DESCRIPTION METHOD FOR STABILIZING ANTIBODY AND
STABILIZED SOLUTION-TYPE ANTIBODY PREPARATION Technical
Field The present invention relates to a method for stabilizing an antibody
in a solution and a stabilized solution-type antibody preparation.
Background Art In recent years, treatment of a disease using an antibody
has rapidly been adopted through the advance of biotechnology. Also.in
Japan, various antibody preparations such as Synagis, Remicade,
Rituxan and Herceptin are proEgegirpthearnedical field. When an
antibody is stored in a solution for a long time, the formation of a
chemically degraded product, the formation of an insoluble aggregate, the
formation of a soluble association or the like occurs. Therefore, in order to
METHEDIROR SEbRIAnEdAle MIBEBORFUHNP T NBS bESRR S0MERd PBl-FYPE
method of suppressing the formation of such substances. When an

antibody is stored in a S ECYERRERISFAE TN time, a chemical
degradation reaction such as cleavage of a disulfide bond or a peptide
bond of an antibody occurs. 1 As a result, there is concern for a decrease
Technidal Preld
The present invention relates to a method for stabilizing
an antibody in a solution and a stabilized solution-type

antibody preparation.

Background Art

In recent years, treatment of a disease using an antibody
has rapidly been adopted through the advémcé of biotechnology.
Also in Japan, various antibody preparations such as Synagis,
Remicade‘, Rituxan and Herceptin are provided in the medical
field.

When an antibody is stored in a solution for a long time,
the formation of a chemically degraded product, the formation
of an insoluble aggregate, the formation of ba soluble
association or the like occurs. Therefore, in order to provide
a stable and safe antribody drug, there has been a demand for
a method of suppressing the formation of such substances.

When an antibody is stored in a state of a solution for
a long time, a chemical degradation reaction such as cleavage

of a disulfide bond or a peptide bond of an antibody occurs.



an unexpected side effect or the like due to the deterioration in the quality
thereof. Protein is insolubilzed through aggregation of molecules whose
higher-order structure is disrupted with disrupted high- order structure due
to shaking, heat stress, or the like. When such an insoluble aggregate is
intravenously administered, a serious side effect such as anaphylactic
shock is liable to occur (Japanese Published Unexamined Patent
Application No. 502938/98). As the method of suppressing the formation

As af apsndalybthegerepatepa ceathod of additereitrsacidmt 06 ambaltity,
or more or heparin at 0.5% to antibody solution in order to suppress the

an forexpientotdrsihdelgid aghregattheadsdiebdulgefibstrbss detipngaradsion
solution of a recombinant human keratinocyte growth factor is known

in Gbaritel PhyritieurRell Science, Vol. 83, No. 12, 1657-1661 (1994)).
Further, as the method_of suppressing the formation of an insoluble
aggregafee tRust d By PtabP dttesit BRAYEB ARKST AN O AR aRfdseyu L es
‘a method using a glycine buffer or a histidine buffer (WO 02/13860), a
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serious side effect such as anaphylactic‘shock is liable to
occur (Japanese Published Unexamined Patent Application No.
502938/ 95) . |
As the method of suppressing the- formation of an
insoluble aggregate, a ‘method of adding citric acid at 100
mmol/L or more or heparin at 0.5% to antibody solution in order
torsupprésé the formation of an insoluble aggregate caused by
heét stress in an aqueous solution of a recombinant human
keratinocyte growth factor is known (Journal of Pharmaceutical
Science, Vol. 83, No. 12, 1657-1661 (1994)). Further, as the
method of suppressing the formation of an insoluble aggregate
cauSed by heat stress in an aqueous solution-of an antibody,
a method using a glycine buffer or a histidine buffer (WO
02/13860), a method of adding polyvinylpyrorridone at 2% or
more (Pharmaceutidal Research Vol. 11, No. 5, 624-632, 1994),
a method of adding a phosphate buffer, sodium chloride and
maltose (Japanese Published Unexamined Patent Application No.

504499/91), and the like are known.



2 Although some proteins may not lead to insolubilization, they are known

to forma soluble association comprising a small number of protein '

molecule such as a dimer or a trimer. For example, when the protein is an

antibody, it is considered that a soluble dimer is easily formed

- (Biochemistry, Vol. 38, 13960-13967 (1999) ). In addition, when a dimer

of an antibody is administered into the human body, there is a risk of

causing a side effect such as fever, nausea or hypotension (Japanese

Publishehicuigix sonire o Faterimipplicatior: N &0 2388 98p JAkbthbimethadn ,

for suppressing the formation of a soluble association, a method of ,
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side chain as a stabilizing agent into a liquid immunoglobulin, preparation
nNuUIMRefH SFnRITRERIONRRRLE BtSandfied PHERTASHicALtIBE WL - For

502938/98) As described above, there has been a demand for a method

exagndBridiiGA SRBIBENHBTy TR raiist RAh atfidve SRS sapticdibhat

f the antibody i lution b i lural factors of instabilit
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13980 Insohibie (32557 te 3951 the forpation %%EOAUQESB agaton, ntibody
OWEVEr, ‘such amethod has nof been known so far. Disclosure of the
is Mfﬂ?@tered into the human body, there is a risk of causing
‘a side effect such as fever, nausea or hypotension (Japanese
Published Unexamined Patent Application No. 502938/98).

As the method for suppressing the formation of a soluble
association, a method of adding a nicotinic acid derivative
or an o-amino acid having a lipophilic side chain as a
stabilizing agent into a liquid immunoglobulin preparation is
known (Japanese Published Unexamined Patent Application No.
502938/98). |

As described above, there has been a demand for a method
of providing a stable ‘antibody preparation which achieves the
stabilization of the antibody in a solution by overcoming
plur)al factors of instability such as the formation of a
chemically degraded product, the formation of an insoluble

aggregate and the formation of a soluble association. However,

such a method has not been known so far.

Disclosure of the invention

An object of the present invention is to provide a method



An object of the present invention is to provide a method of suppressing
the formation of a soluble association of an antibody in a solution; a
method of suppressing the formation of a chemically degraded product of
an antibody in a solution; and a method of stabilizing an antibody in a
solution. Further, another object of the present invention is to provide a
solution-type antibody preparation in which the formation of a soluble
association is suppressed; a solution-type antibody preparation in which
the formation of a chemically degraded product is suppressed; a
solution-type antibody preparation in which_the formation of a soluble
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suppréssing. the formatién of a soluble association 0 0
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an antibody; and a-stabilizing agent for an antibody. The present invention
andedates tothe fatoatind i(d) tey (5 )af )i Aodgthachfes stabilaing amaniiedy

in a solution, which comprises adding glycine and citric acid to the
angRinsdyPh el Gfontl®) TPreseifod duconditomo iive dsovpxeyide a

wherein the method of stabilizing an antibody is, suppression of the

so bSO SPS BHBRABETRAT AR CABAIRAP dEhPadedmation of

a soluble association is suppressed; a solution-type antibody
preparation in which the formation of a chemically degraded
product is suppressed; a solution-type antibody preparation
in which the formation of a soluble association, the formation
of a chemically degraded product and the formation of an
insoluble aggregate are suppressed; an agent for suppressing
the formation of a soluble association of an antibody; an agent
for suppressing the formation of a chemically degraded product
of an antibody; and a stabilizing agent for an antibody.

The present invention relates to the following (1) to
(25).

(1) A method for stabilizing an antibody in a solution,
which comprises adding glycine and citric acid to the antibody
in a solution.

(2) The method according to the above (1), wherein the
method of stabilizing an antibody is suppression of the
formation of a soluble association and a chemically degraded
product of the antibody in a solution.

(3) A method for suppressing the formation of a soluble

association of an antibody in a solution, which comprises

4



product of the antibody in a solution. (3) A method for suppressing the
formation of a soluble association of an antibody in a solution, which
comprises 4 adding glycine to the antibody in a solution. (4) A method for
suppressing the formation of a chemically degraded product of an
antibody in a solution, which comprises adding citric acid to the antibody
in a solution. (5) The method according to any one of the above (1) to (4),
wherein concentration of the antibody is at 0.01 to 150 mg/mL. (6) The
method according to any one of the above (1) to (3), wherein

oncentration of the glycine is at 10 t0.30 mg/mL. (7) The method
ad&lngr dclqr{Larc:Lne tto %Xe an%‘?})oc%i) ,1_132)3 %gﬁ(ﬂ)é‘bv

N. . .
acc to any one of the above a erein concentration

~ of the gifric Acighds BbP. 150 supord s nbhednethed age@rtip te any,
one of the above (1) to (7), further comprising a nonionic surfactant. (8),
ché) it hyetwsrradest gingdociny Hrea cithé iy a §13 9o Witerein thepbh
of the solution is within the range of 4 to 7. (10) The method according to
coppy brRsoffdidybvel{agis (or rhérithe anfBoedls dhumasddattion.
antibc()g)g o'.[r‘haehxlrjtént%rl)d ac¢ording to .any. one of the above (1) to
(4), wherein concentration of the antibody is at 0.01 to 150
mg/mL.-

(6) The method according to any one of the above (1) to

(3), wherein concentration of the glycine is at 10 to 30 mg/mlL.
(7) The method acéording to any one of the. above (1),
(2) and'(4); wherein concentration of the citric acid is at
0.1 to 50 mmol/L.‘-

(8) The method according to any one of the above (1) to
(7), further comprising a nonionic surfactant.

(9) The method according to any one ofr the above (1) to
(8), wherein the pH of the solution is within the range of 4
“to 7.

(10) The method according to any one of the above (1)
to (9), wherein the antibody is a humanized antibody or a human
antibody.'

(11) The method according to any one of thé above (1)
to (10), wheréin the antibody is any one of anﬁibodies to
ganglioside GD3 and antibodies to CC chemokine receptor 4

(hereinafter referred to as CCR4).

(12) A solution-type antibody preparation in which the



antibody. (11) The method according to any one of the above (1) to (10),
wherein the antibody is any one of antibodies to ganglioside GD3 and
antibodies to CC chemokine receptor 4 (hereinafter referred to as CCR4).
(12) A solution-type antibody preparation in which the 5 formation of a
soluble association of the antibody is suppressed, comprising glycine and
the antibody. (13) A solution-type antibody preparation in which the
“formation of a chemically degraded product of the .antibody is
foralpressed omprisviputilie acid aod tlae aotbod\t (18hé selhtidbdde is
antibody preparation in which the formation of a soluble association, a

supghersisell, degraded spmgugiLand ae irsotlbid eggregabedithe antibody
are suppressed, comprising glycine, citric acid and the antibody. (15) The
prepbai@iorhascdrdiripr-digpen@ottheasioer ¢pns tion wikereimich the
concentration of the antibody is at 0.01 to 150 mg/mL. (16) The
forprphpRiffatcERMTY fRadyY ce TF adedhBreduos @) Ha @nyibody is
wherein concentration of the glycipe is at 10 to 30 mg/mL. (17) The

SUPREPSREAIN KABRFAS 18 dn§ bhELF t1RFdgoind the antibody.
(14) A solution~-type antibody preparation in which the

formation of a solﬁble association, a éhemically degraded
product and an insoluble aggregate of the antibody are
suppressed, comprising glycine, citric acid and the éntibody‘.

(15) The preparation according to any one of the above
(12) to (14), wherein concentration of the antibody is at 0.01
to 150 mg/mL.

(16) The preparation according to any one of the above
(12), (14) and (15), wherein concentration of the glycine is
at 10 to 30 mg/mL.

(17) The preparation according to any 6ne of the above
(13) to (15), wherein concentration of the citric acid is at
0.1 to 50 mmol/L.

(18) The preparation accordi:ng to any one of the above
(12') to (17), further comprising a nonionic surfactant.

(19) The preparation éccording to any one of the above
(12) to (18), wherein the pH of the solution is within the range
of 4 to 7.

(20) The preparation according to any one of the above

(12) to (19), wherein the antibody is a humanized antibody or



(13) to (15), wherein concentration of the citric acid is at 0.1 to 50 mmol/L.
(18) The preparation according to any one of the above (12) to (17),
further comprising a nonionic surfactant. (19) The preparation according
to any one of the above (12) to (18), wherein the pH of the solution is
within the range of 4 to 7. (20) The preparation according to any.one of
the above (12) to (19), wherein the antibody is a humanized antibody or 6
a human antibody. (21) The preparation according to any one of the
a habeve §H)iB4a]). wherein the antibody is any one of antibodies to
ganglioside GD3 and antibodies to CCR4. (22) An agent for suppressing
the fopnatiah of prsshdrta tassocationod Anqrttibodyyn aresolotfortwhiabove
comprises glycine as an active ingredient. (23) An agent for suppressing
(12thetfornj2ion ofvhesteimcihedegradbodyodist ahgna@mtébody and ibodies
solution, which comprises citric acid as an effective component. (24) A
to gabihgsiydat &P AnaadibvayikpRhedniiRis€SRdlycine and citric acid
as active ingredient. (25) The stabilizing agent for an antibody according
to tHedBohe @IRRhERMIHPRERARRONInEQFIRbdps of a soluble

association of an antibody in>a solution, which compfises
glycine as an active ingredient. |

(23) An ageht for suppressing the formation of a
chemically degraded product of an antibody in a solution, which
comprises citric acid aé an effective component.

(24) Astabilizing agent for an antibody, which comprises
glycine and citric acid as active ingredient.

(25) The stabilizing agent fof an antibody according to
the_above (24), wherein the stabilization of the antibody is
suppression of the formation of a soluble association, a
chemically degraded product and an insoluble aggregate of the
antibody in a solution.

The antibody to be used in the present invention.also
includes .a_n antibody fragment. Such an antibody and an
antibody fragment include a polyclonal antibody and a
monoclonal antibody, however, a monoclonal antibody is
preferred.

Further, the above—mentioned antibody or antibody
fragment include’a non-human animal antibody, a recombinant

antibody, an antibody fragment thereof and the like.



suppression of the formation of a soluble association, a chemically

degraded product and an insoluble aggregate of the antibody in a

solution. The antibody to be used in the present invention also includes

an antibody fragment. Such an antibody and an antibody fragment

include a polyclonal antibody and a monoclonal antibody, however, a,

monoclonal antibody is preferred. Further, the above-mentioned antibody

or antibody fragment include a non-human animal antibody, a

recoRxanglteantiboclye areaatiiatly freigmant thedsofiaad thidelikechumani zed

Examples of the recombinant antibody include a humanized antibody, a
anthinody artibodpandahe ikedandedatrpesidkiae hudaekaurarebody the

include a human chimeric antibody, a human CDR-grafted antibody and
humgiedlged TR tHresly chitedtid gndbbunass elsimmenisheiddibedyiprigitiman

VH and VL of a non-human animal antibody, and CH and CL of a human
CDRzh6 e A s IR EpPera Abfhahhirhéke antibody, any CH can be used

as long as. it belongs_to human immnoglobulin (hereinafter referred to as

hig) Thsveltamam o M6 R Jifg ARG clasE SeSordRrréPandintPody

comne o.frtlheﬁﬁbclagsgls%bglgn%l to t %Ir[]ll Gglasglsijchr?gilggg# hlglcl;g,CH
mﬁ@t—f‘{]‘aﬁd gC?chan e used. uﬂﬁer, S8 METY S a Hurman ERimeT e

and®R{oogy. %n%glnﬁng}leﬂ%%jd‘}s. long.as$2el90938 ¢ 4 human chimeric
antibody, .any CH can be used as long as it belongs to human
immunoglobulin ,(hereinaftﬁer referred to as hIg), however,
those belonging to' the hchG class are preferred and any one
of the subclasses belonging to the hIgG class such as ﬁIgGl,
hIgG2, hIgG3 and hIgG4 can be used. Further, asl the CL of a
human chimeric antibody, any CL can be used as long as it belongs
to the hIg, and those beionging to a ¥k class oxr a A class can
be used.

Further, examples of the non-human animal include a mouse,
a rat, a hamster, a rabbit and the like.

The human CDR-grafted antibody refers to an antibody in
which the CDRs of VH and VL of a non-human animal antibody are
grafted into an appropriate position in VH and VL of a human
antibody. | | |

The human CDR-grafted antibody of the present invention
can be produced by designing and constructing cDNAs encoding
V regions in which CDRs of VH and VL of a non-human animal

antibody are ligated to the frameworks (hereinafter referred



to the hlg, and those belonging to a K class or a k class can be used.
Further, examples of the non-human animal include a mouse, rat, a
hamster, a rabbit and the like. The human CDR-grafted antibody refers to
an antibody in which the CDRs of VH and VL of a non-human animal
antibody are grafted into an appropriate position in VH and VL of a
human antibody. The human CDR-grafted antibody of the present
invention can be produced by designing and constructing cDNAs
to eroRR(@sY yeotnyim venich TDHRsHf ¥hl aspt\Ybwnéa nhosmmanranivaly ,
antibody are ligated to the frameworks (hereinafter referred to as FR(S)) of
insektambVthémnioptionahhexprnessibody, viestringfibenant@aimal cell
expression vector for an animal cell having cDNAs encoding CH and CL
having huehliRantisase IR geciielyarthefdby ensfuchiif@marantibody,
CDR-grafted antibody expression vector, and then introducing the
resp@sesdiBhYectdrintd-aF bfltYal GNS exPrdss the RiMaR CERymfefted

antibody. As the CH, of a human CDR-grafted antibody, any CH can be
antibodys | FPIERBERMgs YEHPMg, haRS erthtRe BEIGrgAY G  the

exp%l %E‘S‘%S ek Beéerf‘_‘%&%”%%”%r?hﬁ% t%e%fgbgassé%fpg%g%gggéo tEP?ueman
gG Class such as higGl, higGZ, higG3 and higG4 carrbe uSed:. Furthetr,
cor3YINGEEST SRRy . :

As the CH of a human CDR—graf,ted antibody, any CH can
be used as long as it belongs to therhIg, however, those
belonging to the hIgG class are preferred énd any one of the
subclasses belonging to the hIgG class such as hIgGl, hIgG2,
hIgG3 and hIgG4 can be used. Further, as the CL of a human
CDR~-grafted antibody, ‘any CL can be used as long as it béloﬁgs
to the hIg, and those belonging to a k class or a A class can
be used. |

The human antibody is originally an antibody naturally
existing in the human body, however it also inclﬁdes antibodies
obtained from a human antibody phage. librar.:y and a human
: antibody—producing transgenic animal, which are prepared
based on the recent progress in genetic engineering, cell
engineering and deVelopmentai engineering techniques. The
antibody existing in the ﬁuman body can be obtained, for example,
by isolating a ~ human peripheral blood lymphocyte,k
immortalizing it by infecting with EB \}irus or the like,

followed by cloning, thereby obtaining a lymphocyte producing



CDR-grafted antibody, any CL can be used as long as it belongs to the
hlg, and those belonging to a K class or a 2. class can be used. The
human antibody is originally an antibody naturally existing in the human
body, however it also includes antibodies obtained from a human
antibody phage library and a human antibody-producing transgenic
animal, which are prepared based on the recent progress in genetic
engineering, cell engineering and developmental engineering techniques.

theThatadbiehdy exidtibhéntios htoaibrbpdheai pepiivtapee, foidxanplEéying
by isolating a human peripheral blood lymphocyte, immortalizing it by

theigattimpditifERN ittt ke follpameuidiiadtningrieetabyeshamtindpady

- lymphocyte producing 9 the antibody, and then culturing the lymphocyte

phagied bUpRay the antbdusarraminadiiche alpehiatadYhEnagaent such
antibody phage library is a library in which an antibody fragment such as

as RalpQF SEEV IS SPratiteshRetdfsretAcepifransdhihingsrting
antibody gene prepared f rom a_human B cell into theihagj%%ene. A '

]_d .

an BRAGERMCITEXST REEP AR SN tib R AgNEIR R Rirnd ditydphage
gen%f‘d"ig B E—!l‘gté{ %“p%%ﬁ“gﬁfe%aé‘%‘fse -5%"03’1?{%‘?938?.‘Prea”braeggbﬁ%%}'i%g a
e binding activity, t0'a substrate having an antigen immaodilized thereon
desﬁgrr%?fni%%%g-rer}le 301RAd% faamenisappe Ljthgr.conyeriad info %an be
recovered from the libra;y by using the binding activity)to
a substrate having an antigen immobilized thereon as the index.
The antibody fragment can be further convertéd into a human
antibody'molecule comprising two full length H chains and two
full length L chains by genetic engineering techniques. The
human antibody—producing transgenic animal is an animalvin
which a human antibody'gene has been.introduced.into’its cell.
Specifically, a human antibody-producing transgénic mouse can
be produced, for example, by introducing a human antibody gene
ihto a mouse ES cell, transpianting the ES cell into an eérly'
stage embryo of a mouse, then developing. As a method for
preparinga ﬁuman antibody from such a human antibody-producing
fransgenic animal, fhe human antibody can bé produced and
accumulated in a culture supernatant by culturing a human
antibody-producing hybridoma obtained by a method fbr
preparing hybridoma, generally carried out in a non-human

animal.

Examples of the antibody fragment to be used in the
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antibody molecule comprising two full length H chains and two full length
L chains by genetic engineering techniques. The human
antibody-producing transgenic animal is an animal in which a human
antibody gene has been introduced into its cell. Specif ically, a human
antibody-producing transgenic mouse can be produced, for example, by
introducing a human antibody gene into a mouse ES cell, transplanting
the ES cell into an early stage embryo of a mouse, then developing. As a
premethiodifovepreparnng adiumen Babboakrbm Byetba jwmagFv, diabody,
antibody-producing transgenic animal, the human antibody can be
dsFprodaceephddsccepmliaening Ehreasghdrhatahibg eulturing a human
antibody-producing hybridoma obtained by a method for preparing .

hybrid¥maagebe@ilyatriee it i a TR uhan dnfel El@mplés oraight

antibody fragment to he used in the 10 present invention include Fab, i
of RROUE (12000 ARABAY I BEF G, AASTRARMY DR U hEY - in
o A R S T g SRRt O
ol SORB S ARl S B 00 SRS o
Ingg&efJiQ (GieayiNga gt s dairR-2Q L RSIdYS, A Rosion 2adatie ld £83Ping
at the amino acid residue at position 224 of the H chain), are’
bound together through a disulfide bond. -

The Fab to be used in the present invention can be obtained
by treating an antibody with - a protease, papain.
Alternatively, thé Fab can be produced by inserting DNA
encoding Fab of the antibody into an expression vector for
prokaryote or an expréssion vector for eukaryote, and
introducing fhe vector intb a prokaryote or\a eukaryote to
express the Fab. |

The F(éb’)z is An antibody fragment haﬁing a molecular
weight of ’aboutr 100,000 and having an antigen-binding activity,
which is slightly larger than the Fab bound via a disulfide
bond of the hinge region, among fragments obtained by treating
an IgG-type antibody molecule with a protease, pepsin (cleaving
at the amino acid residue at‘position 234 of the H chain).

The.F(ab’)z to be used in the present invention can be
obtained by treating an antibody with a protease, pepsin.

Alternatively, the F(ab’ ), can be prepared by binding Fab’

11



bound together through a disulfide bond. The Fab to be used in the

present invention can be obtained by treating an antibody with a_

protease, papain. Alternatively, the Fab can be produced by inserting

DNA encoding Fab of the antibody into an expression vector for

prokaryote or an expression vector for eukaryote, and introducing the

vector into a prokaryote or a eukaryote to express the Fab. The F(ab')2 is

an antibody fragment having a molecular weight of about 100,000 and
deskanibgdnlzatigen-biradiag ativitye thtech sslidhty laagddsahfiel&abond .

“bound via a disulfide bond of the hinge region, among fragments obtained

by tréhend &y’ IgG sy paartivodyansledute sittre: ploteaiseg pepgip Lecular

(cleaving at the amino acid residue at position 234 of the H chain). The
weighip'of Rhauisad if f presBAMARCh A Bk IEeRbREREY By Redtgity

an antibody with. I%)rotease, p%psin. Alternatively, the F(ab")2 can be

in ghlahedB§ sHdHS Fhde1 PeRdcfed BEI B fétRePhoid 6r POVe

disulfide bond. The Fab'is an antibody fragment having a molecular
F(a\}ﬁeibhtjo? ab ﬁtaé’(iﬁoo and having an antigen-binding activity, in which

the disulfie bond of he hinge segion.of the above, E(a2 3 eleaved Thei o
Fab"t6 be Used in the present invention calbe

obtained by treating F(ab’), with a reducing agent,
dithiothreitol. Alternatively, the Fab"can be produced by
insefting DNA encoding a Fab’ fragment of the antibody into
an expression vector for prokaryote or an expression vector
for’eukaryoﬁe, and ihtroducing the vector inté a prokaryote
or a eukaryote to express the Fab’.

The scFv is a VH-P-VL or a VL-P-VH polypeptidé in which
one chain VH and one chain VL are linked using an appropriate
peptide linker (hereinafter referred to as P) and an antigen
fragment having an antigen-binding éctivity.

The scFv to be used in the present invention can be
produced by obtaining cDNAs encoding VH and VL of the antibody,
constructing DNA.encoding'thé scFv, inserting'the DNA into an
expression vector for prokaryote or an.expression vector for
eukaryote, and then introducing the expression vector into a
prokaryote ér a eukaryote to express the scFv.

The diabody is én antibody fragment in which scFv is
dimerized, and has a divalent antigen-binding activity. The

diabody can have a divalent antigen binding activity to the

12



obtained by treating F(ab' )2 with a reducing agent, dithiothreitol.
Alternatively, the Fab' can be produced by inserting DNA encoding a Fab'
fragment of the antibody into an expression vector for prokaryote or an
expression vector for-eukaryote, and introducing the vector intoa
prokaryote or a eukaryote to express the Fab'. The scFv is a VH-P-VL or a
VL-P-VH polypeptide in which one chain VH and one chain VL are linked
using an appropriate peptide linker (hereinafter referred to as P) and an

s amendgén deagmentdaliff er entigendinpng actiVig Ghaboddytcbdagsaedsed
in the present invention can be produced by obtaining cDNAs encoding

in YheaRi s a3t thd AMEBIhONCorirueen PPN eREDdINg Yt 8dMing cDNAs
inserting the DNA into an _expression vector for prokaryote or an :

encegdiagsih dacloY foP EUKRR GBtaRPthen rRRELERGRE S PNEsgHcoding

: vector intg a prokaryote or a eukaryote to express the scFv. The diabod

sCFig SHEM A FRETER T WA REFRIBMRA2ES S FRE S Qb deht ke

. antigen-binding activity. The_diabod h divalent antigen hindi
15 490/ 6e 15 End ariGRN DTS GirdrAPARIgshs “Hfe by 5Be o0

expled di%ﬁh\‘f@geﬁsge@tgé‘ﬁ%88}%%&%@0%CEH %ﬁ@%tﬁg‘é’l% DPStor for

encoding ant , constructin encoding ScFv

eukSYSLIE! the,lengi of ihe 2mina-agig seauegp PLAJINKET vector into a

prokaryote or a éukaryote to express the diabody.

" The dsFv is an antibody fragment in which polypéptides
prepared by substituting one amino acid residue in each of VH
énd VL with a cysteine residue are linked via a disulfide bond
between the nysteine residues. The amino acid residue to be
substituted with a cysteine residue can be selected based on
a tnree—dimensional structure estimation of the antibody in
accordance with the method shown by Reiter et al. (Protein
Engineering, 7, 697-704 (1994)). The dsFv to be used in the
present invention can be produced by obtaining cDNAs encoding
VH and VL of the antibody, constructing DNA encoding dsFv,
inserting the DNA into an expression vector for‘prokarYote or
an ekpression vector for eukaryote; and then introducing the
expression vector into a prokaryote or a eukaryote to express
‘the dsFv.

The peptide containing CDR comprises at least one region
of CDR of VH or VL. A peptide containing plural CDRs can be

linked directly or via an appropriate peptide linker. The
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is not more than 8 residues, inserting the DNA into an expression vector
for prokaryote or an expression vector for eukaryote, and then introducing
the expression vector into a prokaryote or a eukaryote to express the
diabody. The dsFv is an antibody fragment in which polypeptides
prepared by substituting one amino acid residue in each of VH and VL
with a cysteine residue are linked via a disulfide bond between the
cysteine residues. The amino acid residue to be substituted with a
cysteine residue can be selected based on a three-dimensional structure
estimation of the antibody in_ accordance with the method shown by

PePREAE, SORF BRI CRR FiRRANE S ddy Tof PISSAT bTRBYRR 1B h&an
be %%%SILQIF @eés%leifsamaasﬁ% Profuseey apaining Q)%ﬂ\'éﬁngL

ncoding VH and VL of the aritibody, constructing DNA encoding

of teeringthedyNAi ke aoigxpreRsiBNUECHH for PRokanyeld 1 M vector
expression vector for eukaryote, and then introducing the expression

forvprtur amtpod @ rokaayosprassilanyvee twexpeessulhaysiie T aadepiise
containing CDR comprises at least one region of CDR of VH or VL. A

by BESRSEEARMIREDIGRTIREQANVEE tRiketP e @PEPHAdIPte or a

B Pepticluler e Latepide ot COT o e nadn.
con@gﬁﬁﬁ%\/&ﬁngéﬂ- also be produced by a chemical synthetic
method such as an Fmoc method (fluorenylmethoxycarbonyl
method) or a tBoc method (t-butyloxycarbonyl méthod) .

The antibody to which the present invention can be
applied may be any antibody, however, specific examples include
amonoclonal antibody to ganglioside GD3, amonoclonal antibody
to CCR4 and the like. Examples of the monoclonal antibody to
ganglioside GD3 include a mouse monoclonal antibody KM-=641
(Japanese Patent No. 3006943), a human chimeric antibody KM-871
(Japanese Publised unexamined Patent Application No.
304989/93), a human CDR-grafted antibody KM—8871 (WO 01/23432) -
and the like. Examples of the monoclonal antibody to CCR4
include a human chimeric antibody KM2760 (WO 01/64754), an
anti-CCR4 human CDR-grafted antibody KM8760. (WO 03/18635) and
the like.i

In the present invention, the chemically degraded
product refers to a substance resulting from the cleavage of

a disulfide bond or a peptide bond of an antibody. Specific

examples include those in which a part or the whole of the H
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of the antibody, inserting the DNAs into an expression vector for

prokaryote or an expression vector for eukaryote, and then by introducing

the expression vector into a prokaryote or a - eukaryote to express the

peptide. Further, the peptide containing CDR can also be produced by a

chemical synthetic method such as an Fmoc method

(fluorenylmethoxycarbonyl method) or a tBoc method (t-butyloxycarbonyl

method). The antibody to which the present invention can be applied
chahaybe ameantibddyi hanfeweiespedifithexamples inekel astonodanather,

antibody to ganglioside GD3, amonoclonal antibody to CCR4 and the like.
theERainpfasagitas ndesciaidedtisbdy e, dungtiesite @D3dhcitde &l chain

mouse monoclonal antibody YM-641 (Japanese Patent No. 3006943) , a
anchigharclehfetic afiitduy RRbefragagatebarattisen dwaddhsinegleaved

Patent Application No. 304989/93), a human CDR-graf ted antibody
andk g8 AL KF COIR34599 AthediRE - Examples of the monoclonal

“antibody to CCR4 include a human chimeric antibody KM2760 (WO

01/65754) eRT SREECRAVRIN AR DRIG Ateditivbay RRms ge Lo ters

to OV18635(j-féa$d the li es.l%tt? g];esgnt invi]nti%n,t e grple icaI!Qy q%%radeq_ 6
BIbAUE PeaRs 2 St SIARES PRSI FBHTHRDIEATR S BF £geRdat on
ot BB BT 5 e e PR D8R
lowered because the hydrophobicity of the surface of the
molecules has’increased.due to the change of the higher-order
structure of the molecules or the like. Acqordingly,~by the
fotmation'of\the insoluble aggregate, the turbidity of a
solution-type antibody preparation is' increased.
Inthepmesentinvention,thesolubleéssociétionrefers
to a substance in which antibody molecules are associated with
each other, but the higher-order structure of the antibody
molecules has not changed or the change of the higher-order
structure is relatively minor, whereby'the water solﬁbility
of the agéregate is maintained to a degree that it is not
deposited in an aqueous solution. Accordingly, an increase
in the turbidity of a preparation is not incfeased by the
formation of such a soluble association. 1In general, the
number of antibody molecules to be associated with each ot’her
is relatively small, and it is usually a dimer, a trimer or

a tetramer.

A method of producing the solution-type antibody
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chain or the L chain of the antibody has been lost. Further, the Fab
fragment described above, those in which the H chain and the L chain of
the Fab fragment have been further cleaved and the like are also
included. In the present invention, the insoluble aggregate refers to an
insolubilized substance resulting from the aggregation of molecules
whose water solubility has been significantly lowered because the
hydrophobicity of the surf ace of the molecules has increased due to the
preghangeidiheliightieorgare sisnaiureros dnet insrectlles nothegiketicularly
Accordingly, by the formation of the insoluble aggregate, the turbidity of a
limddletbrsydenntibedy preparatine thodredsiech |0 she preseed ioventibn, the
the soluble association refers to a substance in which antibody molecules
progiecdsigotiapdd aiteneara btse Ludtinowignee aodidhndyuerehsation.
antibody molecules has not changed or the change of the higher-order
SpegiidciGlis YelatvelyGhmoRSvhe RS Ieedvaidt sBEBRR 181 thetagdpdgtiidon
is maintained to a degree that it is not_deposited in an aqueous solution.
CONKEISHURGIPAMEIRRAY iR RirBRiY ot AprepRtRbR IS Aot hGesketi ve
ﬁ}t{he formation pf SUChtszlum]? ssociation,_in genera|, the number of

BOR et e 10 e RSO R AR Rach GireP ls TARR R BFaiced

by %riquetclz E%{u%ydairq{;r{n%rnaéﬂ@]%gcriya tibelg‘raarl]?leradditive material to a

. b
in g

solvent and di-ssolving it therein.

In the method of stabilizing an antibody in a solution,
the method of suppressing the formation of a soluble
association in a solution and the method of suppressing the
formation of a chenfically degraded‘product in a) solution of
the present invention, the antibody concentration may be any
value as long as it is in the range of 0.01 to 150 mg/ﬁnL, however,
it is preferably at 0.1 to 50 mg/mL, more preferably 1 to 20
mg/mL.‘ |

In the method of stabilizing an antibo_dy in a solution ‘
and the method of suppressing the formation of a soluble
association in a solution of the present invenfion, the amount
of glycine to be added maj be any concentration as long as the
glycine concentration is in the range of 10 to 30 mg/mL, it
is preférably at 20 to 25 mg/mL, more preferably 22 to 23 mg/mL.
' Exalﬁples of the form of glycine f.o be added include glycine,
kpharmaceutically acceptable salts of Qlycine such as glycine

hydrochloride and the like.
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A method of producing the solution-type antibody 15 preparation of the
present invention is not particularly limited as long as it is a method which
is carried out in the production of a general solution-type antibody
preparation. Specifically, it can be produced by preparing a solution
containing an antibody and a solution containing an additive in advance
and mixing the solutions:. It can also be produced by directly adding an
antibody or an additive material to a solvent and dissolving it therein. In
the mathdceohstahdidingf an taattibhddy ing satutaont;, ithedyetiwhosolution, -
suppressing the formation of a soluble association in a solution and the

andmelivdreft\pprodsisgprr éssiatgntdie dwmissipdegriidedgiretucstad 1y
a solution of the present invention, the antibody concentration may be

degzided | Rradisty dditas FPMEtbpgedf (Che IS PRY nilyRRjeleR s jtthe
is preferably at 0.1 to 50 mg/mL, more preferably 1 to 20 mg/mL. In the

AT BTG o {AEHBIRE AR dr ARy ARASSHITEGh D BiE FRAREIGEation as
suppressing the formation of a soluble associatjon in a solution of the

Long L8t eRhGH e HAEuSOBFPERE T B dduc) e arge of 0-1
o S R B e R Ao . U g P B
pre@g%'ly 1 to 10 mmol/L. Examples of the formof citric acid
to be added include citric acid, pharmaceutically acceptable
salts of citric acid such as sodium citrate and the like.

The method for.stabilizing an antibody in an antibody
solution of the present invention has an effect onkthe
suppression of the formatioh of a soluble asSociation, a
chemically degraded product and an insoluble aggregate of the
antibody in a solution.

The antibody conce;ltration in the preparation of the
present invention may be any concentration as long as it is
'in the range of 0.01 to»150 mé/ﬁL, but it is preferably at 0.1
to 50 mg/mL, more preferably 1 to 20 mg/mL.

The content of glycine in the present invention may be
any content as long as the glycine concentration is in the range
of 10 to 30 mg/mL, but it is preferably in the range of 20 to
25 mg/mL, more preferably 22 to 23 mg/mL. Examples of the form
of glycine to be added include glycine, pharmaceutically
acceptable salts of glycine such as glycine hydrochloride and

the like.
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Examples of the form of glycine to be added include glycine,
pharmaceutically acceptable salts of glycine such as glycine

hydrochloride and the like. 16 In the method of stabilizing an antibody in a
solution, and the method of suppressing the formation of a chemically
degraded product in a solution of the present invention, the amount of
citric acid to be added may be any concentration as long as the citric acid
concentration is in the range of 0.1 to 50 mmol/L, but it is preferably at 0.5
to 20 mmol/L, more preferably 1 to 10 mmol/L. to be added include citric
salts %f citric acid such The method for staglizin]g an _solution of the

presEREISPATRIE QfoSTEsERR 8FtHR AintRfoR o 2Bt YER bR Rt
pe QLG acid, acld. phaunaceiically acqeptalle agsadivm-cittalg and the

like. antibody in an antibody has an effect on the soluble association, a

thechamigaly degraded raabty andoart insolublerageregnis of then antibogy
in a solution. _

of 0.1 to 50 mmol/L, more preferably 1 to 10 mmol/L. Examples
of the form of citric acid to be added include citric acid,
pharmaceutically acceptable salts of citric acid such as sodium
citrate and the like.

The preparation of the present invention may comprise
a nonionic surfactant in addition to the above-mentioned
antibody, glycine and citric acid, and preferred examples
include sorbitan fatty acid esters, polyoxyethylene sorbitan
fatty acid esters, polyoxyethylene polyoxypropylene glycols,
polyoxyethylene hydrogenated castor oils, polyethylene glycol
fatty acid esters, glycerine fatty acid esters, sucrose fatty
acid esters and the like. " Particularly preferred examples
include polyoxyethylene sorbitan monolaurate (polysorbate 20),
polyoxyethylene sorbitan monooleate (polysorbate 80) and the
like. The nonionic surfactant concentration is not
particularly limited as long as it is in a pharmaceutically
acceptable concentration, but it is preferably at 0.01 to 10
mg/mL, more preferably 0.05 to 1 mg/mL; most preferably 0.1
to 0.3 mg/mL.

It is preferred that the pH of the preparation of the

present invention is controlled to be an appropriate value.

As the appropriate pH, it is preferably at pH 4 to 7, more
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The antibody concentration in the preparation of the present invention
may be any concentration as long as it is in the range of 0.01 to 150
mg/mL, but it is preferably at 0.1 to 50 mg/mL, more preferably 1 to 20
. mg/mL. The content of glycine in the present invention may be any
content as long as the glycine concentration is in the range of 10 to 30
mg/mL, but it is preferably in the range of 20 to 25 mg/mL, more
preferably 22 to 23 mg/mL. Examples of the form of glycine to be added
preifeltmelgtycipie, harmaceuticallpsacceptabtthealtpBf glyniye sefh amrious
~ glycine hydrochloride and the like. 17 The content of citric acid in the
phapmseatinientldlymayabeapydoheent aglong asdwd eitqracid such as
concentration is in the range of 0.1 to 50 mmol/L, but it is preferably in the
hydierjelordd assd miblEumioreasibtbrapiPsph 20 ienasiAd Exdiples a¢id,
the form of citric acid to be added include citric acid, pharmaceutically
acefdGeabit sHRCEAGRSAd %ﬁ%%i%@itra?@&%h@ﬂ@%@*ﬁée and
preparation of the present invention may comprise a nonionic surfactant

PotasHH MERe* e FABn R dSEAttbody, glycine and citric acid, and

preferred examples jnclude sorbitan fatty acid esters, polyoxyethylene .
sorb%%ﬁ%%?tfl A eétqé‘ras,pp%?ﬁ)?fléelt Jy e%eogol;%]@p?c%yﬁegﬁ? gf'y%xo’ sn% on,

a pharmaceutically acceptable additives as illustrated below
may be added.

Examples of a tonicity adjusting agent include inorganic
:salts such as sodium chloride,'potassium chloride, sodium
hydro;_;en phosphate and sodium dihydrogen phosphéte; sugars and
sugar alcohols such as glucose, fructose, lactose, maltose,
trehalose,:mannitol, sorbitol and xylitol; glycerin, dextran,
propylene glycol, polyethylene glycol( hicotinamide and the
like.

N Examples' of é analgesic agent include inositol,
chlorobutanol, propylene glycol, benzyl alcohol, lidocaine,
magnesium sulfate aﬂd,the like.

Examples 6f a preservative include parabens suéh as
‘methyl p—hydroxybenzoate and ethyl p-hydroxybenzoate; benzoic
acid, ethanol, tetrasodium edetate, citric acid, salicylic
acid, sorbitol, sorbic acid, glycerin, chlorobutanol, phenol,
propylenetglycol, benzyl alcohol and the like.

ExamplesofeaviScositycontrollingagentincludeSodium

alginate, xanthan qgum, glycerin, gelatin, dextran, dextrin,
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polyoxyethylene hydrogenated castor oils, polyethylene glycol fatty acid
esters, glycerine fatty acid esters, sucrose fatty acid esters and the like.
Particularly preferred examples include polyoxyethylene sorbitan
monolaurate (polysorbate 20), polyoxyethylene sorbitan monooleate
(polysorbate 80) and the like. The nonionic surfactant concentration is not
particularly limited as long as it is in a pharmaceutically acceptable
concentration, but it is preferably at 0.01 to 10 mg/mL, more preferably

celd.0bded gl neastigprefesatin 0d4s th§drogimizdpigipretered1baidhand
pH of the preparation of the present invention is controlled to be an

hydapmgpuaipwhhethAd the appidpriavseld, it isppréfesably bépel 4 toglycol,
more 18 preferably pH 5 to 6. As for the pH, any of various
polpheimpateaficalyalceeptable pH regulators such as hydrochloric acid,
sulfuric acid, phosphoric acid, citric acid, acetic acid, lactic acid, tartaric
acid Escanmhea sy d kiRt ndn péRxssidanky dibgdudan seysharitherddd,
__the preparation of the present invention, a pharmaceutically acceptable
dibyddithecromydedidgMeiow mayPata i EREHAASO 4 tonicity Sodium

-adjusting_agent include inorganic salts such as sodium chloride, )
thﬁaﬁégge%ﬁ%ﬂbﬁggggﬁﬁpﬁerol, tocopherol acetate, L-ascorbic

acid, sodium bisulfite, sodium sulfite, sodium pyrosulfite,
cysteine hydrochloride, sodium edetate and the like.

A preferred administration method for the preparation
ofthepresentinventionisinjection,however,apércutaneous,
transmucosal, transnasal, pulmonary; oral or other
administration forms can also be employed. A particularly
preferred administrafion method by means of injection is a
method of . intravenous, subcutaneous or intramuscular
injection. In addition, by using an appropriate
administration device, it can be directly administered to a
lesion region such as a tumor regio'n or an inflanunatory reQion.

Further, the pfeparation of the present invention can
be used after it is diluted with a diluent at the time of use.
Examples of the diluent include infusions such as a
physiological saline solution and a sugar solution. The
diluted preparation can be administered into the body while
the rate is controlled by intravenous infgsion or by usihg a
syringe pump or the like.

The solution-type antibody preparation of the present
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hydrogen phosphate and sodium dihydrogen phosphate; sugars and
sugar alcohols such as glucose,. fructose, lactose, maltose, trehalose,
mannitol, sorbitol and xylitol; glycerin, dextran, propylene glycol,
polyethylene glycol, nicotinamide and the like. Examples of a analgesic
agent include inositol, chlorobutanol, propylene glycol, benzyl alcohol,
lidocaine, magnesium sulfate and the like. Examples of a preservative
include parabens such as methyl p-hydroxybenzoate and ethyl.

invehydexyhenrope; bgiewicascidretianpbdeiiasodiym sdetaid. ioflig the
acid, salicylic acid,.sorbitol, sorbic acid, glycerin, chlorobutanol, phenol,

prapapgenenpgol beazyd alodhokahd tlhmbkenEkaaples@paiviscdsityration
controlling agent include sodium alginate, xanthan gum, glycerin, gelatin,

- foldexwred, bipxpacKdydelyidse dikybetherssieh tatielroryireplaelisiose as
and hydroxypropylmethyl cellulose; polyethylene glycol, polyvinyl

an FHemillexafplésdt apantiofiaANgeudd eAhedRPadig, environment.
dibutylhydroxytoluene, butylhydroxyanisol, sodium thioglycolate, )

FurZhbphefBERoctpiferciacBlaiON-43RphieREP\YiuR ERRAMiat ion  is

sodium sulfite, sodium pyrosulfite, cysteine hydrochloride, sodium edetate
pa9§ﬁﬂﬁ%|ﬂﬁta container, gas replacement in the space of the

container can also be performed by using an inert gas such as
nitrogen or argon.

Hereinafﬁer.the present invention will be specifically
 described with reference to Examples, however, the present

invention is not limited to these Examples.

Best Mode for Carrying Out the Invention
Example 1 Preparation of sample preparation

Each of the solution compositions of formulations 1 to
5 shown in Table 1 was prepared, subjécted to aseptic filtration,
injected into a glass vial, and then sealed with a rubber
stopper and an aluminum cap, whereby a sampie preparation was
prepared. All these operations were carried outlunder an
aseptic environment. As for an antibody, a human chimeric
antibody to gangliosidehGDB KM-871, which was produced;by_the
method described in Japanese 'Published Unexamined Patent

Application No. 304989/93 was used.
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A preferred administration method for the preparation of the present
invention is injection, however, a percutaneous, transmucosal,
“transnasal, pulmonary, oral or other administration forms can also be
employed. A particularly preferred administration method by means of
injection is a method of intravenous, subcutaneous or intramuscular
injection. In addition, by using an appropriate administration device, it can
be directly administered to a lesion region such as a tumor region or an
inflammatory region. Further, theqis@earation of the present invention can

ha ||c~ar~| ftar it |e dillitad with o r*h].no At tho timo nfrica Evamnlnc n'F ho
pe-HseaatertHsahttea-wWhnh—a-6h tthe-tme-oruse- =X eSO He
diluent |n‘deﬂbummmest&ﬂmh(mg/mupryS|oIog|caI safidéitselution and a | pH
cuparoalbtinon - The dilbitad nranarat: n-hao adlm aorad inta-thao K /.
ouual U1 l|U|| L LA ullutUu plealalell ball JCT aull"l ||OLU|CU LAY ALY BA YAYJ

Formwitiba 1the rate is contrafled by intravenous wﬁmmphnrmrabm uslmgca/Lsyrlnge 6

pump-or-the-fike—The sotution-type-antibody preparationof the present 2

Formittatienfion|can be used &s an injection by stenh.@itng thig: ‘me]uwf/;htlon by a 6

standardtechnique such-as aseptic filtrationmfottowed by packaging-itinto
Formglatigiiéctable container uch as an ampoule, &ifiiglasidalSyrirdie in an 6
aseptic environment. Further, when the solution-type antibod
preparation is packaged in a container, gas repla®taieRtme/Me space o

—h

the | .
Formulation 4 2 ' Citric acid: 10 mmol/L - 6

| Glycine: 23 mg/mL

" N
Formulation 5 2 Citric acid: 10 mmol/L. 6

~Glycine: 23 mg/mL

Polysorbate 80: 0.1 mg/mL

Example 2 Stability test

Each éa.mple preparation prepared in Example 1 was stored
at 40‘°C for 1 month, and .then, a stability test was carried
out for the following test items.
(1) Visual observation of content

The content of each sample preparation was ‘visually
observed under white fluorescent lights while it is gently
stirred,  and the pfesence or absence of turbidity was
determined.
v(2) Turbidity measﬁreinent

The content of each sample preparation was collected in
a quartz micro cell, and the absorbance at a wavelength of 400

nm (0.D.400) was measured with an ultraviolet
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container can also be performed by using an inert gas such as nitrogen or
argon. Hereinafter the present invention will be specifically described with
reference to Examples, however, the present invention is not limited to
these Examples. Best Mode for Carrying out the Invention Example 1
Preparation of sample preparation Each of the solution compositions of
formulations I to 5 shown in Table 1 was prepared, subjected to aseptic
filtration, injected into a glass vial, and then sealed with a rubber stopper

speaitt-aprditbineteean Hikerehy atsapgye preparation was prepared. All
these operations were carried out under an aseptic environment. AS for

( 3)acaitidddy; saliroan BRiIbderic antibody to ganglioside GD3 KM-871,
which was produced by the method described in Japanese Published
Uneramimedl PateshtbApBdatioande 304889793 hewingdcondabions was
Antibody concentration (mg/mL)Additive pH Formulation 12Phosphoric

carzdiedl @wiméiAl FoenAanseREICRIC 88iah16 ARRSIA EFEIPANATEPS -

2Citric acid: 10 mmol/L6 Mannitol: 50 mg/mL Formulation 42Citric acid: 10
(HPEmSIpgditions)

Column: TSKgel G3000 SWXL (Tosoh Co.)

Mobile;phase: 0.5 mol/L phosphate buffer containing 0.3 mol/L
sodium chloride

. Measurement wavelength: 280 ﬁm

Flow rate:.l mL/mln

Injected amount: 40 nL

Apparatus: LC-10A system (Shimadzu Corporation)

The sum of the peak areas ofbthe components eluted on
'the higher molecular weight side ofrfhe peak of the unchanged
molecule on the HPLC chart was :egardéd as the peak area of
soluble associations, ‘and the content of the soluble

associations was calculated by the following equation (1).

(Content of soluble associations (%)) = (Peak area of soluble associations) / (Total peak area) x

100 (1)

Further, the sum of the peak areas of the components
eluted on the lower molecular weight side of the peak of the

unchanged molecule on the'HPLC'chart was regarded as the peak
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Glycine: 23 mglmL Formulation 52 Citric acid: 10 mmol/L6 Glycine: 23
mg/mL Polysorbate 80: 0.1 mg/mL Example 2 Stability test Each sample
preparation prepared in Example 1 was stored at 40C for 1 month, and
then, a stability test was carried out for the following test items. (1) Visual
observation of content The content of each sample preparation was
visually observed under white fluorescent lights while it is gently stirred,
and the presence or absence of turbidity was determined. (2) Turbidity

ardaeasuEnearitceiel sortegt-eiRrat osamaple e paraionheasooltested & ache
quartz micro cell, and the absorbance at a wavelength of 400 nm

chei@ibaliDy wWiasymedsdred-with ahsulrasiotet Rspectrdphytarhetef giitaching
U-3300). (3) Gel filtration HPLC An analysis by HPLC under the following
‘equagniiitioné2Nas carried out for the content of each sample preparation.
(HPLC conditions) Column: TSKgel G3000 SWXL (Tosoh Co.)
(Content of chemically degraded products (%)) = (Peak area of chemically degraded products) / (Total

peak area) x 100 ' 2)

The results of the (1) visual observation of the conte‘nAt
and the (2) turbidity (0.D.400) measurement are shown in Table
2. 1In Table 2, the val‘ue of the turbidity (O.VD.4OO) indicates
the amount of increase during the storage period (40°C, 1 month),
which was obtained by subtracting the initial value from the
measurement vaiue.

Téble' 2

Storing at 40°C for 1 month

Presence or absence of turbidity
: ' - Amount of increase of 0.D.400 |
(visual observation) ’
Formulation 1 Absence - i 0.002
N . “ i
Fo_rmulatlon 2 Absence : v 0.000
Formulation 3 .~ Absence 0.002
‘ Formulation 4 Absence . . 0.002
Formulation 5 Absence ' - 0.002

From the results of the visual observation of the content

in all formulations (formulations 1 to 5), turbidity was not
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Mobile phase: 0.5 mol/L phosphate buffer containing 0.3 mol/L sodium
~ chloride Measurement wavelength: 280 nm Flow rate: 1 mL/min Injected
amount: 40 L Apparatus: LC-10A system (Shimadzu Corporation) The
sum of the peak areas of the components eluted on the higher molecular
weight side of the peak of the unchanged molecule on the HPLC chart
was regarded as the peak area of soluble associations, and the content
of the soluble associations was calculated by the following equation (1).
obd&oniant ofrsoftie assdciatdils CopmuPeak@ies ohnolihlerease in the
. associations) / (Total peak area) x Further, the sum of the peak areas of
tunhédbmporents £0it¢d washe dovedrymolesetaveight side of the peak of
the unchanged molecule on the HPLC chart was regarded as the peak 23
areaBfeheafvdldagfaded pfodiers bhanh8RbRtearef Slrowhermicdllgble
degraded products was calculated by the following equation (2). (Content
3. of fIRNAdENS §EGUREPHIGRES Padipabirareh FMEMREm; increase
- degraded products) / (Total peak area) x 100 (2) The results of the (1)
AU ST PRGN ekt thd PPRESdity Dishosys obtained
%urement are_shown, i{'jigq.blxera%.'dg Eable 2 It1he value of the t%bngue

by %e% E@@ﬁﬁaﬁ Jkhe 1ni rom the measuremen

Table 3

Amount of increase after storing at 40°C for 1 month

Soluble associations (%) Chemically degraded products (%)
Formulation 1 t 0.20 i : 1.48
Formulation 2 020 0.59
Formulation 3 0.22 o 0.47
Formulatjon 4 . 0.02 _ 0.51
Formulation 5 0.04 ] 0.42

On the comparison of the formulation 1 (phosphoric acid)
with the formulations 2 and 3 (citric acid), the émount of
increase of the chemically degraded products -Hin the
formulations 2 and 3 was smaller than that in the formulation
1. From the above fesulf.s, it was found that by adding citric
acid to a solution, an increase in the chemically degraded
products can be reducéd.

Further, on the c.omparison of the formulation 2 with the
formulation 4, the amount of increase of soluble associétions

in the formulation 4 was smaller than that in the formulation
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the amount of increase during the storage period (400C, 1 month) , which
was obtained by subtracting the initial value from the measurement value.
Table 2 Storing at 40C for 1 month Presence or absence of turbidity
Amount of increase of O.D.400 (visual observation) Formulation
IAbsence0.002 Formulation 2Absence0.000 Formulation 3Absence0.002
Formulation 4Absence0.002 Formulation 5Absence0.002 From the results
of the visual observation of the content in all formulations (formulations 1
2, 408)i tnhidityomasirtti 24 bhseneeddbtirtien io algfoymitatiaasaaolution,
increase in the turbidity (O.D.400) was rarely observed. The results of gel
an filnatiem s Lthartehshosollinblabla st ddeamion shasn ib&amediced.

indicates the amount of increase during the storage period (40C, 1

mond)s@hich Wdeofaledl By Sabtractiplgtad iredhl viluEusihere adding

measurement value. Table 3 Amount of increase after storing at 40C for 1
polysapate 80 to the formulation 4, the stability of the

solution was maintained.

Example 3 Confirmation of effect on suppressing insoluble
aggregates 1 (Preparation of. sample)

Each of the solution compositions of formulations 7 to
11.shown in Table 4 was prepared, filtered through a filter
with a pore size of 0.2 um, and then. injected into a glass test
tube. The test tube was sealedwith a silicon stopper; whereby
a sample preparation was prepared. ‘As for an antibody, a human
chimeric antibody to ganglioside GD3 KM-871 disclosed in’.
Japanese Published Unexa.mined Patent Application No.

304989/93 was used.
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Soluble associations (%0)Chemically degraded products (%) Formulation
10.201.48 Formulation 20.200.59 Formulation 30.220.47 Formulation
40.020.51 Formulation 50.040.42 On the comparison of the formulation 1
(phosphoric acid) with the formulations 2 and 3 (citric acid), the amount of
increase of the chemically degraded products in the formulations 2 and 3
was smaller than that in the formulation 1. From the above results, it was
found that by adding citric acid to a solution, an increase in the chemically
degraded products can be reduced. Further, on the comparison of the
formulation 2 with the formulation 4, the amount of increase of soluble
associations in the formulation Zatdsesmaller than that in the formulation

YN D and it vwvuac formd that v thao adAltiAn ~AF ~Alviaiin s 48 o ol b~ an
O L, darmgrivywas Tuunag aiat Uy ICcauguiItiulT Ol Ulyblllc U aSUUtauTt, it ]
increase in thibst)ubiesassiosimtgimks) can be reducedAddigeein the pH

£ [P o lotoioaal L . £l (U H I [ o Y= WY S 4 H
oAt grT o Ultallieu Dy Uit e auuniypulty sutudle oU U UTe 10T Tdiat

| Fornjylgtiengtapility of the sdlution was maintainechdsxannaegB3Comfatnation pf 6

effectonmsuppressinginsolubte aggregates 1 (Preparationof sampte)
‘ Citric acid: 0.1 mmol/L

Formulation 8 ‘ 2 6
Glycine: 10 mg/mL

Citric acid: 0.1 mmol/L
Formulation 9 2 o ) 6
' ' Glycine: 30 mg/mL

Citric acid: 50 mmol/L
Formulation 10 v 2 6
Glycine: 10 mg/mL

Citric acid: 50 mmol/L .
Formulation 11 2 6
Glycine: 30 mg/mL

Example 4 Confirmation of effect on suppréssing insoluble
‘aggregates 1 (Stability test)

Each sample preparation prepared in Example 3 was stored
at 70°C, for 270 seconds, and then, a stability test was carried
out for the following test items.

(1) Visual observation of content

The content of .each sample preparation was visually
observed under white fluorescent lights while it was gently
stirred, and the presence or absence of turbidity was
determined.

(2) Turbidity measurement‘

The content of each sample preparation was collected in
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Each of the solution compositions of formulations 7 to 11 shown in Table
4 was prepared, filtered through a filter with a pore size of 0. 2 gm, and
then injected into a glass test tube. The test tube was sealed with a
silicon stopper, whereby a sample preparation was prepared. AS f or an
antibody, a human chimeric antibody to ganglioside GD3 KM-871
disclosed in - Japanese Published Unexamined Patent Application No.
304989/93 was used. 26 Table 4 LAntibody concentration (mg/ml-)

a qudigittvenpidformellatioand Rhesphessracidicdz) mwliksveilrénagith 64 400
mmol/L Formulation 826 Glycine: 10 mg/mL Citric acid: 0.1 mmol/L '

nm Forg@uaickn926 Glyeare: 30megistwtedCitricwtich 50 namol/L Edromdatiaril et
1026 Glycine: 10 mg/mL Citric acid: 50 mmol/L

spectrophotometer (Hitachi U-3300).

~The results of the (1) visual observation of the content

and the (2) turbidity (0.D.400) measurement are shown in Table

5.
Table 5
After storing at 70°C for 270 seconds

‘Presence or absence of turbidity (visual observation) 0.D.400

Formulaton7 | Apparent white turbidity o | 2471

Formulation 8 Absence ' 0.009

Formulation 9 Absence | _ 0.011
Fprmulation 10 S Absence : 0.020 |

‘ Formulation-11 Absence | 0.033

In the formulation 7, apparent white turbidity was
observed as the result of the visual bbservation, and the
turbidity (0.D.400) also showed a high value. On the other
hand, in the formulations 8, 9, 10 and 11, turbidity was not
obéefved as the resi;lt of the visual observation o_f the content,
and it was confirmed that the values of turbidity (0.D.400)

are significantly lower than that of the formulation 7.

Example 5 Confirmation of effect on suppressing insoluble
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Formulation 1126 Glycine: 30 mg/mL Example 4 Confirmation of effect on
suppressing insoluble aggregates 1 (Stability test) Each sample
preparation prepared in Example 3 was stored at 70C for 270 seconds,
and then, a stability test was carried out for the following test items. (1)
Visual observation of content The content of each sample preparation was
visually observed under white fluorescent lights while it was gently
stirred, and the presence or absence of turbidity was determined. (2)
Turbidity measurement The content of each sample preparation was
colle%ted gzzia u%g_;%{nigro 8%II,Sand TS absorbance at a wavelength of
aggﬁ%%an?ns( D\200F Va8 measred Wity an bltraviolet spectrophotometer

(HitaghiUs3300 1A trsidls 8bisddi vishakobsersatinh alths foment o

and the (2) turbidity (O.D.400) measurement are shown in Table 5. Table
16 Snbfer seringmtd 06 fors2 fr-epeansis, Presense & alrsesegrof urbidite

(visual observation)0.D,400
with a pore size of 0.2 um, and then injected into a glass test

tube. The test tube was sealed with a silicon stopper, whereby
a sample preparation was prepared. As for an antibody, a human
CDR-grafted antibody to CCR4 disclosed in WO 03/18635, KM8760.

was used.

Table 6
Antibody concentration (mg/mL) | Additive pH

Formutation 12 2 Phosphoric acid: 50 mmol/L 6

Formulation 13 2 Citric acid: 0.1 mmol/L 6
Glycine: 10 mg/mL.

Formujation 14 2 Citric acid: 0.1 mmoliL 6
Glycine: 30 mg/mL

Formulation 15 2 Citric acid: 50 mmoliL 6
Glycine: 10 mg/mL

Formulation 16 2 Cilric acid; 50 mmol/L 6
Glycine: 30 mg/mL J

Example 6 Confirmatidn of effect on suppressing insoluble
aggregates 2 (Stability test)
Each sample preparation prepared in Example 5 was stored

at 70°C for 210 seconds, and then, a stability test was carried
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Formulation 7Apparent white turbidity 2.471 Formulation 8Absence0.009

Formulation 9Absence0.011 Formulation 10Absence0.020 Formulation

11Absence0.033 In the formulation 7, apparent white turbidity was

observed as the result of the visual observation, and the turbidity

(0©.D.400) also showed a high value. On the other hand, in the

formulations 8, 9, 10 and 11, turbidity was not observed as the result of

the visual observation of the content, and it was confirmed that the values
outoffiomidie( D146y iae sigsificantymewer than that of the formulation 7.

Example 5 Confirmation of effect on suppressing insoluble 28 aggregates
(1)2 VR=spalatiopssfsaatplopE adh ebthtentution compositions of

formulations 12 to 16 shown in Table 6 was prepared, filtered through a

filterTWéth aQukeBize of 0 Qaaharfthiiehenjpéenaid tigassmst wibaually

The test tube was sealed with a silicon stopper, whereby a sample
obsgEparhtidRdfIs Fephfedt REFELER SRtb R kDR graftegently

.antibody to CCR4 disclosed in WO 03/18635, KM8760 was used. Table 6
stlgﬁ'ﬁg}fdy @&%erﬁ%io@&ﬁ&ﬁﬁ%d&ﬁveﬁﬁsence of turbidity was

determined.
(2) Turbidity measurement

The content of eachvsample preparation was collected in
a quartz micro cell, and the absorbance at a wavelength of 400
nm (0.D.400) was measured wj_th an ul_tra_violet
spectrophotometer (Hitachi U-3300).

The results of the (’1) visuai observation of the content

and the (2) turbidity (0.D.400) measurement are shown in Table

7.
Table 7
After storing at 70°C for 210 seconds
Presence or absence of turbidity (visual obssrvation) 0.D.400
Fofrrlulation 12 Apparent white turbidity 0.698
| Formulation 13 Absence 0.079
Formulation 14 | Absence 0.006
Formulation 15 Absence | 0.056
Formulation 16 Absence - 0.024 |

In the formulation 12, apparent white turbidity was
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Formulation 122Phosphoric acid: 50 mmol/L6 Formulation 132Citric acid:
0.1 mmol/L6 Glycine: 10 mgimL Formulation 142Citric acid: 0.1 mmollL6
Glycine: 30 mg/mL Formulation 152Citric acid: 50 mmol/L6 Glycine: 10
mg/mL Formulation 162Citric acid; 50 mmoliL 6 Glycine: 30 mgimL
Example 6 Confirmation of effect on suppressing insoluble aggregates 2
(Stability test) Each sample preparation prepared in Example 5 was stored
at 70C for 210 seconds, and then, a stability test was carried 29 out for
the following test items. (1) Visual observation of content The content of
le &rl%paratioi was_visually observed under \@iite quore%:ent

begchesglm‘?ps result o visual observatio h
OPEEREHNTES it K Gerthy Khitred ard the’ Bratdncl B Ao <ercdr tivbidhe
rul¥SSaFE{errngds d8) THiNdituacR e MErT hrasartentf each semple
preparation was collected in a quartz micro cell, and the absorbance at a
hand@yelangie of Sk Tiat {On3.400) was Measwdetsyitbabulimsioehs not
observed as the result of the visual observation of the content,
and it was confirmed that the values of turbidity (0.D.400)

are significantly lower than that of the formulation 12.

Example 7 Confirmation of effect on suppressing soluble
associations and chemically degraded products (Preparation of
sample)

Fach of the solution compositions of formulations i7 to
21 shown in Table 8 was prepared, subjected to aseptic
- filtration, injected into a glass vial, and then sealed with
a rubber stopper and an aluminum cap, whereby a sample
preparation was prepared. All these operations were carried
out under an aseptic environment. As for an antibody, a human
CDR-grafted antibody to CCR4 disclosed in WO 03/18635, KM8760.

was used.
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spectrophotometer (Hitachi U-3300). The results of the (1) visual
observation of the content and the (2) turbidity (O.D.400) measurement
are shown in Table 7. Table 7 After storing at 70C for 210 seconds
Presence or absence of turbidity (visual observation)O.D.400 Formulation
12Apparent white turbidity0.698 Formulation 13Absence0.079
Formulation 14Absence0.006 Formulation 15Absence0.056 Formulation
16 Absence 0.024 11 J In the formulation 12, apparent white turbidity was
30 observed as the result of the visual observation, and the turbidity
(0.D.400) also showed a high value. On the other hand, in the
formulations 13, 14, 15 and 16qigphiditg was not observed as the result of

—Lhw&@cmwmm:gm%_mmﬁwmemmvah les.
of turbidity AfthbfE¥Abe FatisigRigisRNtly lower than thatmidhe formulation py

12 Example 7 Confirmation-of effection-suppressing-soluble
E LA A2 \JM'\IP‘l U\J\Jll_rv TOTONIO TGO

o

Formulation 17 2 Phosphoric acid: 50 mmoliL | 6

Formulation 18 2 Citric acid: 0.1 mmol/L 6

Glycine: 10 mg/mL

Formulation 19 2 Citric acid: 0.1 mmol/L 6.

Glycine: 30 mg/mL

Formulation 20 2 Citric acid: 50 mmol/L 6

Glycine: 10 mg/mL

Formulation 21 2 Citric acid: 50 mmol/L 6

Glycine: 30 mg/mL

Example 7 Confirmation of effect on suppressing soluble
‘associations and chemically degraded products (Stability
test)

Each sample preparation prepared in Example 8 was stored
at 40°C for 1 month, and then, the stability was evaluated by
analyzing the content by gel filtration HPLC under the
following conditions.

(HPLC conditions)

Column: TSKgel G3000 SWXL (Tosoh Co.)

Mobile phase: 0.05 mol/L phosphate buffer containing 0.3 mol/L
sodium chloride |

Measurement wavelength: 280 nm
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associations and chemically degraded products (Preparation of sample)
Each of the solution compositions of formulations 17 to 21 shown in Table
8 was prepared, subjected to aseptic filtration, injected into a glass vial,
and then sealed with a rubber stopper and an aluminum cap, whereby a
sample preparation was prepared. All these operations were carried out
under an aseptic environment. As for an antibody, a human CDR-grafted
antibody to CCR4 disclosed in WO 03/18635, KM8760 was used. 31

Flow a4g 8 Anfibgely gencentration (mg/ml-)Additive pH Formulation
172Phosphoric acid: 50 mmol/L6 Formulation 182Citric acid: 0.1 mmolIL6

InjddyeRe s mmLfprpulation 192Citric acid: 0,1 mmol/L6 Glycine: 30

mg/mL Formulation 202Citric acid: 50 mmol/L6 Glycine: 10 mg/mL
Appadramuadionc2lPeArisastdh O(mhintik 6 £3y doepsft-argieh FExample 7

Confirmation of effect on suppressing soluble associations and

chemically degraded products (Stability

The sum of the peak areas of the components eluted on

the higher molecular weight side of the peak of the unchanged
molecule on the HPLC chart was regarded as the peak area of

soluble associations, and the content of the soluble

associations was calculated by the following equation.

(Content of soluble associations (%)) = (Peak area of soluble associations) / (Total peak area) x

100 (1)

Further, the sum of the peak areas of the components
eluted on the lower molecular weight side of the peak of the
'unchanged.molecule on the HPLC chart was regarded as the peak
area of chemically degraded products, and the content of the
chemically degraded products was calculated by the following
equétion.

(Content of chemically degraded products (%)) = (Peak area of chemically degraded products) /

(Total peak area) x 100 (2

The results of gel filtration HPLC are shown in Table

9. The results show the increased amount during the storage
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test) Each sample preparation prepared in Example 8 was stored at 40C
for 1 month, and then, the stability was evaluated by analyzing the
content by gel filtration HPLC under the following conditions. (HPLC
conditions) Column: TSKgel G3000 SWXL (Tosoh Co.) Mobile phase:

-~ 0.05 mol/L phosphate buffer containing 0.3 mol/L sodium chloride
Measurement wavelength: 280 nm 32 Flow rate: 1 mL/min Injected
amount: 40 RL Apparatus: LC-10A system (Shimadzu Corporation) The

perSéa qf4bedppak atashof thetcosipanantsielidedea Bie bigher satagdpihe
‘ weight side of the peak of the unchanged molecule on the HPLC chart
iniwasleyatiee afitbmpbhk aremefiseluicassobiations, and the content
of the soluble associations was calculated by the following equation.
(Content of soluble associationst@ef)e @Peak area of soluble

the componenfsnalotetinrease MQ{WW&W@I‘QWQM@ of the peak of

| the unchanged motecuie on the HPLT chartwas regarded as the peak
area of chemicaijuleqeaeriaiiticts, and theeBepiatit dsofaded products (%)
Formulation 17 | 0.11 0.96
Formulation 18 _ -0.02 ’ 0.44
Formulation 19 00 | 0.47
Formulation 20 -0.05 0.35
Formulation 21 0.05 0.38

As the result of comparing the formulation 17 with the
‘formulations 18, 19, 20 and 21, it was found that the
formulations 18, 19, 20 and 21 have an excellent stability in
view of both the soluble associations and the chemically

degraded products.

Example 9 Confirmation of stability of preparation
(Preparation‘ of sample)

A solution composition of a formulation 22 shown in Table
10 was prepared, subjected to aseptic filtration, injected into
a glass vial, and then sealed with a rubber stopper and an
aluminum cap, whereby a sample preparation was prepared. All
these Qperations were carried out under an aseptic environment.

As for an antibody, -a human CDR-grafted ahtibody to CCR4
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chemically degraded products was calculated by the following equation.
(Content of chemically degraded products (%)) = (Peak area of chemically
degraded products) / (Total peak area) x 100 (2) The results of gel
filtration HPLC are shown in Table 9. The results show the increased
amount during the storage 33 period (40C, 1 month), which was obtained
by subtracting the initial value from the measurement value. Table 9
Amount of increase after storing at 40C for 1 month Soluble associations
(%)Chemically degraded products (%) Formulation 170.110.96
rmul tlon 18-0.0 i:ormulatlon 190.020.47_Formulation 20-0.050.35
dlSEg tioft 210, 8&260]3%2 2 thEME4GIP of caOmblglﬁﬁlg the formulation 17 with
the formulations 18, 19, 20 agd,g1 it y¢s found that the formulations 18,
19, 20 and 21 have an excellent stability in view of both the solubl

associati Drﬁ]@a@ Hat%m%?i‘éﬁﬁb’n@e graded produgdgiifgxample 9 pH

Confirmationof efahlllhl of nrnnar:hf\n (Pranaratinn.of samnle)
FOTTITTIr T L \l_r\/r.:vu CACTOTT O7T \JMIIII\II\I’

Formulation 22 4 Phosphoric acid: 2 mmol/L 85
Glycine: 22.5 mg/mL

Polysorbate 80: 0.2 mg/mL

Example 10 Confirmation of stability of preparation (Storing
at 40°C)

The sample preparation prepared in Example 9 was stored
at 40°C for 1 month, and then, the stability was evaluated by
analyizing the content by gel filtration HPLC under the
following conditions.

(HPLC conditions)

Column: TSKgel G3000 SWxL, (Tosoh Co.)

Mobile phase: 0.05 mol/L phosphate buffer containing 0.3 mol/L
sodium chloride

Measurement wavelength: 280 nm

Flow rate: 1 mL/min

Injected amount: 40 pL

Apparatus: LC-10A system (Shimadzu Corporation)

The sum of the peak areas of the components eluted on
the higher molecular weight side of the peak of the unchanged

molecule on the HPIC chart was regarded as the peak area of
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A solution composition of a formulation 22 shown in Table 10 was

prepared, subjected to aseptic filtration, injected into a glass vial, and

then sealed with a rubber stopper and an. aluminum cap, whereby a

sample preparation was prepared. All these operations were carried out

under an aseptic environment. As for an antibody, a human CDR-grafted

antibody to CCR4 34 disclosed in WO 03/18635, KM8760 was used.

Table 10 Antibody concentration (mg/mL)Additive pH Formulation
solaPArRhosphesie baith dnsmolihhd Ghlsine: 2arfrmgimlLdivlysgibatestiiuble

0.2 mg/mL Example 10 Confirmation of stability of preparation (Storing at

ass4G pThesampispephaticntgd phedih&xbnifle®inss sigred: /Hd0C1 ) .
for 1 month, and then, the stability was evaluated by analyizing the
content by gel filtration HPLC under the following conditions. (HPLC
conditions) Column: TSKgel G3000 SWxL (Tosoh Co.) Mobile phase: 0.05
(Conteitiaf ssthade Reseciplifes CohfalRRal ersarabsalu @@mehmﬂh/eﬂotal peak area) x

Measuremer(11t)wavelength 280 rim

Further, the sum of the peak areas of the components
eluted on the lov:ver molecular weight side of the peak of the
unchangéd molecule on the HPLC chart was regarded as the peak
area of chemically degraded products, and the content of the
cheﬁically degraded products was calculated by the following

equation (2).

(Content of chemically degraded products (%)) = (Peak area of chemically degraded products) /

(Total peak area) x 100 (2)

The results of gel filtration HPLC are shown in Table .
11. The results Shbw the amount of incréase during the storage
‘period (40°C, 1 month), which was obtained by subtracting the
initial value from the measurement value.

Table 11

Amount of increase after storing at 40°C for 1 month

Soluble associations (%) Chemically degraded products (%)

Formulation 22 ’ -0.02 ' 0.46
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Flow rate: 1 mL/min Injected amount: 40 L Apparatus: LC-I0A system
(Shimadzu Corporation) The sum of the peak areas of the components
eluted on the higher molecular weight side of the peak of the unchanged
molecule on the HPLC chart was regarded as the peak area of 35 soluble
associations, and the content of the soluble associations was calculated
by the following equation (1). (Content of soluble associations (Peak area
of soluble associations) / (Total peak area) x 100 (1) Further, the sum of
the Jgakwaeasonthitmoadhonkats ¢lheedrrihe lawéomokzZulapmpighsing
side of the peak of the unchanged molecule on the HPLC chart was
citmipraed dsand gEakchne bishemicHigelbbeide s paduukis vinkntiel ew of
content of the chemically degraded products was calculated by the
botRy|Hhpg Seduitibh (2 eeArhioRchedftchlvRR gERIBIGB4LMs gryraded
(Peak area of chemically degraded products) | (Total peak area) x 100 (2)
Progictsalts of gel filtration HPLC are shown in Table 11. The results show
the amount of increase during the storage period (40C, 1 month), which
was obtained by subtracting the initial value from the measurement value.

Exa.tTn%Iilg ]1]1 Confirmation of stability of preparation (Storing

at 70°C)

The content of the preparatién prepared in Example 9 was |
filtered through a filter with a pore size of 0.2 um, and then
injected into a glass test tube. The opening of the test tube
was sealed with a stopper, whereby a sample was prepared. The
sample was stored at 70°C for 210 seconds, and then, a stability |
test was carried out for the following test items.

(1) Visual observation of content

The content of each sample preparation was visually
observed under white flﬁoresc,ent lights while it is gently
stirred, and the presence or absence of turbidity was
determined.

(2) Turbidity measurement

The content of each sample preparation wasrcoll'ected in
a quartz micro ceil, and thé absorbance at a wavelength of 400
nm' (0.D.400) was measured with  an ultraviolet
spectrophotometer (Hitachi U-3300).

The results of the (1) visual observation of the content

and the (2) turbidity (0.D.400) measurement are shown in Table
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Amount of increase after storing at 40C for 1 month Soluble associations
(%)Chemically degraded products (%) Formulation 22-0.020.46 36 It was
confirmed that the formulation 22 comprising . citric acid and glycine has
an excellent stability in view of both the soluble associations and the
chemically degraded products. Example 11 Confirmation of stability of
preparation (Storing at 70C) The content of the preparation prepared in
Example 9 was filtered through a filter with a pore size of 0.2 m, and then
12.injected into a glass test tube. The opening of the test tube was sealed
with a stopper, whereby a sample was prepared. The sample was stored
at 70C for 210 seconds, and th&abd stabdity test was carried out for the -

—fottowimg testitems- (1) Visuatobservatiomof tontent The contentof each

sample preparation viétenatoniagyatd68efoed! disgeandsite fluorescent lights

white Ttis[gently stirred, and the presSence or absence of rbidity was

determined. (9sIneaRERDEPRERRUHEIABHYITHREcbRTtalIRNGf epch santhieA00

preparatlon was collected In a quartz micro cell, and thg absorbance at a
Fomya{i@Agth of 400 Absence 0.014

It was confirmed that the formulation 22 which is a
preparation comprisingcitric acid and glyciné has an excellent

'stability in view of the insoluble aggregates as well.

Industrial Applicability
According to the present invention, a method of
'stabilizing an antibody in a solution and a stabilized

solution-type antibody preparation can be provided.
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nm (O.D.400) was measured with an ultraviolet spectrophotometer
(Hitachi U-3300). The results of the (1) visual observation of the content
and the (2) turbidity (O.D.400) measurement are shown in Table 37 12.
Table 12 After storing at 70C for 210 seconds Presence or absence of
turbidity (visual observation)O.D.400 Formulation 22AbsenceO.D14 It was
confirmed that the formulation 22 which is a preparation comprising citric
acid and glycine has an excellent stability in view of the insoluble
aggregates as well. Industrial Applicability According to the present
invention, a method of stabilizipg an.antibody in a solution and a
stabilized solution-type antibody preparation can be provided. 38 Claims

1. 1. Annefieadfof stabitizingldr sntibogaincd Sotifidm whiehuedBarseEich
adding glycine and citric acid to the antibody in a solution. 2. The method

comprdsrdingeidCigmdl ywiareimihd méthuidobsiabiiangae antibbogdy

in sau%%rflsi%iggan the formation of a '

2. The method according to Claim 1, wherein the method of

stabilizing an antibody is suppression of the formation of a

soluble association and a chemically degraded product of the

antibody in a solution.

3. A method for suppressing the formation of a soluble
association of an antibody in a solution, which comprises

adding glycine to the antibody in a solution.

4. A method for suppressing the formation of a chemically
degraded product of an antibody in a solution, which comprises

adding citric acid to the antibody in a solution.

5. The method according to any one of Claims 1 to 4, wherein

concentration of the antibody is at 0.0l to 150 mg/mL, .

6. The method according to any one of Claims 1 to 3 ; wherein

concentration of the glycine is at 10 to 30 mg/mL.

7. The method according to any one of Claims 1, 2 and 4,

wherein concentration of the citric acid is at 0.1 to 50 mmol/L.
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soluble association and a chemically degraded product of the antibody in
a solution. 3. A method for suppressing the formation of a soluble
association of an antibody in a solution, which comprises adding glycine
to the antibody in a solution. 4. A method for suppressing the formation of
a chemically degraded product of an antibody in a solution, which
comprises adding citric acid to the antibody in a solution. 5. The method
according to any one of Claims 1 to 4, wherein concentration of the
antibody is at 0.01 to 150 mg/mL. 6. The method according to any one of
Claims 1 to 3, wherein concentration of the glycine is at 10 to 30 mg/mL.
8. 7. Tithmetablat cordingdd agyteneny Claene i A andhd, Iwhergin further
concentration of the citric acid is at 0. 1 to 50 mmol/L. 39 S. The method
compycbeding t@ angwheri¢lwms Jawtanrither comprising a nonionic
surfactant. 9. The method according to any one of Claims 1 to 8, wherein
the pH of the solution is within the range of 4 to 7. 10. The method
according to any one of Claims 1 to 9, wherein the antibody is a

9+ humBREFIRHDAFEPERALRGAT ArRBI S eI FielAdidd deefdintgprein
any one of Claims_1 t0.10, wherein_the antibody is any one of antihodies

theto%%n%ﬁoggg éﬁi%ﬁﬁognﬁbsoﬂést#&@c%h%nﬁmere%%pt%rgo !
(hereinafter referred

10. The method according to any one of Claims 1 to 9, wherein

the antibody is a humanized antibody or a human anfibody.

11. The method according to any one of Claims 1 to 10, wherein
the antibody is any one of antibodies to ganglioside GD3 and
antibodies to CC chemokine receptor 4 (hereinafter referred

to as CCR4).

12. A'solution—type antibody preparation in which formation
of a soluble association of the antibody is suppressed,

comprising glycine and the antibody.

13. A solution-type antibody preparation in which formation
of a chemically degraded product of the antibody is suppressed,

comprising citric acid and the antibody.

14. A solution-type antibody preparation in which formation

of a soluble association, a chemically degraded product and

v
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to as CCR4). 12. A solution-type antibody preparation in which formation
of a soluble association of the antibody is suppressed, comprising glycine
and the antibody. 13. A solution-type antibody preparation in which
formation of a chemically degraded product of the antibody is :
suppressed, comprising citric acid and the antibody. 14. A solution-type
antibody preparation in which formation of a soluble association, a
chemically degraded product and 40 an insoluble aggregate of the

an antisedyirbesupressers womprisinglyyciae tdibimdacidars theppibedged ,
15. The preparation according to any one of Claims 12 to 14, wherein the

comptibyTontEatiaton St 01 Rcish mgfnthes. atsipegiration
according to any one of Claims 12, 14 and 15, wherein the glycine
concentration is at 10 to 30 mg/mL. 17. The preparation according to
anyone of Claims 13 to 15, wherein the citric acid concentration is at 0.1

151 G RRRHEPRE SHOB AR RISHAC 56 2§ Gl O HIRSLE2 59 14,

17, further comprising a nonionic surfagtant. 19. The preparation
WheZ SR T To MRy R GRS 16 T80RHETeMTng [Hhof Mo LR

in the range of 4 to 7. 20. The preparation according to any one of Claims
12 to 19, wherein the antibody is a humanized antibody or a human

16. The preparation according to any one of Claims 12, 14

and 15, wherein the glycine concentration is at 10 to 30 ‘mg/mL.

17. The preparation according to any one of Claims 13 to 15,

wherein the citric acid concentration is at 0.1 to 50 mmol/I.

18. The preparation according to any one of Claims 12 to 17,

further comprising a nonionic surfactant.

19. The preparation according to any one of Claims 12 to 18,

wherein the pH of the solution is in the range of 4 to 7.

- 20. The preparation according to any one of Claims 12 to 19,
wherein the antibody is a humanized antibody or a human

antibody.

21. The preparation according to any one of Claims 12 to 20,
wherein the antibody is any one of antibodies to ganglioside

GD3 and antibodies to CCR4.
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antibody. 21. The preparation according to any one of Claims 12 to 20,
wherein the antibody is any one of antibodies to ganglioside GD3 and
antibodies to CCR4. 41 22. An agent for suppressing formation of a
soluble association of an antibody in a solution, which comprises glycine
as an active ingredient. 23. An agent for suppressing formation of a
chemically degraded product of‘an antibody in a solution, which \
comprises citric acid as an active ingredient. 24. A stabilizing agent for an
antibody, which comprises glycine and citric acid as active ingredient. 25.
The stabilizing agent for an antibody according to Claim 24, wherein the
22 . stabfRatisASR the Ao GHRIIMBESHN i Matokatatiodfof Asolgpibuble
association, a chemically degraded product and an insoluble aggregate of
ass%if%ﬁmy qf 23| ARkhikedy in a solution, which comprises

glycine as an active ingredient.

23. An agent for suppressing formation of a chemically
degraded product of an antibody in a solution, which comprises

citric acid as an active ingredient.

24. A stabilizing agent for an antibody, which Comprisés

glycine and citric acid as active ingredient.

25. The stabilizing agent for an antibody according to Claim
24, wherein the stabilization of the antibody is suppression
of the formation | of a soluble association, a chemically
degraded product and an insoluble ‘aggregate of the antibody

in a solution.
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