
DESCRIPTION 

METHOD FOR S T A B I L I Z I N G  ANTIBODY AND STABILIZED SOLUTION-TYPE 

ANTIBODY PREPARATION 

Technical Field  

Thepresent invent ionre la te  s toamethod f o r  s t a b i l i z i n g  

an antibody i n  a solution and a s t ab i l i zed  solution-type 

antibody preparation. 

Background A r t  

I n recen t  years, treatmentof ad iseaseus inganant ibody 

has rapidlybeen adoptedthroughthe advance ofbiotechnology. 

Also i n  Japan, various antibody preparations such as  Synagis, 

Remicade, Rituxan and Herceptin a r e  provided i n  t h e  medical 

f i e l d .  

When an antibody i s  s tored i n  a solut ion f o r  a long time, 

the  formation of a chemically degraded product, t h e  formation 

of an insoluble aggregate, t h e  formation of a soluble 

associationorthelikeoccurs. There fo re f inorde r toprov ide  

a s tab le  and safe  antibody drug, there  has been a demand f o r  

a method of suppressing the  formation of such substances. 

When an antibody i s  stored i n  a s t a t e  of a solut ion f o r  

a long time, a chemical degradation react ion such as  cleavage 

of a disulf  ide  bond o r  a peptide bond of an antibody occurs. 

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 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 a soluble  association or the like occurs. Therefore, in order to
provide  a stable and safe antibody 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. 1 As a result, there is concern for a decrease
in its activity,  



AS a r e s u l t ,  t h e r e  i s  concern f o r  a decrease i n  i t s  a c t i v i t y ,  

an unexpected s i d e  e f f e c t  o r  t h e  l i k e  due t o  t h e  d e t e r i o r a t i o n  

i n  t h e  q u a l i t y  the reof .  

Proteinisinsolubilzedthrough aggregat ionofmolecules  

whosehigher-order structureis dis ruptedwi thdis ruptedhigh-  

o rder  s t r u c t u r e  due t o  shaking, h e a t s t r e s s ,  o r  t h e  l i k e .  When 

such an inso lub le  aggregate i s  in t ravenously  administered,  a 

s e r ious  s i d e  e f f e c t  such a s  anaphylact ic  shock i s  l i a b l e  t o  

occur (Japanese Published Unexamined Patent  Applicat ion No. 

As  t h e  method of suppressing t h e  formation of an 

inso lub le  aggregate,  a method of adding c i t r i c  ac id  a t  100 

mmol/L o r  more o r  heparin a t  0.5% t o  antibody so lu t i on  i n  o rde r  

\ 
t o  suppress t h e  formation of an inso lub le  aggregate caused by 

hea t  stress i n  an aqueous so lu t i on  of a recombinant human 

kera t inocyte  growth f a c t o r  i s  known (Journal  of Pharmaceutical 

Science, Vol. 83, No. 1 2 ,  1657-1661 ( 1 9 9 4 )  ) . Further ,  as t h e  

method of suppressing t h e  formation of an i n so lub l e  aggregate 

caused by hea t  stress i n  an aqueous so lu t ion  of an antibody, 

a method using a glycine bu f f e r  o r  a h i s t i d i n e  b u f f e r  (WO 

02/13860), a method of adding polyvinylpyrorridone a t  2% o r  

more (Pharmaceutical Research Vol. 11, No. 5,  624-632, 1 9 9 4 ) ,  

a method of adding a phosphate bu f f e r ,  sodium c h l o r i d e  and 

maltose (Japanese PublishedUnexamined Patent  Applicat ion No. 

504499/91), and t h e  l i k e  a r e  known. 

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
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  to suppress the
formation of an insoluble aggregate caused by  heat 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 (Pharmaceutical
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. 



Although some p r o t e i n s  may n o t  lead t o  i n s o l u b i l i z a t i o n ,  

t h e y  are known t o  form a s o l u b l e  a s s o c i a t i o n  compr is ing  a s m a l l  

number of p r o t e i n  molecule such  as a dimer o r  a t r i m e r .  F o r  

example, w h e n t h e p r o t e i n  i s  a n a n t i b o d y f i t  i s  c o n s i d e r e d t h a t  

a s o l u b l e  dimer i s  e a s i l y  formed (Biochemis t ry ,  V o l .  38, 

13960-13967 (1999) ) .  I n  a d d i t i o n ,  when a d i m e r  o f  a n  a n t i b o d y  

i s  admin i s t e r ed  i n t o  t h e  human body, t h e r e  i s  a r i s k  o f  c a u s i n g  

a side e f f e c t  such  as f e v e r ,  nausea  o r  hypotens ion  ( Japanese  

Pub l i shed  Unexamined P a t e n t  A p p l i c a t i o n  N o .  502938/98).  

A s  t h e  method f o r  suppres s ing  t h e  format ion  o f  a s o l u b l e  

a s s o c i a t i o n ,  a method of  adding a n i c o t i n i c  acid derivative 

or an a-amino acid having  a l i p o p h i l i c  side c h a i n  as a 

s t a b i l i z i n g  agen t  i n t o  a liquidimmunoglobulin'preparation i s  

known (Japanese  Publ i shed  Unexamined P a t e n t  A p p l i c a t i o n  N o .  

502938/98). 

A s  d e s c r i b e d  above, t h e r e  h a s  been a demand f o r  a method 

of  p r o v i d i n g  a stable an t ibody  p r e p a r a t i o n  which a c h i e v e s  t h e  

s t a b i l i z a t i o n  of  t h e  an t ibody  i n  a s o l u t i o n  by  overcoming 

p l u r a l  f a c t o r s  o f  i n s t a b i l i t y  such  as t h e  fo rma t ion  o f  a 

chemica l ly  degraded produc t ,  t h e  format ion  o f  an  i n s o l u b l e  

a g g r e g a t e a n d t h e  f o r m a t i o n o f  a s o l u b l e  a s s o c i a t i o n .  However, 

such a method has  n o t  been known s o  f a r .  

D i sc losu re  of  t h e  i n v e n t i o n  

A n o b j e c t  o f t h e p r e s e n t  i n v e n t i o n i s  t o  provide ame thod  

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
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 a-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  plural 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 



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; 

andamethodofstabilizinganantibodyinasolution. Further, 

another object of the present invention is to provide a 

solution-type antibody prepara t ion  i n  which t h e  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 association, the formation 

of a chemically degraded product and the formation of an 

insoluble aggregate are suppressed; an agent for suppressing 

the formationof a soluble associationof an antibody; an agent 

f o r  suppress ing the  format ionof  a chemicallydegradedproduct 

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, 

whichcomprises addingglycine and citric acidtothe antibody 

in a solution. 

(2) The method according to the above (I), wherein the 

method o f  stabilizing an antibody is suppress ion of t h e  

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 

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
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  



adding glycine t o  t h e  antibody i n  a solution. 

( 4 )  A method f o r  suppressing t h e  formation of a 

chemicallydegradedproductof an antibody i n  a so lu t ion ,  which 

comprises adding c i t r i c  acid t o  t h e  antibody i n  a solution. 

(5  ) The method according t o  any one of t h e  above ( 1 ) t o  

( 4 ) ,  wherein concentration of the  antibody i s  a t  0 . 0 1  t o  150 

mg/mL . 
( 6 ) The method according t o  any one of t h e  above ( 1 ) t o  

( 3 )  , wherein concentration of t h e  glycine i s  a t  1 0  t o  30 mg/mL. 

( 7 )  The method according t o  any one of the.above ( I ) ,  

( 2 )  and (4), wherein concentration of the  c i t r i c  ac id  i s  a t  

0 . 1  t o  50 mmol/L. 

( 8 ) The method according t o  any one of t h e  above ( 1 ) t o  

( 7 ) ,  fu r the r  comprising a nonionic surfactant .  

( 9  ) The method according t o  any one of t h e  above ( 1) t o  

(8), wherein the  pH of the  solut ion i s  within t h e  range of 4 

t o  7 .  

( 1 0 )  The method according t o  any one of the  above (1) 

t o  ( 9 ) ,  wherein t h e  antibody is  a humanized aritibody or a human 

antibody. 

(11) The method according t o  any one of the  above (1) 

t o  (lo), wherein t h e  antibody 3s any one of antibodies t o  

ganglioside GD3 and antibodies t o  CC chemokine receptor 4 

(here inaf te r  re fer red  t o  as CCR4) .  

( 1 2  ) A solution-type antibody preparation i n  which t h e  

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
concentration of the glycine is at 10 to 30 mg/mL. (7) The method
according 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. (8),
(9) The method according to any one of the above (1) to  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 



formation of a soluble  a s soc i a t i on  o,f t h e  ant ibody i s  

suppressed, comprising g lyc ine  and t h e  antibody. 

(13)  A solution-type ant ibody prepara t ion i n  which t h e  

formation of a chemically degraded product of t h e  ant ibody i s  

suppressed, comprising c i t r i c  ac id  and t h e  antibody. 

( 1 4 )  A solution-type antibody prepara t ion i n  which t h e  

formation of a soluble  a s soc i a t i on ,  a chemically degraded 

product and an insoluble  aggregate of t h e  ant ibody a r e  

suppressed, comprising glycine ,  c i t r i c  ac id  and t h e  antibody. 

(15)  The preparat ion according t o  any one of t h e  above 

( 1 2  ) t o  ( 1 4 ) ,  wherein concentra t ion of t h e  antibody i s  a t  0 .0  1 

t o  150 mg/rnL. 

(16)  The preparat ion according t o  any one of t h e  above 

( 1 2  ) , ( 1 4  ) and ( 15) , wherein concentrat ion of t h e  g lycine  i s  

a t  1 0  t o  30 mg/rnL. 

(17)  The preparat ion according t o  any one of t h e  above 

( 13) t o  ( 1 5 ) ,  wherein concentra t ion of t h e  c i t r ic  a c i d  i s  a t  

0 . 1  t o  50 mmol/L. 

(18) The preparat ion according t o  any one of t h e  above 

( 1 2 )  t o  (17 ) ,  f u r t h e r  comprising a nonionic s u r f a c t a n t .  

( 1 9 )  The preparat ion according t o  any one of t h e  above 

( 1 2  ) t o  ( 18 ) , wherein t h e  pH of t h e  so lu t ion  i s  wi th in  t h e  range 

of 4 t o  7. 

( 2 0 )  The preparat ion according t o  any one of t h e  above 

( 1 2  ) t o  ( 1 9  ) , wherein t h e  antibody i s  a humanized antibody o r  

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
suppressed, comprising citric acid and the antibody. (14) A solution-type
antibody preparation in which the  formation of a soluble association, a
chemically degraded  product and an insoluble aggregate of the antibody
are  suppressed, comprising glycine, citric acid and the antibody. (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 one of the above  



a human antibody. 

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

(12) to (20), wherein the antibody is any one of antibodies 

to ganglioside GD3 and antibodies to CCR4. 

(22 ) An agent for suppressing the formation of a soluble 

association of an antibody in a solution, which comprises 

glycine as an active ingredient. 

(23) An agent for suppressing the formation of a 

chemicallydegradedproductof anantibody in asolution, which 

comprises citric acid as an effective component. 

(24)Astabilizingagentforanantibody,whichcomprises 

glycine and citric acid as active ingredient. 

(25) The stabilizing agent for 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 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 recombinant 

antibody, an antibody fragment thereof and the like. 

(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
above  (12) to (20), wherein the antibody is any one of antibodies  to
ganglioside GD3 and antibodies to CCR4. (22) An agent for suppressing
the formation of a soluble  association of an antibody in a solution, which
comprises  glycine as an active ingredient. (23) An agent for suppressing
the formation of a  chemically degraded product of an antibody in a
solution, which  comprises citric acid as an effective component. (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  the above (24), wherein the stabilization of the antibody is  



Examples of t h e  recombinant ant ibody inc lude  a humanized 

antibody, a human antibody and t h e  l i k e ,  and examples of t h e  

humanized antibody include a human chimeric antibody, a human 

CDR-grafted antibody and t h e  l i k e .  

The human chimeric ant ibody r e f e r s  t o  an ant ibody 

comprising VH and VL of a non-human animal antibody, and CH 

and CL of a human antibody. A s  t h e  CH of a human chimeric  

antibody, any CH can be used a s  long a s  it belongs t o  human 

immunoglobulin ( h e r e i n a f t e r  r e f e r r e d  t o  a s  h I g ) ,  however, 

those belonging t o  t h e  hIgG c l a s s  a r e  p re fe r red  and any one 

of t h e  subclasses  belonging t o  t h e  hIgG c l a s s  such a s  h1g~1 ,  

hIgG2, hIgG3 and hIgG4 can be used. Fur ther ,  a s  t h e  CL of a 

t o  t h e  hIg, and those  belonging t o  a K c l a s s  o r  a h c l a s s  can 

be used. 

Fur ther ,  examplesofthenon-humananimalincludeamouse, 

a r a t ,  a hamster, a r a b b i t  and t h e  l i k e .  

The human CDR-grafted antibody r e f e r s  t o  an ant ibody i n  

which t h e  CDRs of VH and VL of a non-human animal ant ibody a r e  

g ra f ted  i n t o  an appropr ia te  pos i t i on  i n  VH and VL of a human 

antibody. 

The human CDR-graf t e d  ant ibody of t h e  p resen t  invent ion  

can be produced by designing and cons t ruc t ing  cDNAs encoding 

V regions i n  which CDRs of VH and VL of a non-human animal 

antibody a r e  l i g a t e d t o  t h e  frameworks ( h e r e i n a f t e r  r e f e r r e d  

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
recombinant  antibody, an antibody fragment thereof and the like.
Examples of the recombinant antibody include a humanized  antibody, a
human antibody and the like, and examples of the  humanized antibody
include a human chimeric antibody, a human  CDR-grafted antibody and
the like. The human chimeric antibody ref ers to an antibody  comprising
VH and VL of a non-human animal antibody, and CH  and CL of a human
antibody. As the CH of a human chimeric  antibody, any CH can be used
as long as it belongs to human  immnoglobulin (hereinafter referred to as
hlg), however,  those belonging to the hIgG class are preferred and 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 chimeric
antibody, any CL can be used as long as it belongs  



t o  a s  FR(s ) )  of VH and VL of an op t iona l  human antibody,  

i n s e r t i n g  them i n t o  an expression vec tor  f o r  an animal ce l l  

having c D N A s  encoding CH and C L  of a human antibody,  

respect ively ,  t o  thereby cons t ruc t  a human CDR-grafted 

antibody expression vec tor ,  and then in t roducing t h e  

expression vec tor  i n t o  an animal c e l l  t o  express t h e  human 

CDR-grafted antibody. 

A s  t h e  CH of a human CDR-grafted antibody, any CH can 

be used a s  long a s  it belongs t o  t h e  hIgI  however, those  

belonging t o  t h e  hIgG c l a s s  a r e  p re fe r red  and any one of t h e  

subclasses belonging t o  t h e  hIgG c l a s s  such a s  hIgG1, hIgG2, 

hIgG3 and hIgG4 can be used. Fur ther ,  a s  t h e  CL of a human 

CDR-grafted antibody, any CL can be used a s  long a s  it belongs 

t o  t h e  hIgI  and those  belonging t o  a K c l a s s  o r  a h c l a s s  can 

be used. 

The human antibody i s  o r i g i n a l l y  an antibody n a t u r a l l y  

exist inginthehumanbody,however it a l s o  includes an t ibod ies  

obtained from a human antibody phage l i b r a r y  and a human 

antibody-producing t ransgenic  animal, which a r e  prepared 

based on t h e  recen t  progress i n  genet ic  engineering,  cel l  

engineering and developmental engineering techniques. The 

antibodyexistinginthehumanbodycanbeobtained, forexample,  

by i s o l a t i n g  a human per iphera l  blood lymphocyte, 

immortalizing it by in f ec t i ng  with EB v i r u s  o r  t h e  l i k e ,  

followed by cloning,  thereby obta in ing a lymphocyte producing 

to the hIg, 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
encoding  V regions in which CDRs of VH and VL of a non-human animal
antibody are ligated to the frameworks (hereinafter referred to as FR(s)) of
VH and VL of an optional human antibody,  inserting them into an
expression vector for an animal cell  having cDNAs encoding CH and CL
of a human antibody,  respectively, to thereby construct a human
CDR-grafted  antibody expression vector, and then introducing the
expression vector into an animal cell to express the human  CDR-grafted
antibody. As the CH of a human CDR-grafted antibody, any CH can  be
used as long as it belongs to the hlg, however, those  belonging to the
hIgG class are preferred and 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  



t h e  antibody, and then c u l t u r i n g  t h e  lymphocyte and pu r i fy ing  

t h e  antibody from t h e  c u l t u r e  supernatant .  The human antibody 

phage l i b r a r y  i s  a l i b r a r y  i n  which an antibody fragment such 

a s  Fab o r  scFv i s  expressed on t h e  sur face  of a phage by i n s e r t i n g  

an antibody gene prepared from a human B c e l l  i n t o  t h e  phage 

gene. A phage which expresses an antibody fragment having a 

des i red  ant igen binding a c t i v i t y  on i t s  sur face  can be 

recovered from t h e  l i b r a r y  by us ing t h e  binding a c t i v i t y  t o  
1 

a subs t r a t ehav inganan t igen immobi l i zed the reonas the index .  

The antibody fragment can be f u r t h e r  converted i n t o  a human 

antibody molecule comprising two f u l l  length  H chains and two 

f u l l  length L chains by gene t ic  engineering techniques. The 

human antibody-producing t ransgen ic  animal i s  an animal i n  

which a human antibody gene has been introduced i n t o  i t s  cell .  

Spec i f i ca l ly ,  ahuman antibody-producingtransgenic mouse can 

beproduced, f o r  example, byint roducingahuman antibody gene 

i n t o  a mouse ES c e l l ,  t r ansp l an t ing  t h e  ES cell  i n t o  an e a r l y  

s tage  embryo of a mouse, then developing. A s  a method f o r  

preparingahumanantibodyfromsuchahumanantibody-producing 

t ransgenic animal, t h e  human antibody can be produced and 

accumulated i n  a cu l t u r e  supernatant  by cu l tu r ing  a human 

antibody-producing hybridoma obtained by a method f o r  

preparing hybridoma, genera l ly  c a r r i e d  ou t  i n  a non-human 

animal. 

Examples of t h e  antibody fragment t o  be used i n  t h e  

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.
The  antibody existing in the human body can be obtained, for example,
by isolating a human peripheral blood lymphocyte,  immortalizing it by
infecting with EB virus or the like,  followed by cloning, thereby obtaining a
lymphocyte producing 9 the antibody, and then culturing the lymphocyte
and purifying  the antibody from the culture supernatant. The human
antibody  phage library is a library in which an antibody fragment such  as
Fab or SCFV is expressed on the surf ace of a phage by inserting  an
antibody gene prepared f rom a human B cell into the phage  gene. A
phage which expresses an antibody fragment having a  desired antigen
binding activity on its surf ace can be recovered from the library by using
the binding activity, to a substrate having an antigen immobilized thereon
as the index.  The antibody fragment can be further converted into a
human  



p r e s e n t  inven t ion  inc lude  Fab, Fab' , F(abf  )*, SCFV, diabody,  

d s ~ v ,  a p e p t i d e  c o n t a i n i n g  CDR and t h e  l i k e .  

The Fab i s  an an t ibody fragment having a molecular  weight 

of about 50,000 and having an ant igen-binding a c t i v i t y ,  i n  

which about  a h a l f  of t h e  N-terminal s i d e  of  H cha in  and t h e  

f u l l  l eng th  L c h a i n ,  among fragments ob ta ined  by t r e a t i n g  an 

IgG type  an t ibody molecule w i t h  a p r o t e a s e ,  papain ( c l e a v i n g  

a t  t h e  amino a c i d  r e s i d u e  a t  p o s i t i o n  224 of  t h e  H c h a i n ) ,  are" 

bound t o g e t h e r  through a d i s u l f i d e  bond. 

The Fab t o  be used  i n  t h e  p r e s e n t  inven t ion  can be  o b t a i n e d  

by t r e a t i n g  an an t ibody w i t h  a p r o t e a s e ,  papain .  

A l t e r n a t i v e l y ,  t h e  Fab can be  produced by i n s e r t i n g  DNA 

encoding Fab of  t h e  an t ibody i n t o  an express ion  v e c t o r  f o r  

prokaryote  o r  an express ion  v e c t o r  f o r  eukaryote ,  and 

in t roducing  t h e  v e c t o r  i n t o  a prokaryote  o r  a eukaryote  t o  

express  t h e  Fab. 

The F ( a b f  ) 2  i s  an an t ibody fragment having a molecular  

weightofabout100,000 andhavinganantigen-bindingactivity, 

which i s  s l i g h t l y  l a r g e r  than  t h e  Fab bound v i a  a d i s u l f i d e  

b o n d o f t h e h i n g e  reg ion ,  among fragments o b t a i n e d b y t r e a t i n g  

anIgG-typeantibodymoleculewithaprotease,  peps in  ( c l e a v i n g  

a t  t h e  amino a c i d  r e s i d u e  a t  p o s i t i o n  234 of  t h e  H c h a i n ) .  

The F ( a b r  ) 2  t o  b e  used i n  t h e  p r e s e n t  i n v e n t i o n  can  b e  

obtained by t r e a t i n g  an an t ibody wi th  a p r o t e a s e ,  peps in .  

A l t e r n a t i v e l y ,  t h e  F (abf  ) 2  can be  prepared by b inding  Fabr 

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
method for  preparing a human antibody from such a human
antibody-producing  transgenic animal, the human antibody can be
produced and  accumulated in a culture supernatant by culturing a human
antibody-producing hybridoma obtained by a method for  preparing
hybridoma, generally carried out in a non-human animal. Examples of the
antibody fragment to be used in the 10 present invention include Fab,
Fab', F(ab')2, scFv, diabody,  dsFv, a peptide containing CDR and the
like. The Fab is an antibody fragment having a molecular weight  of about
50,000 and having an antigen-binding activity, in  which about a half of the
N-terminal side of H chain and the  full length L chain, among fragments
obtained by treating an  IgG type antibody molecule with a protease,
papain (cleaving  at the amino acid residue at position 224 of the H chain.)
, are'  



described below v i a  an t h i o e t h e r  bond o r  a d i s u l f i d e  bond. 

The Fab' i s  an antibody fragment having a molecular 

weight of about 50,000 andhaving an antigen-binding a c t i v i t y ,  

i n  which t h e  d i s u l f i d e  bond of t h e  hinge region of t h e  above 

F(abr  ) 2  i s  cleaved. 

The Fabr t o  be used i n  t h e  p resen t  invent ion  can be 

obtained by t r e a t i n g  F(abr  ) 2  with a reducing agen t ,  

d i t h i o t h r e i t o l .  Al te rna t ive ly ,  t h e  Fabr can be produced by 

i n s e r t i n g  DNA encoding a Fab' fragment of t h e  ant ibody i n t o  

an expression vec to r  f o r  prokaryote o r  an expression vec to r  

f o r  eukaryote,  and in t roducing t h e  vec to r  i n t o  a prokaryote 

o r  a eukaryote t o  express t h e  Fab'. 

The scFv i s  a VH-P-VL o r  a VL-P-VH polypeptide i n  which 

one chain VH and one chain VL a r e  l inked  using an appropr ia te  

pept ide l i n k e r  ( h e r e i n a f t e r  r e f e r r e d  t o  a s  P )  and an an t igen  

fragment having an antigen-binding a c t i v i t y .  

The scFv t o  be used i n  t h e  p resen t  invention can be 

producedbyobtainingcDNAs encodingVH a n d n o i t h e  ant ibody,  

cons t ruct ing  DNA encoding t h e  scFv, i n s e r t i n g  t h e  DNA i n t o  an 

expression vec to r  f o r  prokaryote o r  an expression vec to r  f o r  

eukaryote, and then introducing t h e  expression vec to r  i n t o  a 

prokaryote o r  a eukaryote t o  express  t h e  scFv. 

The diabody i s  an antibody fragment i n  which scFv i s  

dimerized, and has a d iva l en t  antigen-binding a c t i v i t y .  The 

diabody can have a d iva l en t  ant igen binding a c t i v i t y  t o  t h e  

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
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' )2 to be used in the present invention can be  obtained by treating
an antibody with. a protease, pepsin.  Alternatively, the F(ab')2 can be
prepared by binding Fab' 11 described below via an thioether bond or a
disulfide bond.  The Fab' is an antibody fragment having a molecular
weight of about 50,000 and having an antigen-binding activity,  in which
the disulfide bond of the hinge region of the above  F(ab')2 is cleaved. The
Fab' to be used in the present invention can be  



same an t igen  o r  t o  d i f f e r e n t  an t igens .  The diabody t o  be used  

i n  t h e  p r e s e n t  i n v e n t i o n  can be produced by o b t a i n i n g  cDNAs 

encoding VH and VL of  t h e  an t ibody,  c o n s t r u c t i n g  DNA encoding 

~ ~ F v s u c h t h a t t h e l e n g t h o f t h e  amino a c i d s e q u e n c e o f  a l i n k e r  

i s  no t  more t h a n  8 r e s i d u e s ,  i n s e r t i n g  t h e  DNA i n t o  an 

express ion  v e c t o r  f o r  p roka ryo te  o r  an expres s ion  v e c t o r  f o r  

eukaryote ,  and t h e n  i n t r o d u c i n g  t h e  express ion  v e c t o r  i n t o  a 

prokaryote  o r  a eukaryote  t o  expres s  t h e  diabody. 

The dsFv i s  an an t ibody  fragment i n  which p o l y p e p t i d e s  

prepared by s u b s t i t u t i n g  one amino acid r e s i d u e  i n  each  of  VH 

and VL wi th  a c y s t e i n e  r e s i d u e  a r e  l i n k e d  v i a  a d i s u l f i d e  bond 

between t h e  c y s t e i n e  r e s i d u e s .  The amino a c i d  r e s i d u e  t o  be 

s u b s t i t u t e d  wi th  a c y s t e i n e  r e s i d u e  can be selected based on 

a three-dimensional  s t r u c t u r e  e s t i m a t i o n  of  t h e  an t ibody  i n  

accordance wi th  t h e  method shown by R e i t e r  e t  a l .  ( P r o t e i n  

Engineering,  7 ,  697-704 (1994) ) . The dsFv t o  be used  i n  t h e  

p resen t  i nven t ion  can be produced by o b t a i n i n g  cDNAs  encoding 

VH and VL of  t h e  an t ibody,  c o n s t r u c t i n g  DNA encoding dsFv, 

i n s e r t i n g  t h e  DNA i n t o  an express ion  v e c t o r  f o r  p roka ryo te  o r  

an express ion  v e c t o r  f o r  eukaryote ,  and t h e n  i n t r o d u c i n g  t h e  

express ion  v e c t o r  i n t o  a prokaryote  o r  a eukaryote  t o  e x p r e s s  

' t he  dsFv. 

ThepeptidecontainingCDRcomprises a t  least one r e g i o n  

of CDR of VH o r  VL. A p e p t i d e  con ta in ing  p l u r a l  CDRs can  be 

l i n k e d  d i r e c t l y  o r  v i a  an a p p r o p r i a t e  p e p t i d e  l i n k e r .  The 

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 into a
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
antigen  fragment having an antigen-binding activity. 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 the 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 or a eukaryote to express the scFv. The diabody
is an 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 same antigen or to different antigens. The diabody to be
used  in the present invention can be produced by obtaining cDNAs
encoding VH and VL of the antibody, constructing DNA encoding  scFv
such that the length of the amino acid sequence of a linker  



p e p t i d e  c o n t a i n i n g  CDR t o  be used i n  t h e  p r e s e n t  i n v e n t i o n  can  

b e  produced by c o n s t r u c t i n g  DNAs encoding CDRs o f .  VH and VL 

of t h e  ant ibody,  i n s e r t i n g  t h e  DNAs i n t o  an  e x p r e s s i o n  v e c t o r  

f o r p r o k a r y o t e  o r  a n e x p r e s s i o n v e c t o r  f o r  eukaryote ,  and t h e n  

by i n t r o d u c i n g  t h e  express ion  v e c t o r  i n t o  a prokaryo te  o r  a 

eukaryote  t o  express  t h e  p e p t i d e .  F u r t h e r ,  t h e  pepti .de 

c o n t a i n i n g  CDR can a l s o  b e  produced by a chemical s y n t h e t i c  

method such a s  an FmoC method (fluorenylmethoxycarbonyl 

method) o r  a tBoc method ( t -butyloxycarbonyl  method).  

The an t ibody  t o  which t h e  p r e s e n t  i n v e n t i o n  can be 

appliedmaybeanyantibody,however, s p e c i f i c e x a m p l e s  i n c l u d e  

amonoclonalantibodytogangliosideGD3, amonoc lona lan t ibody  

t o  CCR4 and t h e  Like. Examples of t h e  monoclonal an t ibody  t o  

gang l ios ide  GD3 i n c l u d e  a mouse monoclonal an t ibody  KM-641 

(JapanesePatentNo.3006943),ahumanchimericantibodyKM-871 

(Japanese  Pub l i sed  unexamined P a t e n t  Appl ica t ion  N o .  

304989/93), ahumanCDR-graftedantibodyKM-8871(WO01/23432) 

and t h e  l i k e .  Examples of  t h e  monoclonal an t ibody  t o  CCR4 

inc lude  a human chimer ic  ant ibody KM2760 (WO 01/64754), a n  

ant i-CCR~ human CDR-graf ted antibody KM876 0 (WO 03/ 18635 ) and 

t h e  l i k e .  

In  t h e  p r e s e n t  inven t ion ,  t h e  chemica l ly  degraded 

product  r e f e r s  t o  a subs tance  r e s u l t i n g  from t h e  c leavage  of 

a d i s u l f  i d e  bond o r  a p e p t i d e  bond of an ant ibody.  S p e c i f i c  

examples i n c l u d e  t h o s e  i n  which a p a r t  o r  t h e  whole of  t h e  H 

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
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
expression 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 13 peptide containing CDR to be used in
the present invention can  be produced by constructing DNAs encoding
CDRs of VH and VL  



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. 

Inthe present invention, the insoluble aggregate refers 

to an insolubilized substance resulting fromthe aggregation 

of molecules8whose water solubility has been significantly 

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. Accordingly, by the 

formation of the insoluble aggregate, the turbidity of a 

solution-type antibody preparation is,increased. 

In the present invention, the soluble association refers 

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 solubility 

of the aggregate 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 increased by the 

formation of such a soluble association. In general, the 

number of antibody molecules to be associated with each other 

is relatively small, and it is usually a dimer, a trimer or 

a tetramer. 

A method of producing the solution-type antibody 

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
maybe any antibody, however, specific examples include  amonoclonal
antibody to ganqlioside GD3, amonoclonal antibody  to CCR4 and the like.
Examples of the monoclonal antibody to  gdnglioside GD3 include a
mouse monoclonal antibody YM-641  (Japanese Patent No. 3006943) , a
human chimeric antibody KM-671  (Japanese Publised. unexamined
Patent Application No.  304989/93), a human CDR-graf ted antibody
KM-8871 (WOOI/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
OV18635) and  the like. 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 14 



preparat ion of t h e  p resen t  invent ion i s  not  p a r t i c u l a r l y  

l imi ted  a s  long a s  it i s  a method which i s  c a r r i e d  o u t  i n  t h e  

production of a general  solut ion-type antibody prepara t ion .  

Spec i f i ca l ly ,  it can be produced by preparing a s o l u t i o n  

containing an antibody and a so lu t i on  containing an a d d i t i v e  

i n  advance and mixing t h e  so lu t i ons .  I t  can a l s o  be produced 

by d i r e c t l y  adding an antibody o r  an add i t i ve  ma te r i a l  t o  a 

solvent  and d i sso lv ing  it the re in .  

I n  t h e  method of s t a b i l i z i n g  an antibody i n  a s o l u t i o n ,  

t h e  method of suppressing t h e  formation of a so lub l e  

associa t ion i n  a so lu t ion  and t h e  method of suppressing t h e  

formation of a chemically degraded product i n  a s o l u t i o n  of 

t h e  present  invention,  t h e  antibody concentrat ion may be any 

va lueas  l o n g a s  it i s  i n t h e r a n g e o f  0.01to150mg/mL,however, 

it i s  preferably  a t  0 . 1  t o  50 mg/mL, more p re fe rab ly  1 t o  20 

mg/mL . 
I n  t h e  method of s t a b i l i z i n g  an antibody i n  a s o l u t i o n  

and t h e  method of suppressing t h e  formation of a so lub l e  

associa t ion i n  a so lu t i on  of t h e  present  invention,  t h e  amount 

of glycine t o  be added may be any concentrat ion a s  long as t h e  

glycine concentrat ion i s  i n  t h e  range of 1 0  t o  30 mg/mL, it 

i spreferab lya t20to25mg/mL,morepreferab ly22to  23mg/mL. 

Examples of t h e  form of glycine t o  be added include glycine ,  

pharmaceutically acceptable s a l t s  of glycine such a s  g lyc ine  

hydrochloride and t h e  l i k e .  

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
change of the higher-order  structure of the molecules or the like.
Accordingly, by the  formation of the insoluble aggregate, the turbidity of a
solution-type antibody preparation is increased. In the present invention,
the soluble association refers  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 solubility  of the aggregate
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 increased
by the  formation of such a soluble association. in general, the  number of
antibody molecules to be associated with each other  is relatively small,
and it is usually a dimer, a trimer or  a tetramer. 



In  t h e  method of s t a b i l i z i n g  an antibody i n  a s o l u t i o n ,  

and t he  method of suppressing t h e  formation of a chemically 

degraded product i n  a so lu t i on  of t h e  present  invention,  t h e  

amount of c i t r i c  ac id  t o  be added may be any concentrat ion a s  

long a s  t h e  c i t r i c  ac id  concentra t ion i s  i n  t h e  range of 0 . 1  

t o  50 mmol/L, bu t  it i s  pre fe rab ly  a t  0.5 t o  20 mmol/~,  more 

preferably  1 t o  10  mmol/L. Examples of t h e  form of c i t r i c  a c i d  

t o  be added include c i t r i c  ac id ,  pharmaceutically acceptable  

s a l t s  of c i t r i c  ac id  such a s  sodium c i t r a t e  and t h e  l i k e .  

The method f o r  s t a b i l i z i n g  an antibody i n  an antibody 

solut ion of t h e  present  invent ion has an e f f e c t  on t h e  

suppression of t h e  formation of  a so lub le  assoc ia t ion ,  a 

chemically degraded product and an insoluble  aggregate of  t h e  

antibody i n  a so lu t ion .  

The antibody concentrat ion i n  t h e  preparat ion of  t h e  

present  invention may be any concentrat ion a s  long a s  it is  

i n  t h e  range of 0 . 0 1  t o  150 mg/mL, but  it i s  preferably  a t  0 . 1  

t o  50 mg/mL, more p re fe rab ly  1 t o  20 mg/mL. 

The content  of g lycine  i n  t h e  present  invention may be 

anycontentaslongastheglycineconcentrationisintherange 

of 1 0  t o  30 mg/mL, bu t  it i s  pre fe rab ly  i n  t h e  range of 2 0  t o  

25 mg/mL, more preferably  2 2  t o  23 mg/mL. Examples of t h e  form 

of glycine t o  be added include glycine,  pharmaceutically 

acceptable s a l t s  of  glycine such a s  g lycine  hydrochloride and 

the  l i k e .  

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 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 chemically 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/mL, however,  it
is preferably at 0.1 to 50 mg/mL, more preferably 1 to 20  mg/mL. In the
method of stabilizing an antibody in a solution  and the method of
suppressing the formation of a soluble  association in a solution of the
present invention, the amount  of glycine to be added may be any
concentration as long as the  glycine concentration is in the range of 10 to
30 mg/mL, it  is preferably at 20 to 25 mg/mL, more preferably 22 to 23
mg/mL.  



The content of citric acid in the present invention may 

be any content as long as the citric acid concentration is in 

the range of 0.1 to 50 mmol/L, but it is preferably in the range 

of 0.1 to 50 mmol/L, more preferably 1 to 10 mol/L. Examples 

of the form of citric acid to be added include citric acid, 

pharmaceuticallyacceptable saltsof citric acidsuchas 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, 

polyoxyethylenehydrogenatedcastoroils, polyethylene glycol 

fatty acid esters, glycerine fatty acid esters, sucrose fatty 

acid esters and the like. Particularly preferred examples 

includepolyoxyethylene sorbitanmonolaurate (polysorbate 20), 

polyoxyethylene sorbitanmonooleate (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 .O1 to 10 

mg/m~, more preferably 0.05 to 1 mg/m~, most preferably 0.1 

to 0.3 m q / m ~ .  

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 

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 of citric acid such The method for stabilizing an  solution of the
present invention  suppression of the formation of a Examples of the form
of citric acid  acid, pharmaceutically acceptable  as sodium citrate and the
like. antibody in an antibody  has an effect on the  soluble association, a
chemically degraded product and an insoluble aggregate of the  antibody
in a solution. 



preferably pH 5 t o  6 .  A s  f o r  the pH, any of various 

pharmaceutically acceptable pH regulators such as 

hydrochloric acid, su l fur ic  acid, phosphoricacid, c i t r i c  acid,  

acet ic  acid, l a c t i c  acid, t a r t a r i c  acid, sodium hydroxide and 

potassium hydroxide can be used. 

Further, i n  the preparation of the present invention, 

a pharmaceutically acceptable additives as  i l l u s t r a t ed  below 

may be added. 

Examplesof a t o n i c i t y a d j u s t i n g a g e n t i n c l u d e i n o r g a n i c  

s a l t s  such as  sodium chloride, potassium chloride, sodium 

hydrogenphosphate andsodiumdihydrogenphosphate; sugars and 

sugar alcohols such as  glucose, fructose, lactose,  maltose, 

trehalose, mannitol, sorbi to l  andxyl i to l ;  glycerin, dextran, 

propylene glycol, polyethylene glycol, nicotinamide and the  

l ike.  

Examples of a analgesic agent include inos i to l ,  

chlorobutanol, propylene glycol, benzyl alcohol, lidocaine, 

magnesium sul fa te  and the l ike .  

Examples of a preservative include parabens such a s  

methylp-hydroxybenzoate andethylp-hydroxybenzoate; benzoic 

acid, ethanol, tetrasodium edetate,  c i t r i c  acid, s a l i cy l i c  

acid, sorbi tol ,  sorbic acid, glycerin, chlorobutanol, phenol, 

propylene glycol, benzyl alcohol and the l ike .  

Examples of aviscos i tycontro l l ing  agent include sodium 

alginate, xanthan gum, glycerin, gelatin,  dextran, dextr in,  

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
include glycine, pharmaceutically  acceptable salts of glycine such as
glycine hydrochloride and  the like. 17 The content of citric acid in the
present invention may  be any content as long as the citric acid
concentration is in  the range of 0.1 to 50 mmol/L, but it is preferably in the
range  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,  



cellulose alkyl ethers such as hydroxypropyl cellulose and 

hydroxypropylmethyl cellulose; polyethylene glycol, 

polyvinyl alcohol. 

Examples of an antioxidant include erythorbic acid, 

dibutylhydroxytoluene, butylhydroxyanisol, sodium 

thioglycolate, a-tocopherol, 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 

of thep re sen t inven t ion i s in j ec t ion ,howeve r ,  apercutaneous, 

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, the preparation 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 infusion or by using a 

syringe pump or the like. 

The solution-type antibody preparation of the present 

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 18 preferably pH 5 to 6. As for the pH, any of various
pharmaceutically acceptable pH regulators such as  hydrochloric acid,
sulfuric acid, phosphoric acid, citric acid,  acetic acid, lactic acid, tartaric
acid, sodium hydroxide and  potassium hydroxide can be used. Further, in
the preparation of the present invention,  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  



i nven t ion  can be used a s  an i n j e c t i o n  by s t e r i l i z i n g  t h e  

p r e p a r a t i o n b y a  s tandard  technique  such a s  a s e p t i c  f i l t r a t i o n  

followed by packaging it i n t o  an i n j e c t a b l e  c o n t a i n e r  such a s  

an ampoule, a v i a l  o r  a s y r i n g e  i n  an a s e p t i c  environment. 

F u r t h e r ,  when t h e  so lu t ion- type  ant ibody p r e p a r a t i o n  i s  

packaged i n  a con ta ine r ,  gas  replacement i n  t h e  space of t h e  

c o n t a i n e r  can a l s o  be performed by us ing  an i n e r t  gas such a s  

n i t rogen  o r  argon. 

Here inaf te r  t h e  p r e s e n t  invent ion  w i l l  be  s p e c i f i c a l l y  

desc r ibed  wi th  r e fe rence  t o  Examples, however, t h e  p r e s e n t  

inven t ion  i s  not  l i m i t e d  t o  t h e s e  Examples. 

B e s t  Mode f o r  Carrying Out t h e  Invent ion 

Example 1 Prepara t ion  of sample p repara t ion  

Each of t h e  s o l u t i o n  compositions of formula t ions  1 t o  

5 shown i n  T a b l e  1 was prepared ,  sub jec ted  t o  a s e p t i c  f i l t r a t i o n ,  

i n j e c t e d  i n t o  a g l a s s  v i a l ,  and then s e a l e d  wi th  a rubber  

s topper  and an aluminum cap,  whereby a sample p r e p a r a t i o n  was 

prepared.  A l l  t h e s e  o p e r a t i o n s  w e r e  c a r r i e d  o u t  under an 

a s e p t i c  environment. A s  f o r  an ant ibody,  a human chimeric  

ant ibody t o  gangl ios ide  GD3 KM-871, which w a s  produced by t h e  

method descr ibed  i n  Japanese Published Unexamined P a t e n t  

~ p p l i c a t i o n  No. 304989/93 was used. 

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
p-hydroxybenzoate; benzoic  acid, ethanol, tetrasodium edetate, citric
acid, salicylic  acid,.sorbitol, sorbic acid, glycerin, chlorobutanol, phenol,
propylene glycol, benzyl alcohol and the like. Examples of a viscosity
controlling agent include sodium  alginate, xanthan gum, glycerin, gelatin,
dextran, dextrin, 19 cellulose alkyl ethers such as hydroxypropyl cellulose
and  hydroxypropylmethyl cellulose; polyethylene glycol,  polyvinyl
alcohol. Examples of an antioxidant include erythorbic acid,
dibutylhydroxytoluene, butylhydroxyanisol, sodium  thioglycolate,
a-tocopherol, tocopherol acetate, L-ascorbic  acid, sodium bisulfite,
sodium sulfite, sodium pyrosulfite,  cysteine hydrochloride, sodium edetate
and the like. 



Table 1 

Formulation 1 r- 
1 Formulation 2 

Formulation 3 

I 
1 Formulation 4 

I Formulation 5 

Ant ibody concentration (mglmL) I Additive 

! Citric acid: 10 mmollL r6 
2 

Citric acid: 10 mmollL 

Mannitol: 50 mglmL 

2 I Citric acid: 10 mmollL I 

Phosphoric acid: 10 mmollL 

~ Glycine: 23 mglmL ~ 

6 

Citric acid: 10 mmollL 

Glycine: 23 mglmL 

1 Polysorbate 80: 0.1 mglmL 1 

Example 2 S t a b i l i t y  test  

Each s a m p l e p r e p a r a t i o n p r e p a r e d  inExample1was  s t o r e d  

a t  40°C f o r  1 month, and t h e n ,  a s t a b i l i t y  test  w a s  c a r r i e d  

o u t  f o r  t h e  fo l lowing  test  i t e m s .  

(1) Visua l  obse rva t ion  of c o n t e n t  

The con ten t  of each sample p r e p a r a t i o n  w a s  v i s u a l l y  

observed under wh i t e  f l u o r e s c e n t  l i g h t s  wh i l e  it i s  g e n t l y  

s t i r r e d ,  and t h e  presence  o r  absence of t u r b i d i t y  was 

determined. 

( 2 )  Turb id i ty  measurement 

The conten t  of each sample p r e p a r a t i o n  w a s  c o l l e c t e d  i n  

a q u a r t z  micro ce l l ,  and t h e  absorbance a t  a wavelength of  400 

nm (O.D.  400) w a s  measured wi th  an u l t r a v i o l e t  

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, the preparation 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 infusion or by using a  syringe
pump or the like. The solution-type antibody preparation of the present 20
invention can be used as an injection by sterilizing the  preparation by a
standard technique such as aseptic filtration  followed by packaging it into
an injectable container such as  an ampoule, a vial or a syringe in an
aseptic environment.  Further, when the solution-type antibody
preparation is  packaged in a container, gas replacement in the space of
the  



spectrophotometer (Hitachi U-3300). 

(3) Gel filtration HPLC 

An analysis by HPLC under the following conditions was 

carried out for the content of each sample preparation. 

(HPLC conditions) 

Column: TSKgel G3000 SWXL (Tosoh Co.) 

Mobile phase: 0.5 mol/L phosphate buffer containing 0.3 mol/L 

sodium chloride 

Measurement wavelength: 280 nrn 

Flow rate: 1 rnL/mln 

Injected amount: 40 pL 

Apparatus: LC-1OA 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). 

(Content of soluble associations (%)) = (Peak area of soluble associations) I (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 

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
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 chimeric  antibody to ganglioside GD3 KM-871,
which was produced by the  method described in Japanese Published
Unexamined Patent  Application No. 304989/93 was used. 21 Table 1
Antibody concentration (mg/mL)Additive pH Formulation 12Phosphoric
acid: 10 mmol/L6 Formulation 22Citric acid: 10 mmol/L6 Formulation 3
2Citric acid: 10 mmol/L6 Mannitol: 50 mg/mL Formulation 42Citric acid: 10
mmol/L6 



a r e a  of chemical ly  degraded p roduc t s ,  and t h e  c o n t e n t  of t h e  

chemical ly  degraded p roduc t s  w a s  c a l c u l a t e d  by t h e  fo l lowing  

equa t ion  (2  ) . 

(Content of chemically degraded products (%)) = (Peak area of chemically degraded products) I (~ota l  

peak area) x 100 (2) 

The r e s u l t s  of t h e  ( 1) v i s u a l  o b s e r v a t i o n  of t h e  c o n t e n t  

and t h e  ( 2  ) t u r b i d i t y  (0. D. 400 ) measurement a r e  shown i n  Table  

2. I n  Table 2, t h e  v a l u e  of  t h e  t u r b i d i t y  (0. D. 400 ) i n d i c a t e s  

theamountofincreaseduringthestorageperiod (40°C, l m o n t h ) ,  

which w a s  ob ta ined  by s u b t r a c t i n g  t h e  i n i t i a l  v a l u e  from t h e  

measurement va lue .  

Table 2 

Absence 

Storing at 40°C for 1 month 

Presence or absence of turbidity 

(visual observation) 

I Formulation 3 ~ 

Amount of increase of 0.D.400 

Formulation 2 

Absence 

1 Formulation 4 1 Absence 

Absence 

1 Formulation 5 1 Absence 0.002 

0,000 

F r o m t h e r e s u l t s  o f t h e v i s u a l o b s e r v a t i o n o f t h e c o n t e n t  

i n  a l l  formulat ions  ( fo rmula t ions  1 t o  5 ) ,  t u r b i d i t y  w a s  n o t  

Glycine: 23 mg1mL 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
measurement The content of each sample preparation was collected in  a
quartz micro cell, and the absorbance at a wavelength of 400  nm
(O.D.400) was measured with an ultraviolet 22 spectrophotometer (Hitachi
U-3300).  (3) Gel filtration HPLC An analysis by HPLC under the following
conditions was  carried out for the content of each sample preparation.
(HPLC conditions) Column: TSKgel G3000 SWXL (Tosoh Co.) 



observed. Fur ther ,  i n  a l l  formulat ions,  an inc rease  i n  t h e  

t u r b i d i t y  ( 0 . D . 4 0 0 )  was r a r e l y  observed. 

The r e s u l t s  of ge l  f i l t r a t i o n  HPLC a r e  shown i n  Table 

3.  The value shown i n  Table 3 i nd i ca t e s  t h e  amount of i nc rea se  

during t he  s torage  period (40°C ,  1 month), which was obta ined 

by subtrac t ing t h e  i n i t i a l  va lue  from t h e  measurement value .  

Table 3 

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

1 1 Soluble associations (%) / Chemically degraded products (%) 1 
1 Formulation 1 1 0.20 1.48 

1 Formulation 2 ( 0.20 0.59 1 
Formulation 3 

1 Formulation 5 1 0.04 ~ 0,42 I 
Formulation 4 

On t h e  compar isonof the  formulation 1 (phosphoric a c i d )  

with t h e  formulations 2 and 3 (c i t r i c  a c i d ) ,  t h e  amount of 

increase  of t h e  chemically degraded products . i n  t h e  

formulations 2 and 3 was smal ler  than t h a t  i n  t h e  iormulat ion 

0.22 

1. From t h e  above r e s u l t s ,  it was found t h a t  by adding c i t r i c  

0.47 

0.02 

ac id  t o  a so lu t ion ,  an inc rease  i n  t h e  chemically degraded 

products can be reduced. 

0.51 

Further ,  on t h e  comparison of t h e  formulation 2 wi th  t h e  

formulation 4 ,  t he  amount of inc rease  of so lub le  assoc ia t ions  

i n  t h e  formulation 4 was smal ler  than t h a t  i n  t h e  formulation 

Mobile phase: 0.5 mol/L phosphate buffer containing 0.3 mol/L  sodium
chloride Measurement wavelength: 280 nm  Flow rate: 1 mL/mln 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).
(Content of soluble associations (%)) _ (Peak area of soluble
associations) / (Total peak area) x 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 23
area of chemically degraded products, and the content of the  chemically
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 the (1)
visual observation of the content and the (2) turbidity (O.D.400)
measurement are shown in Table  2. In Table 2, the value of the turbidity
(O.D.400) indicates  



2 , a n d i t w a s  f o u n d t h a t b y t h e a d d i t i o n o f  g l y c i n e t o a s o l u t i o n ,  

an increase  i n  t h e  so lub le  a s soc i a t i ons  can be reduced. 

Also i n  t h e  formulation 5 obta ined by f u r t h e r  adding 

polysorbate 80 t o  t h e  formulation 4 ,  t h e  s t a b i l i t y  of t h e  

so lu t ion  was maintained. 

Example 3 Confirmation of e f f e c t  on suppressing i n so lub l e  

aggregates 1 (Prepara t ion of sample) 

Each of t h e  so lu t ion  compositions of formulations 7 t o  

11 shown i n  Table 4 was prepared, f i l t e r e d  through a f i l t e r  

with a pore s i z e  of 0 .2  pm, and then i n j e c t e d  i n t o  a g l a s s  test  

tube. T h e t e s t  tubewas s e a l e d w i t h a s i l i c o n  stopper,whereby 

asampleprepara t ionwasprepared.  A s  f o r  anant ibody,  ahuman 

chimeric antibody t o  ganglioside GD3 KM-871 d i sc losed  i n  

Japanese Published Unexamined Patent  Applicat ion No. 

304989/93 was used. 

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
to 5), turbidity was not 24 observed. Further, in all formulations, an
increase in the  turbidity (O.D.400) was rarely observed. The results of gel
filtration HPLC are shown in Table  3. The value shown in Table 3
indicates the amount of increase  during the storage period (40C, 1
month), which was obtained  by subtracting the initial value from the
measurement value.  Table 3 Amount of increase after storing at 40C for 1
month 



Table 4 

I 1 Antibody concentration (mglmL) / Additive I pH I 
Formulation 7 1 2 Phosphoric acid: 50 mmolh 

1 I Citric acid: 0.1 mmollL 
Formulation 8 1 2 

I Glycine: 10 mglmL 

Formulation 9 

Glycine: 30 mglmL 

Formulation 10 

Formulation 11 

Example 4 Conf innat ion of e f f e c t  on suppressing inso lub le  

aggregates 1 ( S t a b i l i t y  t es t )  

2 

Each sample preparat ion prepared i n  Example 3 was s t o r e d  

a t  70°C f o r  270 seconds, and then,  a s t a b i l i t y  test  was c a r r i e d  

Citric acid: 0.1 mmollL 

Glycine: 30 mglmL 

2 

2 

out  f o r  t h e  following test  i t e m s .  

(1) Visual observation of content  

The content  of each sample prepara t ion was v i s u a l l y  

Citric acid: 50 mmollL 

Glycine: 10 mglmL 

Citric acid: 50 mmollL 

observed under white f luorescent  l i g h t s  while it was gen t ly  

s t i r r e d ,  and t h e  presence o r  absence of t u r b i d i t y  was 

6 

6 

determined. 

( 2 )  Turbidi ty measurement 

The content  of each sample preparat ion was co l l ec t ed  i n  

Soluble associations (%o)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 4 was smaller than that in the formulation
25 2, and it was found that by the addition of glycine to a solution,  an
increase in the soluble associations can be reduced. Also in the
formulation 5 obtained by further adding  polysorbate 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) 



a  quar tz  micro cel l ,  and t h e  absorbance a t  a wavelength of 400  

nm (0 .D. 400 ) was measured with an u l t r a v i o l e t  

spectrophotometer (Hi tach i  U-3300). 

The r e s u l t s  o f t h e  (1) v i s u a l  o b s e r v a t i o n o f t h e c o n t e n t  

and t h e  (2  ) t u r b i d i t y  (O.D.  400 ) measurement a r e  shown i n  Table 

5. 

Table 5 

1 After storing at 70°C for 270 seconds 1 
1 1 Presence or absence of turbidity (visual observation) I 0.D.400 / 

1 Formulation 11 I Absence I 0.033 I 

Formulation 7 

Formulation 8 

Formulation 9 

Formulation 10 

I n  t h e  formulation 7, apparent white  t u r b i d i t y  was 

observed a s  t h e  r e s u l t  of t h e  v i s u a l  observat ion,  and t h e  

t u r b i d i t y  ( 0 . D . 4 0 0 )  a l s o  showed a  high value.  On t h e  o t h e r  

hand, i n  t h e  formulations 8 ,  9 ,  1 0  and 11, t u r b i d i t y  w a s  no t  

observedastheresultofthevisualobservationofthecontent, 

and it w a s  confirmed t h a t  t h e  values  of t u r b i d i t y  ( 0 . D . 4 0 0 )  

Apparent white turbidity 

Absence 

Absence 

Absence 

are s i g n i f i c a n t l y  lower than t h a t  of t h e  formulation 7. 

2.471 

0.009 

0.011 

0.020 

Example 5 Confirmation of e f f e c t  on suppressing i n so lub l e  

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-)
Additive pH Formulation 72 Phosphoric acid: 50 mmol/L6 Citric acid: 0.1
mmol/L Formulation 826 Glycine: 10 mg/mL Citric acid: 0.1 mmol/L
Formulation 926 Glycine: 30 mglmL L  Citric acid: 50 mmol/L Formulation
1026 Glycine: 10 mg/mL Citric acid: 50 mmol/L 



aggregates 2 (Preparat ion of sample) 

Each of t h e  solut ion compositions of formulations 1 2  t o  

1 6  shown i n  Table 6 was prepared, f i l t e r e d  through a f i l t e r  

with a pore s i z e  of 0.2 pm, and then i n j e c t e d  i n t o  a g l a s s  test 

tube. T h e t e s t t u b e w a s s e a l e d w i t h a s i l i c o n s t o p p e r ,  whereby 

asamplepreparationwas'prepared. A s  f o r  an antibody, a human 

CDR-grafted antibody t o  CCR4 d i sc losed  i n  WO 03/18635, KM8760 

was used. 

Table 6 

1 Antibody concentration (mglmL) ~ I Additive 

Formulation 12 1 2 I Phosphoric acid: 50 mrnol1L 1 6 

1 I Glycine: 10 mglmL I 
Formulation 13 

Formulation 14 Citric acid: 0.1 mmollL 

2 

I 1 Glycine: 30 mglmL 1 

Citric acid: 0.1 mmollL I 

I I Glycine: 10 mglmL I 
Formc~lation 15 

Citric acid: 50 mmol/L I 
I I Glycine: 30 mglmL I 

2 

Example 6 Confirmation of e f f e c t  on suppressing i n s o l u b l e  

aggregates 2 ( S t a b i l i t y  test) 

Each sample preparation prepared i n  Example 5 was s t o r e d  

a t  70°C for 210  secorids, and then, a s t a b i l i t y  test was c a r r i e d  

Citric acid: 50 mmollL I 

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
collected in 27 a quartz micro cell, and the absorbance at a wavelength of
400  rim (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  5. Table
5 After storing at 70C for 270 seconds Presence or absence of turbidity
(visual observation)0.D,400 



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 measurement 

The content of each sample preparation was collected in 

a quartz micro cell, and the absorbance at a wavelength of 400 

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 

Table 7 
---  

After storing at 70°C for 210 seconds 

1 Formulation 14 1 Absence I 0.006 

Forrr~ulation 12 

Formulation 13 

I Formulation 16 1 Absence I 0.024 

Presence or absence of turbidity (visual observation) 

Apparent white turbidity 
-- 

Formulation 15 

In the formulation 12, apparent white turbidity was 

Absence 0.079 

Absence 0.056 

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
(O.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
of turbidity (O.D.400)  are significantly lower than that of the formulation 7.
Example 5 Confirmation of effect on suppressing insoluble 28 aggregates
2 (Preparation of sample) Each of the solution compositions of
formulations 12 to  16 shown in Table 6 was prepared, filtered through a
filter  with a pore size of 0.2 m, 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-graf ted
antibody to CCR4 disclosed in WO 03/18635, KM8760  was used. Table 6
Antibody concentration (mg/mL) AdditivepH 



observed as  the  r e s u l t  of t h e  v i s u a l  observation, and t h e  

tu rb id i ty  (O .D .400 )  a l so  showed a high valued On t h e  o t h e r  

hand, i n  t h e  formulations 13, 1 4 ,  15 and 1 6 ,  t u r b i d i t y  w a s  no t  

observedastheresultofthevisualobservationofthecontent, 

and it was confirmed t h a t  t h e  values of t u rb id i ty  ( O . D . 4 0 0 )  

are significantly lower than that of the formulation 12. 

Example 7 Confirmation of e f f e c t  on suppressing so luble  

associations andchemicallydeqradedproducts (Preparation of 

sample 

Each of t h e  solution compositions of formulations 17 t o  

2 1  shown i n  Table 8 was prepared, subjected t o  a s e p t i c  

f i l t r a t i o n ,  in jec ted  in to  a g lass  v i a l ,  and then sealed with 

a rubber stopper and an aluminum cap, whereby a sample 

preparation was prepared. A l l  t hese  operations w e r e  c a r r i e d  

out under an asept ic  environment. A s  f o r  an antibody, a human 

CDR-graf t ed  antibody t o  CCR4 disclosed i n  WO 03/18635, KM876 0 

was used. 

Formulation 122Phosphoric acid: 50 mmol/L6 Formulation 132Citric acid:
0.1 mmol/L6 Glycine: 10 mglmL Formulation 142Citric acid: 0.1 mmolIL6
Glycine: 30 mg/mL Formulation 152Citric acid: 50 mmol/L6 Glycine: 10
mg/mL Formulation 162Citric acid; 50 mmoliL 6 Glycine: 30 mglmL
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
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 measurement The content of each sample
preparation was collected in  a quartz micro cell, and the absorbance at a
wavelength of 400  rim (O.D.400) was measured with an ultraviolet  



I I Glycine: 10 mglmL 

Table 8 

Formulation 19 1 

Formulation 17 

Formulation 18 

Citric acid: 0.1 mmollL 

Glycine: 30 mglmL 

Formulation 20 

Antibody concentration (mglml) 

2 

2 

Citric acid: 50 mmollL 

Additive 

Phosphoric acid: 50 mmollL 

Citric acid: 0.1 mmollL 

I I Glycine: 10 mglmL 

Formulation 21 Citric acid: 50 mmollL 

I 1 Glycine: 30 mglmL 

Example 7 Confirmation of effect on suppressing soluble 

associations and chemically degraded products (Stability 

test) 

Each samplepreparationpreparedinExample 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: 0.05mol/Lphosphatebuffercontaining 0.3 mol/L 

sodium chloride 

Measurement wavelength: 280 nm 

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 I I J  In the formulation 12, apparent white turbidity was
30 observed as the result of the visual observation, and the  turbidity
(O.D.400) also showed a high value. On the other  hand, in the
formulations 13, 14, 15 and 16, turbidity was not  observed as the result of
the visual observation of the content,  and it was confirmed that the values
of turbidity (O.D.400)  are significantly lower than that of the formulation
12. Example 7 Confirmation of effect on suppressing soluble  



Flow r a t e :  1 mL/min 

I n j e c t e d  amount: 40 pL 

Apparatus: LC-1OA system (Shimadzu Corpora t ion)  

The sum of t h e  peak a r e a s  of t h e  components e l u t e d  on 

t h e  h igher  molecular  weight side of t h e  peak of t h e  unchanged 

molecule on t h e  HPLC c h a r t  w a s  regarded as t h e  peak a r e a  of  

s o l u b l e  a s s o c i a t i o n s ,  and t h e  con ten t  of t h e  s o l u b l e  

a s s o c i a t i o n s  w a s  c a l c u l a t e d  by t h e  fo l lowing equa t ion .  

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

100 (1 1 

Fur the r ,  t h e  sum of t h e  peak a r e a s  of t h e  components 

e l u t e d  on t h e  lower molecular weight side of  t h e  peak of t h e  

unchanged molecule on t h e  HPLC c h a r t  was regarded as t h e  peak 

area of chemical ly  degraded p roduc t s ,  and t h e  c o n t e n t  of t h e  

chemical ly  degraded products  w a s  c a l c u l a t e d  by t h e  f o l l o w i n g  

equat ion .  

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

(Total peak area) x 100 (2) 

The r e s u l t s  of g e l  f i l t r a t i o n  HPLC a r e  shown i n  Table 

9.  The r e s u l t s  show t h e  inc reased  amount' dur ing  t h e  s t o r a g e  

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
Table 8 Antibody concentration (mg/ml-)Additive pH Formulation
172Phosphoric acid: 50 mmol/L6 Formulation 182Citric acid: 0.1 mmollL6
Glycine: 10 mg/mL Formulation 192Citric acid: 0,1 mmol/L6 Glycine: 30
mg/mL Formulation 202Citric acid: 50 mmol/L6 Glycine: 10 mg/mL
Formulation 212Citric acid: 50 mmol/L6 Glycine: 30 mg/mL Example 7
Confirmation of effect on suppressing soluble  associations and
chemically degraded products (Stability  



period (40°c ,  1 month), which was obtained by subtracting the 

i n i t i a l  value from the measurement value. 

/ Formulation 18 1 

Table 9 

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

1 Formulation 21 1 0.05 1 0.38 I 

Chemically degraded products (%) 

0.96 Formulation 17 

Formulation 19 

Formulation 20 

As the resu l t  of comparing the formulation 1 7  with the  

Soluble associations (%) 

0.11 

formulations 18, 19 ,  20  and 2 1 ,  it was found tha t  the  

0.02 

-0.05 

formulations 18, 1 9 ,  20 and 2 1  have an excellent s t a b i l i t y  i n  

0.47 

0.35 

view of both the soluble associations and the chemically 

degraded products. 

Example 9 Confirmation of s t a b i l i t y  of preparation 

(Preparation of sample) 

Asolutioncompositionof aformulation22 showninTable 

lowasprepared, subjectedtoaseptic f i l t r a t i o n ,  in jec ted in to  

a glass v i a l ,  and then sealed with a rubber stopper and an 

aluminum cap, whereby a sample preparation was prepared. A l l  

theseoperationswerecarriedoutunderanasepticenvironment. 

As for  an antibody, a human CDR-grafted antibody t o  CCR4 

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
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 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  



disc losed  i n  WO 03/18635, ~M8760 w a s  used. 

Table 1 0  

Example 10  Confirmation of s t a b i l i t y  of preparat ion (S tor ing  

at 40°C) 

The sample preparation prepared i n  Example 9 was s t o r e d  

a t  40°C f o r  1 month, and then ,  t h e  s t a b i l i t y  was evaluated by 

analyizing the  content by g e l  f i l t r a t i o n  HPLC under t h e  

following conditions. 

(HPLC condi t ions)  

Column: TSKgel G3000 SWxL (Tosoh Co.) 

Mobilephase: 0.05 rnol/Lphosphatebuffercontaining 0.3mol/L 

sodium ch lo r ide  

Measurement wavelength: 280  nm 

Flow rate: 1 m L / m i n  

Injected amount: 4 0  pL 

Apparatus: LC-1OA system (Shimadzu Corporation) 

Formulation 22 

The sum of the  peak a r e a s  of t he  components e l u t e d  on 

the  higher molecular weight s i d e  of the  peak of t h e  unchanged 

molecule on the  HP1,C chart w a s  regarded as t h e  peak area of 

Antibody concentration (mglmL) 

4 

Additive 

Phosphoric acid: 2 rnrnollL 

Glycine: 22.5 mglrnL 

Polysorbate 80: 0.2 rnglrnL 

PH 

5.5 

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
Formulation 18-0.020.44 Formulation 190.020.47 Formulation 20-0.050.35
Formulation 210.050.38 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) 



s o l u b l e  a s s o c i a t i o n s ,  and t h e  c o n t e n t  o f  t h e  s o l u b l e  

a s s o c i a t i o n s  was c a l c u l a t e d  by  t h e  f o l l o w i n g  e q u a t i o n  (1). 

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

100 (1 

F u r t h e r ,  t h e  sum of  t h e  peak areas o f  t h e  components 

e l u t e d  on t h e  lower  mo lecu la r  weigh t  side o f  t h e  peak of t h e  

unchanged molecule  on t h e  HPLC c h a r t  was r ega rded  as t h e  peak 

area o f  chemica l ly  degraded p r o d u c t s ,  and t h e  c o n t e n t  o f  t h e  

chemica l ly  degraded p roduc t s  w a s  c a l c u l a t e d  by t h e  f o l l o w i n g  

equa t ion  ( 2  ) . 

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

(Total peak area) x 100 (2) 

The r e s u l t s  o f  g e l  f i l t r a t i o n  HPLC are shown i n  Table 

11. The r e s u l t s  showthe  amountofincreaseduringthe s t o r a g e  

p e r i o d  (40°C, 1 month), which w a s  o b t a i n e d  by  s u b t r a c t i n g  t h e  

i n i t i a l  v a l u e  from t h e  measurement va lue .  

Table 11 

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

I Soluble associations (%) 1 Chemically degraded products (%) 1 
1 Formulation 22 1 -0.02 0.46 I 

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
224Phosphoric acid: 2 mmol/L5.5 Glycine: 22.5 mg/mL Polysorbate 80:
0.2 mg/mL Example 10 Confirmation of stability of preparation (Storing  at
40C) The sample preparation prepared in Example 9 was stored  at 40C
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 rim  



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 

The content of the preparation prepared in Example 9 was 

filtered through a filter with a pore size of 0.2 pm, 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 

samplewas storedat70°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 fluorescent lights while it is gently 

stirred, and the presence or absence of turbidity was 

determined. 

(2) Turbidity measurement 

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 

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 

Flow rate: 1 mL/min Injected amount: 40 L Apparatus: LC-l0A 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 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  equation (2). (Content of chemically degraded products (%)) _
(Peak area of chemically degraded products) I  (Total peak area) x 100 (2)
The results 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.
Table 11 



Table 12 
- - 

After storing at 70°C for 21 0 seconds 

I 1 Presence or absence of turbidity (visual observation) 1 0.D.400 I 
1 Formulation 22 1 Absence 

It was confirmed that the formulation 22 which is a 

preparationcomprisingcitricacidandglycinehasanexcellent 

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. 

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



Claims 

1.  methodf for s t a b i l i z i n g a n  antibody i n a  s o l u t i o n ,  which 

comprises adding glycine and c i t r i c  ac id  t o  t h e  antibody 

i n  a so lu t ion .  

2. The method according t o  Claim 1, wherein t h e  method o f  

s t a b i l i z i n g  an antibody i s  suppression of t h e  formation of a 

soluble  a s soc ia t ion  and a chemically degraded product of t h e  

antibody i n  a solut ion.  

3. A method f o r  suppressing t h e  formation of a s o l u b l e  

assoc ia t ion  of an antibody i n  a so lu t ion ,  which comprises 

adding glycine t o  the  antibody i n  a solution. 

4. A method f o r  suppressing t h e  formation of a chemically 

degraded product of an antibody i n  a so lu t ion ,  which comprises 

adding c i t r i c  ac id  t o  t h e  antibody i n  a so lu t ion .  

5 .  Themethod accordingto  any oneof  Claims 1 t o  4 ,where in  

concentration of t h e  antibody i s  a t  0 . 0 1  t o  150 mg/mL. 

6. The method according t o  any one of Claims 1 t o  3 ,  wherein 

concentration of t h e  glycine i s  a t  10 t o  30 mg/mL. 

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

wherein concen t ra t ionof the  c i t r i c  ac id  is  a t 0 . 1 t o  50 mmol/L. 

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  stabilizing an antibody in a solution and a
stabilized  solution-type antibody preparation can be provided. 38 Claims
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 Claim 1, wherein the method of  stabilizing an antibody is
suppression of the formation of a  



8. The method according t o  any one of Claims 1 t o  7,  f u r t h e r  

comprising a nonionic su r f ac t an t .  

9. The method according t o  any one of Claims 1 t o  8 ,  wherein 

t h e  pH of t h e  so lu t ion  i s  wi th in  t h e  range of  4 t o  7. 

10. Themethodaccording t o  any one of Claims 1 t o  9 ,  wherein 

t h e  antibody i s  a humanized antibody o r  a human antibody. 

11.   he method according to any oneof Claims 1 t o  10, wherein 

t h e  antibody i s  any one of ant ibodies  t o  gangl ios ide  GD3 and 

antibodies t o  CC chemokine recep tor  4 ( h e r e i n a f t e r  r e f e r r e d  

t o  a s  CCR4) .  

1 2 .  A solution-type antibody prepara t ion i n  which formation 

of a soluble  assoc ia t ion  of t h e  antibody i s  suppressed, 

comprising glycine and t h e  antibody. 

13. A solution-type antibody prepara t ion i n  which formation 

of achemicallydegradedproductoftheantibodyis suppressed, 

comprising c i t r i c  ac id  and t h e  antibody. 

1 4 .  A solution-type antibody prepara t ion i n  which formation 

of a soluble  assoc ia t ion ,  a chemically degraded product and 

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.
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. 39 S. The method
according to any one of claims 1 to 7, further 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
humanized antibody or a human antibody. 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  



an insoluble  aggregate of t h e  antibody a r e  suppressed, 

comprising glycine,  c i t r i c  ac id  and t h e  antibody. 

15. The preparat ion according t o  any one of Claims 1 2  t o  1 4 ,  

wherein t h e  antibody concentrat ion i s  a t  0 . 0 1  t o  150 mg/m~. 

16 .  The preparat ion according t o  any one of Claims 1 2 ,  1 4  

and 15, wherein t he  glycine concentrat ion i s  a t  1 0  t o  30 mg/mL. 

17. The preparat ion according t o  any one of Claims 13 t o  15, 

wherein t h e  c i t r i c  ac id  concentrat ion i s  a t  0 . 1  t o  50 mmol/L. 

18. The preparat ion according t o  any one of Claims 1 2  t o  17, 

fu r the r  comprising a nonionic sur fac tan t .  

19 .  The preparat ion according t o  any one of Claims 12  t o  18, 

wherein t h e  pH of t h e  so lu t ion  i s  i n  t h e  range of 4 t o  7 .  

20 .  The preparat ion according t o  any one of Claims 1 2  t o  1 9 ,  

wherein t h e  antibody is  a humanized antibody o r  a human 

antibody. 

2 1. The preparat ion according t o  any one of Claims 1 2  t o  2 0 ,  

wherein t he  antibody i s  any one of ant ibodies t o  ganglioside 

GD3 and antibodies t o  CCR4. 

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
antibody are suppressed, comprising glycine, citric acid and the antibody.
15. The preparation according to any one of Claims 12 to 14, wherein the
antibody concentration is at 0.01 to 150 mg/mL. 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
anyone of Claims 13 to 15, wherein the citric acid concentration is at 0.1
to 50 mmol/L. 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  



22. A n  agent f o r  suppressing formation of a so lub l e  

assoc ia t ion  of an ant ibody i n  a so lu t ion ,  which comprises 

glycine a s  an a c t i v e  i ng red i en t .  

23. A n  agent f o r  suppressing formation of a chemically 

degraded product of an antibody i n  a so lu t ion ,  which comprises 

c i t r ic  ac id  a s  an a c t i v e  ingred ien t .  

24 .  A s t a b i l i z i n g  agent  f o r  an antibody, which comprises 

glycine and c i t r i c  ac id  a s  a c t i v e  ingredient .  

25.  The s t a b i l i z i n g a g e n t f o r  an antibody acco rd ing to  Claim 

2 4 ,  wherein t h e  s t a b i l i z a t i o n  of t h e  antibody i s  suppression 

of t h e  formation of a so lub l e  associa t ion,  a chemical ly 

degraded product and an inso lub le  aggregate of t h e  antibody 

i n  a so lu t ion .  

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
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. 42 


