinity ligand.

Chromatography condition used for determination of 10% DBC based
on cation exchange group

column: ID 0.66 com x Height 7 cm {manufactured by Omnifit Ltd.)
flow rate: 0.4 mL/min {contact time: & minutes) or 0.6 mlL/min
{contact time: 4 minutes)

polyclonal antibody {1gG): gamma globulin NICHIYARKU (NIHON
PHARMACEUTICAL CO., LTD.) |

loading solution: 2.5 mg - IgG/mL (10 mM acetic acid : pH 3.5)
equilibrating solution: 10 mM acetic acid (pH 3.5)

eluate: 10 . mM acetic acid, 0.5 M sodium chloride {(pH 3.5)

CIP solution: 0.1 M sodium hydroxide, 1 M sodium chloride
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ﬁeutralizing and re-eguilibrating solution: 10 mM acetic acid (pH
3.5)
[0083]
(Preparation Example 3 of carrier)
Preparaticn of mixed mode antibody affinity separation matrix by
immeokilization of carboxyl group to protein A-introduced carrier
Using MabSelect SuRe (GE Healthcare Bioscilences, carrier 3)
as a protein A~immobilized carrier, a carboxyl group was introduced
to MabSelect SuRe substituted with a 0.5 M saline solution. 4 nL
in wet volume of the carrier 3 was taken in a reaction vessel, and
the slurry volume was made up for 5 mL. Thereafter, 1 mL of a 0.25
M sodium citrate solution (pH 3.3) was added thereto. Next, 1 mL
of a 0.1 M citric acid and 0.1 M glutémic acid solution (pH 2.5)
was added thereto, and the mixture was stirred; To the mixture,
0.5 mL of 0.8 M sodium periodate was added, and the mixture was
overturned and stirred at room temperature for 1 hour, to introduge
an aldehyde group on the carrier 3. This carrier slurry Qas washed
5 times with I M glutamic acid/PBS {pH 7) diluted to hundred times
with cold wat@i. After recovery, the liguid amount of the sliurry
was made up for 5 mL.  To the slurry, 5 mL of 1 M glutamic acid/PBS
(pH 7) was added, and the mixture was cverturned and stirred at
room temperature for 2 hours. Thereafter, 0.5 mL of an aqueous 1
M dimethvlamine borane sciution was additionally added thereto,
and the mixture was overturned and stirred at room temperature
overnight. The carrier was precipitated by centrifugation, and
thereafter the supernatant was removed so that the liguid amount
became 6 mL. Twenty milligrams of sodium borohydride was directly
added thereto, and the mixture wag further overturned and stirred
at room temperature for 2 hours. The mixture was sufficiently |

washed with water, 0.1 M citric acid, 0.1 M sodium hydroxide and
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PéS containing'o.SﬂiNaCl, to give the mixed mode antibody'affiﬁity
separaticn matrix ¢f the present invention as a protein A carrier
in which a carboxyl group was introduced to an aldehvyde groug by
reductive amination via an amino group of giutamic acid (hereinafter
referred to as carrier 4).

[0084]

Regarding the carrier 4, antibody binding capacity based on
the antibody affinity ligand was determined. The determination
method was the same as that of Preparation Example 1 of carrier.
As a result, 10% DBC at 6 minutes of contact time was 42.4 mg.
[0085]

Next, regarding the carrier 4, the antibody binding capacity
based on the cation exchange group was determined. The
determination method was the same as that ¢f Example 1. As a result,
10% DBC at 6 minutes of contact time was 4.2 mg.

[0C086]

As described.abové, the carrier 4 to be used in the mixed mode
antibody affinity separation matrix of the present invention could
be obtained, so that the antibody kinding capacity based on the
cation exchange group was about one tenth the antibody binding
capaclity based on the antibody affinity ligand.

[0087]

In additicn, regazding'carrierZSoftjmaprot@ifiA—immobilized
carrier used as the material of the carrier 4, the antibody binding
capacity as the antibody affinity separation matrix was determined.
As a result, 10% DBC at 6 minutes of contact time was 50.3 mg.
[ocses]

{Comparative Example 1)
Stepwise salt slution and separation of aggregate under acidic

conditions of protein A-immobilized carrier (carrier 1)
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Using the carrier 1 with a column {(manufactured by Ompnifit
Ltd. (ID 0.66 cm x Height 7 cm)) prepared and used for evaluation
in Preparation Example 1 of carrier, 7 mg of human polyclonal
antibody per 1 mL of carrier was loaded to this column under neutral
conditions, to elute the antibody with an elution buffer having
various ilonic strengths under acidic conditions (chromatography
condition 1 for separation of aggregate).

[0089]

FEach eluate was analyzed by gel filtration chromatography,
andtﬂu&proteincoﬁtentaﬂxiyield(Yield}were:ﬂnumifromtjuaprotein
peak area value of each elution fraction (fractiocn}), and the ratio
of a monomeric substance {(monomer) and an aggregate (polymer) and
the like was further found from the protein peak analysis, to
calculate monomeric substance content (Monomer content) and
monomeric substance yvield (Monomer Yield) . At this tiﬁe, the total
sum oI the area values of the elution fractions from carrier 1 was
regarded as 100%, and each elution fraction was evaluated.
Moreover, in order to pxevenﬁ aggregate formation in tﬁe elution
fraction from the affinity separation matrisx, arginine.was added
to each eluate so thaﬁ.the final concentraticon became 0.05 M orx
more, and the pH of each eluate was adjusted to 5 tc € using a sodium
phosphate solution of pH 5. The mixture was subjected to gel
filtration chromatography. EHere, each chromatcgraphy condition is

shown below.

Chromatography condition 1 for separation of aggregate (acidic pH,
stepwise salt elution)

column: ID 0.66 cm x Height 7 cm (manufactured by Omnifit Lid.)
flow rate: 0.6 mi/min {(contact time: 4 minutes)

polyclonal antibody {(IgG): gamma globulin NICHIYAKU (NIHON
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PHARMACEUTICAL CO., LTD.)

loading sclution: 2.5 mg -~ IgG/mL (PBS: Dulbecco Nissui)
equilibrating sclution: PBS (pH 7.4) (3CV, CV : column volume)
loading solution: 6.8 mL

washing solution after loading : PBS (pH 7.4) (5CV)

washing solution before elution : 10 mM Trig/HCl (pH7) (BCV)
eluate 1 : 10 mM acetic acid (pH 3.5) (8CV)

eluate 2 : 10 mM acetic acid containing 150 mM sodium chloride (pH
3.5) (BCV) |

eluate 3: 10 mM acetic acid containing 300 mM sodium chloride (pH
3.3) (4Cv)

CIP solution: 0.1 M sodium hydroxide, 1 M sodium chloride (4CV]

neutralizing and re-eguilibrating solution: PBS (pH 7.4)

Gel filtration chromatography condition

column: Superdex 200 10/300 GL (ID 1 cmx Height 30 cm) (manufactured
by GE Healthcare Biosciences)

flow rate: 0.5 mlL/min

detection wavelsngth: 214 nm

loading solution: 100 pL/injection {diluted within a range in which
the absorbance value does not exceed 1)

eluate: PBS (pH 7.4)

FoGae0]

The results of evaluation of stepwise salt elution and
separation characteristic for an aggregate under acidic conditions
of ﬁhe carrier 1 are shown in Tabnle
[0091]

[Table 1]
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elution fraction carrier 1 %
antibody yield (%) 99.4
eluate 1 (0 mM NaCl) monomer content {%) 94,5
moncmer yield (%) 99,5
antibody vield (%) 0.6
eluate 2(100 mM NaCl){ monomer content (%) 86.3
monomer yvield (%) 0.5
antibody yield (%) 0.0
eluate 3(300 mM NaCl)| moncmer content (%) 0.0
monomer yvield (%) 0.0
antibody vield (%) 100.0
eluate 1 + eluate 2 | monomer content (%) 84.5
monomer yield (%) 100.0

(00927
(Example 1)
Stepwige éalt elution and separation of aggregate under acidic
conditions of mixed mode antibody affinity separation matrix
(carrier 2} |

Using the carrier 2 with a column.(manufactured by Omnifit
Ltd. {ID 0.66 cm x Height 7 cm)) prepared and used for evaluation
in Preparation Example 2 of carrier, 7 mg of human polyclonal
antibody per 1 mL of carrier was loaded to this column under neutral
conditions in the same manner as in Comparative Example 1, to elute
the antibody with an elution buffer having variocus ionic strengths
under acidic conditions. Here, the ionic strength of eluate 2 was
set as three grades to carry out evaluation (chromatocgraphy
condition 2 for separation of aggregate).
[0093]

Each eluate was analyzed by gel filtration chromatography,
and the protein content and vield (Yield) were found from the protein

péak area value of each elution fraction {(fraction), and the ratio
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of a mecnomeric substance (monomer) and an aggregate {polymer) and
the like was further found from the protein peak analysis, to
calculate monomeric substance centent (Monomer content) and
monomeric substance yvield (Monomer Yield) . At this time, the total
sum of the area wvalues of the elution fractions from carrier 1
evaluated in Comparative Example 1 was regarded as 100%, and each
elution fracticon was evaluated. Moreover, in order to prevent
aggregate formation in the elution fraction from the affinity
separation matrix, arginine was added to each eluate so that the
final concentration became 0.05 M or more, and the pH of each eluate
was adiusted to 5 to 6 using a sodium phosphate solution of pH 5.
The mixture was subjected to gel filtration chromatography.
Moreover, each chromatography condition is shown below.
Additionally, gel filtration chromatography was evaluated in the

same manner as in Comparative Example 1.

Chromatography comditioanﬁoi'separation_of aggregate (acidic pH,
stepwise salt elution)

column: ID 0.66 cm x Height 7 cm (manufactured by Omnifi£ Ltd.)
flow rate: 0.6 mi/min (contact time: 4 minutes)

polycional antibody (IgG): gamma globulin NICHIYAKU (NIHON
PHARMACEUTICAL CO., L1LTD.)

loading sclution: 2.5 mg - IgG/mlL (PBS: Dulbecco Nissuil)
equilibrating solution: PBS (pH 7.4) (3CV)

loading soluticn: 6.8 ml

washing sclution after leading : EBS (pH 7.4) (hCV)

washing solution before elution : 10 mM Tris/HCL (pH?)(SCﬁ)
eluate 1 : 10 mM acetic acid (pH 3.5) (8CV)

eluate 2 : 10 mM acetic acid containing 150 mM, 175 mM or 200 mM

sodium chloride {pH 3.5} (8CV)
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eluate 3: 10 mM acetic acild containing 300 mM sodium chloride {pH
3.5) (4CV)
CIP golution: 0.1 M sodium hydroxide, 1 M sodium chleoride (4CV)

neutralizing and re-eguilibrating scluticn: PBS (pH 7.4)

The results of evaluation of stepwise salt slution and

separaticn characteristic for an aggregate under acidic conditions
of the carrier 2 are shown in Table 2.

[0094]

[Table 2]
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NaCl concentraticon of elubicn 2
elution fraction carrier 2
150 mM 175 mM 200 mM
ant;bo%y vield a0 0.0 0.0
{%)
eluate 1(0 mM monomerocontent 6.0 0.0 0.0
NaCl) (%)
monomef yield 0.0 0.0 0.0
(%)
antlbOﬁi yvield 95 1 883 g1 .6
eluate 2({various menomer ntent
NaCl ° e(g‘;o © 95.0 98.3 7.6
concentrations) ;
mommfi)yleid 78.7 91.9 947
antlbo%? yvield 180 5.0 1.9
(%)
eluate 3(300 mM monomerocontent 890 84 .0 81.2
NaCl) (%)
momm‘?i)ylem 16.9 6.1 1.6
antlboig yvielid 75.1 88.3 91.¢6
LN .
eluate 1 + monomerocontent 55 .0 98 .3 97 6
eluate 2 (%)
monomfi)yleld 78 .9 91.9 947
1C0S85]

According to the results in Tables 1 and 2, the carrier 1
indicated that 99% or more of the antibodies were eluted even when
the ionic strength of NaCl was 0 at the time of acidic elution
[elutiongfractionjleable 1: eluatel (0mMNaCl)]. On the contrary,
the carrier 2 of the mixed mode antibody affinity separation matrix
ofthegmesentinv@ntionexhibitediﬁnicstrength—dependentelution
behavior by the function of the cation exchange group under the
acidic eluticn conditions

felution fraction in Table Z: eluate 2
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{i50 mM, 175 mM, 200 mM NaCl)] and significantly improved monomer
selectivity as a concerted effect of the protein A ligand and the
cation exchange group. Thus, the carrier 2 of the present invention
concertedly exhibited sach of the characteristics of the protein
2 ligand and the cation exchange group, and exhibited high
specificity and high monomer selectivity in cne chromatography
step.

[00S6]

Moreover, tﬁe_carriex*Z had slightly higher antibody binding
capacit}rbased<nzihé caticn exchange group than that of the protein
A affinity ligand under conditions of elution pH of antiboedy from
protein A, and required high icnic strength of a certain
concentration or more for eluticon of the antibody.

[aooe7]

{(Comparative Example 2)

Stepwise salt elution and ééparation of aggregate under acidic
conditions of protein A immobilized carrier (carriexr 3)

Using the carrier 2 with a column (manufactured by Omnifit
Ltd. (ID 0.8%6 om x Height 7 cm)) used for evaluation in Preparation
Bxample 3 of carrier, 7 mg of numan pclyclonal antibody per 1 mL
of carrier was lcocaded to this column under neutral conditions, to
elute the antibody with an elution buffer having various ionic
strengths under acidic conditions (chromatography condition 3 for
separation of aggregate).

100981

Zach eluate was analyzed by gel filtration chromatography,
amjtheproteincontentandyield(Yield)werefoundfromtheprotein
preak area value of each elution fraction (fraction}, and the ratio
of a monomeric substance {(monomer) and an aggregate (polymer) and

the like was further found from the protein peak analysis, Lo
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célculat@ monomeric substance content (Monomer content) and
monomeric substance yield (Monomer Yield) . At this time, the total
sum of the area values of the elution fractions from the carrier
3 was regarded as 100%, and each elution fraction was evaluated.
Morecver, in order to prevent aggregate formation in the elution
fraction from the affinity separation matrix, arginine was added
to each eluate so that the final concentration became 0.05 M or
more, and the pH of each eluate was adjustédtx)S to 6 using a sodium
phosphate solution of pE 5. The mixture was subjected to gel
filtration chromatography. Moreover, each chromatography
condition is shown below. Additionally, gel filtration
chromatography was evaluated in the same manner as in Comparative

Example 1.

Chromatography condition 3 for separation of aggregate (acidic pH,
stepwise salt elution)

column: ID 0.66 cm x Height 7 cm (manufactured by Omnifit Ltd.)
flow rate: 0.6 mL/min {contact time: 4 minutes)

polyvclonal antibody (IgG): gamma glcbulin NICHIYAXU (NIHONM
PHARMACEUTICAL CO.,, LTD.)

loading solution: 2.5 mg - TgG/mL (PBS: Dulbecco Nissul)
equilibrating solution: PBS (pH 7.4) (3CV)

loading scluition: 6.8 mL

washing sclution after loading : PBS {(pH 7.4} {(5CV)

washing solution before elution : 10 mM Tris/HCL (pH7) (5CV)
eluate 1 : 10 mM acetic acid (pH 3.5)(8CV)

eluate 2 : 10 mM acetic acid containingléo mM sodium chioride(pH
3.5} (8CV)

eluate 3: 10 mM acetlic acid containing 300 mM sodium chloride (pH

3.5) (4CV)



CLP sclution: 0.1 M sodium hydroxide, 1 M sodium chloride §4CV)
neutralizing and re-eguilibrating solution: PBS (pH 7.4)
[0099]

The results of evaluaticn of stepwise salt elution and
separation characteristic for an aggregate under acidic conditions
of the carrier 3 are shown in Table 3. Here, the whole antibodies

were eluated up to eluate 2, and data of eluates 1 and 2 are shown

in Table 3.

[0100]
[Table 3]
elution fraction carrier 3 .%
antibody vyield (%) 99,7
eluate 1 (0 mM NaCl) moncmer content (%) 94.5
monomer yield (%) 89.7
antibody vield (%) 0.3
aeluate 2(50 mM NaCl} { monomer content (%) i00.0
menomer yield (%) 0.3
antibody vield (%) 100.0
eluate 1 + eluate 2 | monomer content (%) 94.5
monomer yield (%) 100.0
[C1C1]
(Example 2)

Stepwise salt elution and separation of aggregate under acidic
conditions of mixed mode antibody affinity separation matrix
{carrier 4) |
Using the carrier 4 with a column (manufactured by Omnifit
'"Ltd.l(lD 0.66 cm X Helght 7 cm)) used for evaluation in Preparation
Example 2 of carrier, 7 mg of human polyclonal antibody per 1 ml
of carrier was lcaded to this celumn under neutral conditions in

the same manner as in Comparative Example 2, to elute the antibody
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with an elution buffer having variocus ionic strengths under acidic
conditions. The ionic strength of eluate 2 was set as three grades
to carry cut evaluations (¢chromatography condition 4 for separation
of aggregate) .

[0132]

Each eluate was analyvzed by gel filtration chromatography,
and the protein content and yield {Yield) were found from the protein
peak area value of each elution fraction {fraction), and the ratic
of a monomeric substance (menomer) and an aggregate (polymer) and
the like was further found from the protein peak analyéis, to
calculate monomeric substance content (Monomer content) and
monomeric substance yield (Monomer Yield). At this time, the total
sum of the area values of the elution fractions from carrier 3
evaluated in Comparative Example 2 was regarded as 100%, and each
elution fraction was evaluated. Moreover, in order to prevent
aggregate formation in the eluticn fraction from the affinity
separatiocn matrix, arginine was added to each eluate so that the
tinal concentration became .05 M or mere, and the pH of gach eluate
was adjusted to 5 to 6 using a sodium phosphate sclution of pH 5.
The mixture was éubjected to gel filtration chromatocgraphy.
Morecover, each chromatography condition is shown below.
Additionaily, gel filtration chromatography was evaluated in the

same manner as in Comparative Example 1.

Chromatography condition 4 for separation of aggregate {(acidic pH,
stepwise salt eiution)

column: ID 0.66 cm x Height 7 cm (manufactured by Omnifit Ltd.)
flow rate: 0.6 mL/min {contact time: 4 minutes)

polvclonal antibody (IgG): gamma globulin NICHIYAKU (NIHON

PHARMACEUTICAL CO., LTD.)
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.ibading solution: 2.5 mg - IgG/ml (PBS: Dulbecco Nissuil)
eguilibrating solution: PBS (pH 7.4) (3CV)

lecading solution: 6.8 mlL

washing solution after loading : PBS (pH 7.4) (5CV)

washing solution before elution : 10 mM Tris/HCL {pH7) (5CV)
eluate 1 : 10 mM acetic.acid (PH 3.5) {8CV)

eluate 2 : 10 mM acetic acid containing 25 wM, 50 M, or 75 mM sodium
chloride (pH 3.5) (8CV)

eluate 3: 10 mM acetic acid containing 300 mM sodium chloride (pH
3.5) (4CV)

CI?P solution: 0.1 M sodium hydroxide, 1 M sodium chloriée {(4CV)
neutralizing and re-eguilibrating solution: PBS (pH 7.4)

[0103]

The.results of evaluation of stepwise salt elution and
separation characteristic for an aggregate under acidic conditions
of the carrier 4 are shown in Table 4. Here, in order to compare
with Table 3 of Comparative Example 2, results up to eluate 2 are
shown in Table 4 in the present Example.

[0104]

[Table 4]
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NaCl concentration of
elution fraction carrier 4 srution ¢
25 mM 50 mM 75 mM
antlboﬁi vield 597 58 .0 591
eluate 1{(0 mM momomerocontent 9g .7 98 .5 ag . 6
NaCl) (s)
momm?fj) yield 62.3 61.4 617
a“tlbo{dgy) yleldl 55 4 38.7 40.8
eluate 2 (various onomeT content
Nall ' . 87.9 94.7 2.6
. (%)
concentrations)
mmm‘?i)yleld 33.3 35.8 40.0
antlboﬁi yield 51 .8 97 .6 99.9
eluate 1 + eluate monomeroconLent 98 4 97 0 962
2 (%)
mommfi)ymm 95. 6 100.2 | 101.7

[01065]

According to the results in Tables 3 and 4,

the carrier 3

indicated that 99% or more of the antibodies were eluted even when

the ionic strength of Nall was 0 at the time of acidic elution

[elution fraction in Table 3: eluate 1 (0 mMNaCl)}.

Cn the contrary,

the carrier 4 of the mixed mode antibody affinity separation matrix

of the present inventionexhibited ionic strength-dependent eiution

behavior by the function of the cation exchange group under acidic

elution conditions

felution fraction in Table 4:

eluate 1 {0 mM

NaCl) and eluate 2 (25 mM, 50 mM, 75 mM NaCl)! and significantly

improved monomer selectivity as a concerted effect of the protein

A figand and the cation exchange group.

‘Thus, the carrier 4 of the

presgsent invention concertedly exhibited each of the characteristics

of the protein A ligand and the cation exchange group, and exhibited
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hiqb.specificityewmihighanonomer'selectivitycmlone chromatography
step.
r010e]

Morecover, regarding the carrier 4, the antibody binding
capacity based on the cation exchange group was about one tenth
the antibody binding capacity based on the protein A affinity ligand
under antibody elution pH conditions from protein A. When elution
pH was 3.5, 80% or more of The antiboadies were eluted even when
the icnic strength of NaCl was 0. The ionic strength to elute almost
éﬁtire antibodies was low as compared with Example 1.

(01073 |

(Comparative Example 3)

Acidic pH dependent elution and separation of aggregate of protein
A-immobilized carrier {carrier 3)

Using the carrier 3 with a column (manufactured by Omnifit
Ltd. {(ID 0.66 cm x Height 7 c¢m) ) used for eveluaticn in Preparation
Example 3 cf carrier, 7 mg of human polyclonal antibody per 1 mL
of carrier was leocaded to this column under neutral conditions, to
elute the antibody with an eilution buffer at various acidic pH under
acidic conditions and lower lonic strengths (chromatography
condition & for separation of aggregate).

[G108]

Fach eluate was analyzed by gel filtration chromatography,
andthe§mote§mcontentandyieid(Yi@ld)werefoundfromthe@rotein
peak area value of each elution fracticn {fraction), and the ratio
of a monomeric substance (monomer) and an aggregate (polymer) and
the like was further found from the protein peak analysis, to
calculate mondmeric substance content (Monomer content) and
monomeric substance yvield (Moncmer Yield). At this time, the total

sum of the area values of each of the eiution fractions from each
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chromatography was regarcded as 100%, and difference under
conditicns of each elution pH was evaluated. Moreover, in order
to prevent aggregate formation in the elution fraction from the
affinity separation matrix, arginine was added to each eluate s0
that the final concentration became 0.05 M or more, and the pH of
each eluate was adjusted to 5 to 6 using a sodium phosphate solution
of pH 5. Themixture was subjected togel filtration chromatography.
Moreover, each chromatography condition is shown below.
Additionally, gel filtration chromatographv was evaluated in the

same manner as in Comparative Example 1.

Chromatography condition 5 for separation of aggregate (acidic pH
elution)

column: ID 0.66 cm x Height 7 cm (manufactured by Omnifit Ltd‘ﬁ
flow rate: 0.6 mL/min (contact time: 4 minutes)

polyclonal antibody (I1gG): gamma globulin NICEIYAKU (NIHON
PHARMACEUTTICAL CO., LTD.)

loading solutiocn: 2.5 mg - TgG/mL (PBS: Dulbecco Nissul)
equilibrating soluticon: PBS (pH 7.4) (3CV)

loadinq solution: 6.8 mi

washing solution after lcading : PBS (pH 7.4) (5CV)

eluate : 10 mM acetic acid (pH 3.25, pH 2.5, or pH 3.73) (8CV)
regeneration scluticn ¢ 0.1 M acetic acid (4CV)

CIP scluticn: 0.1 M sodium hydroxide, 1 M sbdium chloride (4CV)
neutralizing and re-equilibrating solution: PBS (pH 7.4)

[0109]

The results of evaluation of acidic pH dependent elution and
separation characteristic for an aggregate of the carrier 3 are
shown in Table 5.

[0110]
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fTable 5]

eluation pH
elution fraction carrier 3
2.25 3.5 3.75
antibody yield (%) 100.0 86,7 89.3
eluate N
(various pH) monomer content (%) 94,5 94.5 96.1
monomer yield (%) 100.0 99.7 90.2

[0111]

According to the ;esults of Table 5, the monomer content in
the eluate could be increased by selecting the elution pH [elution
fraction in Table 5: eluate (pH 3.75)1 such that a part of adsorbed
IgGs remains in the carrier by exertion of moderate monomer
selectivity originally possessed by the protein A-immcebilized
carrier. However, reduction rate of the monomeric substance
{monomer) yield was large as compared with that of the carrier 4
of the pregent invention [elutiocon fraction in Table 4: eluate 1
(0 mM NaCl) + eluate 2 (25 mM NaCl}j shown as the results of Table
4, and the rate of increase in the monomeric substance {(monomear)
content was small. Thus, the mixed mode antibody affinity
separation matrix of the present invention had an excellent
characteristic that high monomeric substance (monomer content) can
be obtained at high monomeric substance (monomer) yield as compared
with that of the antibody affinity separation mabtrix.

[C112]

(Comparative bxample 4)

Stepwise salt elution and separation of aggregate under acidic
conditions of linked column of column packed with'protein
A-immobilized carrier and column packed with cation exchange
chromatograpny carrier

Using, as carrier 5, CM Sepharcse Fast Flow (GE Healthcare
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éiosciences) of a caticn exchange chromatography carrier having
a carboxyl group as a ligand, a column from the same company (ID
0.5 cm x Helght 2.5 cm) was charged by these, to prepare a 0.5
mL-volume minicolumn. The miniccolumn was jointed directly under
a column (ID 0.66 cm x Height 7 om) (manufactured by Omnifit Ltd.)
used for evaluation in Preparation Example 3 of carrier in which
the carrier 2 was packed, to prepare a linked column (heresinafter
referred to as carrier 6}. To the linked celumn, 10 mg of human
polycional antibody per 1 mL of column packed with the carrier 3
was loaded under neutral conditions, and an antibody was eluted
with an elution buffer having various ionic strengths under acidic
conditions {chromatcgraphy condition 6 for separation of
aggregate) .

[0113]

Each eluate was analyzed by gel filtration chromatography,
and the protein content and yield (Yield) were found from the protein
peak area value of each elution fraction (fraction), and the ratio
of a monomeric substance (monomer) and an aggregate (polymer) and
the like was further found from the protein peak analysis, to
calculate monomeric substance content (Monomer content) and
moncmeric substance yield (Monomer Yield). At this time, the total
sum of the aresa values of the elution fractions from carrier 3 of
Comparative Example 3 was regarded as 100%, and =ach of elution
fractions was evaluated. Moreover, in order to prevent aggregate
formation in the elution fraction from the affinity separation
V‘matrix, arginine was added to esach eluate so¢ that the final
concentration became 0.05 M or more, and the pH of each eiﬁate Wwas
adjusted to 5 to 6 using a sodium phosphate éolhtion of pH 5. The
mixture was subjected to gel filtration chromatography. Mereover,

each chtomatography condition is shown below. Additionally, gel
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filtration chromatography was evaluated in the same manner as in

Comparative Example 1.

Chromatography condition 6 for separation of aggregate {acidic pH,
stepwise salt elution)

column: ID 0.66 cm x Height 7 cm (manufactured by Omnifit Ltd.) and
IDC.5 cmx Height 2.5 cm (manufactured by GE healthcare bioscience)
flow rate: 0.4 mL/min (contact time: 6 minutes)

polyclonal antibody (IgG): gamma globulin NICHIYAKU (NIHON
PHARMACEUTICAL CO., LTD.}

loading solution: 2.3 mg - IgG/mL (PBS: Dulbeccco Nissui)
equilibrating solution: PRS (pH 7.4) (3CV)

loading sclution : 9.6 mlL

washing sclution after loading : PBS (pH 7.4) (5CV)

washing solution before elution : 10 mM Tris/HC1 (pH7Y {5CV)
eluvate 1 : 10 mM acetic acid (pH 3.5) (8CV)

eluate 2 : 10 mM acetic acid containing 25 mM sodium chloride (pH
3.5) (8CV)

eluate 3: 10 mM acetic acid containing 250 mM sodium chloride (pH
3.5) (8Cv)

regeneration solution : 0.1 M acetic acid {4CV)

CIP sclution: (0.1 M sodium hvdroxide, 1 M sodium chloride {(4CV)
neutralizing and re-equilibrating solution: PBS (pH 7.4)

[0114)]

The results of evaluation of stepwise salt eluticn and
separation characteristic for an aggregate under acidic conditions
of a linked column (carrier 6} of a column packed with the carrier
3 and a column packed with the carrier 5 are shown in Table 6.
[G115]

[Table 6]
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carrier © {(linked column
elution fraction OI‘COLumH packed with o
carrier 3 + column packed
with carrier &)
antibody vield (%) 28.5
eluate 1(0 mM NaCl) moncmer content (%) 90.1
monomer yield (%) 27.2
antibody vield (%) 1.6
eiuaiiﬂiSZ5-mM monomer content (%) 100.0
monomey yield (%) 1.7
. antibody vield (%) 11.1
eluate 3(250 mM monomer content (%) 100.0
NaCl)
monomer yield (%) 11.7
antibody yield (%) 43.1
eluate 1 + eluate 2 c (2 016
+ eluate 3 monomer content (%) -
monomer yield {%} 40.6

[(0116]

According to the results of Table ¢, not only the cclumn in
which a column packed with the protein A-immobilized carrier
(carrier 3) and a column packed with the cation exchange
chromatography carrier {(carrier 5) are linked in series has low
monomer selectivity, but also the recoveryrate of entire antibodies
did ncot reach even 50%, even at pH 3.5 and increasing the icnic
strength Co 250 mM [elution fraction in Table 6: eluate 1 + 2 +
31. ©Cn the contrary, as shown in Table 4, the carrier 4 shown in
Example 2 of the mixed mode antibody affinity separation matrix
of the present invention can accomplish high monomer selectivity
and'High recovery ratelelution fraction in Table 4: eluate 1 (0
mM NaCl) + eluate 2 (25 mM NaCl}]. According to these results, it

is important for a mixed mode antibody affinity separation matrix
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that a protein A ligand and a cation exchange group are present
in proximity on a single carrier, and that high recovery rate and
high monomer selectivity can be accomplished by concerted functions

of the protein A ligand and the cation exchange group in the

As descriped above, by the present invention, a carrier of
a novel separation mede which can lmprove the monomeric substance
(monomer) content at a high recovery rate by concerted actiocons of
a protein A ligand and a cation exchange group in one chromatography
step as a mixed mode antibody affinity separation matrix, and a
method for using the same are providéd.” Also, contribution to

efficient purification of an antibody can be expected.

INDUSTRIAL APPLICABILITY
[¢118]

The mixed mcde antiboedy affinity separation matrix of the
present invention is useful for improving the purity of an antibody
in a first chromatography step in a process of purifving an antibody
or an Fc-ceontaining target molecule, and canbe utilized in research

and develcpment and producticon of an antibody preparation.
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CLAIMS
1. A mixed mode antibody affinity separation matrix comprising
an antibody affinity ligand and a cation exchange group on a single

separation matrix.

2. The mixed mode antibody affinity separation matrix according
to claim 1, wherein the dynamic binding capacity of the cation
exchange group under the condition of elution pH for a target
molecule is not more than two times of the dynamic binding capacity

"of the antibody affinity ligand under the condition of neutral pH.

3. The mixed mode antibody affinity separation matrix according
to ¢laim 1 or 2, whereln The cation exchange group is attached to

a separation matrix comprising an antibody affinity ligand.

4, The mixed mode antibody affinity separation matrix according
to claim 1 or 2, wherein the antibody affinity ligand is attached

to a separation matrix comprising a cation exchange group.

5. The mixed mode antibody affinity separation matrix accerding
to any one of claims 1 to 4, wherein the antibody affinity ligand
is at least one selected from protein A, protein G, protein L,

protein H, protein D, protein Arp, protein FoeyR, a synthetic ligand

for pbinding an antibody and an analog Lherescf,

H. The mixed mode antibody affinity'Separationlnatrii according
to any one of claims 1 to 4, wherein the antibody affinity ligand
is at least one selected from protein A, protein G, protein L and

an analog therect.



7. The mixed mode antibody affinity separation matrix according
to any cne of claims 1 to 4, wherein the antibody affinity ligand

is at least one selected from protein A and an analog thereof.

8. The mixed mede antibody affinity separation matrix according
to any one of claims 1 to 7, wherein the cation exchange group is
a ligand comprising at least one selected from a carboxyl group

and a sulfate group.

9. The mixed mode antibody affinity separation matrix according
to any one of claims 1 te 8, wherein a base material of a
water-insoluble carrier of the separation matrix is made from at
least one selected from carbohydrate and derivatives thereof,

synthetic polymers and glass.

10. The mixed mode antibody affinity separation matrix according
toanyoneofcﬂaims],to8,whereinthéstructureofthebasen@terial

of the separation matrix is a porous bead, monclith or membrane.

il. A method for purifying a target molecule using the mixed mode
antibody atfinity separation matrix according to any one of claims

1 to 10.

12, The method according to claim 11, wherein the elution pH of

the target molecule i1is 6 or less.

13. The method according to claim 11 or 12, wherein the elution

pH of the target molecule is 2 or more.

14. The method according to any one of claims 11 to 13, wherein
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the target molecule is immunoglobulin G, immunoglobulin G

derivative, or Fc-containing molecule.

15. A ftarget molecule purified with the method according to any

one of claims 11 to 14,
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