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

MOLECULES

TECHNICAL FIELD
0001 ]

The present invention relates to an affinity separation
matrix for specifically purifying a target molecule, especially
relates to a novel mixed mode antibody affinity separation.matrix
in which an affinity ligand and another ligand can simultaneously
or continuously 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 mammalians. An industrially 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 variant (analog
substance) obtained by recombinant technology thereof; a
recomblnant protein ligand such as a camel single strand antiboedy
and an Fc receptor of an antibody; and a chemosynthetic ligand such
as a thiazole derivative. The antibody affinity ligand_is used in

purlification of an antibody drug and the like. Since the antibody
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preparation has lower toxicity and higher specificity than
chemicals, there 1s much demand for an antibody drug as an ideal
pharmaceutical.
(00031

A monoclonal antibody 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 antibody such as
immunoglobulin G and an analog thereof, but also an Fc fusion protein
(Fc-containing molecule) in which an Fc region cof a constant region
of an immunoglobulinmolecule is fused to another functional protein
or peptide. Antibody drugs are also prepared by purifying and
formulating from recombinant microorganisms, secreted substances
in the culture supernatant, or exptessed SubStances in bacterial

-cell or periplasmic space.

Impurities such as aggregates of 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 is an important issue to reduce the impurities on
production of an antibody preparation. Here, a monomer is defined
as a unit of a molecule of an aniibody 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 reglon, and
two molecules of light chains (L chains} consisting of a variéble
region. Amultimer of theunitmolecules is regarded as an aggregate,
and thought to be a major cause of side effects of an antibody

.preparation.



[0005]

| 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,
purification and formulation. Especially, not only suppression of
production of the aggregate, but also removal of the aggregate is
important in the purification step. Thus, deveicpment of a simple
andefficient technique for removing the aggregate has been required
in the purification step.

[0006]

Patterning of purification techniques by combining
particular unit operations {(making of a platform) is déleoped in
the purification step of the antibody preparation. In the éaily
éurification.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) is 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 aggregate. In general, impurities such as an aggregate
are removed by a combination of ion exchange chromatography,
hydrophobic interaction chromatography and the like, in the
subsequent step of protein A chromatography step (Non-patent
Document 1, Non-patent Document 2, Non-patent Document 3, Patent
Document 5). |
[0007]

However, after protein A chromatography step, high content
of the aggregate is resulted in lowering of yield4of the cbijective

monomeric substance (monomer) in the subseguent step of removing
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impurities. Thus, not only suppression of formation of an
aggregate,butalsoremovalcﬂfanaggregateﬁf;studiedjjatheprdtein
A chromatography step. |
[0008]
| The proteinbk 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 is, 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 can also
be eluted near pH 3.5 to 4 (Patent Document 1).
[0009] |

Inaddition, amethod for improving resolution of an aggregate
from monomer fraction is examined in the protein A chromatography
step. That ié 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 elution peak, and the like
are proposed. Concretely, there are methods utilizing slight
decrease of dissocilation 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 3, Patent Document 4). However, since
these methods are difficult to be strictly controllied and have low
resclution, these methods are not used as a general separation
technique in production of antibody drug. |
16010] |

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 moncmeri
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substance (monomer) and an aggregate is low even if the usage 1is
strictly set. Thus, the antibody affinity separation matrix had

limitation for removing an aggregate.

PRIOR ART
PATENT DOCUMENT

[0011]

fok
Cy
jav]

Patent Document 4391830

Patent Document 2: WO 2008/085988

Patent Document 3: JP 2010-507583

Patent Document 4: WO 2010/019493

Patent Document 5: WO 2010/141039
NON-PATENT DOCUMENT
[0012]

Non—-Patent Document 1: beerfs.et,alf,LF.Chromatogr:§3,2007,

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.1160, pages 44-55

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

An obiject of the present invention is to provide a novel
separation material which can, in a first chromatographyvstep of
a proceés for ﬁufifying 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
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burden on a subsequent impurity removal step with respect to the
removal of impurities such as aggregates, and a separation technigue
thereof.

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 ability specific to an Fc-containing target
molecule such as an antibody and an excellent ability of removing
impurities such as aggregates, to complete the present invention.
[0015]

Specifically, the mixed mode antibody affinity separation
matrix of the present invention is a mixed mode antibody affinity
separation matrix comprising an antibody affinity ligand and a
cation exchange group on a single separation matrix, wherein both
the antibody affinity ligand and the cation exchange group are
immobilized to a separation matrix via a covalent bond, and the
antibody affinity ligand is a peptide ligand or a protein ligand.
[0016]

The dynamic binding capacity of the cation exchange group under
the condition of elution pH 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

to a separation matrix comprising an antibody affinity ligand.

[oo018]



It is preferable that the antibody affinity ligand is attached
to a separation matrix comprising a cation exchange group.
[0019]

t:ispreferablethaftheaﬂtibodyaffinityligand;ﬂsatleast
one selected fromproteind, protein G, protein L, protein H, protein
D, protein Arp, protein FecvyR, 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
thereof.

[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 cation exchange group is a ligand
comprising at least one selected from a carboxyl group and a sulfate
'group.

[0022]

it is preferable that a base ﬁaterial‘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.

It is preferable that the structure of the base material of
the separation matrix is & porous bead, monolith or membrane.
100231

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

[00241

The elution pH of the target molecule is preferably 6 or less,
7



and the elution pH of the target molecule is preferably 2 or more.
The target molecule 1is preferably immunoglobulin G,
immunoglobulin G defivaiive, or Fc-containing molecule.
{0025}
In addition, the present invention is a target moleculé

purified with the method of the present invention.

EFFECTS CF THE INVENTION
[0026]

According to the present invention, in the first affinity
chromatography step of a process for purifying an Fc-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 separation properties of monoﬁers can also
be improved; and the burden on a subseqguent impurity removal step

can be reduced.

MODE FOR CARRYING OUT THE INVENTION
[0027]

The mixed mode antibody affinity separation matrix of tﬁe
presentinventionjmscharacterizedjj1tha;bothaw1antibpdyaffinity
ligand and a cation exchange group are immobilized to a separation
matrix (herein also referred to as a water-insoluble carrier or
a carrier) via a covalent bond.

[0028]

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

be prepared using a separation matrix on which one of the antibody
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affinity ligand and the cation exchange greoup 1s previously
immobilized. That is to say, & catlion exchange group can be
introduced to a separation matrix containing an antibody affinity
ligand, or an antibody affinity ligand can be immobilized 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—insolublé carrier.

[0029]

The antibody.affinity ligand, the cation.éxchange'group, the
water-insoluble carrier, binding (immobilization) of the antibody
affinity iigand and ﬁhe cation exchange group to the carrier, and
the like in the present invenﬁionx&illkmsexplained:nldetail.below.
[0030]

The "antibody affinity ligand” in the present invention

indicates a substance which selectively collects (binds) a target
(objectivei molecule from a certain group of molecules on the basis
of affinity between specific molecules repzesented by a bond of
an antigen and an antibody.

[0031]

The antibody affinity ligand which can be used in the present
invention is not specifically limited, so long as the substance
has a characteristic capable of specifically binding to an antibody
or an Fc—containihg molecule of a constant region of an antibody,
as a target molecule. The antibody affinity iigand is preferably
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 is especially preferable that the

antibody affinity ligand is protein A, protein G, protein L, protein
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H,‘proteinIL protein Arp, protein FcyR, a synthetic peptide ligand

th

or 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 fh@
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 especially preferable that the antibody
affinity ligand is a polymer protein linked with 3 to 6 domains.
The pclymer prgtein may be a homopolymer such as a homodimer and
a homotrimer which is a linked body of "a single target
molecule-binding domain. The polymer protein may be a
heteropolymer such as a hetercdimer and a heterotrimer which is
a linked body of plural kinds of target molecule-binding domains
so long as the target molecules are identical.
[0032]

| 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
protein is preferable. The method includes, but not limited to,
for example, amethod of linking the target molecule-binding domains
via a terminal amino acid of the domain sequence, a method of linking
the target molecule—biﬁding‘domains not via an amino acid residue
of the domain sequence, or 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 inventioh, a
fusion protein in which a polymer protein as one compcnent 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 (glutathione Swtransferasé)
arefused,andapmotebntdwhicharmcleicacidsuchaseaDNAaptamer,
a drug such as an antibiotic, and a macromolecule such as ?EG
(polyethylene glycol) are fused.

[0034]

In the present invention, the “cation exchange group” can
function as a cation exchange group to capture a target molecule
under conditions that an antibody or a Fc-containing molecule of
a target molecule is eluted (released) from an antibody affinity
ligand. Alsc, the “cation"QXChange group” can function as a cation
exchange group to elute a monomer and an aggregate of the target
molecule in this order in the manner dependent on ionic strength
by a counter ion such as sodium ioa 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 is preferable that the cation
exchange group 1is a mildly acidic group. For example, in the case
where protein A is used in the antibody affinity ligand, it is
preferable that the cation exchange group is a carboxyl group.
[0035]

A “water-insoluble carrier” used in the present invention is
a carrier made of water-insoluble base material, and is 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-insoluble carrier includes inorganic carriers such as glass
beads and silica gel; cocrganic carriers such as synthetic polymers
including cross~linked polyvinyl alcohol, cross-linked
polyacrylate, cross-linked polyacrylamide, cross-linked
polystyrene and polysaccharides including‘czystalline‘cellulose,
cross-linked cellulose, cross-—linked agarcse, cross-linked
dextran; and composite carriers of combinations of these carriers
such as organic~organic composgsite carrier and organic-inorganic
composite carrier. Examples of commercial products thereof can
include GCL 2000 (porous cellulose gel), Sephacryl £-1000
(covalently cross-linked copolymer of allyl dextran and methylene
bis acrylamide), Toyopearl (acrylate carrier), Sepharose CL4B or
Rapid Run Agaxoée Beads (cross-linked agarose carrier), Cellufine
(cross-linked cellulose carrier) and the like. The
water-insoluble cafrier can be classified into carbohydrate and
derivatives thereof, synthetic polymers, glass and the like. These
carriers can be appropriately combined. ‘

[0036]

In addition, the water~insoluble carrier uged 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 suitéblé
size for'target.antibodyrnolecules and the like, from the viewpolnt
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,
monolith, or membrane. The water-inscluble carrier is eépecially
preferably a porous bead because the separation matrix can
effectively function by concertedly working the antibody affinity

ligand and the cation exchange group arranged on the water-insoluble
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carrier, causing proximity of physical distance between the
antibody affinity ligand and the cation exchange group, and
obtaining 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 wit
monosaccharides or polysaccharides is preferable fromthe viewpoint
of easy of introduction of the antibody affinity ligand.
Concretely, the carﬁier is not particularly limited, and is
preferably an agarose carrier and a cellulose carrier.

[(0037]

As a method for immobilizing the antibody affinity ligand to
the separation matrix, a general method can be used. For example,
an amino group of the antibody affinity ligand may bind to a carrier
via a formyl'group introduced on the carrier, and an amino group
of the antibody affinity ligand may bind to a carrier wvia an
activated carboxyl group on the carrier. In addition, these
water—-insoluble carriers are activated so that the ligand can
covalently bind to the carrier before introduction of the antibody
affinity ligand. A commercially availabie activated carrier may
be used, and activation may be carried out by an operator
himself/herself.

[0038]

A functional group introduced to the water~inscluble carrier
by'activation.isrmﬁ:specificallyxlimitedq 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 bromide, N,deisuécinimidyl
carbonate (DSC) and the like, an aldehyde group or an activated

carboxylic acid group (for example, N-hydroxysuccinimide (NHS)
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ester, carbonyldiimidazole (CDI) activated ester), and the like
(Hermanson G.T. et al, "Immobilized Affinity Ligand Technigques,
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 52957, WO 2004/074471). These
functicnal groups include a functional group in which the antibody
affinity ligand direétly, covalently binds to the carrier, and a
functional group in which a linear, branched, or cyclic linker or
spacer is used. Moreover, when the carrier to which the antibody
affinity ligand is introduced is activated, it 1is preferably
activated by the technique in which the activated group directly
does not react to the ligand.

[0039]

As é méthod for immobilizing a protein ligand among the
antibody affinity ligands to the carrier, a method for reacting
a part of the functional group of the protein 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-terminal
amino acid and carboxyl groups of a glutamic acid (Gluj 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 utilizingv
protein A having cysteine ét the C~terminus is proposed (US
6,399,750, Ljungguist C. et al.; "Rur., J. Biochem#" 1889, Vol. 18¢,
p. 557-561).

Examples of immobilization techniques utilizing a linker may
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inciude not only a method 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 (forexample,aachargedaﬂdne)jjlalinker
or a spacer. Improvement of separation performance”by improvement
of immobilization 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 immobilization technigque includes an immobilization technigue
of a protein ligand to an agarose carrier derivatized byvan
NHS~activated carboxylicacidas apart of a linker arm {US 5,260,373,
JP2010~133733, JP2010-133734).

In addition, amethod for separately immobilizing an antibody
affinity ligand on a water-insoluble carrier by utilizing an
assocliative 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 associlative group and
the antibody affinity ligand is also proposed (JP2011—256176);

~As a technigue to immobilize or introduce a catioaléxchanqe
group to a water—-insoluble carrier, when the cation exchange group
isintroducedb@foreimmébilizatﬂnuoftheaﬁtibodyaffinityligand,
a technique used for production of a cation exchanger can be usually
utilized. For example, a technigue to introduce a carboxymethyl
group to a sugar skeleton includes, but not limited to, a method
of making monochloroacetic acid react under alkaline conditions,
andeametbodwyfintroduciﬁgezsulfategpxngaincludes;butxuﬁ:1imitéd
to, amethod of making sulfuric acid react under alkaline conditions.
It is also possible to introduée a carboxyl group by introducing
an active group which reacts with an amino group on a water~insoluble

carrier, and immobilizing an amino 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'é technigue of minimizing decrease of activity of the
antibody affinity ligand. For example, a cation exchange group can
be introduced from covalent binding due to reductive’amination of
the aldehyde group and the aﬁino<group on the carrier, by aCﬁivating
the Qarrier from reaction of sodium periodate.with a diol group
present inor introduced to the water-insoluble carrier to introduce
an aldehyde group, ana 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
iﬁtroducing a carboxyl group ¢f an amino acid is preferable 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 chtinuously or simultaneously iﬁtroduced.to the
water-insoluble carrier. For example, the carrierjfsactiVat@dlay
reacting sodium periodate to a diol group present in or introduced
to the water-insoluble carrier to introduce an aldehyde group.
When adding'and.immobiiizing the antibody affinity ligand thereto,
a molecule such as an amino acid having an amino group and a cation
exchange group in a single molecule 1s continuocusly or |
simultaneousiy’added‘together. Thué, the antibody affinity ligahd
and the cation exchange group can be individually introduced to
individual aldehyde groups on the water-insocluble carrier by

reductive amination.
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[0043]

The cation exchange group may be directly immobilized to the
water~insoluble carrier, and may be indirectly immobilized via a
spacer, linker and the like. In addition, so long as the cation
exchange group can function as a cation exchanger under acidic pH
conditions that a target molecule is eluted (released) from the
antibody affinity ligand, the cation exchange group, the spacer
or the linker may include a functional group having other functions,
and the molecular shape thereof is also not particularly limited.
(00447

The present invention is 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~insblublebasea@terialviaa«xwalentbond. The mixed mode
antibody affinity separation matrix is characterized in that the
separation matrix has exéellent‘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.
5004§}

As representative examples of the first chromatography 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 pfotein A chromatography
used is low, and robustness of the separation i1s also poor. Thué,
in gene:al, elution conditions that high recovery rate can be

obtained by minimizing degeneration and aggregation of an antibody
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or an Fc-containing molecule as a target molecule are selected,>
and removal of the impurity such as the aggregate and the like is
carried out in the subsequent processes.

[0047]

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

[0048]

On the other hand, when the mixed mode antibody affinity
separation matrix of the hzeéent invention is used, an excellent
separation 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 to 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 fraction having
high content of monomeric substances by setting of a narrow pH range

(preferably pH 3 to 4, more preferably pH 3.1 to 3.8, further
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@referably pH 3.2 to 3.8) at which the target molecule is eluted
from the antibody affinity ligand and an ionic strength (preferably
10 to 500 mM, more pieferably’lS 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
monocleonal antibody, since the elution pH is significantly
separated from the iscelectric point of the target molecule, there
is no significant difference in the range of the elution ionic
strength of each antibody. Thus, it 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 seﬁvto be further narrower range, and
effective washing 1s also possible due to use of alkaline CIP
{cleaning in place; stationary washing). Thus, utilization of
modified protein A 1s preferable from the viewpoint of construction
of a robust process.

(00501

A separation matrix using a synthesized compound containing

3

le .
P
fom

an ion exchange group and alhydrophobic group as a -ligand, whic
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 iscelectric point, and the like,
but also hés low specificity, even if the target molecule is a
monoclonal antibody. Thus, it is 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 antibody affinity ligand at the time of
adsorption, but also easily set conditions thereof by setting ionic
strength in the range of the elution conditions of the antibody
affinity ligand. Thus, the mixed mode antibody affinity separation
matrix of the ?resent invention is more excellent than an existing
mixed mode separation matrix.

[0052]

More concretely, 1in the mixed mode antibody affinity
separation matrix of the present invention, when a target molecule
such as an antibody is adsorbed around 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 doeé 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. On the other hand, the ilonic
strength does not inhibit adsorptionof the antibody affinity 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 targét molecule can be effectively_washed and removed by
use of a washing fluid having high ionic strength.

[0053]

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

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

Moreover, a method for improving immobilization rate of
ligands by noncovalently and effectively accumulating an antibody
affinity ligand on a carrier of a base matrix using an ion exchange
group ©or a hydrophobic functional group at the time of
immobilization of the ligand to a separation matrix 1s known
(JP2011-256176¢). This method is essentially differeht from the
present invention in that (1) the ability of-separating impurity
such &s an aggregate and the like is not improved; clearly
distinguished from the present invention in principle of
preparaticn 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 excellent
separation characteristics for impurity such as an aggregate.
[0055]

| The mixed mode antibody gffinity 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 aﬁtibody affinity ligand is immobilized. The mixed mode
antibody affinity separation matrix of the present invention is
characterized in that a desired lon exchange group can be introduced
~independently of immobilization of the antibody affinity ligand.
[0056]

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

reactlion 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 carbo%yl group
on purpose. Therefore, this general method is clearly
distinguished from the present invention introducimg a cation
exchange group oﬁ 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 also not limited to the carboxyl group activated by NHS
and the like. |

(003573

A teéhnique to efficiently introduce a carboxyl”group=to a
water-insoluble carrier agd a technigue to prepare an antibody
affinity separation matrix using a carrier of which introduced
carboxyl group 1s activated are disclosed (JP2010-133733,
JP2010-133724) . However, the technique subsequent to NHS‘
activation is the same as a known method for immobilizing an affinity
ligand using any known NHS-activated carrier. The present
invention provides a novel mixed mode antibody affinity separation
matrix which simultaneocusly utilizes an antibody affinity ligand
and a cation exchange group and which reduces a contaminant such
as an aggregate, andeamethod.for using the same. Thus, the present
matrix is clearly distinguished from the antibody affinity
separation matrix prepared using a conventional NHS-activated
.carrier,

[0058)

The mixed mode antibody affinity separation matrix prepared
by the present.invention can adjust the function thereof by ﬁhe
ratio of the antibody affinity ligand and the cation exchange group.
Whem.theﬁbinding*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
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even at a low ionic strengﬁh, When the binding capacity of the
antibody affinity ligand is at the same level as or lower than the
Abinding capacity of the cation exchange group, an antibody eluted
frmntheantibodyaffinityligandisStronglyretain@dbythecation
exchange group at a low ilonic strength, and the antibody tends to
be hardly eluted. Thus, in ordexr to obtain.a}ﬁigher recovery rate,
it is nécessary to set the elution ionic strength to be high. In
either case, the recovery rate and the monomer ratio thereof can
be controlled 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 S@pération matrix of the present invention, the
dynamic binding capacity of a cation exchange group under the
condition of elution pH for the target molecule (especially antibedy,
more preferably human IgG or IgG of humanized mdﬁoclonal antibody
and the like) is preferably not more than two times, more preferably
not more than one time, and especially preferably not more than
cne £ifth with respect to the dynamic binding capacity of an antibody
affinity ligand under the condition of antibody adsorption (ﬁnder
the condition of_meutral pH) for a target molecule (especially
antibody, more preferably human IgG or IgG of humanized monoclonal
antibody and the like). The lower limit thereof maybe, for example,
not less than one hundredth, or not less than one fiftieth. When
the amount of antibody binding with the cation‘@xéhange group 1s
small, 1t is possible to set the elution ionic strength low, and
there is a Lendency that a treatment such as desalting becomes
unnecessary in the subseguent antibody purification process.

Additionally, the range of setting of the elution ionic strength
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becomes narrow, so that it is 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
immunoglobulin G and an analog thereof {(including a derivative).
The target molecule also includes not only a molecule generally
called an antibody, but also an Fc fusion protein (Fc-containing
molecule) in which an ¥c region of a constant region of an
Jimmunoglobulin molecule, and another functiocnal proteln or peptide
are fused. These target molecules are utilized as a raw material
of an antibody drug.

[006i]

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 is immunoglobulin G, but the present invention is
not limited thereto.

[0062]

Purification of a target molecule (antibody) uvsing the mixed
mode antibody affinity separation matrix is roughly composed of
4 steps: an adsorption step, a washing step, a step of adjusting
the ionic strength, and an elution step. In addition, purificaﬁion
may comprise a step for reuse such as subéequent regeneration step
and/or CIP step, and re-eguilibration step.

[0063]

In the adsorption step, a general purificatidn method of
éffinity column chromatography can be used. That is to say, in one
example thereof, pH of a protein solution comprising immunoglobﬁlin
G is adjusted to be near neutral, and thereafter the solution 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 immuncglobulin G via the antibody
affinity ligand. For example, when protein A 1s the antibody
affinity ligand, pH of the protein solution comprising
immunoglobulin G is preferably 6 or more, more preferably 6.3 or
more and 9 or less, and further preferably 6.5 or more and 8.5 or
less. Inpurification of immunoglobulin G produced by a mammalian
cultured cell, not only adjustment of the ionic strength is not
eépecially necessary, but also nonspecific adsorption can also be
suppressed by previcusly increasing the ionic strength.

[0064]

In the washing step, an.appropriate amount of a buffer
solution within the range of the conditions under which the antibvody
affinity ligand functioas»is let to pass through the column, to
wash the column. That is to say, the éreferable range of pH may
be the same range as that of the above-mentioned case of the
adsorption step (near neuvtral pH). For example, pH is preferébiy
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 |
effectively 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 undéz‘whicb.the'cation exchange
group does not function is preferable. That is to say, it is
preferable that pH is near neutral and that a washing fluid having
aceﬁtainleveiornmreofionicstrengthi51njiized,andiﬁ@urities
nonspecifically remaining in the separation matrix and/or in the
column via immunoglobulin G 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 ionic strength near neutrality is passed through the column,
to prepare an lonic strength-~dependent elution function by the
cation exchange‘group.

[0066]

Mqtheelutionstep,thetargetnml@cuhacanbeseparatedfroﬁ
a cation exchange group at the time of elution from the antibody
affinity ligand by a combination of acidic pH and the ionic strength,
tc recover a fraction having high monomer conteht in a fraction
elutedatEalowionicstrengthkufconcertedactionsfrmntheaﬁtibody
affinity iigand and the cation exchange group. For the pH of the
elﬁate, the elution pH for immunoglobulin G from the antibody
affinity ligand can be applied. Since the pH is determined<on the
basis cf the separétion conditions by the kind of the mixed mode
antibody affiﬁity'éeparation matrix consisting of the antibody
affinity ligand used for production of the matrix and of
immunoglobulin G, it is unnecessary to set gpecial conditions.
[0067]

In the case where protein A is used as the antibody affinity
ligand, it is preferable that the elution pH is 2 or more and 6
or less. In order to prevent acidic denature of a target molecule,
the elution pH is preferably 3.0 or more, more preferably 3.3 or
more, and especially preferably 3.5 or more. The elution pH is
preferably 5.5 or less, and more preferably 5.0 or less.

[0068]

When an alkali~resistant type of a protein A ligand is used,
the elution pH tbéreof is generally mainly set within the range
of 3.5 to 4.0, but ﬁot limited thereto. In addition, the ilonic

strength for the elution not only depends on the introduction ratio
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df the antibody affinity ligand and the cation exchange group, but
alsécjepends.on the load amcunt of immunoglobulin G per unit volume.
However, the optimized conditions 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,
eithextgradient,elutioncmfstepwise:elutions&ith.salt.concentration
is applicable. From the viewpoint of reduction of the amount of
the eluate, stepwise elution with the ionic strength is preferable.
Furthermore, from the viewpoint of simplification of the operation,
it is preferable to set conditions for one-step elution such that
recovery of an antibody and high content of a monomer can»be
accomplished.

(00707

Moreover, when impurity including an aggregate remains in the
column and is not mixed in the elution fraction even with the
combination of the ionic strength of the washing step and acidic
pH, the step of adjusting the ionic strength can be oﬁitted.
[0C71]

When the immunoglobulin G is purified by the mixed mode
antibody affinity separation matrixz of the present invention,
higher monomer selectivity is exhibited thaﬁ that of an antibody
“affinity separation matrix based on a single separation mode, and
the monomer content in the eluate thereof is high.

[0072]

When an antibody affiniﬁy separation matrix is‘ﬁsed in a
single separation mode, the monomer ceontent can also be increased
to some extent by optimization of the eluticn pH and the ionic

strength, and the like. However, the effect ¢f increase of the
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monomer content is small, and exertion of the effect is accompanied
by significant reduction of the recovery rate. By using the mixed
mode antibody affinity separation matrix of the present invention,
affinity purification with high specificity and improvement of the
menomer content which can be accomplished mainly by caticn exchange
chromatography can be efficiently accomplished by a single
chromatography operation with'retaining the high recovery rate.
Thereﬁore, 1t is possible to reduce the burden on the subsequeni
process, and to contribute to improvement of vield 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 to contribute to improvement of productivity in
the process of producing an antibody preparation and to high
purification thereof.

[0073]

The present application claimsvthe benefit of priority to
Japanese Patent Application Number 2012-193069 f£iled on September
3, 2012. The entire contents of the specification of Japanese
Patent Application Number 2012-193069 filed on September 3, 2012

are hersby incorporated by reference.

EXAMPLES
(00741
The present invention will be explained more in detail on the
basis of the Examples herein below, but the present invention is
not limiﬁed to these Examples.
[(0075]
{Preparation Example 1 of carrier)
Preparation of protein A-immobilized carrier

As 4% agarose beads, 4 mL in wet volume of LOW Density GLYOXAL
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4’RapidEun1(Agarose Bead Technologies) substituted with water were
taken into a reaction vessel, and made up for the slurry volume
of 5 mlL with water. Thereafter, 1 mL of a 0.25 M sodium citrate
solution (pH 3.5) wasvadded thereto. Furthermore, 2 nlL of 0.8 M
sodium periodate was added thereto, and the mixture was overturned
and stirred at room temperature for 0.5 hours, to give a carrier
to which an aldehyde group was introduced. Slurry of this carrier
wés sufficiently washed with water and Dulbecco's PBS (-) (NISSUI
PEARMACEUTICAL CO., LTD) (hereinafter PBS) as a phosphate puffer.
After recovery, the amount of the slurry was made up for 5 mL. Next,
5 mL of a mixed soclution (pH 6.8) of 0.1 M sodium phosphate, 1 M
sodium citrate and 6;3 M sodium chloride was added thereto. After
mixing the mixture, the amount of the solution was adijusted to 5.5
‘mL. An agueous 5 N sodium hydroxide solution was added thereto,
to adjust 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
a]ﬁ%citricacidsoluti@n,andtberéafter@.Szﬁ;ofjjﬂdimethylamine
borane was added thereéé. The mixture was overturned and stirred
atroomtemperatureovérhiéht. Theﬁmxturewassufficientlywashed
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 agarcse (hereinafter referred to as carrier
1) . Here, the protein A herein used was prepared on the basis of
Examples of WO 2011/118699.

[0076] |

Regarding the carrier 1} antibody binding capacity,

especially dynamic binding capacity of 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 mL of carrier was calculated from the value
obtained by dividing the amount of antibody bound to the column
by the time of leakage of 10% of the loaded IgG other than the fraction
such as IgG3 which does not bind to the protein A carrier by the
volume of the carrier in the column. The chromatography conditions
are shown below, and the dynamic binding capacity at 6 minutes of
Contéct1xmmawasfoundknrsettingtﬂm&flow:rateat:thetime<1floéding
as 0.4 mL/min. Moreover, the flow rate besides loading was set as
0.6 mL/min {contact time: 4 minutes) .
[0077]

Regarding the carrier 1, 10% DBC of the antibody affinity

separation matrix at 6 minutes of contact time was 56.0 mg.

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

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

polyclonal antibody (IgG): gamma globulin NICHIYARU (human
immunoglobulin G} (NIHON PHARMACEUTICAL CO., LTD.)

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

[0078]

(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
fﬁRapidEﬁul(Agaro&eBeadE@chnoiogies} substituted with water were
taken into a reaction vesgsel, and made up for the slurry volume
of 5 mL with water. Thereafter, 1 ml of a 0.25 M sodium citrate
solution (pH 3.5) was added thereto. Next, 1 mL of a mixed solution
(pH 3.5) of 0.1 M citric acid and 0.1 M glutamic acid was added
thereto, and the mixture was stirred. Furthermocre, 0.5 mL of (.8
M sodium periodate was added thereto, and&thexnixturexﬂasraveﬁturned
and stirred at room temperature fdriLhoury to introduce an aldehyde
group on the carrier of agarose beads. Slurrxy 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 of the slurry
was made up for 5mL. To the slurry, DmL ¢f 1 Mglutamic acid/PBS
C {pH T} waé 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 removed S0 thaﬁ the liguid amount became 6 &L.
Twenty milligrams 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 agarase carxierjxxwhiéh a carboxyl
group was introduced to an aldehydeAgroup by reductive amination
via an amino group of glutamic acid.
[0079]

Next, the agarcse carrier to which a carboiyl.group was

introduced was washed with 0.1 M MES and 0.5 M NaCl (pH 6) (MES
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S;ffer) and the solutién was substituted. Thereafter, 4 ml in wet
volume of the carrier was taken into a reaction vessel, and the
slurry volume was made up for 5mL. 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
wag overturned and stirred at room temperature for 15 minutes.
Thereafter, the mixture Was sufficiently washed with cooled PRS,
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 0.1 N sodium hydroxide solution, and the carboxyl
group which was modified with EDC/NHS and did not react with protein
Avwas regenerated, to give 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.'
[G0801

Regarding the cgzriez‘Z, the antibodyéaimding'capacitycﬁfthe
antibody affinity ligandvmm;determined. The determination method
was the same as that of Preparation Example 1 of carrier. As a result,
10% DBC at € minutes of contact time was 10.2 mg.
[00811

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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'éroup 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 mL of carrier was calculated by dividing the amount of antibody
bound to the column from the start of the loading to the time of

leakage of 10% of the entire loaded IgG by the volume of the carrier

in th

®

celumn. The chromatography conditions are shown below, and
the dynamnic binding capacity at 6 minutes of contact time was found
by setting the flow rate at the time of loading as 0.4 mL/min.
Morecover, the flow‘rate besides loading was set as 0.6 mL/min
(contact time: 4 minutes). Regarding the carrier 2, 10% DBC based
on introduction of the caticﬁzexchange<group'und@i‘antibodywelutiom
conditions at 6 minutes cof contact time was 10.6 mg.

[0082]

As described above, the carrier 2tx>b@ used in the mixed mode
antiboedy affinity separation matrix of’the present invention could
be obtained, so that the antibody binding capacity based on the
cauionexchangegyangwasglightlyhighérthan1ﬁmaantibodybinding

capacity based on the antibody affinity ligand.

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

column: ID 0.66 c¢m X Height 7 om (manufactured by Omnifit Ltd.)
filiow rate: 0.4 mL/min {(contact time: & minutes) or 0.6 mlL/min
{contact time: 4 minutes)

‘polyclenal antibody (IgG): gamma globulin NICHIYAKU (NIHON
PEARMACEUTICAL CO., LTD.) "

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

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

(8]

CIP solution: 0.1 M sodium hydroxide, 1 M sodium chloride
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ﬁeutralizing and re—equilibrating solutién: 10 mM acetic aclid {pH
3.5)

10083}

(Preparation Example 3 of carrier)

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

Using MabSelect SuRe (GE Healthcare Biosciences, 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 mlL
in wet volume of the carrier 3 was takén in a reaction vessel, and
the slurry volume was made up for 5 mL. Thereafter, 1 mL of a 0.25
M sodium cltrate solution (pH 3.5} was added thereto. Next, 1 mL
of a 0.1 M citric acid and 0.1 M glutémic acid solution (pH 3.5)
was added thefeto, 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 introduce
an aldéhyde group on the carrier 3. This carrier slurry.was washed
5 times with 1 M glutamic acid/PBS (pH 7) diluted to hundred ﬁimés
with cold watét. After recovery, the liguid amount of the slurry
was made up for 5 mL. To the slurry, D mi of 1 M glutamic acid/?BS
(pH 7) was added, and the mixture was overturned and stirred at
room temperature for 2 hours. Thereafter, 0.5 mL of an aqueous 1
M dimethylamine borane solution was additionally added thereto,
and the mixture was overturned and stirred at room temperature
~overnight. The carrier was precipitated by cent:ifugation, and
thereafter the supernatant was removed so that the ligquid amount
‘became 6 mL. Twenty milligrams of sodium borohydride was directly
added thereto, and the mixture was 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.SthaCl, to give the mixed mode antibody'affiﬁity
separation matrix of the present invention as a protein A carrier
in which a carboxyl group was introduced to an aldehyde group by
reductiveaminationviaau&aminog:oupcﬁfglutamicacid(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 Qf 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 of Example 1. As a result,
10% DBC at 6 minutes of contact time was 4.2 mg.

[008e]

As describedAabové, 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 binding capacity based on the
cation exchange group was’about oneé tenth the antibody binding
capacity based on the antibody affinity ligand. |
[0087)

In addition, regardirm;carrieri%oftﬁmepxoteif1A~immobiiized
carrier used as the material of the carrier 4, the antibody binding
capacity as the antibody affinity separation matrix was deétermined.
As a result, 10% DBC at 6 minutes of contact time was 50.3 mg.
[0088] |
(Comparative Example 1)

Stepwise salt elution and separation of aggregate under acidic

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

[0089]

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 eluticn fraction (fraction), and the ratio

f 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 yield.(Mononﬁx‘Yield). At this tiﬁ@, the total
sum of the area values of the elution fractions from carrier 1 was
regarded as 100%, and eéch elution fractiocn was evaluated.
Moreover, 1ln crder to pxeveﬁﬁ aggregate formation in tﬁe 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 adjusted to 5 to 6 using a sodium
phosphate solution of pH 5. The mixture was subjécted to gel
filtration chromatography. Here, each chromatography 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 Ltd.)
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 solution: 2.5 mg - IgG/mL (PBS: Dulbecco Nissul)
équilibratiag sclution: PBS (pH 7.4) (3CV, CV : column volume)
loading soclution: 6.8 mL

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) (BCV)

eluate 2 : 10 mM acetic acid containing 150 mM sodium chloride (pH
3.5) (8CV) |

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

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

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

Gel filtratilon chromatography condition
column: Sdperdexzoo 10/300 GL (ID 1 cmx Height 30 cm) (manufactured
by GE Healthcare Biosciences)
flow rate: 0.5 mL/min
detection wavelength: 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)
100901

The results of evaluation of stepwise salt elution and
separation characteristic f@reﬁ1aggregételﬁka:acidic:coaditions
of ﬁhe carrier 1 are shown ig Taple 1.
{00921] | |

{Table 1]
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elution fraction carrier 1 %
antibody yield (%) 99. 4
eluate 1(0 mM NaCl) i monomer content (%) 94.5
monomer yield (%) 89.5

) antibody yield (%) 0.6
eluate 2 (150 mM NaCl)] moncmer content (%) 86.3
mopnomer yield (%) 0.5

antibody vield (%) 0.0

eluate 3{(300 mM NaCl)} monomer content (%) 0.0
monomer vield (%) 0.0
antibody vield (%) 100.0
eluate 1 + eluate 2 § monomer content (%) 94.5
monomer yield (%) 100.90

[0092]
(Example 1)
Stepwise 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
Ltdﬂ (ID 0.66 cm x Height 7 cm)) prepared and used for evaluation
in'?fepafation Example 2 of carrier, 7 mg of human polyclonal
antibody per 1 mL of carrier'wés 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 various ionic strengths
‘under acidic conditions. Here, the ionic strength of eluate 2 was
sét as three grades to carry out evaluation (chromatography
condition 2 for separation of aégregate).
[0093] i

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
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of a monomeric substance {(moncmer) 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 vield (Monomer Yield) . Zmzthistime,thetotal
sum of the area values of the elution fractions from carrier 1
evaluated in Comparative Example 1 was regarded as 100%, and each
elution fraction was evaluated. Moreover, in order tc 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 adjusted to 5 to 6 using a sodium phosphate solution of pH 5.
The mixture was subjected to gel filtration chromatography.
Moreover, each chromatography condition 1s shown below.
Additionally, gel filtrafion chromatography was evaluated in the

same manner as in Comparative Example 1.

Chromatography conditi&n:Zfof 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) “
polycional antibody (IgG): gamma globulin NICHIYAKU (NIHON
PHARMACEUTICAL CO., LTD.)

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

loading solution: ©.8 mL

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

washing solution before elution : 10 mM Tris/HCL (pH7){SCV)
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 acid containing 300 mM sodium chloride (pH

3.5) (4CV)
CIP solution: 0.1 M sodium hydroxide, 1 M sodium chloride (4CV)

neutralizing and re-equilibrating sclution: PBS (pH 7.4)

The results of evaluation of stepwise salt elution and
separation characteristic for an aggregate under acidic conditions
of the carrier 2 are shown in Table 2.

[0094]

[Table 2]
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NaCl concentration of elution 2
elution fraction carrier 2
150 mM 175 mM 200 mM
antlbo%y vield 0.0 0.0 0.0
%)
eluate 1(0 mM nmnomerccontent 0.0 0.0 0.0
NaCl) (%)
monomef vield 0.0 0.0 0.0
(%)
antlboﬁx yield 75.1 88.3 91.6
eluate 2(various monomer content
NaCl (%) 89.0 98.3 87.6
‘concentrations) -
monomfijyl@ld 78.7 01.9 94.7
a”tlboﬁz yieldd 15 6.9 1.9
eluate 3(300 m¥ nw&omerocontent 8.0 84.0 81.2
NaCl) (%)
monomfi)yleld i 16.9 6.1 1.6
antibody yield }' 45 4 88.3 91.6
N - .
eluate 1 + momomefncontent 990 98.3 97 .6
eluate 2 (%)
monomfi)yleld 78.7 91.9 | 94.7

[0085]

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
[elution.fractionjjoableIJ eluate‘1(01m4NaCl)]. On the contrary,
the carrier 2 of the mixed mode antibody affinity separation matrix
bfthepresentinventionexhibitedi&ﬁicstrengthwdependentelution
behavicor by the function of the cation exchange group under the

acidic elution conditions {elution fraction in Table 2: eluate 2
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J{iBO mM, 175 mM, 200 mM NaCl)l 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 each of the characteristics of the protein
A ligand and the cation exchange group, and exhibited high
specificity and high monomer selectivity in one chromatography
step.

[0C96]

Moreover, tﬁe_carriez‘Z had slightly higher antibody binding
Capacitﬁfbasedcxtﬁhé cation exchange group than that of thejproteih
A affinity ligand under conditions of elution pH of antibody from
protein A, and required high ionic strength of a certain
concentration or more for elution of the antibody.

[0087]

{(Comparative Example 2)

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

Using the carrier 3 with a column (manufactured by Omnifit
Ltd. (ID O.66<xnx Height 7 cm)} used for evaluation in Ereparétion
Example 3 of carrier, 7 mg cf human polyclonal antibody per 1 mL
of carrier was loaded to this column under neutral conditions, to
elute the antibody w;th an elution buffer having various ionic
strengths under acidic conditions (chromatography condition 3 for
separation of aggregate).

0098]

Each eluate was analyzed by gel filtration chromaﬁography,
amdtheprotéincontentandyiéld(Yieid)werefoﬁndfromtﬁeprotein
peak area value of each elution fracticn. (fraction), and the ratio
of a monomeric substance (monomer) and an aggregate (polymet) and

the like was further found from the protein peak analysis, to
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ééiculate 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.
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 0.0S M or
more, and the pH of each eluate was adjustéd Lo 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 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)

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

loading solution: 2.5 mg -~ IgG/mL (PBS:“Dulbecco Nissui)
equilibrating solution: PBS (pH 7.4) (3CV)

loading soluition: 6.8 mL

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 3.3) (8CV)

eluate 2 @ 10 mM acetic acid contaiﬂingzéo mM sodium chioride(pH
3.5)(8CV) "

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

3.5) (4CV)



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

The results of evaluation of stepwise salt elution and
separation characteristic foreﬂléggregate‘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.

[01006]
[Table 3]
elution fraction carriexr 3 %
antibody’yield (%) 99.7
eluate 1(0 mM NaCl) §jmonomer content (%) 94.5
moneomer vield (%) 99.7
antibody vield (%) 0.3
eluate 2(50 mM NaCl) j monomer content (%) 100.0
monomer yield (%) 0.3
antibody yield (%) 100.0
eluate 1 + eluate 2 | monomer content (%) 94.5
monomer yield (%) 100.0

[0101]

(Example 2)

Stepwise salt elution and separation of aggregate under acidic

conditions of mixed mode antibody affinity separation matrix

(carriexr 4) |
Using the carrier 4 with a column (manufactured by Omnifit

”"Ltd.((ID 0.66 cm x Height 7 cm)) used for evaluation in Prepagration

Example 3 of carrier, 7 mg of human polyclonal antibody per 1 mL

of carrier was loaded to this coclumn 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 various ionic strengths under acidic
conditions. The lonic strength of eluate 2 was set as three grades
to carry out evaluations (chromatography condition 4 for separation
of aggregate).

[0102]

Fach eluate was analyzed by gel filtration chromatography,
and the protein content and yvield (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 anélyéis, to
“calculate monomeric substance content (Moncmer content) and
monomeric substance yield (Monomer Yield) . Atthistime,thetbtal
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 elution fraction from the affinity

gseparation matrix, arginine was added to each eluate go that th

®

final concentration became .05 M or more, and the pH of each eluate

was adjusted to 5 to 6 using a sodium phosphate scolution of p

fan
[S3]

The mixture was subjected to gel filtration chromatography.
Morecover, each chromatography condition is shown below.
Additionally, 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 elution)
column: iD 0.66 cﬁVx Height 7 cm (manufacfured by Omnifit Ltd.)
flow rate: 0.6 mL/min (contact time: 4 minutes)
polyclonal antibody (IgG): gamma globulin NICHIYAKU (NIHON
PHARMACEUTICAL CO., LTD.)
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ﬁibading solution: 2.5 mg ~ IgG/mL (PBS: Dulbecco Nissul)
eguilibrating soluticon: PBS (pH 7.4) (3CV)

loading solution: 6.8 mL

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

washing solution before elution : 10 mM Tris/HCI (pH?){SCV)
eluate 1 : 10 mM acetic.acid (pH 3.5) (8CV)

eluate 2 ; 10 mM acetic aclid containing 25 mM, 50 mM, or 75 mM sodium
chloride(pH 3.5) (8CV)

eluaté 3: 10 mM acetic acid containing 300 mM sodium chloride (pH
3.5) (ACV) |

CIP solution: 0.1 M sodium hydroxide, 1 M sodium chloride (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 éonditions
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.

(01047 |

[Table 4]
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NaCl concentration of
. . . elution 2
elution fraction carrier 4
25 mM 50 mM 75 mM
1t iy yiel
aptlboiﬂ vieldl 54 5 58.9 59.1
r o T
eluate 1(0 mM monﬂmerocon ent 98 .7 98.5 98 . 6
NaCl) (%)
monomfi)yleld 62.3 61.4 617
a“tlboﬁi'yleld 32.1 38.7 40.8
eluate 2(various monomer content
NaCl ' o 87.9 94,7 82.6"
s (%)
concentrations) .
monomfﬁ)yleld‘ 33.3 38.8 40.0
antlboﬁi yieldt o g 97.6 99,9
o+ nt
eluate 1 eluate mpnomeroconbent 9s 4 97 0 96 2
2 (%)
monomfi)yleld 95. 6 100.2 101.7

{0105]

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 io&ic strength of NaCl was 0 at the time of acidic elution
[elution fraction in Table 3: eluate 1 (0 mM NaCl)]. Oniﬂuacéntrary,
the carrier 4 of the mixed mode antibody affinity separation matrix
of the present invention exhibited lonic strength~dependent elution
behavior by the function of the cation exchange group under acidic -
elution conditions [elution fraction in Table 4: eluate 1 (0 mM
NaCl) and eluate 2 (25 mM, 50 mM, 75 mM NaCl)] and si@hificaﬁily
improved monomer selectivity as a concerted effect of the protein
A ligand and the cation exchange group. Thus, the carrier 4 of the
present invention concertedly exhibited each of the characteristics

of the protein A ligand and the cation exchange group, and exhibited
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ﬁigb,spécificity'andﬁnighﬁﬂonomer selectivity in one chromatography
step.
(01061

Moreo&er, 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 antibodies were eluted even when
the ionic strength of NaCl was 0. The ionic strength to elute almost
'éﬁtire antibodies was low as compared with Example 1.
[0107] B
(Comparative Example 3)
Acidic pH dependent elution and separation of aggregate of protein
A-immobilized carrier {(carrier 3)

Using the carrier 3 with a éolumn (manufactured by Omnifit
Ltd. (ID 0.66 cm x Height 7 cm)) used for evaluation in Preparation
Example 3 of carrier, 7 mg of human polvclonal antibody per 1 mb
of carrier was loaded to this column under neutral conditions, to
eluteéﬁm&antibody:&itheu1eiution?aufferfﬁ:vazious acidic pH under
acidic conditions and lower ilonic strengths (chromatography

condition 5 for separation of aggregate).

[
ke

[0108]

- Each eluate was analyzed by gel filtration chromatography,
andtheprote;ncontentandyield(Yield)wefefoﬁndfromtheprotein
peak area value of each elution fraction (fraction), and the ratio
of a monomeric substance (monomer) and an aggregate (polymer) and
the like wés further found from the protein peak analysis, to
calculate mondmeric substance content (Monomer content) and
monomeric substance yield (Monomer Yield). At this time, the total

sum of the area values of each of the elution fractions from each
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ggromatography was regarded as 100%, and difference under
conditions 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 so
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. Thenﬁxturewassubjectedtx>gelfiltrationchromatography.
Moreover, each chromatography condition is shown below.
Additionally, gel filtration chromatography was evaluated in the

same manner as in Comparative Example 1.

Chromatography condition 5 for separation of aggregate (acidic pH
& - q p

elution)

column: ID 0.66 cm x Height 7 cm (manufactured by Cmnifit Ltd.)
_flow'rate: 0.6 nmL/min (contact time: 4 minutes)
polyclonal antibody (IgG): gamma globulin NICHIYAKU (NIHON
PHARMACEUTICAL CO., LTD.)
loading solution: 2.5 mg - IgG/mL (PBS: Dulbecco Nissui)
equilibrating solution: PBS {(pH 7.4} (3CV)
loading solution: 6.8 mL
washing sélution after loading : PBS (pH 7.4) (5CV)
eluate : 10 mM acetic acid (pH 3.25, pH 3.5, or pH 3.75) (8CV)
regeneration soluticn @ 0.1 M acetic acid (4CV)
CIP solution: 0.1 M sodium hydroxide, 1 M sodium chloride (4CV)
neutralizing and re-equilibrating solution: PRS (pH 7.4)
[0109]

The results of evaluation of acidic pH dependent elution and

separation characteristic for an aggregate of the carrier 3 are

[0110]
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{Table 5]

; eluation pH
elution fraction carrier 3
3.25 3.5 3.75
antibody vield (%) 100.0 99.7 89.3
eluate tent (% 94,5 | 94.5 | 96
c %

(various pH) monomer content (%) . . 96.1
monomer vield (%) 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)] such that a part of adsorbed
IgGs remains in the carrier by exertion of moderate monomer
selectivity originally possessed by the protein A-immobilized
carrier. However, reduction rate of the monomeric substance
(monomer) yield was large as compared with that of the carrier 4
of the present invention [elutioh fraction in Table 4: eluate 1
(0 mM NaCl) + eluate 2 (25 mM NaCl)] shown as the results of Table
4, and the rate of increase in the monomeric substance (monomer)
content was small. Thus, . the mixed mode antibody affinity
separation matrix of the present invention had an excellent
characteristic thatAhigTLmonomeric substance (moncomer content) can
be=abtainec1atlnighxnonbmeric substance (monomer) yield as compared
with that of the antibody affinity separation matrix.

[0112]

(Comparative Example 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
chromatography carrier

Using, as carrier 5, CM Sepharose Fast Flow (GE Healthcare
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éiosciences) of a cation exchange chromatography carrier having
a carboxyl group as a ligand, a column from the same company (ID
0.5 cm x Height 2.5 cm) was charged by these, to prepare a 0.5
ml-volume minicolumn. The minicolumn was jolinted directly'under
a column (ID 0.66 cm x Height 7 cm) (man&factured,by Omnifit Ltd.}
used for evaluation in Preparation Example 3 of carrier in which
the carrier 3 was paéked, to prepare a linked column (herelnafter
referred to as carrier 6). ’To the linked column, 10 mg of human
polyclonal 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 (chromatography condition 6 for separatibn of
aggregate) .

[0113]

Bach eluate was analyzed by gél filtration chromatography,
and the protein content and yield (Yield) were found fromthe protein
peak area value of each elution fraction {fraction), and the rati
of a monomeric substance (monomer) and an aggregate {(polymer) and .
the’like was further found from the protein peak analysis, to
calculaﬁe 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 of
Comparative Example 3 was regarded as 100%, and each of elution
fractions was evaluated. Moreover, ih order to prevent aggregate
formation in the elution fraction from the affinity separation
”wmatrix, afqihine was added to each eluate so that the final
concentration became 0.05 M or more, and the pH of each eiuate was
a&justed to 5 to 6 using a sodium phosphate éolﬁtion of pH 5. The
mixture was subjected to gel filtration chromatography. Moreover,

each chromatography 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)

colunn: ID 0.66 cm x Height 7 cm (manufactured by Omnifit Ltd.) and

ID 0.5 cm x Height 2.5 cm {(manufactured by GE healthcare bioscience)

flow rate: 0.4 mL/min (contact time: 6 minutes)

polyclonal antibody (IgG): gamma glcbulin NICHIYAKU (NTHON

PHARMACEUTICAL CO., LTD.)

loading solution: 2.5 mg - IgG/mL (PBS: Dulbecco Nissui)

equilibrating solution: PBS (pH 7.4) (3CV)

;oading solution : 9.6 mL

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

washing solution before elution : 10 mM Tris/HCLl (pHT) (5CV)
eluate 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 solution: 0.1 M so&ium hydroxide, 1 M sodium chloride (4CV)

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

[0114]

The results of evaluation of stepwise salt elution 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.
[0115]

[féble 6]
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carrier 6 {linked column
elution fraction of column packed with o
o - : carrier 3 + column packed °
with carrier 5)
antibody vield (%) 28.5
eluate 1(0 mM NaCl) monomer content (%) 90.1
monomer yield (%) 27.2
antibody yield (%) 1.6
eluate 2 (25 mM monomer content (%) 100.0
NaCl)
monomexr yield (%) ' 1.7
. antibody yield (%) 11.1
eluate 3(250 mM monomer content (%) 100.0
NacCl)
wonomer yield (%) 11.7
antibody yield (%) 41.1
eluate 1 + esluate 2 ot o o1 €
+ eluate 3 monomer content (@}_ .6
monomer yield (%) | 40.6

[0116]

According to the results of Table 6, not only the column in
which a column packed with the protein A-immobilized carrier
(carrier 3) and a column packed with the cation exohange
chromatography carrier (carrier 5) are linked in series has low
monomer selectivity, but also the recovery rate of entire antibedies
did not reach even 50%, even at pH 3.5 and increasing the ionic
strength to 250 mM [elution fraction in Table 6: eluate 1 + 2 +
3]. On the contrary, as shown in Table 4, the carrier 4 shown in
Example 2 of the mixed mode antibody affinity separation matrix
Qf<the'present invention can accomplish high monomer selectivity
and high recovery rate[elution fraction in Table 4: eluate 1 (O
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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ﬁhat a prdt@in A ligand and a cation exchange group afe present
in proximity on a single carrier, and that high recovery rate and
highqmonom@r‘selectivit&fcankxaaccomplishedkwrCOﬁcerted_fumctidﬁs
of the protein A ligand and the cation exchange group in the
vicinity.
[0117]

As described above, by the present invention, a carrier of
a novel separation mode which can improve the monomeric substance
(monomer) content at a high recovery rate by concerfed‘actions of
a protein A ligand and a cation.exchangecgroupjjzone chromatography
step as a mixed mode antibody affinity separation matrix, and a
method for using the same are providéd.L Also, ceontribution to

efficient purification of an antibody can be expected.

INDUSTRIAL APPLICABILITY

V[0118}

| The mixed mode antibody affinity separation matrix of the
| presenf invention is useful for improving the purity of an antibody
in a first chromatography step in;1processcﬁfpurifyingeﬁuantibody
oreﬁlFc—containing“targetwnolecule, and canbe utilized in research

and development and production 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, wherein both the antibody affinity ligand and thé
cation exchange group are immobilized to a separation matrix via a
covalent bond, and the antibody affinity ligand is a peptide ligand

or a protein ligand.

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 claim 1 or 2, wherein 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 according
to any one of claims 1 to 4, wherein the antibody affinity ligand
ig at least one selected from protein A, protein G, protein L,
protein H, protein D, protein Arp, protein FcyR, a synthetic ligand

for binding an antibody and an analog thereof.

6. The mixed mode antibody affinity separation matrix 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 thereof.
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7. The mixed mode antibody affinity separation matrix according
to any one 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 mode 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 to 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
to any one of claims 1 to 8, wherein a structure of a base material

of the separation matrix is a porous bead, monclith or membrane.
11. A method for purifying a target molecule using the mixed mode
antibody affinity 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 is 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 claimg 11 to 13, wherein
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the target molecule is immunoglobulin G, immunoglobulin G

derivative, or Fc-containing molecule.
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