REYES & REYES

"G A D

Sefior SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
suPERINTENDENTE DE INDUSTRIAY ¢ JINIEHE AN O R LA R LV

No. 10-091445- -00014-0000
E. S. [ Fecha 2012-11-28 16:41:48  Dep. 2020 DIR NUEVASCR

Tra 11 PATENTEIYHI Eve 378 FASENACIONALI
Act. 329 CTOINFORMACION  Folios: 12

REF: : Expediente 10-091-445

TITULO SOLICITADO:  “PREPARACION DE SOLUCION QUE CONTIENE
ANTICUERPOS EN UNA ALTA CONCENTRACION”

PUBLICACION: Gaceta 645 de 31 de Mayo de 2012, N° de
publicacién 630.

PRIORIDAD: JP 2007-0336310 de 27/12/2007

SOLICITANTE: CHUGAI SEIYAKU KABUSHIKI KAISHA Y
F. HOFFMANN - LA ROCHE AG

APODERADO: LUZ CLEMENCIA DE PAEZ

TRAMIfE: SUSTENTACION DE OPOSICION

JOSE LUIS REYES VILLAMIZAR, mayor de edad, identificado como aparece al
pie de mi firma, abogado en ejercicio, titular de la tarjeta profesional nimero 44655
del Consejo Superior de la Judicatura, obrando en calidad de apoderado de la
sociedad TECNOQUIMICAS S.A., en ejercicio de lo dispuesto por el articulo 42,
inciso 2° de la Decision 486 de 2000, por medio del presente escrito, procedo a
sustentar y complementar la oposicién presentada el 30 de Agosto de 2012, en los

siguientes términos:

l. RATIFICACION.

Comedidamente me permito insistir en los argumentos planteados en la oposicion
respe¢tiva, los cuales, como se dijo en su momento, demuestran que la solicitud
de la referencia incumple los requisitos de patentabilidad establecidos por los
articulos 14 y 18 de la Decision 486 de 2000, y que por ello no merece recibir el

beneficio patentario.



En primer lugar, la mencionada solicitud de patente en su capitulo reivindicatorio
revela como eje central de sus reclamaciones una formulacién liquida que
contiene anticuerpos que comprenden arginina y metionina tal como se menciona

en la reivindicacion 1:

“1.Una formulacion liquida estable que contiene anticuerpos que comprenden

arginina y metionina”.,

Adicionalmente en reivindicaciones posteriores se definen modalidades
particulares las cuales incluyen los anticuerpos que reconocen el receptor de

interleucina 6 IL-6 tal como:

“7. La formulaciéon de conformidad con cualquiera de las reivindicaciones
anteriores, caracterizada ademas porque el anticuerpo es un anticuerpo anti-IL-6
de receptor.”

En este orden de ideas cualquier formulacién de anticuerpos conocidos tales como
Tocilizumab, entre otros, estarian cubiertas por la amplitud de las reivindicaciones.

Adicionalmente, los aminoacidos arginina y/o metionina han sido empleados como

estabilizantes en formulaciones de proteinas y anticuerpos desde hace muchos

anos en el estado de la técnica por lo que ya es conocido su efecto y su empleo

en dichas formulaciones.

Se ha objetado que en la solicitud y mas especificamente en las reivindicaciones,
no se definen las caracteristicas esenciales de la formulacién dado que los
aminoacidos arginina y/o metionina pueden emplearse indistintamente uno u otro.
Esto no permite identificar una Unica invencion ya que claramente hay una materia
en la que la formulacién comprende arginina como estabilizante, otra en la que

comprende metionina, y una adicional que comprende los dos aminoacidos.

También se objetd la concisién y el soporte en la descripcién ya que lo que se
reclama no obedece a una extrapolaciéon razonable de lo ejemplificado, dado que
las formulaciones patrticulares no presentan las mismas propiedades de estabilidad

o “inhibicién de desamidacion” que presentaria cualquier otro anticuerpo diferente.



Adicionalmente se mencioné que existen en las reivindicaciones que definen
materia exceptuada de patentabilidad, como los “métodos para desamidar
anticuerpos”, ya que la reclamacion debe ser sobre un producto o procedimiento, y
no sobre la funcién de la formulacion de una “eventual” desamidacion del

anticuerpo en cuestion

A pesar de las notables deficiencias en claridad de la solicitud, es posible realizar
una comparacién con el estado de la técnica ya que se reconocen cComo
caracteristica esencial la inclusién de los aminoacidos mencionados con el fin de
mejorar la estabilidad en una formulacién de anticuerpos y evitar la desamidacion,
que permiten demostrar la falta de novedad y nivel inventivo de la solicitud, tal
como fueron objetados previamente en mi memorial de oposicion a la luz de los

documentos:

e La pﬁblicacién internacional WO 03/072060 de 04/09/2003 titulada
“Polypeptide Formulation”.

e La pﬁblicacién internacional WO 2005/049078 de 02/06/2005 titulada
“)/mmunoglobulin preparations having increased stability”.

o El documento de patente US 2003/0190316 de 09/10/2003 titulada “Stabilized
antibody-containing preparations”.

Il. COMPLEMENTO DE INFORMACION

En esta ocasion, sometemos a consideracion de la Superintendencia de Industria

y Comercio los siguientes documentos:

» Publicacion estadounidense US 6,908,610 “Long-term Stabilized Formulations”
del 21/06/2005.

Objeciones a la patentabilidad basados en la patente americana uUs
6,908,610.

El documento US 6,908,610 “Long-term Stabilized Formulations”, se refiere a
estabilizantes en formulaciones, especialmente del Factor de estimulacion de

colonia de granulocitos (G-CSF) que comprenden histidina, arginina, triptéfano o
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metionina (ver reivindicacion 1); adicionalmente se puede incluir un surfactante en

la formulacién (reivindicacion 9).

Lo anterior puede verse incluso en los antecedentes de la anterioridad citada que
describen diferentes formulaciones determinadas por la seleccion de los
aminoacidos “treonina, triptéfano, lisina, hidroxilisina, histidina, arginina, cisteina,

cistina“y metionina. El siguiente aparte demuestra dicho argumento.

Thus, various [ormulation designs were made 1o supply
stable G-CSF formulations 1o the markel. For example, 15
formulations containing at least one member selected from
the group consisting of (a) al leasl onc amino acid selected
[rom threonine, tryptophan, lysinc, hydroxylysine, histidine,
arginine, cysicine, cystine and methioning; (b) at least one
sulfur-coptaining reducing agent; or (c) at least one antioxi- a0
danl were proposed (Japancse Patent No, 2577744), G-CSF
formulations containing a surfactant sich as a Polysorbate as
a stabilizer were also proposed (JPA No. 146826/88).

Asi entonces, para los inventores en el documento US 6,908,610 el empleo de
aminoacidos se ha restringido a unos cuantos, y en modalidades particulares
incluso ensefan los aminoacidos seleccionables para la formulacion preferida los
cuales son segun el siguiente aparte fenilalanina, arginina y metionina (columna 2
lineas 31-32).

The present invention also provides said G-CSF formu-
lation containing one or more amino acids selected from the
group consisting ol lysine, histidine, arginine, aspartic acid
and ghamic acid; one or more amino acids selected from
the group consisting ol phenylalinine, tryptophan and leu-
10 cing; and melhionine,

The present invention also provides said G-CSF formu-
lation containing phenylalanine, arginine and methionine.

35

Se observa que la anterioridad contempla tanto la adicién de uno de los
aminoacidos mencionados como la arginina, y metionina siendo un aminoacido
casi de uso obligado.

Por otro lado, la misma anterioridad describe ademas el uso de tensoactivos y

surfactantes tal como se puede ver en la descripcion, mas especificamente en la



columna 5, linea 29 en adelante, tal como la solicitud colombiana en tramite lo

reclama en la reivindicacion 3:

Formulations of the present invention may further contain
surfactants. Typical examples of surfactants include:

nonienic surfaclants, cg, sorbitan [alty acid esters such as
sorbitan morocaprylate, sorbitan monolawrate, sotbitan
monopalmilate; plycerin Tatty acid esters such as glye-
erin monocaprylate, glycerin monomyristate, glycerin
monostearate; polyelycerin [atty acid eslers such as s
decaglyceryl monostearate, decaglyceryl distearale,
decaglycery] monolinoleate; polyoxvethylene sorhitan
fatty acid esters such as polyoxycthylence sorbitan

@

Adicionaimente en la reivindicacién 11 de la solicitud en tramite se sefiala que el
pH de la formulacién en solucion es 4-8, mientras que el documento del estado de
la técnica sefiala un pH mas restringido de 5-7 que por estar dentro del rango
reclamado por la solicitud colombiana anula la novedad de sus parametros (ver
columna 5 linea 6).

more amino acids selected from Lhe group consisting of

lysine, histidine, arginine, aspartic acid and glutumic acid;

one or more aming acids selected from hvdrophobic amino

acids, preferably one or more amino ucids selected from the

group consisting of phenylalanine, tryptophin aad leucine; $
and methioning; and it hus o pH of 5-7,

De esta forma, el documento US 6,908,610 presenta todas las caracteristicas
técnicas de una formulacion de anticuerpos tal como lo haria un técnico medio en
la materia que deseara formular un anticuerpo anti-IL6 derivando de forma
evidente la solicitud en estudio. De esta forma, y aunque en la anterioridad no se
mencionan especificamente los anticuerpos anti-IL6, es evidente que los métodos
para llegar a una formulacion estable mediante la inclusién de los aminoacidos
arginiha y metionina ya eran conocidos y que una formulacién de anticuerpos

como aquellos anti-IL6 serian susceptibles de formularse de esta forma.

Adicionalmente, es necesario tener en cuenta los demas documentos analizados
en el documento de oposiciéon que en sintesis objetan de forma contundente Ia
novedad de la solicitud asi:



El documento WO 03/072060 “Polypeptide Formulation”, se refiere a
compos“iciones farmacéuticas acuosas de polipéptidos que contienen dominios Fc,
como inmunoglobulinas (ver abstract); adicionalmente, en dicho documento se
indica que la arginina es un inhibidor de la agregacién de polipéptidos que
contienen el dominio Fc (ver reivindicacion 1), que la histidina puede estar
presente como un agente buffer (reivindicacion 3), que se puede emplear un
surfactante tipo Tween, SDS, o polisorbato, (reivindicacion 11) y que el pH debe
estar entre 5.5 a 7.8 (reivindicacion 18).

La anferioridad citada también menciona especificamente los anticuerpos
adecuados para las formulaciones empleadas, incluso se observa claramente Ia
mencion textual del anticuerpo anti IL-6 receptor (pagina 7, linea 5) demostrando
que la materia en estudio no presenta novedad alguna.

Por su parte, el documento WO 2005/049078 “Immunoglobulin preparations
having increased stability”, se ha mencionado describe una preparacion de
proteina estable que contiene un aminoacido estabilizante (ver abstract)
seleccionado de arginina, metionina y similares (ver reivindicaciones 1, 2 y 19), e
indica que la proteina obedece a una preparacion de inmunoglobulina
(reivindicaciones 14 y 15).

Este documento también reclama las formulaciones dirigidas hacia
inmunoglobulinas (ver pagina 5 de la solicitud a continuacién), lo que corresponde,
al igual manera que la solicitud en tramite, a anticuerpos y su formulacion para

mejorar la estabilidad.

El documento US 2003/0190316 “Stabilized antibody-containing preparations’,
describe una preparacion estabilizada de un anticuerpo en un buffer de histidina
(reivindicacion 1), e indica que el anticuerpo es un anti-IL6 receptor (reivindicacion
3), que el aminoécido basico tal como arginina puede ser admitido (reivindicacion
15) y que la preparacion puede contener surfactante (pagina 14, ultimo parrafo).

En este caso el documento menciona anticuerpos anti-IL6 tal como los reclamados
y ejemplificados en la solicitud en una formulacién de histidina y arginina. (ver
reivindicacion 8 vy dependientes) donde se enuncia: “una formulacion liquida

estable que contiene un anticuerpo anti-IL-6 de receptor que comprende ya sea
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arginina o metionina”, entendiendo que la adicién de metionina es una

caracteristica meramente opcional.

Como se ha visto no se existen diferencias en la formulacién del anticuerpo de la
presente invencién con los documentos citados, los efectos técnicos alcanzados
por composiciones de arginina y/o histidina tampoco sorprenden al técnico medio
versado en la materia en la medida en que los resultados de estabilidad de
proteinas y en este caso anticuerpos anti-IL-6 de receptor son posibles gracias a

la presencia de los mismos, como es de esperarse.

En conclusion, los documentos mencionan las caracteristicas de la solicitud que
comprometen un conocimiento general en el arte en cuanto a la adicion de
arginina y/o metionina a formulaciones con anticuerpos con el fin de mejorar las
propiedades de estabilidad, De esta forma, la materia objeto de la presente
solicitud ya habia sido divulgada y por lo tanto no cumple con el requisito de

Novedad y mucho menos de Nivel Inventivo.
.  ANEXOS

< Publicacion estadounidense US 6,908,610 “Long-term Stabilized Formulations”
del 21/06/2005.

Sefior Superintendente,

N

JOSE LUIS REYES VILLAMIZAR
C.C. 79'152.473 de Usaquén
T.P.A. 44,655 del C.S.J.
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1
LONG-TERM STABILIZED FORMULATIONS

FIELD OF THE INVENTION

The present invention relates to G-CSF (granulocyte
colony-stimulating factor) formulations, and particularly
stabilized G-CSF formulations showing low active ingredi-
ent loss and low content of Met-oxidized G-CSF.

PRIOR ART

G-CSF is a glycoprotein having a molecular weight of
about 20,000 and acting on precursor cells of neutrophils to
promote their proliferation and differentiation to maturation.

Since we purified high-purity human G-CSF by culturing
a cell line collected from tumor cells of a patient with cancer
of the floor of the mouth, the human G-CSF gene was
successfully cloned and, at present, recombinant human
G-CSF can be produced in mass in microorganisms or
animal cells by genetic engineering techniques. We also
succeeded in converting this purified G-CSF into formulated
products supplied to the market as antiinfective agents
(Japanese Patent No. 2116515).

G-CSF is used in a very small amount, i¢, a formulation
containing 0.1-1000 ug (preferably 5-500 ug) of G-CSF is
normally administered once to seven times per week per
adult. However, this G-CSF is adsorptive to the walls of
ampoules, syringes or the like. G-CSF is unstable and
susceptible 1o extrinsic factors such as temperature,
humidity, oxygen, UV rays or the like to undergo physical or
chemical changes including association, polymerization or
oxidation, resulting in substantial loss of activity.

Thus, various formulation designs were made to supply
stable G-CSF formulations to the market. For example,
formulations containing at least one member selected from
the group consisting of (a) at least one amino acid selected
from threonine, tryptophan, lysine, hydroxylysine, histidine,
arginine, cysteine, cystine and methionine; (b) at least one
sulfur-containing reducing agent; or (c) at least one antioxi-
dant were proposed (Japanesc Patent No. 2577744). G-CSF
formulations containing a surfactant such as a Polysorbate as
a stabilizer were also proposed (JPA No. 146826/88).

Lyophilized G-CSF formulations containing maltose,
raffinose, sucrose, trehalose or an aminosugar were also
reported, which are advantageous from the viewpoint of
limiting deposits on the container to suppress chemical
changes (JPA No. 504784/96).

Some products currently on the market contain a protein
commonly used as a stabilizer such as human serum albumin
or purified gelatin for suppressing such chemical or physical
changes. However, addition of a protein as a stabilizer had
problems such as the necessity of a very complicated
process for removing contamination with viruses,

However, Met-oxidized G-CSF are more likely to be
produced in the absence of such a protein, leading to the
problem of deterioration.

DISCLOSURE OF THE INVENTION

An object of the present invention is to provide a G-CSF
formulation, which is more stable even during long-term
storage and which has a low content of Met-oxidized
G-CSF.

As a result of careful studies to achieve the above object,
we accomplished the present invention on the basis of the
finding that a G-CSF formulation showing 2 high resjdual
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ratio of G-CSF and a low content of Met-oxidized G-CSF
even after long-term storage can be obtained by adding a
combination of specific amino acids as a stabilizer.

Accordingly, the present invention provides a stable
G-CSF formulation having a residual ratio of G-CSF of 90%
or more after long-term storage testing at 25° C. for 3
months or a residual ratio of G-CSF of 90% or more after
long-term storage testing at 40° C. for 2 mounths or a residual
ratio of G-CSF of 90% or more after accelerated testing at
50° C. for 1 month or a residual ratio of G-CSF of 90% or
more after accelerated testing at 60° C. for 2 weeks and a
content of Met-oxidized G-CSF of 1% or less after accel-
erated testing at 50° C. for 1 month or after accelerated
testing at 60° C. for 2 weeks.

The present invention also provides said G-CSF formu-
lation containing one or more amino acids selected from the
group consisting of lysine, histidine, arginine, aspartic acid,
glutamic acid, threonine and asparagine; one or more amino
acids selected from hydrophobic amino acids; and methion-
ine.

The present invention also provides said G-CSF formu-
lation wherein said hydrophobic amino acid is selected from
phenylalanine, tryptophan and leucine.

The present invention also provides said G-CSF formu-
lation containing one or more amino acids selected from the
group consisting of lysine, histidine, arginine, aspartic acid
and glutamic acid; one or more amino acids selected from
the group consisting of phenylalanine, tryptophan and leu-
cine; and methionine.

The present invention also provides said G-CSF formu-
lation containing phenylalanine, arginine and methionine.

The present invention also provides said G-CSF formu-
lation substantially free from protein as a stabilizer.

The present invention also provides said G-CSF formu-
lation in the form of a lyophilized formulation.

The present invention also provides said G-CSF formu-
lation further containing mannitol.

The present invention also provides said G-CSF formu-
lation further containing a surfactant.

The present invention also provides said G-CSF formu-
lation wherein said surfactant is a polyoxyethylene sorbitan
alkyl ester.

The present invention also provides said G-CSF formu-
lation wherein said surfactant is Polysorbate 20 and/or 80.

The present invention also provides said G-CSF formu-
lation having a pH of 5-7.

The present invention also provides said G-CSF formu-
lation having a pH of 5.5-6.8.

The present invention also provides said G-CSF formu-
lation having a pH of 6.5.

The present invention also provides said G-CSF formu-
lation wherein G-CSF is produced from CHO cells.

The present invention also provides a stable G-CSF
formulation having a residual ratio of G-CSF of 90% or
more after long-term storage testing at 25° C. for 3 months
or a residual ratio of G-CSF of 90% or more after long-term
storage testing at 40° C. for 2 months or a residual ratio of
G-CSF of 90% or more afier accelerated testing at 50° C. for
1 month or a residual ratio of G-CSF of 90% or more after
accelerated testing at 60° C. for 2 weeks, characterized in
that it contains one or more amino acids selected from the
group consisting of lysine, histidine, arginine, aspartic acid,
glutamic acid, threonine and asparagine; and one or more
amino acids selected from hydrophobic amino acids; and it
has a pH of 5-7.
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The present invention also provides a stable G-CSF
formulation having a residual ratio of G-CSF of 90% or
more after long-term storage testing at 25° C. for 3 months
or a residual ratio of G-CSF of 90% or more after long-term
storage testing at 40° C. for 2 months or a residual ratio of
G-CSF of 90% or more after accelerated testing at 50° C. for
1 month or a residual ratio of G-CSF of 90% or more after
accelerated testing at 60° C. for 2 weeks, characterized in
that it contains one or more amino acids selected from the
group consisting of lysine, histidine, arginine, aspartic acid
and glutamiic acid; and one or more amino acids selected
from the group consisting of phenylalanine, tryptophan and
leucine; and it has a pH of 5-7.

The present invention also provides either one of said
G-CSF formulations having a pH of 6.5.

The present invention also provides a method for inhib-
iting a physiologically active protein containing a methion-
ine residue from producing a variant oxidized at the
methionine residue, comprising adding methionine to a
composition containing said protein.

The present invention also provides said method wherein
said physiologically active protein is a cytokine or a physi-
alogically active peptide.

The present invention also provides said method wherein
said physiologically active protein is a colony-stimulating
factor or PTH.

The present invention also provides said method wherein
said physiologically active protein is G-CSF, erythropoietin
or PTH. i

The present invention also provides said method wherein
other proteins are not present as stabilizers.

The present invention also provides said method wherein
said composition containing a physiologically active protein
having a methionine residue is lyophilized or in the form of
a solution,

The present invention also provides a stabilized compo-
sition containing a physiologically active protein having a
methionine residue, further containing methionine and one
or more other amino acids.

The present invention also provides said stabilized com-
position containing a physiologically active protein having a
methionine residue wherein said amino acid is one or more
selected from the group of consisting of lysine, histidine,
arginine, aspartic acid, glutamic acid, phenylalanine,
tryptophan, leucine, isoleucine, valine, alanine, proline,
glycine, serine, threonine, asparagine, glutamine and
tyrosine.

The present invention also provides said stabilized com-
position coptaining a physiologically active protein having a
methionine residue, characterized in that it is free from other
proteins as stabilizers.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows chromatograms of samples 34 and 36 as
assayed by method 2 described later after accelerated testing
at 60° C. for 2 weeks.

FIG. 2 shows chromatograms of samples 34-36 as
assayed by method 2 described later immediately after
preparation and after accelerated testing at 50° C. for 1
month.

FIG. 3 shows HPLC chromatograms of parathyroid hor-
mone sotution formulations as assayed by the method shown
in example 6 (storage at 50° C. for 3 days), which demon-
strate that addition of methionine has an inhibitory effect
against oxidation of methionine residues. In FIG. 3, the
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highest peaks at the center correspond to intact PTH, and
peaks designated as Met-8 and Met-18 correspond to PTH
oxidized at the 8th methionine residue and the 18th methion-
ine residue, respectively.

THE MOST PREFERRED EMBODIMENTS OF
THE INVENTION

G-CSF used for formulations of the present invention
includes any high-purity human G-CSF. Specifically, it may
be derived from natural sources or obtained by genetic
recombination so far as it has substantially the same bio-
logical activity as that of mammalian, particularly human
G-CSF. Genetically recombinant G-CSF may have the same
amino acid sequence as that of natural G-CSF or may
contain deletion, substitution or addition of one or more
amino acids in said amino acid sequence so far as it has said
biological activity. G-CSF in the present invention may be
prepared by any process, eg, it may be extracted and purified
by various techniques from cultures of a human tumor cell
line or may be produced by genetic engineering in cells of
E. coli, yeast, Chinese hamster ovary (CHO), C127 or the
like and then extracted and purified by various techniques.
Preferably. G-CSF is produced in E. coli, yeast or CHO cells
by genetic recombination. Most preferably, G-CSF is pro-
duced in CHO cells by genetic recombination.

Preferably, G-CSF formulations of the present invention
are substantially free from protein such as human serum
albumin or purified gelatin as a stabilizer.

G-CSF formulations of the present invention are very
stable as compared with previously known G-CSF formu-
lations as they have a residual ratio of G-CSF of 90% or
more, preferably 95% or more after long-term storage test-
ing at 25° C. for 3 months, or a residual ratio of G-CSF of
90% or more, preferably 95% or more after long-term
storage testing at 40° C. for 2 months, or a residual ratio of
G-CSF of 90% or more, preferably 95% or more after
accelerated testing at 50° C. for 1 mouth, or a residual ratio
of G-CSF of 90% or more, preferably 95% or more after
accelerated testing at 60° C. for 2 weeks and a content of
Met-oxidized G-CSF of 1% or less, preferably below detec-
tion limit after accelerated testing at 50° C. for 1 month or
after accelerated testing at 60° C. for 2 weeks.

An example of G-CSF formulations of the present inven-
tion is a G-CSF formulation containing one or more amino
acids selected from the group consisting of lysine, histidine,
arginine, aspartic acid, glutamic acid, threonine and
asparagine, preferably one or more amino acids selected
from the group consisting of lysine, histidine, arginine,
aspartic acid and glutamic acid; one or more amino acids
selected from hydrophobic amino acids, preferably one or
more amino acids selected from the group consisting of
phenylalanine, tryptophan and leucine; and methionine.

Another example of G-CSF formulations of the present
invention is a stable G-CSF formulation having a residual
ratio of G-CSF of 90% or more after long-term storage
testing at 25° C. for 3 months or a residual ratio of G-CSF
of 96% or more after long-term storage testing at 40° C. for
2 months or a residual ratio of G-CSF of 90% or more after
accelerated testing at 50° C. for 1 month or a residual ratio
of G-CSF of 90% or more after accelerated testing at 60° C.
for 2 weeks and a content of Met-oxidized G-CSF of 1% or
less after accelerated testing at 50° C. for 1 month or after
accelerated testing at 60° C. for 2 weeks, characterized in
that it contains one or more amino acids selected from the
group consisting of lysine, histidine, arginine, aspartic acid,
glutamic acid, threonine and asparagine, preferably one or
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more amino acids selected from the group consisting of
lysine, histidine, arginine, aspartic acid and glutamic acid;
one or more amino acids selected from hydrophobic amino
acids, preferably one or more amino acids sclected from the
group consisting of phenylalanine, tryptophan and leucine;
and methionine; and it has a pH of 5-7.

Amino acids used in the present invention include free
amino acids and salts thereof such as sodium salts, potas-
sium salts and hydrochlorides. Formulations of the present
invention may contain D-, L- and DL-variants of these
amino acids, more preferably L-variants and salts thereof.

The amount of amino acids to be added to formulations of
the present invention can be determined in a preferred range
using the test method described later depending on the type
of the amino acid used. Generally, a final dose of 0.001-50
mg/ml is added. For example, phenylalanine is preferably
added at 0.1-25 mg/ml, more preferably 1-20 mg/ml, argj-
nine is preferably added at 0.1-25 mg/ml, more preferably
1-20 mg/ml, and methionine is preferably added at 0.001-5
mg/ml, more preferably 0.01-4 mg/ml.

Formulations of the present invention may contain iso-
tonizing agents, eg, polyethylene glycol; and sugars such as
dextran, mannitol, sorbitol, inositol, glucose, fructose,
lactose, xylose, mannose, maltose, sucrose and raffinose.
Mannitol is especially preferred. The amount of mannitol
added into formulations is 1-100 mg/ml, more preferably
5-60 mg/ml.

Formulations of the present invention may further contain
surfactants. Typical examples of surfactants include:

nonionic surfactants, eg, sorbitan fatty acid esters such as
sorbitan monocaprylate, sorbitan monolaurate, sorbitan
monopalmitate; glycerin fatty acid esters such as glyc-
erin monocaprylate, glycerin monomyristate, glycerin
monostearate; polyglycerin fatty acid esters such as
decaglyceryl monostearate, decaglyceryl distearate,
decaglyceryl monolinoleate; polyoxyethylene sorbitan
fatty acid esters such as polyoxyethylene sorbitan
monolaurate, polyoxyethylene sorbitan monooleate,
polyoxyethylene sorbitan monostearate, polyoxyethyl-
ene sorbitan monopalmitate, polyoxyethylene sorbitan
trioleate, polyoxyethylene sorbitan tristearate; poly-
oxyethylene sorbitol fatty acid esters such as polyoxy-
ethylene sorbitol tetrastearate, polyoxyethylene sorbi-
tol tetraoleate; polyoxyethylene glycerin fatty acid
esters such as polyoxyethylene glyceryl monostearate;
polyethylene glycol fatty acid esters such as polyeth-
ylene glycol distearate; polyoxyethylene alkyl ethers
such as polyoxyethylene lauryl ether; polyoxyethylene
polyoxypropylene alkyl ethers such as polyoxyethylene
polyoxypropylene glycol ether, polyoxyethylene poly-
oxypropylene propyl ether, polyoxyethylene polyox-
ypropylene cetyl ether; polyoxyethylene alkyl phenyl
ethers such as polyoxyethylene nonyl phenyl ether;
polyoxyethylene hardened castor oils such as polyoxy-
ethylene castor oil, polyoxyethylene hardened castor
oil (polyoxyethylene hydrogenated castor oil); poly-
oxyethylene beeswax derivatives such as polyoxyeth-
ylene sorbitol beeswax; polyoxyethylene lanolin
derivatives such as polyoxyethylene lanolin; polyoxy-
cthylene fatty acid amides such as polyoxyethylene
stearic acid amide having an HLB of 6-18;

anionic surfactants, eg, alkyl sulfates having a C10-18
alkyl group such as sodium cetylsulfate, sodium
laurylsulfate, sodium oleylsulfate; polyoxyethylene
alkyl ether sulfates having an average EO mole number
of 24 and a C10-18 alkyl group such as sodium
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polyoxyethylene laurylsulfate; alkyl sulfosuccinic acid
ester salts having a C8-18 alkyl group such as sodium
laurylsulfosuccinate; and

natural surfactants, eg, lecithin; glycerophospholipids;

sphingophospholipids such as sphingomyelin; sucrose
fatty acid esters of C12-18 fatty acids. One or more of
these surfactants may be added in combination to
formulations of the present invention.

Preferred surfactants are polyoxyethylene sorbitan fatty
acid esters, more preferably Polysorbates 20, 21, 40, 60, 65,
80, 81, 85, most preferably Polysorbates 20 and 80.

The amount of surfactants to be added to G-CSF-
containing formulations of the present invention is typically
0.0001-1 parts by weight per part by weight of G-CSF,
preferably 0.01-5 parts by weight per part by weight of
G-CSE, and most preferably 0.2-2 parts by weight per part
by weight of G-CSF.

Preferably, G-CSF formulations of the present invention
have a pH of 5-7, more preferably 5.5-6.8, still more
preferably 6-6.7, and most preferably 6.5.

G-CSF formulations of the present invention may further
contain diluents, solubilizing agents, excipicnts,
pH-modifiers, soothing agents, buffers, sulfur-containing
reducing agents, antioxidants or the like, if desired. For
example, sulfur-containing reducing agents include
N-acetylcysteine, N-acetylhomocysteine, thioctic acid,
thiodiglycol, thioethanolamine, thioglycerol, thiosorbitol,
thioglycolic acid and salts thereof, sodium thiosulfate,
glutathione, and sulfhydryl-containing compounds such as
thioalkanoic acid having 1 to 7 carbon atoms. Antioxidants
include erythorbic acid, dibutylhydroxytoluene,
butylhydroxyanisole, a-tocopherol, tocopherol acetate,
L-ascorbic acid and salts thereof, L-ascorbyl palmitate,
L-ascorbyl stearate, sodium bisulfite, sodium sulfite, triamyl
gallate, propyl gallate or chelating agents such as disodium
cthylenediamine tetraacetate (EDTA), sodium
pyrophosphate, sodium metaphosphate. Other components
commonly added may also be contained, eg, inorganic salts
such as sodium chloride, potassium chloride, calcium
chloride, sodium phosphate, potassium phosphate, sodium
bicarbonate; and organic salts such as sodium citrate, potas-
sium citrate, sodium acetate.

G-CSF formulations of the present invention include
solution formulations, lyophilized formulations, spray-dried
formulations, etc. Lyophilized formulations are most pre-
ferred.

Formulations of the present invention can be prepared by
dissolving these components in an aqueous buffer known in
the art of solution formulations such as phosphate buffers
(preferably sodium monohydrogen phosphate—sodium
dihydrogen phosphate system) and/or citrate buffers
{preferably sodium citrate buffer) to prepare a solution
formulation, or lyophilizing or spray-drying thus prepared
solution formulation by standard procedures.

Stabilized G-CSF-containing formulations of the present
invention are normally administered via parenteral routes
such as injection (subcutaneous, intravenous or intramuscu-
lar injection) or percutaneous, mucosal, nasal or pulmonary
adminjstration, but may also be orally administered.

G-CSF formulations of the present invention are normally
packed in a sealed and sterilized plastic or glass container,
and dissolved in pure water (sterilized water for injection)
before use.

The amount of G-CSF contained in formulations of the
present invention can be determined depending on the type
of the disease to be treated, the severity of the disease, the
age of the patient or other factors, but generally ranges from
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1 to 1000 ug/mL, preferably 10 to 800 ug/mL, more pref-
erably 50 to 500 ug/mL.

Formulations of the present invention are clinically very
useful as they were found to improve protective functions
based on immune response such as resistance of the patient
or activity when they were coadministered with drugs such
as antibiotics, antibacterial agents or anticancer agents in the
chemotherapy of infectious diseases or cancer. Therefore,
formulations of the present invention can be administered in
combination with these drugs.

As demonstrated in the examples below, G-CSF formu-
lations of the present invention show a very good residual
ratio of G-CSF after long-term storage testing at 25° C. for
3 months or long-term storage testing at 40° C. for 2 months
or accelerated testing at 50° C. for 1 month or accelerated
testing at 60° C. for 2 weeks. Moreover, a small content of
Met-oxidized G-CSF was observed after accelerated testing
at 50° C. for 1 month or accelerated testing at 60° C. for 2
weeks. G-CSF formulations of the present invention have a
residual ratio of C—CSF of 90% or more, preferably 95%
or more after long-term storage testing at 25° C. for 3
months, or a residual ratio of G-CSF of 90% or more,
preferably 95% or more after long-term storage testing at
40° C. for 2 months, or a residual ratio of G-CSF of 90% or
more, preferably 55% or more after accelerated testing at
50° C. for 1 month, or a residual ratio of G-CSF of 90% or
more, preferably 95% or more after accelerated testing at
60° C. for 2 weeks and a content of Met-oxidized G-CSF of
1% or less, preferably below detection limit after accelerated
testing at 50° C. for 1 month or after accelerated testing at
60° C. for 2 weeks.

It was observed from the results of the examples below
that the residual ratio of G-CSF in formulations of the
present invention after long-term storage at normal tempera-
tures can be improved by adding one or more amino acids
selected from the group comsisting of lysine, histidine,
arginine, aspartic acid, glutamic acid, threonine and aspar-
agine and one or more amino acids selected from hydro-
phobic amino acids and that the content of Met-oxidized
G-CSF can be kept below detection limit by adding
methionine. Withput wishing to be bound to any specific
theory, we assumdd that the added methionine is oxidized in
place of methionine residues of G-CSF so that the content of
Met-oxidized G-CSF decreases.

When methionine is added to a compositions of a physi-
ologically active protein having a methionine residue, which
is more susceptible to production of a variant oxidized at the
methionine residue and has a physiclogical activity in a
small amount, said physiologically active protein can also be
prevented from producing a variant oxidized at the methion-
ine residue according to the present invention. Addition of
methionine seems to be especially effective when said
physiologically active protein composition is free from other
proteins as stabilizers or when said protein composition is
lyophilized or in the form of a solution because the variant
of said protein oxidized at the methionine residue is more
likely to be produced in such cases.

10
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When other one or more amino acids are added to a
composition of the present invention, a stabilized composi-
tion containing a physiologically active protein having a
methionine residue can also be prepared, which is inhibited

5 from producing a variant oxidized at the methionine residue

as well as inhibited from decomposition, aggregation or the
like of said physiologically active protein.

Amino acids that can be added for this purpose include
lysine, histidine, arginine, aspartic acid, glutamic acid,
phenylalanine, tryptophan, leucine, isoleucine, valine,
alanine, proline, glycine, serine, threomine, asparagine,
glutamine and tyrosine, preferably histidine, arginine and
phenylalanine.

Physiologically active proteins of the present invention
include, for example:

cytokines such as interleukins (eg, IL-1 to IL-13), colony-

stimulating factors (eg, granulocyte colony-stimulating
factor {G-CSF), macrophage colony-stimulating factor
(M-CSF), granulocyte/macrophage colony-stimulating
factor (GM-CSF), erythropoietin (EPO)), interferons
(eg, IFN-a, B, ¥), tumor necrosis factors (eg, TNF-a,
TNE-B), transforming growth factor (TGF), platelet-
derived growth factor (PDGF), LIF (leukemia inhibi-
tory factor), oncostatin M {OSM), migration inhibitory
factor (MIF), chemokines (eg, IL-8. LD78, MCP-1);
physiologically active peptides such as insulin, glucagon,
parathyroid hormone (PTH), gastrin, selectin,
cholecystokinin, gastric inhibitory polypeptides, sub-

30 stance P, motilin, spleen polypeptides, neurotensin,

enteroglucagon, gastrin-releasing peptides,
somatostatin-28, dynorphin, galanin, vanilone, pan-
creostatin and zeopsin;

bioenzymes such as enzymes having a methionine residue

35 at the active center (eg, malate dehydrogenase);

or variants thereof.

Physiologically active proteins of the present invention
are preferably cytokines or physiologically active peptides,
more preferably colony-stimulating factors such as G-CSF

40 or erythropoietin or PTH, still more preferably G-CSF,

erythropoietin or PTH.

The following examples further illustrate the present
invention, without limiting the same thereto. Various
changes and modifications can be made by those skilled in

45 the art on the basis of the description of the invention, and

such changes and modifications are also included in the
present invention.

EXAMPLES
Test Method

Formulated solutions containing various components in
the amounts shown in Tables 1 and 2 below were prepared
and aseptic-filtered, and then precisely 1 mL each was

55 aseptically packed in a vial and lyophilized. After comple-

tion of lyophilization, the vial was completely capped to
prepare G-CSF lyophilized formulations.

TABLE 1
G-CSF  Phenylalanine  Arginine  Methionine  Mannitol  Polysorbate 20 pH buffer
Sample 1 250 ug 10 mg 10 mg 0 50 mg 0.1 mg Phosphate, pH 7.4
Sample 2 250 ug 10 mg 10 mg 0 50 mg 0.1 mg Phosphate, pH 6.5
Sample 3 100 pg 0 mg 0 mg 0 50 mg 0.1 mg Phosphate, pH 6.5
Sample 4 100 pg 10 mg 0 mg 0 50 mg 0.1 mg Phosphate, pH 6.5
Sample 5 100 pg 0 mg 10 mg 0 50 mg 01 mg Phosphate, pH 6.5
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TABLE 1-continued
Sample 6 100 pg 10 mg 10 mg 0 50 mg 0.1 mg Phosphate, pH 6.5
Sample 7 250 pg 0 mg Omg 0 50 mg 0.1 mg Phosphate, pH 6.5
Sample 8 230 pug 10 mg 0 mg 0 50 mg 0.1 mg Phosphate, pH 6.5
Sample 9 250 pug 0 mg 10 mg 0 50 mg 0.1 mg Phosphate, pH 6.5
Sample 10 250 g 10 mg 10 mg 0 50 mg 0.1 mg Phosphate, pH 6.5
G-CSF Amino acid 1 Aminoacid2  Methionine Mannitol Polysorbate 20 pH buffer
Sample 11 100 4g  Phenylalanine Lysine 0 50 mg 0.1mg  Phosphate, pH 6.5
Sample 12 100 g Phenylalanine Histidine 0 50 mg 0.1mg  Phosphate, pH 6.5
Sample 13 100 g Phenylalanine Arginine 0 50 mg 0.1mg  Phosphate, pH 6.5
Sample 14 100 ug  Phenylalanine Aspartic acid 0 50 mg 0.1mg  Phosphate, pH 6.5
Sample 15 100 g Phenylalanine Glutamic acid 0 50 mg 0.1mg  Phosphate, pH 6.5
Sample 16 100 g Phenylalanine Serine 0 50 mg 0.1mg  Phosphate, pH 6.5
Sample 17 100 #g  Phenylalanine Threonine 0 50 mg 0.1mg  Phosphate, pH 6.5
Sample 18 100 4g  Phenylalanine Tyrosine 0 50 mg 0.1mg  Phosphate, pH 6.5
Sample 19 100 4g  Phenylalanine Asparagine 0 50 mg 0.1mg  Phosphate, pH 6.5
Sample 20 100 ug  Phenylalanine Glutamine 0 50 mg 0.1mg  Phosphate, pH 6.5

In each case, 10 mg phenylalanine was added (equivalent to 2
60 mM). Amino acid 2 was added in an amount equivalent
to 60 mM (equimolar to amino acid 1).

reverse phase column (4.6 mmx250 mm, 300 angstroms)
with a mobile phase consisting of pure water, acetonitrile
and trifluoroacetic acid. The amount equivalent to 5 ug of

G-CSF Aminoacid 1 Aminoacid2  Methionine Mannitol Polysorbate 20 pH buffer
Sample 21 100 ug Arginine  Alanine 0 50 mg 0.1mg Phosphate, pH 6.5
Sample 22 100 pg Arginine  Valine 0 50 mg 0.1 mg Phosphate, pH 6.5
Sample 23 100 pg Arginine  Leucine 0 50 mg 0.1 mg Phosphate, pH 6.5
Sample 24 100 zg Arginine  Isoleucine 0 50 mg 0.1 mg Phosphate, pH 6.5
Sample 25 100 pug Arginine  Methionine 0 50 mg 0.1 mg Phosphate, pH 6.5
Sample 26 100 pg Arginine  Tryptophan 0 50 mg 0.1 mg Phosphate, pH 6.5
Sample 27 100 g Arginine  Phenylalanine 0 50 mg 0.1 mg Phosphate, pH 6.5
Sample 28 100 ug Arginine  Proline i 50 mg 0.1 mg Phosphate, pH 6.5
Sample 29 100 g Arginine  Glycine 0 50 mg 0.1 mg Phosphate, pH 6.5
Sample 30 100 g Arginine  Serine 0 50 mg 0.1 mg Phosphate, pH 6.5
Sample 31 100 pg Arginine  Threonine 0 50 mg 0.1 mg Phosphate, pH 6.5
Sample 32 100 pg Arginine  Asparagine 0 50 mg 0.1 mg Phosphate, pH 6.5
Sample 33 100 g Arginiee  Glutamine 0 50 mg 0.1 mg Phosphate, pH 6.5
40

In each case, 10 mg arginine was added (equivalent to 60
mM). Amino acid 2 was added in an amount equivalent to
60 mM (equimolar to amino acid 1).

G-CSF was injected and G-CSF was eluted with an aceto-
nitrile gradient and spectroscopically detected at a wave-
length of 215 nm.

TABLE 2
G-CSF Phe Arg Met Mannitol  Polysorbate 20 pH buffer
Sample 34 1004g 10mg 10mg Omg 25 mg 0.1 mg Phosphate, pH 6.5
Sample 35 1004g 10mg 10mg 0.1mg 25 mg 0.1 mg Phosphate, pH 6.5
Sample 36 1004g 10mg 10 mg 1mg 25 mg 0.1 mg Phosphate, pH 6.5

Thus aseptically prepared G-CSF-containing lyophilized

formulations were allowed to stand in an incubator at 60° C,
for 2 weeks and 1 month; at 50° C. for 1, 2 and 3 months;

55

at 40° C. for 2, 4 and 6 months; and at 25° C. for 3 and 6

months.

Accelerated and unaccelerated formulations were dis-

solved in precisely 1 mL of pure water to prepare test

samples for the assays described below.

60

The residual ratio of G-CSF (% residual) in each vial was
determined by method 1 below. The content of Met-oxidized
G-CSF in each vial was also determined by method 2 below.
Method 1

The content of G-CSF in each sample was assayed by
reverse phase high-speed liquid chromatography using a C4

65

The G-CSF content determined by this method was used
to calculate the percentage (%) of residual G-CSF according
to the following equation after acceleration at 60° C. for 2
weeks and 50° C. for 1 month and after storage at 60° C. for
2 weeks and 1 month; 50° C. for 1, 2 and 3 months; 40° C.
for 2, 4 and 6 months; and 25° C. for 3 and 6 months.

Residual ratio (%) =

(G- CSF content after acceleration for a test pcriod)

x100
(G~ CSF content before acceleralion)
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Method 2 ‘

Intact G-CSF and Met-oxidized G-CSF in each sample
were assayed by reverse phase high-speed liquid chroma-
tography using a C4 reverse phase column (4.6 mmx250
mm, 300 angstroms) with a mobile phase consisting of pure
water, acetonitrile and trifluoroacetic acid. G-CSF was
eluted with an acetonitrile gradient and spectroscopically
detected at a wavelength of 215 nm.

The peak areas of intact G-CSF and Met-oxidized G-CSF
determined by this method were used to calculate the
content of Met-oxidized G-CSF according to the following
equation after acceleration at 60° C. for 2 weeks and 50° C.
for 1 month. |

Content of Met-oxidized G- CSF (%) =

{Met-oxidized G- CSF)
{intact G-CSF) + (Met-oxidized G-CSF)

x 100

Example 1

Effect of Varying pHs on the Residual Ratio of G-
CSF

|
The residual ratio of G-CSF in samples 1 and 2 prepared
at different pHs shown in Table 1 were calculated according
to the equation stiown in method 1 after accelerated testing
at 60° C. for 2 weeks and 50° C. for 1 month. The results are
shown in Table 3.

TABLE 3

Sample 1, pH 7.4 Sample 2, pH 6.5

50° C,, 1 month
60° C., 2 weeks

97.7
95.8

99.7
971

Comparable o more stability was observed with the
formulation at pH 6.5 as compared with pH 7.4.

Example 2

Effect of Various Amino Acids on the Residual
Ratio of G-CSF (1)

The residual ratio of G-CSF in samples 3-6 (G-CSF
content 100 ug) and samples 7-10 (G-CSF content 250 ug)
prepared with various amino acids shown in Table 1 were
calculated according to the equation shown in method 1 after
accelerated testing at 60° C. for 2 weeks and 50° C. for 1
month. The results are shown in Tables 4 and 5.

TABLE 4
Form‘ulations containing 100 ug G-CSF
Sample 3  Sample 4  Sample 5  Sample 6
Phenylalanine No 10 mg No 10 mg
Arginine ' No No 10 mg 10 mg
50° C., 1 month 72.9% 84.8% 82.4% .
60° C., 2 weeks 67.2% 77.9% 68.8% 95.0%
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TABLE 5

Formulations containing 250 ug G-CSF

Sample 7 Sample 8 Sample 9 Sample 10
Phenylalanine No 10 mg No 10 mg
Arginine No No 10 mg 10 mg
50° C., 1 month 76.6% 88.1% 96.3% 99.7%
60° C., 2 wecks 74.0% 181% 90.7% 91.1%

At any G-CSF content, stability is improved in formula-
tions added with phenylalanine alone or arginine alone as
compared with formulations containing no amino acid, but
to an insufficient extent. Marked improvement in stability
was observed by combining phenylalanine with arginine.

Example 3

Effect of Various Amino Acids on the Residual
Ratio of G-CSF (2)

The residual ratio of remaining G-CSF in samples 11-20
(containing phenylalanine as amino acid 1 and any of lysine,
histidine, arginine, aspartic acid, glutamic acid, serine,
threonine, tyrosine, asparagine and glutamine as amino acid
2) and samples 21-33 (containing arginine as amino acid 1
and any of alanine, valine, leucine, isoleucine, methionine,
tryptophan, phenylalanine, proline, glycine, serine,
threonine, asparagine and glutamine as amino acid 2) pre-
pared with various amino acids shown in Table 1 were
calculated according to the equation shown in method 1 after
accelerated testing at 60° C. for 2 weeks and 50° C. for 1
month. The results are shown in Tables 6 and 7.

TABLE 6
50° C., 1 month 60° C., 2 weeks
Sample 11 92.8% 91.2%
Sample 12 98.8% 91.5%
Sample 13 98.0% 96.0%
Sample 14 95.7% 96.7%
Sample 15 95.6% 94.0%
Sample 16 88.4% 87.8%
Sample 17 96.4% 90.7%
Sample 18 84.6% 81.7%
Sample 19 95.0% 95.3%
Sample 20 89.8% 87.2%
TABLE 7
50° C., 1 month 60° C., 2 weeks
Sample 21 89.0% 84.4%
Sample 22 889% 86.5%
Sample 23 96.3% 96.2%
Sample 24 88.5% 89.3%
Sample 25 95.5% 88.5%
Sample 26 101.4% 98.6%
Sample 27 97.0% 95.7%
Sample 28 89.4% 82.5%
Sample 29 90.9% 71.2%
Sample 30 89.2% 85.2%
Sample 31 90.6% 81.3%
Sample 32 94.0% 88.6%
Sample 33 90.1% 84.6%

Marked improvement in long-term storage stability was
observed by combining phenylalanine with lysine, pheny-
lalanine with histidine, phenylalanine with arginine, pheny-
lalanine with aspartic acid, phenylalanine with glutamic
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acid, phenylalanine with threonine, or phenylalanine with
asparagine, or combining arginine with leucine, arginine
with tryptophan, or arginine with phenylalanine.

Example 4

Long-Term Storage Testing

The residual ratio of G-CSF in samples containing 100 ug
or 250 pg G-CSF and 10 mg phenylalanine, 10 mg arginine
and 1 mg methionine were calculated according to the
equation shown in method 1 after storage at 60° C. for 2
weeks and 1 month; 50° C. for 1, 2 and 3 months; 40° C. for
2,4 and 6 months; and 25° C. for 3 and 6 months. The results
are shown in Table 8.

14
Example 6

Addition of Methionine to Parathyroid Hormone
Solution Formulations has an Inhibitory Effect
Against Oxidation of Methionine Residues

Formulated solutions of samples 37-39 containing 200
pg/mL of parathyroid hormone having 1-84 residues
(heremafter abbreviated as PTH) (prepared by the process
O described in WO9014415) and other components in the
amounts shown in Table 10 below were prepared and
asepnc-ﬁltered and then precisely 1 mL each was asepti-
cally packed in a vial, which was completely capped to
prepare PTH solution formulations.

TABLE 8
G-CSF __60° C. 50° C. 40° C, 25° C.
() 2W' M M M M M M 6M 3M M
100 983 962 999 1001 959 1010 1000 988 970 980
250 972 945 987 980 967 994 993 981 985 100.6
lweek
“month
Both formulations showed excellent residual ratio of
G-CSF. TABLE 10
30 pH
Example 5 Polysorbate  (Citrate/phosphate
PTH Methionine 20 buffer)
Effect of Addition of Amino Acids on the Content g:glzg ;ggzgﬁ U?;% g'giz gg
of Met-Oxidized G-CSF 35 Sample 39 200 pgml  0.1% 0.01% 65

An example of chromatograms of samples 34-36 pre-
pared with methjonine in various amounts shown in Table 2
(containing a fixed amount of phenylalanine and arginine
and 0 mg, 0.1 mg or 1 mg methionine) as assayed by method
2 after accelerated testing at 60° C. for 2 weeks is shown in
FIG.1 and an example of chromatograms of said samples as
assayed by method 2 immediately after preparation and after
accelerated testing at 50° C. for 1 month is shown in FIG. 2.

40

45
Content Met-oxidized G-CSF was observed both imme-
diately after preparation and after storage at 50° C. for 1
month of the sample containing no methionine (sample 34),
while content of Met-oxidized G-CSF could be completely
inhibited even after long-term storage by adding 0.1 mg or 50
more of methionine.

The results of the content of Met-oxidized G-CSF calcu-

lated by the equation shown in method 2 are shown in table
9 55

TABLE 9
Sample 34 Sample 35 Sample 36
0 mg Met 0.1 mgMet 1 mg Met 60
50° C., 1 month 12% N.D. N.D.
60° C,, 2 weeks 1.7% N.D. N.D.

N.D.: below detection limit.

65
Thus, content of Met-oxidized G-CSF could be com-
pletely inhibited by adding 0.1 mg or more of methionine.

Thus aseptically prepared PTH-containing solution for-
mulations were allowed to stand in an incubator at 50° C. for
3 days.

The PTH content in cach sample was assayed by reverse
phase high-speed liquid chromatography using a C18
feverse phase column (4.6 mmx250 mm, 300 angstroms)
with a mobile phase consisting of pure water, acetonitrile
and trifluoroacetic acid. The amount equivalent to 10 ug of
PTH was injected and PTH was eluted with an acetonitrile

gradient and spectroscopically detected at a wavelength of
215 om.

In this test series, PTH oxidized at the 8th methionine
residue and PTH oxidized at the 18th methionine residue are
detected immediately before intact PTH as shown in FIG. 3.
The chromatograms show that oxidation at the 8th methion-
ine residue in PTH and oxidation at the 18th methionine
residue in PTH can be inhibited by adding methionine to
formulations. They also show that addition of methionine
into formulations has no influence on chemical decomposi-
tion reactions other than those of methionine residues. That
is, addition of methionine into formulations can specifically
improve only inhibition of oxidation of the protein at
methionine residues without influencing other chemical
decomposition reactions.

INDUSTRIAL APPLICABILITY

G-CSF formulations of the present invention are stable
formulations that show a very high residual ratio of G-CSF
even after long-term storage and that can almost completely
inhibit oxidation of G-CSF at methionine residues.
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What is claimed is:

1. A stable G-CSF formulation containing one or more
amino acids selected from the group consisting of lysine,
histidine, arginine, aspartic acid, glutamic acid, threonine
and asparagine; one or more amino acids selected from
hydrophobic amino acids; and methionire.

2. The G-CSF formulation of claim 1 having a residual
ratio of G-CSF of 90% or more after long-term storage
testing at 25° C. for 3 months or a residual ratio of G-CSF
of 90% or more after long-term storage testing at 40° C. for
2 months or a residual ratio of G-CSF of 90% or more after
accelerated testing at 50° C. for 1 month or a residual ratio
of G-CSF of 90% or more after accelerated testing at 60° C.
for 2 weeks and a content of Met-oxidized G-CSF of 1% or
less after accelerated testing at 50° C. for 1 month or after
accelerated testing at 60° C. for 2 weeks.

3. The G-CSF formulation of claim 1 wherein said
hydrophobic amino acid is selected from phenylalanine,
tryptophan and leucine.

4. The G-CSF formulation of claim 1 containing one or
more amino acids selected from the group consisting of
lysine, histidine, arginine, aspartic acid and glutamic acid;
one or more amino acids selected from the group consisting
of phenylalanine, tryptophan and leucine; and methionine.

5. The G-CSF formulation of claim 1 containing
phenylalanine, arginine and methionine.

6. The G-CSF formulation of claim 1, which is substan-
tially free from protein as a stabilizer.

7. The G-CSF formulation of claim 1 in the form of a
lyophilized formulation.

8. The G-CSF formulation of claim 1 further containing
mannitol.

9. The G-CSF formulation of claim 1 further containing a
surfactant. ;

10. The G-CSF formulation of claim 9 wherein said
surfactant is a polyoxyethylene sorbitan alkyl ester.

1. The G-CSF formulation of claim 10 wherein said
surfactant is Polysorbate 20 and/or 80.

12. The G-CSF formulation of claim 1, which has a pHof
5-17.

13. The G-CSF formulation of claim 12, which has a pH
of 5.5-6.8. ‘

14. The G-CSF formulation of claim 13, which has a pH
of 6.5.
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15. The G-CSF formulation of claim 1 wherein G-CSF is
produced from CHO cells.

16. A stable G-CSF formulation having a residual ratio of
G-CSF of 90% or more after long-term storage testing at 25°
C. for 3 months or a residual ratio of G-CSF of 90% or more
after long-term storage testing at 40° C. for 2 months or a
residual ratio of G-CSF of 90% or more after accelerated
testing at 50° C. for 1 month of a residual ratio of G-CSF of
90% or more after accelerated testing at 60° C. for 2 weeks,
characterized in that it contains one or more amino acids
selected from the group consisting of lysine, histidine,
aspartic acid, glutamic acid, threonine and asparagine; and
one or more amino acids selected from hydrophobic amino
acids; and it has a pH of 5-7.

17. A stable G-CSF formulation according to claim 16,
characterized in that it contains one or more amino acids
selected from the group consisting of lysine, histidine,
aspartic acid and glutamic acid; and one or more amino acids
selected from the group consisting of phenylalanine, tryp-
tophan and leucine; and it has a pH of 5-7.

18. A stable G-CSF formulation having a residual ratio of
G-CSF of 90% or more after long-term storage testing at 25°
C. for 3 months or a residual ratio of G-CSF of 90% or more
after long-term storage testing at 40° C. for 2 months or a
residual ratio of G-CSF of 90% or more after accelerated
testing at 50° C. for 1 month or a residual ratio of G-CSF of
90% or more after accelerated testing at 60° C. for 2 weeks,
characterized in that it contains one or more amino acids
selected from the group consisting of lysine, histidine,
arginine, aspartic acid, glutamic acid, threonine and aspar-
agine; and one or more amino acids selected from the group
consisting of tryptophan and leucine; and it has a pH of 5-7.

19. A stable G-CSF formulation according to claim 18,
characterized in that it contains one or more amino acids
selected from the group consisting of lysine, histidine,
arginine, aspartic acid and glutamic acid; and one or more
amino acids selected from the group consisting of tryp-
fophan and leucine; and it has a pH of 5-7.

20. The G-CSF formulation of claim 16 or 18, which has
apHof 6.5.



