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DESCRIPTION
Title of Invention
LYOPHILIZED PREPARATION
Technical Field
[0001] The present invention relates to a storage stable lyophilized
formulation containing a protein, in which an antibody and a lysosomal
enzyme are combined, as an active ingredient, and more particularly, to
the lyophilized formulation containing sucrose and a nonionic surfactant
as a stabilizing agent.
Background Art
[0002] Proteins in which an antibody is combined with a lysosomal
enzyme have been reported to be produced, such as a fusion protein
between an anti-insulin receptor antibody and o-L-iduronidase (Patent
Document 1), and a fusion protein between an anti-insulin receptor
antibody and iduronate-2-sulfatase (Patent Document 2). In the
formulation of such artificially constructed novel proteins, it is unknown
what forms are preferable for their formulation.
[0003] Regarding the formulation of antibodies, many reports have
been reported, including a lyophilized formulation containing anti-I1.-13
antibody as an active ingredient (Patent Document 3), a lyophilized
formulation of an antibody containing amino acids such as arginine,
histidine, and lysine or their salts (Patent Document 4), a lyophilized
formulation of an antibody containing meglumine (Patent Document 5),
a lyophilized formulation of an anti-EGF receptor antibody containing
lactobionic acid (Patent Document 6), and a lyophilized formulation of

an anti-human IL-23p19 antibody containing citric acid, polysorbate 80,
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and sucrose (Patent Document 7). That is to say, even if thinking about
only antibodies, current situation is that trial and error is required when
formulating their formulations.
Citation List
Patent Literature
[0004] [Patent Document 1] JP 2010-534723

[Patent Document 2] JP 2012-521194

[Patent Document 3] JP 2016-519124

[Patent Document 4] WO 2007/074880

[Patent Document 5] WO 2006/132363

[Patent Document 6] JP 2009-540015

[Patent Document 7] JP 2012-501332
Summary of Invention
Problems to be Solved by the Invention
[0005] An object of the present invention is to provide a lyophilized
formulation comprising, as an active ingredient, a protein in which an
antibody and a lysosomal enzyme are bound to each other, and as
stabilizing agents, sucrose and a nonionic surfactant, that formulation is
stable enough to permit its distribution to the market.
Means for Solving the Problems
[0006] In a study for the above—m@ntioned object, the inventors found
that a protein in which an antibody and a human iduronate-2 sulfatase,
one of human lysosomal enzymes, are combined can be stably stored in
the form of a lyophilized formulation containing sucrose and a nonionic
surfactant as excipients. Thus the present invention includes the

following.
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[0007] (1) A lyophilized formulation comprising;

a fusion protein including an antibody and a lysosomal enzyme,
as an active ingredient, and further

a neutral salt, a disaccharide, a nonionic surfactant, and a buffer.

(2) The lyophilized formulation according to 1 above, wherein
the neutral salt is sodium chloride.

(3) The lyophilized formulation according to 1 or 2 above,
wherein the disaccharide is selected from the group consisting of
trehalose, sucrose, maltose, and lactose.

(4) The lyophilized formulation according to any one of 1 to 3
above, wherein the nonionic surfactant is polysorbate or poloxamer.

(5) The lyophilized formulation according to any one of 1 to 3
above, wherein the nonionic surfactant is selected from the group
consisting ~ of  polysorbate 20,  polysorbate 80, and
polyoxyethylene(160)polyoxypropylene(30)glycol.

(6) The lyophilized formulation according to any one of 1 to 5
above, wherein the buffer is a phosphate buffer.

(7) The lyophilized formulation according to 1 or 2 above,
wherein the disaccharide is sucrose, the nonionic surfactant is
polyoxyethylene(160)polyoxypropylene(30)glycol, and the buffer is a
phosphate buffer.

(8) The lyophilized formulation according to any one of 1 to 7
above, wherein the amounts of the neutral salt, the disaccharide, and the
ionic surfactant are 0.015 to 2.5 (w/w), 2.5 to 200 (w/w), and 0.005 to 6
(w/w), respectively, relative to the amount of the fusion protein.

(9) The lyophilized formulation according to any one of 1 to 7
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above, wherein the amounts of the neutral salt, the disaccharide, and the
ionic surfactant are 0.05 to 0.5 (w/w), 5 to 50 (w/w), and 0.02 to 0.2
(w/w), respectively, relative to the amount of the fusion protein.

(10) The lyophilized formulation according to any one of 1 to 7
above, wherein the amounts of the neutral salt, the disaccharide, and the
ionic surfactant is 0.1 to 0.25 (w/w), 10 to 25 (w/w), and 0.04 to 0.1
(w/w), respectively, relative to the amount of the fusion protein.

(11) The lyophilized formulation according to any one of 1 to 10
above, wherein the pH is 5.5 to 7.5 when dissolved in pure water.

(12) The lyophilized formulation according to any one of 1 to 11

~ above, wherein the fusion protein is a fusion protein in which human

lysosomal enzyme is linked to the light chain or the heavy chain of the
antibody on the C-terminal side or the N-terminal side thereof by a
peptide bond.

(13) The lyophilized formulation according to any one of 1 to 11
above, wherein the fusion protein is a fusion protein in which human
lysosomal enzyme is linked to the heavy chain of the antibody on the
C-terminal side thereof by a peptide bond. |

(14) The Iyophﬂized formulation according to any one of 1 to 11
above, wherein the fusion protein is a fusion protein in which human
lysosomal enzyme is linked to the light chain or the heavy chain of the
antibody on the C-terminal side or the N-terminal side thereof via a
linker including one or more of amino acids.

(15) The lyophilized formulation according to any one of 1 to 11
above, wherein the fusion protein is a fusion protein in which human

lysosomal enzyme is linked to the heavy chain of the antibody on the
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C-terminal side thereof via a linker including one or more of amino
acids.

(16) The lyophilized formulation according to 14 or 15 above,
wherein the linker includes the amino acid sequence of Gly-Ser.

(17) The lyophilized formulation according to any one of I to 16
above, wherein the lysosomal enzyme is a human lysosomal enzyme.

(18) The lyophilized formulation according to any one of 1 to 17
above, wherein the lysosomal enzyme is selected from the group
consisting of a-L-iduronidase, iduronate-2-sulfatase,
glucocerebrosidase,  B-galactosidase, ~GM2  activator  protein,
B-hexosaminidase A, B-hexosaminidase B,
N-acetylglucosamine-1-phosphotransferase, a~mannosidase,
B-mannosidase, galactosylceramidase, saposin C, arylsulfatase A,
a-L-fucosidase, aspartyl glucosaminidase, o-N-acetylgalactosaminidase,
acid sphingomyelinase, o-galactosidase, [-glucuronidase, heparan
N-sulfatase, o-N-acetylglucosaminidase, acetyl-CoA:a-glucosaminide
N-acetyltransferase, N-acetylglucosamine-6-sulfatase, acid ceramidase,
amylo-1,6-glucosidase, ~ sialidase, aspartylglucosaminidase,
palmitoyl-protein thioesterase 1, tripeptidyl-peptidase 1, hyaluronidase
1, CLN1, and CLN2.

(19) The Ilyophilized formulation according to 17 above,
wherein the human lysosomal enzyme is human iduronate-2-sulfatase.

(20) The lyophilized formulation according to any one of 1 to 19
above, wherein the antibody is a human antibody or a humanized
antibody.

(21) The lyophilized formulation according to any one of 1 to 20



10

15

20

25

above, wherein the antibody recognizes a molecule present on the
surface of a vascular endothelial cell as an antigen.

(22) The lyophilized formulation according to 21 above,
wherein the vascular endothelial cells are human vascular endothelial
cells. |

(23) The lyophilized formulation according to 21 or 22 above,
wherein the vascular endothelial cells are cerebral vascular endothelial
cells.

(24) The lyophilized formulation according to 23 above,
wherein the molecule present on the surface of the cerebral vascular
endothelial cell is selected from the group consisting of transferrin
receptor (TfR), insulin receptor, leptin receptor, lipoprotein receptor,
IGF receptor, OATP-F, organic anion transporter, MCT-8 and
monocarboxylate transporter.

(25) The lyophilized formulation according to 20 above,
wherein the antibody is a humanized anti-human transferrin receptor
(hTfR) antibody. |

(26) The lyophilized formulation according to 20 above,
wherein the antibody is a humanized anti-hTfR antibody, wherein the
human lysosomal enzyme is human iduronate-2-sulfatase, wherein the
fusion protein comprises the humanized anti-hTfR antibody and the
human iduronate-2-sulfatase, and wherein the fusion protein is selected
from the group consisting of (a) to (c) below;

(a) the fusion protein, wherein the light chain of the humanized
anti-hTfR antibody has the amino acid sequence set forth as SEQ ID
NO:2, and wherein the heavy chain of the humanized anti-hTfR
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antibody having the amino acid sequence set forth as SEQ ID NO:8 is
linked, . on the C-terminal side thereof, to the human
iduronate-2-sulfatase via a linker sequence,

(b) the fusion protein, wherein the light chain of the humanized
anti-hTfR antibody has the amino acid sequence set forth as SEQ ID
NO:4, and wherein the heavy chain of the humanized anti-hTfR
antibody having the amino acid sequence set forth as SEQ ID NO:9 is
linked, on the C-terminal side thereof, to the human
iduronate-2-sulfatase via a linker sequence, and

(c) the fusion protein, wherein the light chain of the humanized
anti-hTfR antibody has the amino acid sequence set forth as SEQ ID
NO:6, and wherein the heavy chain of the humanized anti-hTiR
antibody having the amino acid sequence set forth as SEQ ID NO:10 is
linked, on the C-terminal side thereof, to the human
iduronate-2-sulfatase via a linker sequence.

(27) The lyophilized formulation according to 20 above,
wherein the antibody is a humanized anti-hTfR antibody, wherein the
human lysosomal enzyme is human iduronate-2-sulfatase, wherein the
fusion protein coinprises the humanized anti-hTfR antibody éﬁd the
human iduronate-2-sulfatase, and wherein the fusion protein is selected
from the group consisting of (a) to (c) below;

(a) the fusion protein, wherein the light chain of the humanized
anti-hTfR antibody has the amino acid sequence set forth as SEQ ID
NO:2, and wherein the heavy chain of the humanized anti-hTfR
antibody is linked, on the C-terminal side thereof and via a linker

sequence of Gly-Ser, to the human iduronate-2-sulfatase, and the whole
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linked heavy chain has the amino acid sequence set forth as SEQ ID
NO:13,

(b) the fusion protein, wherein the light chain of the humanized
anti-hTfR antibody has the amino acid sequence set forth as SEQ ID
NO:4, and wherein the heavy chain of the humanized anti-hTfR
antibody is linked, on the C-terminal side thereof and via a linker
sequence of Gly-Ser, to the human iduronate-2-sulfatase, and the whole
linked heavy chain has the amino acid sequence set forth as SEQ ID
NO:15,and

(¢) the fusion protein, wherein the light chain of the humanized
anti-hTfR antibody has the amino acid sequence set forth as SEQ ID
NO:6, and wherein the heavy chain of the humanized anti-hTfR
antibody is linked, on the C-terminal side thereof and via a linker
sequence of Gly-Ser, to the human iduronate-2-sulfatase, and the whole
linked heavy chain has the amino acid sequence set forth as SEQ ID
NO:17.

(28) The lyophilized formulation according to any one of 1 to 27
above, sealed in a container formed of a borosilicate glass or a
hydrophobic resin.

(29) The lyophilized formulation according to 28 above,
wherein the container is formed by a cycloolefin copolymer, a
ring-opened polymer of cycloolefin, or a hydrogenated ring-opened
polymer of cycloolefin.

Effects of the Invention
[0008] According to the present invention, a fusion protein in which an

antibody and a lysosomal enzyme are combined can be stabilized as a
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lyophilized formulation to such an extent that it can be distributed on
the market.

Embodiments for Carrying Out the Invention

[0009] The present invention relates to a pharmaceutical composition
which is stable in storage in a lyophilized state and contains, as an
active ingredient, a protein in which an antibody and a lysosomal
enzyme are combined. Here, the antibody to be combined with the
lysosomal enzyme is preferably a human antibody or a humanized
antibody, but insofar as the antibody has the property of specifically
binding to the antigen, there is no particular restriction on the animal
species of the antibody. For example, the antibody may be a non-human
mammalian antibody or chimeric antibody between a human antibody
and non-human mammalian antibody.

[0010] The term “human antibody” refers to an antibody whose entirety
is encoded by a gene originating from human. The term "human
antibody", however, also includes an antibody encoded by a gene
obtained by introducing a mutation into an original human gene for a
purpose of enhancing expression efficiency of the gene. The term
"human antibody" also vincludes an antibody which is produced by
combining two or more genes encoding human antibodies and replacing
a certain part of a human antibody with a part of another human
antibody. The same can apply to humanized antibodies described below.
[0011] Human antibodies, in principle, have three complementarity
determining regions (CDR) in the variable region of immunoglobulin
light chain and three complementarity determining regions (CDR) in the
variable region of immunoglobulin heavy chain. The three CDRs of the
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immunoglobulin light chain are designated CDR1, CDR2, and CDR3 in
order from the N-terminal side. The three CDRs of the immunoglobulin
heavy chain are called CDR1, CDR2 and CDR3 in order from the
N-terminal side. An antibody is also a human antibody in which one of
CDR of the human antibody is replaced with a CDR of another human

antibody to change its antigen specificity, affinity, and so on. The same

- applies to humanized antibodies described below.

[0012] Both the heavy chain and light chain variable regions of an
antibody, in principle, comprise four framework regions 1 to 4 (FR1 to
FR4). FRI is a region adjacent to CDRI1 on the N-terminal side
thereof, and consists of an amino acid sequence from the N-terminus in
each peptide constituting the heavy chain and the light chain to an
amino acid adjacent to the N-terminus of CDR1 thereof. FR2 consists
of an amino acid sequence between CDR1 and CDR2 in each peptide
constituting the heavy chain and the light chain. FR3 consists of an
amino acid sequence between CDR2 and CDR3 in each peptide
constituting the heavy chain and the light chain. FR4 consists of an
amino acid sequence from an amino acid adjacent to the C-terminus of
CDR3 to the C-terminus of the variable region. However, in thé
present invention, which is not limited thereby, a region excluding 1 to 5
N-terminal side amino acids and/or 1 to 5 C-terminal side amino acids
in each FR region described above may be defined as the framework
region. The same applies to humanized antibodies described below.

[0013] In the present invention, the term "human antibody" also
includes an antibody which is produced through modification of the

gene of the original human antibody by introducing a mutation, such as

10
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substitution, deletion, addition, to the amino acid sequence of the

original antibody. When replacing one or more amino acids of the
amino acid sequence of the original antibody with other amino acids,
the number of amino acid replaced may preferably be 1 to 20, more
preferably 1 to 5, and still more preferably 1 to 3. When deleting one
or more amino acids of the amino acid sequence of the original
antibody, the number of amino acids deleted may preferably be 1 to 20,
more preferably 1 to 5, and still more preferably 1 to 3. An antibody
produced by a combined mutation of these substitution and deletion of
amino acids is also a "human antibody". When adding one or more
amino acids, preferably 1 to 20, more preferably 1 to 5, and still more
preferably 1 to 3 amino acids may be added inside the amino acid
sequence of the original antibody or on its N- or C-terminus. An
antibody produced by a combined mutation of addition, substitution,
and deletion of amino acids is also a "human antibody". The amino
acid sequence of such a mutated antibody has a homology of preferably
not lower than 80%, more preferably not lower than 90%, still more
preferably not lower than 95%, and even more preferably not lower than
98%, to the amino acid sequence of the original antibody. Thus, in the
present invention, the term "gene originating from human" includes not
only the unmutated gene originating from human but also a gene
produced by modifying it. The same applies to humanized antibodies
described below.

[0014] For example, when a mutation is added to the light chain of
humanized anti-h TR antibody No.1 set forth as SEQ ID NO:2, the light
chain of humanized anti-hTfR antibody No.2 set forth as SEQ ID NO:4,

11
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and the light chain of humanized anti-hTfR antibody No.3 set forth as
SEQ ID NO:6, the rules shown above apply. The above rules also apply
when a mutation is added to the heavy chain of humanized anti-hTfR
antibody No.1 set forth as SEQ ID NO:8, the heavy chain of humanized
anti-hTfR antibody No.2 set forth as SEQ ID NO:9, and the heavy chain
of humanized anti-hTfR antibody No.3 set forth as SEQ ID NO:10.

[0015] When introducing mutation into the gene encoding the whole or
part of the light chain variable region of the original human antibody,
the gene thus mutated has a homology that is preferably not lower than
80%, more preferably not lower than 90%, to the original gene, though
there is no particular limitation as to the level of homology. When
replacing one or more amino acids of the amino acid sequence of the
light chain variable region with other amino acids, the number of amino
acids to be replaced is preferably 1 to 10, more preferably 1 to 5, still
more preferably 1 to 3, and even more preferably 1 or 2. When
deleting one or more amino acids of the amino acid sequence of the.
light chain variable reéion, the number of amino acids to be deleted is
preferably 1 to 10, more preferably 1 to 5, still more preferably 1 to 3,
even more preferably 1 or 2. A combined mutation of these
substitution and deletion of amino acids can also be carried out. When
adding one or more amino acid to the light chain variable region, they
may be added inside, or on the N-terminal side or C-terminal side of,
the amino acid sequence of the light chain variable region, and the
number of amino acids added is preferably 1 to 10, more preferably 1 to
5, still more preferably 1 to 3, and even more preferably 1 or 2. A

combined mutation of these addition, substitution, and deletion of

12
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amino acids can also be carried out. The amino acid sequence of the
light chain variable region thus mutated has a homology that is
preferably not lower than 80%, more preferably not lower than 90%,
still more preferably not lower than 95% to the amino acid sequence of
the original light chain variable region. In particular, when replacing
one or more amino acids of the amino acid sequence of CDR with other
amino acids, the number of amino acid replaced is preferably 1 to 5,
more preferable 1 to 3, still more preferably 1 or 2. When deleting one
or more amino acid of the amino acid sequence of CDR, the number of
amino acids to be deleted is preferably 1 to 5, more preferably 1 to 3,
still more preferably 1 or 2. A combined mutation of these substitution
and deletion of the amino acid can also be carried out. When adding
one or more amino acids, they may be added inside, or on the
N-terminal side or C-terminal side of, the amino acid sequence, and the
number of amino acids added is preferably 1 to 5, more preferably 1 to
3, still more preferably 1 or 2. A combined mutation of these addition,
substitution, and deletion of amino acids can also be carried out. Thé
amino acid sequence of réspective mutated CDR has a homology that is
preferably not lower than 80%, more preferably not lower than 90%,
and still more preferably not lower than 95% to the amino acid sequence
of the original CDR. The same applied to humanized antibodies
described beléw.

[0016] For example, the above rules apply when a mutation is added to
the variable region of the light chain of humanized anti-hTfR antibody
No.I set forth as SEQ ID NO:23, to the variable region of the light
chain of humanized anti-hTfR antibody No.2 set forth as SEQ ID

13
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NO:25, or to the variable region of the light chain of humanized
anti-h TfR antibody No.3 set forth as SEQ ID NO:27.

[0017] The variable region of the light chain set forth as SEQ ID NO:23
contains the amino acid sequence of SEQ ID NO:29 or 30 in CDRI,
contains the amino acid sequence of SEQ ID NO:31 or 32 in CDR2, and
contains the amino acid sequence of SEQ ID NO:33 in CDR3. The .
variable region of the light chain set forth as SEQ ID NO:25 contains
the amino acid sequence of SEQ ID NO:40 or 41 in CDR1, contains the
amino acid sequence of SEQ ID NO:42 or 43 in CDR2, and contains the
amino acid sequence of SEQ ID NO:44 in CDR3. The variable region
of the light chain set forth as SEQ ID NO:27 contains the amino acid
sequence of SEQ ID NO:51 or 52 in CDR1, contains the amino acid
sequence of SEQ ID NO:53 or 54 in CDR2, and contains the amino acid
sequence of SEQ ID NO: 55 in CDR3. When a mutation is added to
these CDRs, the above rules apply. /
[0018] When introducing mutation into the gene encoding the whole or
part of the heavy chain variable region of the original human antibody,
the gene thus mutated has a homology that is preferably not lower than

80%, more preferably not lower than 90%, to the original gene, though

- there is no particular limitation as to the level of homology. When

‘replacing one or more amino acids of the amino acid sequence of the

heavy chain variable region with other amino acids, the number of
amino acids to be replaced is preferably 1 to 10, more preferably 1 to 5,
still more preferably 1 to 3, and even more preferably 1 or 2. When
deleting one or more amino acids of the amino acid sequence of the

heavy chain variable region, the number of amino acids to be deleted is

14
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preferably 1 to 10, more preferably 1 to 5, still more preferably 1 to 3,
even more preferably 1 or 2. A combined mutation of these
substitution and deletion of amino acids can also be carried out. When
adding one or more amino acid to the heavy chain variable region, they
may be added inside, or on the N-terminal side or C-terminal side of,
the amino acid sequence of the heavy chain variable region, and the
number of amino acids added is preferably 1 to 10, more preferably 1 to
5, still more preferably 1 to 3, and even more preferably 1 or 2. A
combined mutation of these addition, substitution, and deletion of
amino acids can also be carried out. The amino acid sequence of the
heavy chain variable region thus mutated has a homology that is
preferably not lower than 80%, more preferably not lower than 90%,
still more preferably not lower than 95% to the amino acid sequence of
the original heavy chain variable region. In particular, when replacing
one or more amino acids of the amino acid sequence of CDR with other
amino acids, the number of amino acid replaced is preferably 1 to 5,
more preferable 1 to 3, still more preferably 1 or 2. When deleting one
or more amino acid of the amino acid sequence of CDR, the number of
amino acids to be deleted is preferably 1 to 5, more preferably 1 to 3,
still more preferably 1 or 2. A combined mutation of these substitution
and deletion of the amino acid can also be carried out. When adding
one or more amino acids, they may be added inside, or on the
N-terminal side or C-terminal side of, the amino acid sequence, and the
number of amino acids added is preferably 1 to 5, more preferably 1 to
3, still more preferably 1 or 2. A combined mutation of these addition,

substitution, and deletion of amino acids can also be carried out. The

15
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amino acid sequence of respective mutated CDR has a homology that is
preferably not lower than 80%, more preferably not lower than 90%,
and still more preferably not lower than 95% to the amino acid sequence
of the original CDR. The same applied to humanized antibodies
described below.

[0019] For example, the above rules apply when a mutation is added to
the variable region of the heavy chain of humanized anti-hTfR antibody
No.1 set forth as SEQ ID NO:24, the variable region of the heavy chain
of humanized anti-hTfR antibody No.2 set forth as SEQ ID NO:26, and
the variable region of the heavy chain of humanized anti-hTfR antibody
No.3 set forth as SEQ ID NO:28.

[0020] The variable region of the heavy chain represented by SEQ ID
NO:24 contains the amino acid sequence of SEQ ID NO:34 or 35 in
CDRI1, contains the amino acid sequence of SEQ ID NO:36 or 37 in
CDR2, and contains the amino acid sequence of SEQ ID NO:38 or 39 in
CDR3. The variable region of the heavy chain represented by SEQ ID
NO:26 contains the amino acid sequence of SEQ ID NO:45 or 46 in
CDRI1, contains the amino acid sequence of SEQ ID NO:47 or 48 in
CDR2, and contains the amino acid sequence of SEQ ID NO:49 or 50 in
CDR3. The variable region of the heavy chain represented by SEQ ID
NO:28 contains the amino acid sequence of SEQ ID NO:56 or 57 in

- CDRI, contains the amino acid sequence of SEQ ID NO:58 or 59 in

CDR2, and contains the amino acid sequence of SEQ ID NO:60 or 61 in
CDR3. When a mutation is added to these CDRs, the above rules apply.
[0021] In the present invention, "homology" means the ratio (%) of

homologous ‘amino acid residues to total amino acid residues in the
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optimal alignment when two amino acid sequences are compared using
a homology calculation algorithm. It has been well known in the art of
the invention to compare the two amino acid sequences by a homology
shown by such a ratio and may be readily understood by those skilled in
the art.

[0022] The substitution of an amino acid in the amino acid sequence of
the light chain and the heavy chain of the anti-hT{R antibody by another
amino acid, for example, include the substitution by an amino acid
classified in the same group, such as aromatic amino acids (Phe, Trp,
Tyr), aliphatic amino acids (Ala, Leu, Ile, Val), polar amino acids (Gln,
Asn), basic amino acids (Lys, Arg, His), acidic amino acids (Glu, Asp),
amino acid with hydroxyl groups (Ser, Thr), and amino acids with small
side chains (Gly, Ala, Ser, Thr, Met). Substitution by such similar amino
acids is predicted to cause no change in the protein phenotype (i.e.,
conservative amino acid substitutions). Examples of such conservative
amino acid substitutions are well known in the art and are described in
various literatures (e.g., Bowie et al, Science, 247: 1306-1310 (1990)).
[0023] In the present invention, as a homology calculation algorithm
for calculating homology between the amino acid sequence of the
original protein (including an antibody) and the amino acid sequence of
the mutated protein, BLAST (Altschul SF. J Mol. Biol. 215. 403-10
(1990)), Pearson andLipman’s similar searching method (Proc. Natl.
Acad. Sci. USA. 85. 2444 (1988)), Smith and Waterman's local
homology algorithm (Adv. Appl. Math. 2. 482-9 (1981)), and so on have
been well known. Further, blastp, one of the BLAST programs provided
on the Internet by the National Institutes of Health, has been well

17
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known as a means to calculate the homology of two amino acid
sequences.

[0024] In the present invention, the term "humanized antibody" refers
to an antibody in which part of the amino acid sequence of its variable
region (e.g., especially the whole or part of its CDRs) originates from a
non-human mammal while the rest originates from human. An
example of humanized antibody is an antibody produced by replacing
the three complementarity determining regions (CDRs) of the light
chain of the immunoglobulin and the three complementarity
determining regions (CDRs) of the heavy chain of the immunoglobulin
constituting a human antibody, with CDRs from a non-human mammal.
There is no particular limitation as to the biological species from which
those CDRs grafted into a proper position of the human antibody
originate, insofar as it originates from a non-human mammal. Though
the species are preferably mouse, rat, rabbit, horse or non-human
primate, and more preferably mouse or rat, for example mouse.

[0025] In the present invention, the term "chimeric antibody" refers to
an antibody produced by connecting fragments of two or more different
antibodies originating from two or more different species.

[0026] A chimeric antibody comprising a human antibody and a
non-human mammalian antibody is an antibody provided by replacing
part of a human antibody with part of a non-human mammalian
antibody. As explained below, an antibody is made of an Fc region, a
Fab region and a hinge region. A specific example of such chimeric
antibodies is a chimeric antibody whose Fc region originates from a

human antibody while its Fab region originates from a non-human
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mammalian antibody. The hinge region either originates from a
human antibody or from a non-human mammalian antibody. On the
contrary, the term chimeric antibody also includes one whose Fc region
originates from a non-human mammalian antibody while its Fab region
originates from a human antibody. In such a case also, the hinge
region either originates from a human antibody or from a non-human
mammalian antibody.

[0027] An antibody can be viewed as composed of a variable region
and a constant region. Additional examples of chimeric antibodies
include an antibody in which the heavy chain constant region (Cy) and
the light chain constant region (C;) both originate from a human
antibody while the heavy chain variable region (V) and the light chain
variable region (Vi) both originate from an antibody of a non-human
mammal, and conversely, an antibody in which the heavy chain constant
region (Cg) and the light chain constant region (C;) both originate from -
an antibody of a non-human mammal, while the heavy chain variable
region (Vy) and the light chain variable region (V1) both originate from
a human antibody. In these, there is no particular limitation as to the
biological species of the non-human mammal, insofar as it is a
non-human mammal, though the species are preferably mouse, rat,
rabbit, horse or non-human primate, more preferably mouse.

[0028] A chimeric antibody comprising a human antibody and a mouse
antibody is designated in particular "human/mouse chimeric antibody".
Examples of human/mouse chimeric antibodies include a chimeric
antibody in which the Fc region originates from a human antibody while

the Fab region originates from a mouse. antibody, and conversely, a
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chimeric antibody whose Fc region originates from mouse antibody,
while its Fab region originates from a human antibody. A hinge region
either originates from a human antibody or a mouse antibody.
Additional specific examples of human/mouse chimeric antibodies
include those whose heavy chain constant region (Cy) and light chain
constant region (C;) originate from a human antibody while its heavy
chain variable region (Vy) and light chain variable region (V) originate
from a mouse antibody, and conversely, those whose heavy chain
constant region (Cy) and light chain constant region (Cy) originate from
a mouse antibody while its heavy chain variable region (Vy) and light
chain variable region (V) originate from a human antibody.

[0029] Originally, an antibody is of the basic structure having four
polypeptide chains in total, consisting of two immunoglobulin light
chains and two immunoglobulin heavy chains. However, in the
present invention the term "antibody" refers, besides to an antibody
having this basic structure, also to;

(1) one consisting of two polypeptide chains comprising a single
immunoglobulin light chain and a single immunoglobulin heavy chain,
and, as explained later,

(2) a single-chain antibody consisting of an immunoglobulin
light chain which is linked, on the C-terminal side thereof, to a linker
sequence which in turn is linked, on the C-terminal side thereof, to an
immunoglobulin heavy chain,

(3) single-chain antibodies consisting of an immunoglobulin
heavy chain which is linked, on the C-terminal side thereof, to a linker

sequence which in turn is linked, on the C-terminal side thereof, to an
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immunoglobulin light chain, and

(4) one consisting of a Fab region, i.e., a structure left behind by
removal of the Fc region from an antibody having the basic structure as
the original meaning, and one consisting of the Fab region and the
whole or part of the hinge region (including Fab, F(ab'), and F(ab'),).
Furthermore, scFv in which the variable region of the light chain and
the variable region of the heavy chain are linked via a linker sequence to
form a single chain antibody is also included in the antibody of the
present invention.
[0030] Here, the term "Fab" refers to a molecule consisting of a single
light chain comprising the variable region and the Cp, region (light chain
constant region) and a single heavy chain comprising the variable region
and the Cyl region (portion 1 of heavy chain constant region) which are
combined by a disulfide bond between their respective cysteine
residues. While the heavy chain in a Fab can include part of the hinge
region in addition to the variable region and the Cyl region (portion 1 of
heavy chain constant region), the hinge region in such a case lacks the
cysteine residue that otherwise is present in the hinge region and would
serve to link two heavy chains of an antibody together. In Fab, the
light chain and the heavy chain are connected by a disulfide bond
formed between the cysteine residue present in the light chain constant
region (Cy region) and the cysteine residue located in the heavy chain
constant region (Cyl region) or the hinge region. The heavy chain
composing Fab is referred to as “Fab heavy chain”. As it lacks the
cysteine residue in the hinge region which serves to bind two heavy

chains of an antibody, Fab consists of a single light chain and a single
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“heavy chain. - The light chain constituting Fab includes a variable

region and a Cyregion. The heavy chain as a component of Fab may
either consist of a variable region and a Cgl region or also of part of the
hinge region in addition to the variable region and the Cgxl region.
However, in this case, the hinge region is so selected as not to include
the cysteine residue that could bind two heavy chains, in order to avoid
the formation of a disulﬁde bond between two heavy chains at their
hinge regions. In F(ab"), the heavy chain includes, in addition to a
variable region and a Cyl region, the whole or part of a hinge region
containing a cysteine residue that could bind two heavy chains. F(ab'),
is a molecule consisting of two F(ab')s bound together through a
disulfide bond formed between the cysteine residues present in their
respective hinge regions. The heavy chain composing F(ab') or F(ab'),
is referred to as “Fab' heavy chain”. Further, a polymer such as a
dimer and a trimer, which consists of two or more antibodies connected
with each other, directly or via a linker, is also included in the term
"antibody".  Moreover, in addition to the aforementioned, any
molecule that includes part of an immunoglobulin molecule and has a
property to specifically bind to the antigen is also included in the term
"antibody" in the present invention. Thus, in the present invention, the
term "immunoglobulin light chain" includes a molecule that is derived
from an original immunoglobulin light chain and having the amino acid
sequence of the whole or part of its variable region. Likewise, the
term "immunoglobulin heavy chain" includes a molecule that is derived
from an original immunoglobulin heavy chain and having the amino

acid sequence of the whole or part of its variable region. Therefore,
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insofar as having the whole or part of the amino acid sequence of the -

~ variable region, a molecule is included in the term "immunoglobulin

heavy chain", even if it lacks its Fc region, for example.

[0031] Also, in the above, the term "Fe" or "Fo region" refers to a
region comprising a fragment consisting of Cg2 region (portion 2 of the
heavy chain constant region), and Cg3 region (portion 3 of the heavy
chain constant region) in the antibody molecule.

[0032] Furthermore, in the present invention, the term "antibody" also
includes:

(5) scFab, scF(ab'), and scF(ab'),, which are single-chain
antibodies produced by binding the light chain to the heavy chain that
form, respectively, the Fab, F(ab") and F(ab'), mentioned in (4) above,
via a linker sequence. Such scFab, scF(ab") and scF(ab'), may be a
molecule in which either the light chain is linked, on the C-terminal side
thereof, to a linker sequence, which in turn is linked, on the C-terminal
side thereof, to the heavy chain, or the heavy chain is linked, on the
C-terminal side thereof, to a linker sequence, which in turn is linked, on
the C-terminal side thereof, to the light chain. Furthermore, a scFv,
which is a single-chain antibody provided by binding the light chain
variable region to the heavy chain variable region, via a linker sequence
between them, is also included in the term "antibody" in the present
invention. Such scFv may be a molecule in which either the light
chain variable region is linked, on the C-terminal side thereof, to a
linker sequence, which in turn is linked, on the C-terminal side thereof,

to the heavy chain variable region, or the heavy chain variable region is

. linked, on the C-terminal side thereof, to a linker sequence, which in
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turn is linked, on the C-terminal side thereof, to the iight chain variable
region.

[0033] In the present invention, the term "single-chain antibody" refers
to a protein in which an amino acid sequence comprising the whole or
part of an immunoglobulin light chain variable region linked, on the
C-terminal side thereof, to a linker sequence, which in turn is linked, on
the C-terminal side thereof, to the amino acid sequence of the whole or
part of an immunoglobulin heavy chain variable region, and having an
ability to specifically bind a certain antigen. For example, those
shown in (2), (3), and (5) above are included in the single-chain
antibody. Further, a protein in which an amino acid sequence
comprising the whole or part of an immunoglobulin heavy chain
variable region is linked, on the C-terminal side thereof, to a linker
sequence, which in turn is further linked, on the C-terminal side thereof,
to the amino acid sequence of the whole or part of an immunoglobuliﬁ
light chain variable region, and which has an ability to specifically bind
to a certain antigen, is also included in the term "single-chain antibody"
in the present invention. In a single-chain antibody in which an
immunoglobulin heavy chain is linked, on the C-terminal side thereof
and via a linker sequence, to an immunoglobulin light chain, the
immunoglobulin heavy chain generally lacks the Fc region. An
immunoglobulin light chain variable region has three complementarity
determining regions (CDRs) which participate in determining the
antigen specificity of an antibody. Likewise, an immunoglobulin heavy
chain variable region also has three CDRs. Those CDRs are the primary

regions . that determine the antigen specificity of an antibody.
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Therefore, a single-chain antibody preferably contains all the three
CDRs of the immunoglobulin heavy chain and all the three CDRs of the
immunoglobulin light chain. However, it is also possible to provide a
single-chain antibody in which one or more of those CDRs are deleted,
insofar as the antigen-specific affinity of the antibody is retained.

[0034] In a single-chain antibody, the linker sequence placed between
the light chain and the heavy chain of the immunoglobulin is a peptide
chain consisting of preferably 2 to 50, more preferably 8 to 50, still
more preferably 10 to 30, even more preferably 12 to 18, or 15 to 25, for
example 15 or 25 amino acid residues. While there is no particular
limitation as to the specific amino acid sequence of such a linker
sequence insofar as the anti-hTfR antibody comprising the both chains
linked thereby retains the affinity to hTfR, it is preferably made of
glycine only, or of glycine and serine. For example, there are the
amino acid sequence Gly-Ser, the amino acid sequence Gly-Gly-Ser, the
amino acid sequence Gly-Gly-Gly, the amino acid sequence
Gly-Gly-Gly-Gly-Ser (SEQ ID NO:19), the amino acid sequence
Gly-Gly-Gly-Gly-Gly-Ser (SEQ ID NO:20), the amino acid sequence
Ser-Gly-Gly-Gly-Gly (SEQ ID NO:21), or a sequence which includes a
sequence corresponding to 2 to 10 or 2 to 5 of any of those amino acid
sequences consecutively linked. For example, in linking the amino
acid sequence of the entire immunoglobulin heavy chain variable region
on the C-terminal side thereof and via a linker sequence, to
immunoglobulin light chain variable region to produce ScFV, a
preferable linker sequence comprises a linker sequence consisting of a

total of 15 amino acids corresponding to three of the amino acid
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sequence Gly-Gly-Gly-Gly-Ser (SEQ ID NO:19) consecutively linked.
[0035] In the present invention, the antigen specifically recognized by
the antibody is, for example, a molecule present on the surface of
vascular endothelial cells (surface antigen). Examples of such surface
antigens include transferrin receptor (TfR), insulin receptor, leptin
receptor, lipoprotein receptor, IGF receptor, organic anion transporters
such as OATP-F, monocarboxylic acid transporters such as MCT-8, Fc
receptors, and the like, but are not limited to these. Antigens are
preferably these molecules (surface antigens) present on the surface of
human vascular endothelial cells.

[0036] Among the surface antigens described above, transferrin
receptor (TfR), insulin receptor, leptin receptor, lipoprotein receptor,
IGF receptor, organic anion ftransporters such as OATP-F, and
monocarboxylic acid transporter such as MCT-8 are present on the
surface of brain capillary endothelial cells forming the blood Brain
barrier (Blood Brain Barrier). Antibodies capable of recognizing these
antigens can bind to brain capillary endothelial cells (cerebral vascular
endothelial cells) via antigens. And antibodies bound to brain capillary
endothelial cells can cross the blood brain barrier and reach the central
nervous system. Therefore, by binding 'the protein of interest to such an
antibody, it is possible to reach the central nervous system. Protein of
interest may be a protein having a function to exert a drug effect in the
cenfral nervous system. For example, lysosomal enzymes that are
deficient or dysﬁmcﬁonal in lysosomal disease patients with central
nervous system disorders are included in the proteins of interest. Such a

lysosomal enzyme cannot reach the central nervous system as it is and
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does not show a drug effect against a central nervous system disorder of
a patient, but by allowing it to bind with these antibodies, it can pass
through the blood brain barrier, as a result, the central nervous system
disorder found in lysosomal disease patients can be improved.

[0037] In the present invention, the term "human transferrin receptor”
or "hTfR" refers to a membrane protein having the amino acid sequence
set forth as SEQ ID NO:22. The anti-hTfR antibody of the present
invention is, in one of its embodiments, that which binds to the region
from the cysteine residue at the position 89th from the N-terminus to the
phenylalanine at the C-terminus in the amino acid sequence set forth as

SEQ ID NO:22 (the extracellular region of hTiR), though it is not

~ limited to this embodiment.

[0038] A method for preparing an antibody is described below, an
antibody against hTfR taken as an example. For preparation of an
antibody to hTfR, there is known a general method according to which a
recombinant human transferrin receptor (thTfR) is produced using cells
which have an introduced expression vector having an incorporated
hTfR gene, and then animals such as mice are immunized with this
thTfR. By collecting those cells which produce antibodies to hTfR
from the immunized animals and fusing them with myeloma cells,
hybridoma cells can be obtained having an ability to produce the
anti-hTfR antibody.

[0039] Further, cells producing an antibody to hTfR can also be
obtained by collecting immunocompetent cells from an animal such as
mouse, and immunizing them with thTfR by in vitro immunization. In

conducting immunization by in. vitro immunization, there is no
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particular limitation as to the animal species from which the
immunocompetent cells are derived, though preferred are mouse, rat,
rabbit, guinea pig, dog, cat, horse, and primates including human, and
more preferred are mouse, rat and human, and still more preferably
mouse and human. As mouse immunocompetent cells, spleen cells
prepared from mouse spleen may be used, for example. As human
immunocompetent cells, such cells can be used as prepared from human
peripheral blood, bone marrow, spleen, and the like. By immunizing
human immunocompetent cells according to in vitro immunization, a
human antibody to hTfR can be obtained.

[0040] In the present invention, while there is no particular limitation as
to the human lysosomal enzyme to be linked to the antibody, such
lysosomal enzymes include a-L-iduronidase (IDUA),
iduronate-2-sulfatase (IDS or 125), glucocerebrosidase (GBA),
B-galactosidase, GMZ activator protein, - p-hexosaminidase A,
B-hexosaminidase B,  N-acetylglucosamine-1-phosphotransferase,
a~-mannosidase (LAMAN), p-mannosidase, galactosylceramidase
(GALC), saposin C, arylsulfatase A (ARSA), a-L-fucosidase (FUCAL),
aspartyl  glucosaminidase, = o-N-acetylgalactosaminidase,  acid
sphingomyelinase (ASM), a-galactosidase, B-Glucuronidase (GUSB),
heparan N-sulfatase (SGSH), o-N-acetylglucosaminidase (NAGLU),

acetyl-CoA:o-glucosaminide N-acetyltransferase,
N-acetylglucosamine-6-sulfatase, acid ceramidase (AQ),
amylo-1,6-glucosidase, sialidase, aspartylglucosaminidase,

palmitoyl-protein thioesterase 1 (PPT-1), ftripeptidyl-peptidase 1
(TPP-1), hyaluronidase 1, acid a-glucosidase (GAA), CLN1, CLN2,

28



10

15

20

25

and a like.

[0041] When the antibody specifically recognizes a molecule present
on the surface of the vascular endothelial cell (surface antigen), the
human lysosomal enzyme linked to the antibody can be used as a
therapeutic agent for central nervous system disorders, 1e.
o-L-iduronidase (IDUA) as a therapeutic agent for central nervous
system disorders in Hurler syndrome or Hurler-Scheie syndrome;
iduronate-2-sulfatase (IDS) as a therapeutic agent for central nervous
system disorders in Hunter syndrome; glucocerebrosidase (GBA) as a
therapeutic agent for central nervous system disorders in Gaucher's
disease; S—galactosidase as a therapeutic agent for central nervous
system disorders in GM1 gangliosidosis Types 1 to 3; GM2 activator
protein as a therapeutic agent for central nervous system disorders in
GM2-gangliosidosis AB variant; -hexosaminidase A as a therapeutic
agent for central nervous system disorders in Sandhoff's disease and
Tay;Sééhs disease; [B-hexosaminidase B as a therapeutic agent for
central nervous system disorders in  Sandhoffs disease;
N-acetylglucosamine-1-phosphotransferase as a therapeutic agent for
central nervous system disorders in I-cell disease; o-mannosidase
(LAMAN) as a therapeutic agent for central nervous system disorders in
o~-mannosidosis; P-mannosidase as a therapeutic agent for central
nervous system disorders in P-mannosidosis; galactosylceramidase

(GALC) as a therapeutic agent for central nervous system disorders in

Krabbe disease; saposin C as a therapeutic agent for central nervous

system disorders in Gaucher's disease-like storage disease; arylsulfatase

A (ARSA) as a therapeutic agent for central nervous system disorders in
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metachromatic =~ white  matter  degeneration  (metachromatic
leukodystrophy); o-L-fucosidase (FUCAL) as a therapeutic agent for
central nervous -  system disorders . in fucosidosis;
aspartylglucosaminidase as a therapeutic agent for central nervous
system disorders in- . aspartylglucosaminuria;
a-N-acetylgalactosaminidase as a therapeutic agent for central nervous
system disorders in- Schindler disease and Kawasaki disease; acidic
sphingomyelinase (ASM) as a therapeutic agent for central nervous
system disorders in Niemann-Pick disease; o-galactosidase as-a
therapeutic agent for central nervous system disorders in Fabry disease;
B-glucuronidase (GUSB) as a therapeutic agent for central nervous
system disorders in. Sly syndrome; heparan N-sulfatase (SGSH),
o-N-acetylglucosaminidase (NAGLU), -acetyl CoA:o-glucosaminide
N-acetyltransferase and N-acetylglucosamine-6-sulfatase as therapeutic
agents for central nervous system disorders in Sanfilippo syndrome;
acid ceramidase (AC) as a therapeutic agent for central nervous system
disorders in Farber disease; amylo-1,6-glucosidase as a therapeutic
agent for central nervous system disorders in Cori's disease
(Forbes-Cori's disease); sialidase as a therapeutic agent for central
nervous system disorders . in - sialidase deficiency;
aspartylglucosaminidase as a -therapeutic agent  for central nervous
system disorders in aspartylglucesaminuria; palmitoyl-protein
thioesterase 1 (PPT-1) as a therapeutic agent for central nervous system -
disorders in neuronal ceroid lipofuscinosis or Santavuori-Haltia disease;
tripeptidyl-peptidase 1 (TPP-1) as a therapeutic agent for central

nervous . system disorders in neuronal ceroid lipofuscinosis or
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Jansky-Bielschowsky disease; hyaluronidase 1 as a therapeutic agent for
central nervous system disorders in hyaluronidase deficiency; acid
o-glucosidase (GAA) as a therapeutic agent for Pompe disease; CLNI
and CLN2 as therapeutic agents for central nervous system disorders in
Batten disease. |

[0042] In the case where the antibody specifically recognizes a
molecule present on the surface of vascular endothelial cells (surface
antigen), lysosomal enzymes to be preferably linked to the antibody
include human iduronate-2-sulfatase (hI2S). 125 is one of lysosome
enzyme having an activity for hydrolyzing sulfate bonds present in
glycosaminoglycan (GAG) molecules such as heparan sulfate and
dermatan sulfate. Hunter syndrome is a genetic disorder in which this
enzyme is congenitally deleted. In the patients of Hunter syndrome,
heparan sulfate and dermatan sulfate accumulate in the tissues, resulting

in various symptoms such as corneal opacity, mental development

“delay, and so on. However, in the mild cases, mental developmental

delay may not be observed. Therefore, since the fusion protein
comprising the antibody and hI2S can degrade GAG accumulated in
brain tissues by passing through BBB, it can be used as a therapeutic
agent for central nervous system disorders by administered to a patient
with Hunter syndrome showing mental developmental delay. Further it
may be prophylactically administered to the patients of Hunter
syndrome not showing mental development delay.

[0043] In the present invention, the term "human I2S" or "hI2S"
refers to hI2S particularly having the same amino acid sequence as wild

type hi2S. The wild type hi2S$ has an amino acid sequence consisting of

31



10

15

20

25

525 amino acids set forth as SEQ ID NO: 1. However, not limited to
this, a hI2S containing a mutation such as substitution, deletion,
addition and so on added to the amino acid sequence of the wild type
hI2S is also included in hI2S, insofar as it has I2S activity. When one or
more amino acids of the amino acid sequence of hI2S are substituted
with other amino acids, the number of amino acids to be substituted is
preferably 1 to 10, more preferably 1 to 5, still more preferably 1 to 3,
and even still more preferably 1 to 2. When one or more amino acids in
the amino acid sequence of hI2S are deleted, the number of amino acids
to be deleted is preferably 1 to 10, more preferably 1 to 5, still more
preferably 1 to 3, and even still more preferably 1 to 2. A combined
mutation of these substitution and deletion of amino acids can also be
carried out. When adding one or more amino acids to the hI2S, they
may be added inside, or on the N-terminal side or C-terminal side
thereof, aﬁd the number of amino acids added is preferably 1 to 10,
more preferably 1 to 5, still more preferably 1 to 3, and even more
preferably 1 or 2. A combined mutation of these addition, substitution,
and deletion of amino acids can also be carried out. The amino acid
sequence of such a mutated hI2S has a homology of preferably not
lower than 80%, more preferably not lower than 90%, still more
preferably not lower than 95%, and even still more preferably not lower
than 98% to the amino acid sequence of the original hI2S.

[0044] In the present invention, the statement that hI2S has the 12S
activity means that the hI2S fused to an antibody to form a fusion
protein has an activity not lower than 3% of the activity that the

natural-type hI2S intrinsically has. However, the activity is preferably
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not lower than 10%, more preferably not lower than 20%, still more
preferably not lower than 50%, even more preferably not lower than
80% of the activity that the natural-type hI2S intrinsically has. The
same also applies when the 12S has one or more of mutations. The
antibody is, for example, an anti-hTfR antibody.

[0045] In the present invention, the term "fusion protein" refers to a
substance obtained by binding an antibody and a human lysosomal
enzyme directly, or via a non-peptide linker or a peptide linker. Methods
for conjugating antibodies and human lysosomal enzymes are described
in detail below.

[0046] For binding an antibody to a lysosomal enzyme, a method is
available to bind them together via a non-peptide linker or a peptide
linker. As non-peptide linkers, there can be used, biotin-streptavidin,
polyethylene glycol, polypropylene glycol, copolymer of ethylene
glycol and propylene glycol, polyoxyethylated polyol, polyvinyl
alcohol, polysaccharides, dextran, polyvinyl ether, biodegradable
polymer, polymerized lipid, chitins, and hyaluronic acid, or derivatives
thereof, or combinations thereof. A peptide linker is a peptide chain
consisting of 1 to 50 amino acids linked by peptide bonds or a
derivative thereof, whose N-terminus and C-terminus are to be
covalently linked either to the antibody or the lysosomal enzyme,
respectively, to bind the antibody to the human lysosomal enzyme.
[0047] When biotin-streptavidin is used as the non-peptide linker, the
antibody and the human 1ysosoma1 enzyme may be linked to each other
via binding between biotin and streptavidin, where the antibody is

bound to the biotin, and the human lysosomal enzyme is bound to the
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streptavidin. Conversely, the antibody and the human lysosomal enzyme
may be bound to each other via binding between biotin and streptavidin,
where the antibody is bound to the streptavidin, and the human
lIysosomal enzyme is bound to the biotin. Biotin and streptavidin can be
bound to proteins by well-known methods.

[0048] In particular, a conjugate which is formed by binding the
antibody of the present invention to human lysosomal enzyme via PEG
as a non-peptide linker, is designated "antibody-PEG-human lysosomal
enzyme".  The antibody-PEG-human lysosomal enzyme can be
prepared by first binding the antibody to PEG to form antibody-PEG,
and then binding the antibody-PEG to the human lysosomal enzyme.
Alternatively, an antibody-PEG-human lysosomal enzyme can be
prepared by first binding the human lysosomal enzyme to PEG to form
"human lysosomal enzyme-PEG", and then binding the "human
lysosomal enzyme-PEG" to the antibody. In order to bind PEG to the
antibody and the human lysosomal enzyme, a PEG is employed which
is modified with such functional groups as carbonate,
carbonylimidazole, active ester of carboxylic acid, azlactone, cyclic
imide thione, isocyanate, isothiocyanate, imidate, aldehyde or the like.
Such functional groups introduced to PEG react mainly with amino
groups in the antibody and the human lysosomal enzyme to covalently
bind PEG to the antibody and the human lysosomal enzyme. Though
there is no particular limitation as to the molecular weight and the
configuration of PEG employed here, its mean molecular weight (MW)
is as follows: preferably MW=300 to 60000, more preferably MW=500

to 20000. For example, such PEG whose mean molecular weight is
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about 300, about 500, about 1000, about 2000, about 4000, about
10000, about 20000, and the like is preferably used as a non-peptide
linker.

[0049] For example, "antibody-PEG" can be prepared by mixing the
antibody with a polyethylene glycol having aldehyde groups as
functional groups (ALD-PEG-ALD) so that the molar ratio of
ALD-PEG-ALD to the antibody is 11, 12.5, 15, 110, 120 and the like,
and theﬁ adding to the mixture a reducing agent such as NaCNBHj to

1]

let a reaction take place. Then, by reacting "antibody-PEG" with a
human lysosomal enzyme in the presence of a reducing agent such as
NaCNBHj;, "antibody-PEG-human lysosomal enzyme" is obtained. On
the contrary, it is also possible to obtain "antibody-PEG-human
lysosomal enzyme" by first binding a human lysosomal enzyme to
ALD-PEG-ALD to prepare "human lysosomal enzyme-PEG", and then
binding the "human lysosomal enzyme-PEG" to the antibody.

[0050] The antibody and a human lysosomal enzyme can also be bound
together through peptide bonds by linking the antibody heavy chain or
light chain, on the C-terminal side or the N-terminal side thereof, either
via a linker sequence or directly, to the N-terminus or the C-terminus of |
the human lysosomal enzyme, respectively. Thus the fusion protein
comprising the antibody and a human lysosomal enzyme can be
obtained by incorporating into an expression vector for eukaryotes such
as mammalian cells and yeast a DNA fragment in which a cDNA
encoding the human lysosomal enzyme is placed in-frame directly, or

via a DNA fragment encoding a linker sequence, on the 3'-end or 5'-end

side of a ¢cDNA encoding the heavy chain or light chain of the antibody,
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and culturing mammalian cells into which the above expression vector
has been introduced. Where the DNA fragment encoding a human
lysosomal enzyme is linked to the heavy chain, a mammalian
expression vector in which a ¢cDNA fragment encoding the antibody
light chain is also introduced into the same host cells, whereas if DNA
fragment encoding a human lysosomal enzyme is linked to the light
chain, a mammalian expression vector in which a cDNA fragment
encoding the antibody heavy chain is also incorporated into the same
host cells. In the case where the antibody is a single-chain antibody, the
fusion protein comprising the antibody and a human lysosomal enzyme
combined can be obtained by incorporating into an expression vector for
eukaryotic cells such as mammalian cells and yeast, a DNA fragment
which is formed by linking the ¢cDNA encoding a human lysosomal
enzyme, on the 5'-end side or on the 3'-end side thereof, directly or via a
DNA fragment encoding a linker sequence, to the cDNA encoding the
single-chain antibody, and allowing the fusion protein be expressed in
those cells into which the expression vector has been introduced.

[0051] In a fusion protein of the type in which a human lysosomal
enzyme is linked to the antibody light chain on the C-terminal side
thereof, the antibody comprises an amino acid sequence including the
whole or part of the light chain variable region and an amino acid
sequence including the whole or part of the heavy chain variable region,
and the human lysosomal enzyme is linked to the light chain of this
antibody on the C-terminal side thereof. Here, the antibody light chain
and a human lysosomal enzyme may be linked together, directly or via a

linker.

36



10

15

20

25

[0052] In a fusion protein of the type in which a human lysosomal
enzyme is linked to the antibody heavy chain on the C-terminal side
thereof, the antibody comprises an amino acid sequence including the
whole or part of the light chain variable region and an amino acid
sequence including the whole or part of the heavy chain variable region,
and the human lysosomal enzyme is linked to the heavy chain of this
antibody on the C-terminal side thereof. Here, the antibody heavy
chain and a human lysosomal enzyme may be linked together, directly
or via a linker.

[0053] In a fusion protein of the type in which a human lysosomal
enzyme is linked to the antibody light chain on the N-terminal side
thereof, the antibody comprises an amino acid sequence including the
whole or part of the light chain variable region and an amino acid
sequence including the whole or part of the heavy chain variable region,
and the human lysosomal enzyme is linked to the light chain of this
antibody on the N-terminal side thereof. Here, the antibody light chain
and a human lysosomal enzyme may be linked together, directly or via a
linker.

[0054] In a fusion protein of the type in which a human lysosomal
enzyme is linked to the antibody heévy chain on the N-terminal side
thereof, the antibody comprises an amino acid sequence including the
whole or part of the light chain variable region and an amino acid
sequence including the whole or part of the heavy chain variable region,
and the human lysosomal enzyme is linked to the heavy chain of this
antibody on the N-terminal side thereof. Here, the antibody heavy
chain and a human lysosomal enzyme may be linked together, directly
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or via a linker.

[0055] In the above, when the linker sequence is placed between the
antibody and a human lysosomal enzyme, the linker sequence may
consist of preferably of 1 to 50, more preferably of 1 to 17, still more
preferably of 1 to 10, even more preferably of 1 to 5 amino acids, and in
accordance with the human lysosomal enzyme to be linked to the
antibody, the number of amino acids of the linker sequence may be
adjusted to 1, 2,3, 1 to 17, 1 to 10, 10 to 40, 20 to 34, 23 to 31, 25 to 29,
etc., as desired. Though there is no particular limitation as to amino acid
sequence of the linker sequence insofar as the antibody linked by it
retains the affinity to hTfR and a human lysosomal enzyme linked by
the linker sequence also exhibits the protein's own physiological activity
under a physiological condition, the linker may preferably be composed
of glycine and serine. Examples of such linkers include one consisting
of a single amino acid either glycine or serine, the amino acid sequence
Gly-Ser, the amino acid sequence Gly-Gly-Ser, the amino acid sequence

Gly-Gly-Gly-Gly-Ser (SEQ ID NO:19), the amino acid sequence

- Gly-Gly-Gly-Gly-Gly-Ser (SEQ ID NO:20), the amino acid sequence

Ser-Gly-Gly-Gly-Gly (SEQ ID NO:21), or a sequence which includes 1
to 10 or 2 to 5 of any of those amino acid sequences consecutively
linked to consist of 1 to 50, 2 to 17, 2 to 10, 10 to 40, 20 to 34, 23 to 31,
or 25 to 29 amino acids. For example, those comprising the amino
acid sequence Gly-Ser may preferably be used as linker sequences.
Same can be applied when the antibody is a single chéin antibody.

[0056] Besides, in the present invention, when a peptide chain includes

a plurality of linker sequences, each of those linker sequences is

38



10

15

20

25

designated, from the N-terminal side, the first linker sequence, the
second linker sequence, and so on, for convenience.

[0057] Preferred embodiments of the antibody, that antibody is a
humanized antibody and an anti-human transferrin receptor antibody,
include the following (x) to (z) below,

(X) the light chain comprises the amino acid sequence set forth
as SEQ ID NO: 2, and the heavy chain comprises the amino acid
sequence set forth as SEQ ID NO: &;

(Y) the light chain comprises the amino acid sequence set forth
as SEQ ID NO: 4, and the heavy chain comprises the amino acid
sequence set forth as SEQ ID NO: 9;

(Z) the light chain comprises the amino acid sequence set forth
as SEQ ID NO: 6, and the heavy chain comprises the amino acid
sequence set forth as SEQ ID NO: 10.

Here, (x), (y) and (z) correspond to a humanized anti-hTfR
antibody No. 1, a humanized anti-hTfR antibody No. 2, and a
humanized anti-hTfR antibody No. 3, respectively, that antibodies are
described in the examples.

[0058] However, preferred embodiments of the antibody are not limited
to the (x) to (z) above, when the antibody is a humanized antibody and
an anti-human transferrin receptor antibody. For example, the antibody
can be used in the present invention, whose amino acid sequence of the
light chain has a homology not lower than 80% to the amino acid
sequence of each one of light chain in the above (x) to (z), and whose
amino acid sequence of the heavy chain has a homology not lower than

80% to the amino acid sequence of each one of heavy chain in the above
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(x) to (z) insofar as that antibody has affinity for hTfR. Further, the
antibody can be used in the present invention, whose amino acid
sequence of the light chain has a homology not lower than 90% to the
amino acid sequence of each one of light chain in the above (x) to (z),
and whose amino acid sequence of the heavy chain has a homology not
lower than 90% to the amino acid sequence of each one of heavy chain
in the above (x) to (z) insofar as that antibody has affinity for hTR.
Further, the antibody can be used in the present invention, whose amino
acid sequence of the light chain has a homology not lower than 95% to
the amino acid sequence of each one of light chain in the above (x) to
(2), and whose amino acid sequence of the heavy chain has a homology
not lower than 95% to the amino acid sequence of each one of heavy
chain in the above (x) to (z) insofar as that antibody has affinity for
hTiR.

[0059] Further, the antibody can be used in the present invention, which
has in the light chain the amino acid sequence corresponding to the
amino acid sequence introduced 1 to 10 of amino acid substitution,
deletion, or addition in each one of the amino acid sequence of the light
chain set forth in (x) to (z) above, and/or has in the heavy chain the
amino acid sequence corresponding to the amino acid sequence
introduced 1 to 10 of amino acid substitution, deletion, or addition in
each one of the amino acid sequence of the heavy chain set forth in (x)
to (z) above, insofar as it has an affinity for hTfR. Further, the
antibody can be used in the present invention, which has in the light
chain the amino acid sequence corresponding to the amino acid

sequence introduced [ to 5 of amino acid substitution, deletion, or
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addition in each one of the amino acid sequence of the light chain set
forth in (x) to (z) above, and has in the heavy chain the amino acid
sequence corresponding to the amino acid sequence introduced 1 to 5 of
amino acid substitution, deletion, or addition in each one of the amino
acid sequence of the heavy chain set forth in (x) to (z) above, insofar as
it has an affinity for hTfR. Further, the antibody can be used in the
present invention, which has in the light chain the amino acid sequence
corresponding to the amino acid sequence introduced 1 to 3 of amino
acid substitution, deletion, or addition in each one of the amino acid
sequence of the light chain set forth in (x) to (z) above, and has in the
heavy chain the amino acid sequence corresponding to the amino acid
sequence introduced 1 to 3 of amino acid substitution, deletion, or
addition in each one of the amino acid sequence of the heavy chain set
forth in (x) to (z) above, insofar as it has an affinity for hTfR.

[0060] In the above preferred embodiment (x) of the antibody, the
amino acid sequence set forth as SEQ ID NO: 23 corresponds to a
variable region in the amino acid sequence of the light chain set forth as
SEQ ID NO: 2, and the amino acid sequence set forth as SEQ ID NO:
24 corresponds to a variable region in the amino acid sequence of the
heavy chain set forth as SEQ ID NO: 8. In the above preferred
embodiment (y) of the antibody, the amino acid sequence set forth as
SEQ ID NO: 25 corresponds to a variable region in the amino acid
sequence of the light chain set forth as SEQ ID NO: 4, and the amino
acid sequence set forth as SEQ ID NO: 26 corresponds to a variable
region in the amino acid sequence of the heavy chain set forth as SEQ

ID NO: 9. In the above preferred embodiment (z) of the antibody, the
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amino acid sequence set forth as SEQ ID NO: 27 corresponds to a
variable region in the amino acid sequence of the light chain set forth as
SEQ ID NO: 6, and the amino acid sequence set forth as SEQ ID NO:
28 corresponds to a variable region in the amino acid sequence of the
heavy chain set forth as SEQ ID NO: 10. In the preferred
embodiments (x) to (z) of these antibodies, the substitution, deletion or
addition into the amino acid sequence constituting the amino acid
sequence of the heavy chain or/and the light chain is particularly
introduced into these variable regions.

[0061] Preferable embodiments of the fusion proteins comprising the
antibody and a human lysosomal enzyme in the present invention
include a fusion protein comprising a humanized anti-human transferrin
receptor antibody (humanized anti-hTfR antibody) and human
iduronate-2-sulfatase (hI2S). In this fusion protein, hI2S may be fused
to either the heavy or light chain that constitutes the humanized
anti-hTfR antibody insofar as it can retain both its affinity for the human
transferrin receptor and the enzymatic activity of the human lysosomal
enzyme. When hI2S is attached to a heavy chain, hI2S may be fused to
either C-terminal side or the N-terminal side of the heavy chain, and
when hI2S is attached to a light chain, hI2S may be fused to either
C-terminal side or the N-terminal side of the light chain.

[0062] As preferable embodiments of the fusion proteins comprising
the humanized anti-hTfR antibody and hI2S include a fusion protein in
which the humanized anti-hTfR antibody is linked to the C-terminal
side of the heavy chain of the humanized anti-hTfR antibody. Examples

of preferable fusion proteins include those shown in (1) to (3) below;
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(1) a fusion protein comprising a light chain of the humanized
anti-hTfR antibody having the amino acid sequence set forth as SEQ ID
NO: 2, and a heavy chain of humanized anti-hTfR antibody having the
amino acid sequence set forth as SEQ ID NO: 8 and linked, on the
C-terminus  thereof via a linker sequence, to human
iduronate-2-sulfatase,

(2) a fusion protein comprising a light chain of the humanized
anti-hTfR antibody having the amino acid sequence set forth as SEQ ID
NO:4, and a heavy chain of humanized anti-hTfR antibody having the
amino acid sequence set forth as SEQ ID NO: 9 and linked, on the
C-terminus  thereof via a linker sequence, to human
iduronate-2-sulfatase, |

(3) a fusion protein comprising a light chain of the humanized
anti-hTfR antibody having the amino acid sequence set forth as SEQ ID
NO: 6, and a heavy chain of humanized anti-hTfR antibody having the
amino acid sequence set forth as SEQ ID NO: 10 and linked, on the
C-terminus  thereof via a linker sequence, to human
iduronate-2-sulfatase.

In these fusion proteins (1) to (3) above, the human
iduronate-2-sulfatase preferably has the amino acid represented by SEQ
ID NO:1, and the linker sequence preferably has the amino acid
sequence Gly-Ser. These fusion proteins usually comprise two light
chains, and two heavy chains bound to human iduronate-2-sulfatase.
[0063] Further, as preferable embodiments of the fusion proteins
comprising the humanized anti-hTfR antibody and hI2S include;

(1) a fusion protein comprising a light chain of the humanized
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anti-hTfR antibody having the amino acid sequence set forth as SEQ ID
NO: 2, and

a heavy chain of the humanized anti-hTR antibody linked, on
the C-terminal side thereof and via a linker sequence Gly-Ser, to the
human iduronate-2-sulfatase, and having the amino acid sequence set
forth as SEQ ID NO:13 as the whole,

(2) a fusion protein comprising a light chain of the humanized
anti-hTfR antibody having the amino acid sequence set forth as SEQ ID
NO: 4, and '

a heavy chain of the humanized anti-hTfR antibody linked, on
the C-terminal side thereof and via a linker sequence Gly-Ser, to the
human iduronate-2-sulfatase, and having the amino acid sequence set
forth as SEQ ID NO:15 as the whole,

(3) a fusion protein comprising a light chain of the humanized
anti-hTfR antibody having the amino acid sequence set forth as SEQ ID
NO: 6, and

a heavy chain of the humanized anti-hTfR antibody linked, on
the C-terminal side thereof and via a linker sequence Gly-Ser, to the
human iduronate-2-sulfatase, and having the amino acid sequence set
forth as SEQ ID NO:17 as the whole.

These fusion proteins usually comprise two light chains, and
two heavy chains linked to the human iduronate-2-sulfatase.

[0064] The lyophilized formulation in the present invention contains, as
an active ingredient, a fusion protein comprising an antibody and a
human lysosomal enzyme, and further contains a neutral salt, a

disaccharide, a nonionic surfactant, and a buffer.
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[0065] As for the neutral salt to be contained in the lyophilized
formulation, there is no particular limitation insofar as they are
pharmaceutically acceptable, but sodium ‘chioride and magnesium
chloride are preferable as such neutral salts, and sodium chloride is
particularly preferable.

[0066] The amount of the neutral salt in the lyophilized formulation is
preferably 0.015 to 2.5 (w/w), more preferably 0.05 to 0.5 (w/w), even
more preferably 0.1 to 0.25 (w/w), relative to the amount of fusion
protein, for example 0.16 (w/w).

[0067] The disaccharide contained in the Iyophilized formulation is not
particularly limited insofar as it is pharmaceutically acceptable, but
trehalose, sucrose, maltose, lactose and a combination thereof are

preferable, and sucrose is particularly preferable.

[0068] The amount of disaccharide in the lyophilized formulation is

preferably 2.5 to 200 (w/w), more preferably 5 to 50 (w/w), still more
preferably 10 to 25 (w/w), relative to the amount of fusion protein, for
example 15 (w/w).

[0069] The nonionic surfactant contained in the lyophilized formulation
is not particularly limited insofar as it is pharmaceutically acceptable,
but polysorbate and poloxamer are preferable as such a nonionic
surfactant. For example, polysorbate 20, polysorbate 80, and
polyoxyethylene(160)polyoxypropylene(30)glycol are preferable as
nonionic surfactants. In particular,
polyoxyethylene(160)polyoxypropylene(30)glycol is preferred.
Polyoxyethylene(160)polyoxypropylene(30)glycol is synonymous with

poloxamer 188.
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[0070] The amount of nonionic surfactant in the lyophilized
formulation is preferably 0.05 to 6 (w/w), more preferably 0.02 to 0.2
(w/w), still more preferably 0.04 to 0.1 (w/w), relative to the amount of
fusion protein, for example 0.065 (W/w).
[0071] The buffer in the lyophilized formulation is not particularly
limited insofar as they can be used as a excipient for a pharmaceutical
product, but it is preferably a phosphate buffer. The phosphate buffer is
added to the lyophilized formulation such that when the lyophilized
formulation is dissolved in pure water, the pH is preferably 5.5 to 7.5,
and more preferably the pH is 6.0 to 7.0, for example pH 6.5.
[0072] Examples of preferable compositions of the Iyophilized
formulations of the present invention include;

(A) The amount of the fusion protein comprising an antibody
and a human lysoson:ial enzyme ‘is 0.5 to 20 mg, and the amounts of a
neutral salt, a disaccharide, and a nonionic surfactant relative to the
amount of the fusion protein are 0.015 to 2.5 (w/w), 2.5 to 200 (w/w),
and 0.005 to 6 (w/w), respectively.

(B) The amount of the fusion protein comprising an antibody
and a human lysosomal enzyme is 0.5 to 20 mg, and the amounts of a
neutral salt, a disaccharide, and a nonionic surfactant relative to the
amount of the fusion protein are 0.05 to 0.5 (w/w), 5 to 50 (w/w), and
0.02 to 0.2 (w/w), respectively.

-(C) The amount of the fusion protein comprising an antibody
and a human lysosomal enzyme is 0.5 to 20 mg, and the amounts of a
neutral salt, a disaccharide, and a nonionic surfactant for the amount of

the fusion protein are 0.1 to 0.25 (w/w), 10 to 25 (w/w), and 0.04 to 0.1
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(W/w), respectively.

[0073] In (A) to (C) above, a phosphate buffer is added to the
lyophilized formulation such that when the lyophilized formulation is
dissolved in pure water, the pH is 5.5 to 7.5 or 6.0 to 7.0, for example,
to 6.5.

[0074] Examples of more preferable compositions of the lyophilized
formulations of the present invention include;

(D) The amount of the fusion protein comprising an antibody
and a human lysosomal enzyme is 0.5 to 20 mg, and the amounts of
sodium chloride, | sucrose, and
polyoxyethylene(160)polyoxypropylene(30)glycol  relative to the
amount of the fusion protein are 0.015 to 2.5 (w/w), 2.5 to 200 (w/w),
and 0.005 to 6 (w/w), respectively.

(E) The amount of the fusion protein comprising an antibody
and a human lysosomal enzyme is 0.5 to 20 mg, and the amounts of
sodium chloride, sucrose, and
polyoxyethylene(160)polyoxypropylene(30)glycol  relative to the
amount of the fusion protein are 0.05 to 0.5 (w/w), 5 to 50 (w/w), and
0.02 to 0.2 (w/w), respectively.

(F) The amount of the fusion protein comprising an antibody
and a human lysosomal enzyme is 0.5 to 20 mg, and the amounts of
sodium chloride, sucrose, and
polyoxyethylene(160)polyoxypropylene(30)glycol  relative to the
amount of the fusion protein are 0.1-to 0.25 (w/w), 10 to 25 (w/w), and
0.04 to 0.1 (w/w), respectively.

[0075] In (D) to (F) above, a phosphate buffer is added such that when
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the lyophilized formulation is dissolved in pure water, the pH is 5.5 to
7.5 or 6.0 to 7.0, especially 6.5.

[0076] As an example of a more specific composition of the Iyophilized
formulation of the present invention,

(G) The amount of the fusion protein comprising an antibody

and a human lysosomal enzyme is 10 mg, and the amounts of sodium
chloride, sucrose, and |
polyoxyethylene(160)polyoxypropylene(30)glycol  relative to the
amount of the fusion protein are 0.16 (w/w), 15 (w/w), and 0.65 (w/w),
respectively, with a phosphate buffer added so that the pH becomes 6.0
to 7.0 when dissolved with pure water.
[0077] In the Iyophilized formulation indicated by (A) to (G) above, the
fusion protein of an antibody and a human lysosomal enzyme is, for
example, a fusion protein comprising the humanized anti-hT{R antibody
and hI2S. As preferred embodiments of the fusion protein comprising a
humanized anti-hTfR antibody and hi2S includes; |

(1) a fusion protein, wherein the light chain of the humanized
anti-nTfR antibody has an amino acid sequence set forth as SEQ ID
NO:2, the heavy chain of the humanized anti-hTfR antibody has an
amino acid sequence set forth as SEQ ID NO:8, and the C-terminal side

~ of the heavy chain is linked to human iduronate-2-sulfatase via a linker

sequence,

(2) a fusion protein, wherein the light chain of the humanized
anti-hTfR antibody has an amino acid sequence set forth as SEQ ID
NO:4, the heavy chain of the humanized anti-hTfR antibody has an
amino acid sequence set forth as SEQ ID NO:9, and the C-terminal side
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of the heavy chain is linked to human iduronate-2-sulfatase via a linker
sequence, |

(3) a fusion protein, wherein the light chain of the humanized
anti-hTfR antibody has an amino acid sequence set forth as SEQ ID
NO:6, the heavy chain of the humanized anti-hTfR antibody has an
amino acid sequence set forth as SEQ ID NO:10, and the C-terminal
side of the heavy chain is linked to human iduronate-2-sulfatase via a
linker sequence.

In the fusion proteins of (1) to (3) above, human
iduronate-2-sulfatase preferably has the amino acid set forth as SEQ ID
NO:1, and the linker sequence preferably has the amino acid sequence
set forth as (Gly-Ser). And these fusion proteins are usually composed
of two heavy chains bound to human iduronate-2-sulfatase and two light
chains.

[0078] As further preferred embodiments of the fusion proteins
comprising a humanized anti-hTfR antibody and hI2S in the lyophilized
formulation shown in (A) to (G) above include;

(4) a fusion protein wherein, the light chain of the humanized
anti-hTfR antibody has an amino acid sequence set forth as SEQ ID
NO:2, and

the heavy chain of the humanized anti-hTfR antibody is linked
to human iduronate-2-sulfatase at its C-terminal side via a linker having
the amino acid sequence set forth as (Gly-Ser), and has the amino acid
sequence set forth as SEQ ID NO:13,

(5) a fusion protein wherein, the light chain of the humanized

anti-hTfR antibody has an amino acid sequence set forth as SEQ ID
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NO:4, and
the heavy chain of the humanized anti-hTfR antibody is linked -

- to human iduronate-2-sulfatase at its C-terminal side via a linker having

the amino acid sequence set forth as (Gly-Ser), and has the amino acid
sequence set forth as SEQ ID NO:15,

(6) a fusion protein wherein, the light chain of the humanized
anti-hTfR antibody has an amino acid sequence set forth as SEQ ID
NO:6, and

the heavy chain of the humanized anti-hTfR antibody is linked

- to human iduronate-2-sulfatase at its C-terminal side via a linker having

the amino acid sequence set forth as (Gly-Ser) and has the amino acid
sequence set forth SEQ ID NO:17.
[0079] In the Iyophilized formulation shown in (A) or (F) above, when

the fusion proteins of an antibody and a human Iysosomal enzyme are

" shown in (1) to (6) above, the amount of the fusion protein is preferably

0.5 to 20 mg, for example, 2.0 to 10 mg, 2.0 to 6.0 mg, and so on. The
amount is adjusted to 2.5 mg, 5.0 mg, and a like as needed. Examples of
the compositions of preferable lyophilized formulations of the fusion
proteins include;

(H) a lyophilized formulation, wherein the amount of fusion
protein is 0.5 to 20 mg, and the amounts of sodium chloride, sucrose,
and polyoxyethylene(160)polyoxypropylene(30)glycol relative to the
amount of fusion protein are 0.015 to 2.5 (w/w), 2.5 to 200 (w/w), and
0.005 to-6 (w/w), respectively,

(I) a lyophilized formulation, wherein the amount of fusion

protein is 0.5 to 20 mg, and the amounts of sodium chloride, sucrose,
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and polyoxyethylene(160)polyoxypropylene(30)glycol relative to the
amount of fusion protein are 0.05 to 0.5 (w/w), 5 to 50 (w/w),‘ and 0.02
to 0.2 (w/w), respectively,

(1) a lyophilized formulation, wherein the amount of fusion
protein is 0.5 to 20 mg, and the amounts of sodium chloride, sucrose,
and polyoxyethylene(160)polyoxypropylene(30)glycol relative to the
amount of fusion protein are 0.1 to 0.25 (w/w), 10 to 25 (w/w), and 0.04
to 0.1 (w/w), respectively.

[0080] A more specific example is,

(K) a lyophilized formulation, wherein the amount of fusion
protein is 10 mg, and the amounts of sodium chloride, sucrose, and
polyoxyethylene(160)polyoxypropylene(30)glycol  relative to the
amount of fusion protein are 0.16 (w/w), 15 (w/w), and 0.65 (w/w),

respectively, with a phosphate buffer added so that the pH becomes 6.0

“to 7.0 when dissolved with pure water.

[0081] The lyophilized formulation of the present invention containing,
as an active ingredient, the fusion protein comprising an antibody and a
human lysosomal enzyme can be supplied, for example, in a sealed or
filled form in a container such as a double-chamber syringe or vial. The
Iyophilized formulation of the present invention may also be supplied as
a kit with a solution dedicated to dissolving the lyophilized formulation.
The lyophilized formulations, for example, are dissolved in a dedicated
solution, pure water, Ringer's solution, and so on, before use, and then
diluted with physiological saline to make an infusion. This infusion is
infused intravenously. Alternatively, lyophilized formulations may be

administered intramuscularly, intraperitoneally, subcutaneously, and so
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on to patients. The material of the container such as a syringe and a vial
for sealing or filling the lyophilized formulation is not particularly
limited, but borosilicate glass is preferable, and also hydrophobic resin
such as a cycloolefin copolymer which is a copolymer of a cyclic olefin
and an olefin, a ring-opened polymer of cycloolefins, or a hydrogenated
ring-opened polymer of cycloolefins is preferable.
Examples
[0082] While the present invention will be described in further detail
below referring to examples, it is not intended that the present invention
be limited to the examples.
[0083] [Example 1] Construction of expression vector for
hI2S-humanized anti-h TR antibody fusion protein

An expression vector for hI2S-humanized anti-hTfR antibody
fusion protein was constructed using genes encoding three types of
humanized anti-hTfR antibodies (Nos. 1 to 3). The antibody No.1
comprises a light chain having the amino acid sequence set forth as SEQ
ID NO:2 and a heavy chain having the amino acid sequence set forth as
SEQ ID NO:8, the antibody No.2 comprises a light chain having the
amino acid sequence set forth as SEQ ID NO:4 and a heavy chain
having the amino acid sequence set forth as SEQ ID NO:9, the antibody
No.3 comprises a light chain having the amino acid sequence set forth
as SEQ ID NO:6 and a heavy chain having the amino acid sequence set
forth as SEQ ID NO:10, respectively.
[0084] A pEF/myc/nuc vector (Invitrogen Inc.) was digested with Kpnl
and Neol to cut out the region containing the EF-1o promoter and its

first intron, and the region was blunt-ended with T4 DNA polymerase. A
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pCl-neo (Invitrogen Inc.) was digested with Bglll and EcoRI to cut out
the region containing the enhancer/promoter and intron of CMYV, and
then the region was blunt-ended with T4 DNA polymerase. The above
region containing the EF-1la promoter and its first intron was inserted
into this to construct a pE-neo vector. The pE-neo vector was digested
with Sfil and BstXT and a region of approximately 1 kbp containing the
neomycin resistance gene was cut out. Amplification of hygromycin
gene was carried out by PCR reaction using primers Hyg-Sfi5' (SEQ ID
NO:11) and Hyg-BstX3' (SEQ ID NO:12) and wusing pcDNA
3.1/Hygro(+)(Invitrogen Inc.) as a template. The amplified hygromycin
gene was digested with Sfil and BstXI and inserted into the pE-neo
vector from which the above neomycin resistance gene has been cut out
to construct a pE-hygr vector.

[0085] A DNA fragment (SEQ ID NO:3) containing the gene encoding
the full length of the light chain of the humanized anti-hTR antibody
No.1 having the amino acid sequence set forth as SEQ ID NO:2 was
synthesized. A Mlul sequence was introduced on the 5' side of this DNA
fragment and a Notl sequence on the 3' side thereof. This DNA
fragment was digested with Mlul and Notl and incorporated between
Miul and Notl of the pE-neo vector. The obtained vector was designated
pE-hyer(LC1) which is a vector for expressing the light chain of
humanized anti-hTfR antibody No.1.

[0086] A DNA fragment (SEQ ID NO:5) containing a gene encoding
the full length of the light chain of humanized anti-hT{R antibody No.2
having the amino acid sequence set forth as SEQ ID NO:4 was

synthesized. The Mlul sequence was introduced on the 5' side of this
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DNA fragment and the Notl sequence on the 3' side thereof. This DNA
fragment was digested with Mlul and Notl and incorporated between
MiIul and Notl of the pE-neo vector. The resulting vector was designated
pE-hygr(L.C2) which is a vector for expressing the tht chain of
humanized anti-hTfR antibody No.2.

[0087] A DNA fragment (SEQ ID NO:7) containing a gene encoding
the full length of the light chain of humanized anti-hTfR antibody No.3
having the amino acid sequence set forth as SEQ ID NO:6 was
synthesized. The Mlul sequence was infroduced on the 5' side of this
DNA fragment and the Notl sequence on the 3' side thereof. This DNA
fragment was digested with Mlul and Notl and incorporated between
MiIul and NotI of the pE-neo vector. The obtained vector was defined as
pE-hygr(LC3) which is a vector for expressing the light chain of
humanized anti-hTfR antibody No.3.

[0088] A DNA fragment was artificially synthesized, having a
nucleotide sequence set forth as SEQ ID NO:14 containing a gene
encoding a protein in which hI2S having an amino acid sequence set
forth as SEQ ID NO:1 is linked to the C-terminal side of the heavy
chain of the humanized anti-hTfR antibody No.1 having an amino acid
sequence set forth as SEQ ID NO:8 via a linker having an amino acid
sequence set forth as (Gly-Serj. This DNA fragment encodes a protein
having the amino acid sequence set forth as SEQ ID NO:13, in which a
heavy chain of humanized anti-hTfR antibody No.I binds to hI2S. This
DNA fragment was digested with Mlul and Notl and inserted between
Mlul and Notl of the pE-neo vector to construct pE-neo (HC-12S-1).
[0089] A DNA fragment was artificially synthesized, having a
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nucleotide sequence set forth as SEQ ID NO:16 containing a gene
encoding a protein in which hI2S having an amino acid sequence set
forth as SEQ ID NO:1 is linked to the C-terminal side of the heavy
chain of the humanized anti-hTfR antibody No.2 having an amino acid
sequence set forth as SEQ ID NO:9 via a linker having an amino acid
sequence set forth as (Gly-Ser). This DNA fragment encodes a protein
having the amino acid sequence set forth as SEQ ID NO:15, in which a
heavy chain of humanized anti-hTfR antibody No.2 binds to hI2S. This
DNA fragment was digested with Mlul and Notl and inserted between
Mlul and Notl of the pE-neo vector to construct pE-neo (HC-12S-2).
[0090] A DNA fragment was artificially synthesized, having a
nucleotide sequence set forth as SEQ ID NO:18 containing a gene
encoding a protein in which hI2S havihg an amino acid sequence set
forth as SEQ ID NO:1 is linked to the C-terminal side of the heavy
chain of the humanized anti-hTfR antibody No.3 having an amino acid
sequence set forth as SEQ ID NO:10 via a linker having an amino acid
sequence set forth as (Gly-Ser). This DNA fragment encodes a protein
having the amino acid sequence set forth as SEQ ID NO:17, in which a
heavy chain of humanized anti-hTfR antibody No.3 binds to hI2S. This
DNA fragment was digested with Mlul and Notl and inserted between
MIul and NotI of the pE-neo vector to construct pE-neo (HC-12S-3).
[0091] [Example 2] Preparation of a high expression cell lines of
hi2S-humanized anti-hTfR antibody fusion proteins

CHO cells (CHO-K1 obtained from American Type Culture
Collection) were transformed with combinations of pE-hygr (LC1) and
pE-neo (HC-I2S-1) constructed in Example 1, pE-hygr (LC2) and |
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pE-neo (HC-12S-2) constructed in Example 1 and pE-hygr (LC3) and
pE-neo (HC-12S-3) constructed in Example 1, respectively, using the
GenePulser (Bio-Rad Inc.). Transformation of cells was in brief carried
out by the following method.

[0092] 5 x 10° CHO-K1 cells were seeded in a 3.5 cm culture dish to
which CD OptiCHO™ medium (Thermo Fisher Scientific Inc.) was
added and cultured overnight at 37°C under 5% CO,. After the culture,
the cells were suspended in Opti-MEM™ medium (Thermo Fisher
Scientific Inc.) to a density of 5 x 10° cells/mL. 100 pL of the cell
suspension was collected, and thereto 5 uL each of the pE-hygr (LCI)
and pE-neo (HC-12S-1) plasmid DNA solutions both having been
diluted to 100 pg/mL with CD OptiCHO™ medium was added.
Electroporation was performed using GenePulser (Bio-Rad Inc.) to
introduce the plasmids into the cells. After overnight culture under the
condition of '37°C, 5% CO,, the cells were selectively cultured in CD
OptiCHO™ medium supplemented with 0.5 mg/mL of hygromycin and
0.8 mg/mL of G418. For the combination of pE-hygr (LC2) and pE-neo
(HC-128-2) and the combination of pE-hygr (LC3) and pE-neo
(HC-12S-3), the transformations of the cells were conducted by the
same method.

[0093] Then, the cells selected above through the selection culture were
seeded on 96-well plates so that not more than one cell might be seeded
per well by limiting dilution. The cells then were cultured for about 10
days so that monoclonal colonies formed. Respective culture
supernatants of the wells in which monoclonal colony formed were

collected, the amount of the humanized antibody contained in culture
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supernatants was determined by ELISA, and the hI2S-humanized
anti-hTfR antibody fusion protein high-expressing cell lines were
selected.

[0094] The ELISA above was conducted as follows in general. To each
well of 96-well microtiter plates (Nunc Inc.) was added 100 pL of a goat
anti-human IgG polyclonal antibody solution diluted with 0.05 M
sodium bicarbonate buffer (pH 9.6) to 4 pg/mL, and the plate was left to
stand for at least one hour at room temperature so as to allow the
antibody to be adsorbed by the plates. Then, after each well was washed
three times with a phosphate-buffered saline (pH 7.4) supplemented
with 0.05% Tween20 (PBS-T), 200 uL. of Starting Block (PBS)
Blocking Buffer (Thermo Fisher Scientific Inc.) was added to each well,
and the plates were left to stand for 30 minutes at room temperature.
After each well was washed with PBS-T three times, the culture
supernatant or the human IgG reference standard product which had
been diluted with a phosphate buffer saline (pH 7.4) supplemented with
05% BSA and 0.05% Tween20 (PBS-BT) to appropriate
concentrations, was added to eaoﬁ well, in the amount of 100 uL, and
the plates were left to stand for at least one hour at room temperature.
After the plates were washed three times with PBS-T, 100 pL of
HRP-labeled anti-human IgG polyclonal antibody solution which had
been diluted with PBS-BT, was added to each well, and the plates were
left to stand for at least one hour at room temperature. After the wells
were washed three times with PBS-T, citrate-phosphate buffer (pH 5.0)
containing 0.4 mg/ml o-phenylenediamine was added to each well, in

the amount of 100 pl., and the wells were left to stand for 8 to 20
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minutes at room temperature. Then, 1 mol/L sulfuric acid was added to
each well in the amount of 100 pL to terminate the reaction, and the
absorbance for each well was measured at 490 nm using a 96-well plate
reader. The cells corresponding to the wells which exhibited the higher
measurements were regarded as a high-expressing cell line for
h12S-humanized anti-hTfR antibody fusion protein.

[0095] A high-expressing cell line of a hI2S-humanized anti-hTfR
antibody fusion protein obtained by transformation with combination of
pE-hygr(LC1) and pE-neo(HC-12S-1) was designated as a
hI2S-anti-h TR antibody expressing strain 1. The fusion protein of hI2S
and humanized anti-hTfR antibody expressed by this cell line was
designated as 12S-anti-h TfR antibody 1.

[0096] A high-expressing cell line of a hI2S-humanized anti-hTfR
antibody fusion protein obtained by transformation with combination of
pE-hygr(.C2) and pE-neo(HC-12S-2) was designated as a
hI2S-anti-hTfR antibody expressing strain 2. The fusion protein of hI2S
and humanized anti-hTfR antibody expressed by this cell line was
designated as 12S-anti-h TR antibody 2.

[0097] A high-expressing cell line of a hI2S-humanized anti-hT{R
antibody fusion protein obtained by transformation with combination of
pE-hygr(LC3) and pE-neo(HC-125-3) was designated as a
hI2S-anti-h TR antibody expressing strain 3. The fusion protein of hI2S
and humanized anti-hTfR antibody expressed by this cell line was
designated as I12S-anti-hTfR antibody 3.

[0098] The sequence numbers of amino acid sequences of the light and

heavy chains of humanized antibodies, the amino acid sequences of the
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varigble regions contained in those light and heavy chains, and the
amino acid sequences of CDR 1 to 3 contained in those variable
regions, which are contained in [2S-anti-hTfR antibody 1,
12S-anti-h TR antibody 2, or 12S-anti-hTfR antibody 3, are summarized
in Table 1.

[0099] [Table 1]

Table 1. SEQ ID NOS of the light chain and heavy chain amino acid sequences contained in the fusion protein

Light chain Heavy chain
Mame of fusion protein
Full length | Variable region | COR1 | CDR2 | CDR3 | Fulllength | Varlable reglon | CORY | CDR2 | COR3
125-a3nti-hTfR antibody 1 2 23 29,30 | 31,32 33 8 24 34,35 | 36,37 | 38,39
125-anti-hTiR antibedy 2 4 25 40,41 | 42,43 44 g 25 45,46 | 47,48 | 49,50
125-ant-hTfH antbody 3 & 27 51,52 | 53,54 55 10 28 56,57 | 58,59 | 6G,61

[0100] [Example 3] Culture of hI2S-anti-hTfR antibody expressing

strain

The hI2S-anti-hTiR antibodies were produced by the method

described below. The hI2S-anti-hTfR antibody expressing strain 3

~ obtained in Example 2 was suspended in about 200 L of serum-free

medium (EX-CELL Advanced CHO Fed-batch Medium, Sigma Aldrich
Inc.) containing 4 mM L-alanyl-L-glutamine, 100 pmol/IL hypoxanthine
and 16 pmol/L thymidine to the density of about 2 x 10° cells/mL. 140
L of this cell suspension was transferred to a culture tank. The cells
were cultured for about 11 days at a temperature range of 34 to 37°C,

while the medium was stirred with an impeller at a rate of 89 rpm, and

the dissolved OXYgen saturation of the medium was kept at about 40%.

During the culture period, cell number, cell viability, and glucose and
lactate concentrations of the medium were monitored. When the glucose
concentration of the medium became less than 15 mmol/L, the glucose

solution was immediately added to the medium so that the glucose
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concentration became 37.89 mmol/L. After completion of the culture,
the medium was collected. The recovered medium was ﬁitered with
Millistak+HC Pod Filter grade DOHC (Merck Inc.) and further filtered
with Millistak+HCgrade XOHC (Merck Inc.) to obtain a culture
supernatant containing I2S-anti-hTfR antibody 3. The culture
supernatant was subjected to ultrafiltration using a Pellicon™ 3 Cassette
w/Ultracel PLCTK Membrane (pore size: 30 kDa, membrane area: 1.14
m®, Merck Inc.) and concentrated until the liquid volume was about
1/17. The concentrate was then filtered using OpticapXL600 (0.22 pm,

Merck Inc.). The obtained solution was used as a concentrated culture

. supernatant.

[0101] [Example 4] Inactivation of the virus

To the concentrated culture supernatant obtained in Example 3,
tri-n-butyl phosphate (TNBP) and polysorbate 80 were added so that the
final concentrations were 0.3% (v/v) and 1% (w/v), respectively, and
gently stirred at room temperature for 4 hours. This process is
conducted for inactivating the virus contaminating the culture
supernatant. However, insofar as the culture is carried out using a
serum-free medium not containingv biological components, there is little
possibility that viruses harmful to the human body are contaminated in
the culture supernatant.
[0102] [Example 5] Purification of hI2S-anti-hTfR Antibodies

The concentrated culture supernatant after the virus inactivation
was filtrated by a Millipak-200 Filter Unit (pore size: 0.22 pm, Merck
Inc.) after adding thereto 20 mM Tris-HCI buffer (pH .7.0) containing
0.5 volume of 140 mM NaCl. The solution after filtration was loaded
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onto a MabSelect SuRe LX column (column volume: about 3.2 L, bed
height: about 20 cm, GE Healthcare Inc.), which was a protein A affinity
column, and equilibrated with 4 column volumes of 20 mM Tris-HCI
buffer (pH 7.0) containing 140 mM NaCl, at a constant flow rate of 200
cm/hr to adsorb 12S-anti-hTfR antibody 3 to protein A.

[0103] Subsequently, the column was washed with 5 column volumes
of 10 mM Tris-HCI buffer (pH 7.0) containing 500 mM NaCl and 450
mM arginine at the same flow rate. Then the column was further washed
with 2.5 column volumes of 20 mM Tris-HCI buffer (pH 7.0) containing
140 mM NaCl at the same flow rate. Then 12S-anti-hTfR antibody 3
adsorbed to Protein A was eluted with 5 column volumes of 100 mM
glycine buffer (pH 3.5) containing 140 mM NaCl. The eluate was
immediately neutralized by receiving it in a container containing 1 M
Tris-HCI buffer (pH 7.5) in advance.

[0104] To the aboveV eluate from the Protein A affinity column, 200 mM
phosphate buffer (pH 7.0), 10 mM MES buffer (pH 7.3) containing 4 M
NaCl and 2 mM phosphate buffer, and 1 M Tris-HCI buffer solution (pH
8.0) were added in the order, and the concentrations of sodium
phosphate and NaCl contained in the eluate were adjusted to 2 mM and
215 mM, respectively, and the pH of the eluate was adjusted to 7.3. The
eluate was then filtered through Opticap X1 600 (pore size: 0.22 pm,
Merck Inc.). The solution after filtration was applied to a CHT Type II
40 pm c;olumn, a hydroxyapatite column (Column volume: about 3.2 L,
bed height: about 20 c¢m, Bio-Rad Inc.), equilibrated with 4 column
volumes of 10 mM MES buffer solution (pH 7.3) containing 215 mM
NaCl and 2 mM sodium phosphate at a constant flow rate of 200 cm/hr
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to adsorb I2S-anti-h TR antibody 3 to hydroxyapatite.

[0105] Subsequently, the column was washed with 5 column volumes
of the same buffer at the same flow rate. Then [2S-anti-hTfR antibody 3
adsorbed on hydroxyapatite was eluted with 5 column volumes of 35
mM phosphate buffer (pH 7.3) containing 215 mM NaCl. Purification
by the hydroxyapatite column was carried out twice using half volume
of the eluate from the protein A affinity column.

[0106] To the above eluate from the hydroxyapatite column, dilute
hydrochloric acid was added to adjust the pH to 6.5. Then, ultrafiltration
was carried out using Pellicon™ 3 Cassette w/Ultracel PLCTK
Membrane (pore size: 30 kDa, membrane area: 1.14 m*, Merck Inc.) to
concentrate [2S-antihT{R antibody 3 in the solution at the concentration
of about 2 mg/ml.. The concentrate was then filtered using Opticap XL
600 (0.22 um, Merck Inc.).

[0107] The above concentrated solution was applied to a Superdex 200
column, size exclusion column (column volume: about 12.6 L, bed
height: 40 cm, GE Healthcare Inc.) equilibrated with 5 column volumes
of 20 mM phosphate buffer (pH 6.5) containing 0.8 mg/ml NaCl and -
75 mg/ml sucrose at a constant flow rate of 19 cm/hr, and the same
buffer was supplied at the same flow rate. At this time, an absorbance
photometer for continuously measuring the absorbance of the eluate was

placed in the flow path of the eluate from the size exclusion column,

and the absorbance at 280 nm was monitored. The fractions which -

corresponded to an absorption peak at 280 nm were collected as a
fractions containing 12S-anti-hTfR antibody 3, which was designated as
a purified product of 12S-anti-hTfR antibody. Purification on the size
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exclusion column was carried out twice using half volume of the eluate
from the hydroxyapatite column.
[0108] [Example 6] Manufacture of lyophilized products containing
12S-anti-h TR antibodies

An aqueous solution, whose composition is shown in Table 2,
was prepared using the purified I2S-anti-hTfR antibody obtained in
Example 5. The aqueous solution was filtered using Vacuum
Filter/Storage Bottle System, 0.22 um (Corning Inc.). The solution after
filtration was used as the test solution. Sodium hydroxide solution or
dilute hydrochloric acid was added as needed to adjust the pH of the test
solution to about 6.5.

[0109] [Table 2]

Tahle 2. Composition of the test solution

Component Concentration {mg/mL)
125-anti-hTfR antibody 5
Nacl 0.8
NaH,PO, - 2H,0 2.136
Na,HPO, 12 H,0 2.256
sui:rose 75
poloxamer 188 0.325

[0110] 2.5 mL of each of the test solution was filled in a vial made of
borosilicate glass, with a rubber stopper (made of chlorinated butyl)
half-capped, and lyophilized. In the lyophilization process, the gas

phase in the vials was replaced with nitrogen, and then the whole rubber
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stopper was capped to seal the vials. The lyophilized products formed a
white mass in vials.
[0111] [Example 7] Evaluation of stability of lyophilized formulation
containing I2S-anti-hT{R antibody

The lyophilized products prepared in Example 6 were allowed to
stand in a dark environment at 5°C or 25°C for 6 months. The
Iyophilized products in the vials at the start of standing, after 1 -month,
after 3 months, and after 6 months, were dissolved in 2.5 mL of pure
water and thé solutions were used as sample solutions. The pH of each
sample solution was measured and the presence or absence of foreign
matter was visually examined at a brightness of 2000 to 3750 Ix under a
white light source. The number of fine particles, whose particle sizes
were 1 to 100 um, was measured by the method shown in Example 8.
The ratio of 12S-anti-hTfR antibody polymers in each sample solution
was determined by the method shown in Example 9. In addition, the
affinity of the I2S-anti-hT{R antibody contained in each sample solution
with human TR was determined by the method shown in Example 10.
Furthermore, the enzymatic activity of the 12S-anti-hTfR antibody
contained in each sample solution was determined by the method shown
in Example 11.
[0112] Table 3 shows the results of the stability measurements of
lyophilized formulations containing [2S-anti-hTfR antibody after left
for 6 months in the dark at 5°C. As shown in Table 3, the pH of the

sample solutions was kept at approximately pH 6.5 during the 6 month

standing period of the lyophilized product. There was no foreign

insoluble matter in the sample solutions during the same time period,
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which could be clearly observed optically. The ratio of polymers to
whole 12S-anti-hTfR antibody in the sample solutions during the same
time period was almost constant. Further, the number of fine particles,
whose particle sizes were 1 to 100 pm, did not increase significantly
dufing the same time period. An increase in the number of particles was
observed in the sample solution left for 6 months standing, but it was
within an acceptable range when the storage period of the lyophilized
formulation was set at 2 years in a cold place. The enzyme activity of
[2S-anti-hTfR antibody in the sample solutions remained almost
constant during the same time period. Further, the affinity of
[2S-anti-hTfR antibody contained in the sample solutions for human
TfR did not decrease significantly during the same time period (Data
not shown).

[0113] [Table 3]

Table 3. Results of stabiiity evaluation of lyophilized formulation stored in the dark at 5 °C

Test item At the start 1 month 2 Months 3 Months 6 Months
pH 6.5 6.5 6.5 6.5 6.5
Foreign insoluble matter
{visual abservation) none none none none none
Ratio of poiymers (%} 1.13 1.09 108 1.02 1.19
Number of fine particles 1110 1500 1550 730 3240
{/vial}
Enzyme activity {mU/mg) 419 436 425 422 515
Affinity for hTiR (K} - - - - -

[0114] Table 4 shows the results of stability measurements of
lyophilized formulations containing 12S-anti-hTfR antibodies after 6
months of standing in the dark at 25°C. As shown in Table 4, the pH of
the sample solution was kept at approximately pH 6.5 during the 6
month standing period of the lyophilized product. Any foreign insoluble

matter was not observed in the sample solutions during the same period,
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which could be clearly observed optically. The ratio of polymer was
almost constant during the same period. The number of fine particles,
whose particle sizes were 1 to 100 pm, did not increase significantly
during the same time period. An increase in the number of fine
particles was observed after 6 months, which was within an acceptable
range when the storage period of the lyophilized formulation was set at
2 years in a cold place. The enzyme activity of I2S-anti-hTR antibody
in the sample solutions remained almost ‘constant during the same
period. Further, the affinity of 12S-anti-hTfR antibody contained in the
sample solutions for human TfR did not decrease significantly during
the same period (Data not shown).

[0115] [Table 4]

Table 4. Resuits of stability evaluation for lyophilized formulation stored in the dark at 25°C

Test item At the stari 1 month 2 Months 3 Months & Months
pH 6.5 6.5 6.5 65 6.5
Foreign insoluble matter
N . none none none none none
(visual observaticn} )
Ratio of polyraers {3} 1.13 109 1.09 102 1.18
Number of fine particles 1110 2140 3130 1060 2620
{/viai}
Enzyme activity {mU/mg} 419 445 430 430 506
Affinity for hTfR {K} - - - - -

[0116] These results above indicate that a drug containing
12S-anti-hTfR antibody as an active ingredient can be provided to the
market in a pharmacologically stable state by using the lyophilized
formulation with the composition shown in Table 2, provided that the
drug is placed in a cold place in the distribution process and in the
storage.

[0117] [Example 8] Measurement of the number of particles contained

in the sample solution (particle size: I to 100 um);
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The measurement of the number of particles contained in the
sample solutions was conducted by using a flow imaging particle
analyzer FlowCAM™ (Fluid Imaging Technologies Inc.). The flow
imaging particle analyzer enables to measure the number of particles
contained in the sample solution by drawing the sample solution into a
flow cell disposed perpendicularly to the optical system by a syringe
pump, and to photograph the particles passing through the flow cell in
real time. The measurement was carried out by setting the particle size
to be detected to 1 to 100 pm.

[0118] [Example 9] Measurement of the amount of polymers of
[2S-anti-hTfR antibodies contained in a sample solution |

TSKgel UltraSW Aggregate 3um column, a size exclusion
column chromatography, (7.8 mm in diameter x 30 cm in length,
TOSOH Inc.) was set on Shimazu HPLC system LC-20A (Shimadzu
Corporation). A spectrophotometer was installed downstream of the
column to measure the absorbance (Measurement wavelength: 215 nm)
of the effluent from the column continuously. After equilibrating the
column by loading 0.2 M aqueous sodium phosphate buffer solution at a
flow rate of 0.5 mL/min, a sample solution containing 3 to 20 pg of
I2S-anti-hTfR antibody was loaded onto the column, and a further 0.2
M aqueous sodium phosphate buffer solution was loading at the same
flow rate. During this time, the elution profile was obtained by
measuring the absorbance (Measurement wavelength: 215 nm) of the
effluent from the column. From the obtained elution profiles, the peak
area of the monomer of the I12S-anti-hTfR antibody (monomer peak
area) and the peak area of the polymer of the I2S-anti-hTfR antibody
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appearing before the monomer peak (polymer peak area) were
determined. The amount (%) of the polymer was determined by the
following equation.

Amount of polymer (%) = {Polymer peak area/(monomer peak
area + polymer peak area)} x100
[0119] [Example 10] Measurement of affinity of I2S-Anti-hTfR
Antibody in sample solution to human TfR

The affinity of the 12S-anti-hTfR antibody to human T{R was
determined by using OctetRED 96 (ForteBio Inc., a division of Pall
Corporation), to which bio-layer interferometry (BLI) is applied. The
basic principles of bio-layer interferometry are briefly explained below.
When a layer of a biomolecule immobilized on the surface of a sensor
tip is irradiated with light of a certain wavelength, the light is reflected
from two of the surfaces, the one of the biomolecule and the other of
inner, reference layer, producing interfering light waves. A molecule in
the sample being measured binds to the biomolecule on the surface of
the sensor tip and thus increases the thickness of the layers on the sensor
tip, which results in a shift between the interfering waves. By measuring
the variations of this shift between the interfering waves, determination
of the number of the molecules bound to the layer of the biomolecules
immobilized to the sensor tip surface and kinetic analysis of it can be
performed in real time. The measurement was performed according
generally to the operating manual attached to Octet RED96. As a human
TiR, a recombinant human TfR (rhTfR: Sino Biological Inc.) was used,
which had the amino acid sequence of the hTfR extracellular region,

i.e., the cysteine residue at the position 89th from the N-terminal side to
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the phenylalanine at the C-terminus, of the amino acid sequence set
forth as SEQ ID NO:1, with a histidine tag attached to the N-terminus.
[0120] The Sample solutions prepared in Example 6 were subjected to
2-fold dilution steps with HBS-P+ (10 mM HEPES containing 150 mM
NaCl, 50uM EDTA, and 0.05% surfactant P20) to prepare 7 step diluted
solutions, whose concentrations were 0.78125 to 50 nM (0.117 to 7.5
pug/mL). The rhTfR-ECD(Histag) solution was prepared by diluting
hT{R with HBS-P+ to adjust the concentration to 25pg/mL.

[0121] Each of the sample solutions prepared above by 2-fold dilution
s%:eps was added, 200 plL/well, to a 96-well plate, black (Greiner
Bio-One Inc.). Each of the rhuman TfR-ECD (Histag) solution prepared
above was added, 200 pL/well, to preéetermined wells. To respective
wells for baseline, dissociation and washing were added HBS-P+,' 200
pL/well. To wells for regeneration were added 10 mM Glycine-HCI, pH
1.7, 200 pL/well. To wells for activation was added 0.5 mM NiCl,
solution, 200 pL/well. The plate and biosensor (Biosensor/Ni-NTA:
ForteBio Inc., a division of Pall Corporation) were set in the prescribed
positions of Octet RED96.

[0122] Octet RED96 was run under the conditions shown in Table 5
below to collect data, on which then, using the analyzing software
attached to Octet RED96, and fitting the binding reaction curve to 1:1
binding model or 2:1 binding model, the association rate constant (ko)
and dissociation rate constant (k.g) of anti-hTfR antibody to r human
TR were measured and the dissociation constant (Kp) was calculated.
The measurement was performed at 25 to 30°C.

[0123] [Table.5]
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Table 5. Operating conditions of OctetRED 96

Step Cont;;i;ime s(f: ;‘; Threshold
1 | Basélinel 60 1000 -
2 |load 600 1000 1.5~20
3 | Baseline2 60 1600
4 | Associate " 180 1000
5 | Dissociate 540 1000 -
& | Regenerate S 1000 -
7 | Wash : 5 1000
Steps 6~ 7 repeated 6~ 7 times.
8 | activate | 60 | 1000 ]
Steps 1~ 8 repeated until all the samples measured.

[0124] [Example 11] Measurement of enzymatic activity of
12S-Anti-hTfR antibodies in sample solution-

| The sample solutions were desalted by membrane filtration
using a vertical polyethersulfone membrane (VIVASPIN2Z 5,000
MWCO PES, Saltrius Inc.) as an ultrafiltration membrane, and then
desalted samples were diluted to approximately 100 ng/mL with
Reaction Buffer (5 mM sodium acetate, 0.5 mg/L BSA, 0.1% Triton
X-100, pH 4.45). To each well of a- 96-well microtiter plate
(FluoroNunc Plate, Nunc Inc.), 10 pL of each rhI2S sample was added
and pre-incubated for 15 minutes at 37°C." Substrate solutions were
prepared by dissolving 4 methylumbelliferyl sulfate (SIGMA) in
substrate buffer (5 mM sodium-acetate, pH 4.45, containing 0.5 mg/mL
BSA) to a final concentration of 1.5 mg/mL. 100 pl. of Substrate
solutions was added to each well containing rhI2S sample solution, and
the plates were allowed to stand in the dark at 37°C for 1 hour. After the
incubation, 190 pL of stop buffer (0.33 M glycine, 0.21 M sodium
carbonate buffer solution, pH 10.7) was added to each well containing

the sample. 150 puL of 0.4 pmol/L 4-methylumbelliferone (4-MUF,
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Sigma) solution and 150uL of the stop buffer were added to a well as
the standard, then the plate was read on a 96-well plate reader with
excitation light at the wavelength of 330 nm and fluorescent light at the
wavelength of 440 nm.
[0125] A standard curve was produced by measuring fluorescence
intensity at various concentrations of 4-MUF in solution. The
fluorescence intensity of each sample was extrapolated to the standard
curve. Results were calculated as activity in Units/mL where one Unit
of activity was equal to 1 pmol of 4-MUF produced per minute at 37°C.
A published US patent application (publication No. 2004-0229250) was
referred to for conducting this measurement.
Industrial Applicability
[0126] According to the present invention, a lyophilized formulation
containing a protein in which an antibody and a lysosomal enzyme are
combined as an active ingredient can be provided to the market in a
pharmacologically stable state.
Sequence Listing Free Text
[0127] SEQ ID NO:2: Amino acid sequence of the light chain of
humanized anti-h TR

SEQ ID NO:3: Nucleotide sequence encoding amino acid
sequence of the light-chain of humanized anti-hTfR antibody No. 1,
synthetic sequence

SEQ ID NO:4: Amino acid sequence of the light-chain of
humanized anti-h TR antibody No. 2

SEQ ID NO:5: Nucleotide sequence encoding amino acid
sequence of the light chain of humanized anti-hTfR antibody No. 2,
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synthetic sequence

SEQ ID NO:6: amino acid sequence of the light chain of
humanized anti-hTfR antibody No. 3

SEQ ID NO:7: Nucleotide sequence encoding amino acid
sequence of the light chain of humanized anti-hTfR antibody No. 3,
synthetic sequence

SEQ ID NO:8: Amino acid sequence of the heavy chain of
humanized anti-hTfR antibody No. 1

SEQ ID NO:9: Amino acid sequence of the heavy chain of
humanized anti-hTfR antibody No. 2

SEQ ID NO:10: Amino acid sequence of the heavy chain of
humanized anti-hTfR antibody No. 3

SEQ ID NO:11: Primer Hyg-Sfi5', synthetic sequence

SEQ ID NO:12: Primer Hyg-BstX3', synthetic sequence

SEQ ID NO:13: Amino acid sequence of fused protein of the
heavy chain of humanized anti-hTfR antibody No.1 and hI2S

SEQ ID NO:14: Nucleotide sequence encoding amino acid
sequence of fused protein of the heavy chain of humanized anti-hTfR
antibody No.1 and hI28S, synthetic sequence

SEQ ID NO:15: Amino acid sequence of fused protein of the
heavy chain of humanized anti-hTfR antibody No.2 and hI2S

SEQ ID NO:16: Nucleotide sequence encoding amino acid
sequence of fused protein of the heavy chain of humanized anti-hTiR
antibody No.2 and hI2S, synthetic sequence

SEQ ID NO:17: Amino acid sequence of fused protein of the
heavy chain of humanized anti-hT{R antibody No. 3 and hI2S
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VSEQ ID NO:18: Nucleotide sequence encoding amino acid
sequence of fused protein of the heavy chain of humanized anti-hTfR
antibody No.3 and hI28S, synthetic sequence

SEQ ID NO:19: Amino acid sequence of an exemplified linker 1

SEQ ID NO:20: Amino acid sequence of an exemplified linker 2

SEQ ID NO:21: Amino acid sequence of an exemplified linker 3

SEQ ID NO:23: Amino acid sequence of the light chain variable
region of humanized anti-hTfR antibody No.1 .

SEQ ID NO:24: Amino acid sequence of the heavy chain
variable region of humanized anti-hTfR antibody No.1

SEQ ID NO:25: Amino acid sequence of the light chain variable
region of humanized anti-hTfR antibody No.2

SEQ ID NO:26: Amino acid sequence of the heavy chain
variable region of humanized anti-hTfR antibody No.2

SEQ ID NO:27: Amino acid sequence of the light chain variable
region of humanized anti-hTfR antibody No.3

SEQ ID NO:28: Amino acid sequence of the heavy chain
variable region of humanized anti-hT{R antibody No.3

SEQ ID NO:29: Amino acid sequence 1 of CDR1 in the light
chain of anti-hTfR antibody No. 1

SEQ ID NO:30: Amino acid sequence 2 of CDRI1 in the light
chain of anti-hTfR antibody No. 1

SEQ ID NO:31: Amino acid sequence 1 of CDR2 in the light
chain of anti-hTfR antibody No. 1

SEQ ID NO:32: Amino acid sequence 2 of CDR2 in the light
chain of anti-hTfR antibody No. 1
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SEQ ID NO:33: Amino acid sequence of CDR3 in the light
chain of anti-hTfR antibody No. 1

SEQ ID NO:34: Amino acid sequencé 1 of CDRI in the heavy
chain of anti-hTfR antibody No. 1

SEQ ID NO:35: Amino acid sequence 2 of CDR1 in the heavy
chain of anti-hT{R antibody No. 1

SEQ ID NO:36: Amino acid sequence 1 of CDR2 in the heavy
chain of anti-hT1R antibody No. 1

SEQ ID NO:37: Amino acid sequence 2 of CDR2 in the heavy
chain of anti-hTfR antibody No. 1

SEQ ID NO:38: Amino acid sequence 1 of CDR3 in the heavy
chain of anti-hTfR antibody No. 1

SEQ ID NO:39: Amino acid sequence 2 of CDR3 in the heavy
chain of anti-hTfR antibody No. 1

SEQ ID NO:40: Amino acid sequence 1 of CDR1 in the light
chain of anti-hTfR antibody No. 2

SEQ ID NO:41: Amino acid sequence 2 of CDR1 in the light
chain of anti-hTfR antibody No. 2

SEQ ID NO:42: Amino acid sequence 1 of CDR2 in the light
chain of anti-hT{R antibody No. 2

SEQ ID NO:43: Amino acid sequence 2 of CDR2 in the light
chain of anti-hTfR antibody No. 2

SEQ ID NO:44: Amino acid sequence of CDR3 in the light
chain of anti-hTfR antibody No. 2

SEQ ID NO:45: Amino acid sequence 1 of CDR1 in the heavy
chain of anti-hTfR antibody No. 2
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SEQ ID NO:46: Amino acid sequence 2 of CDR1 in the heavy
chain of anti-hTfR antibody No. 2

SEQ ID NO:47: Amino acid sequence 1 of CDR2 in the heavy
chain of anti-hTfR antibody No. 2

SEQ ID NO:48: Amino acid sequence 2 of CDR2 in the heavy
chain of anti-hTfR antibody No. 2

SEQ ID NO:49: Amino acid sequence 1 of CDR3 in the heavy
chain of anti-hTfR antibody No. 2

SEQ ID NO:50: Amino acid sequence 2 of CDR3 in the heavy
chain of anti-hTfR antibody No. 2

SEQ ID NO:51: Amino acid sequence 1 of CDRI in the light
chain of anti-hTfR antibody No. 3

SEQ ID NO:52: Amino acid sequence 2 of CDR1 in the light
chain of anti-hTfR antibody No. 3

SEQ ID NO:53: Amino acid sequence 1 of CDR2 in the light
chain of anti-hTfR antibody No. 3

SEQ ID NO:54: Amino acid sequence 2 of CDR2 in the light
chain of anti-hT{R antibody No. 3

SEQ ID NO:55: Amino acid sequence of CDR3 in the ]ight
chain of anti-hTfR antibody No. 3

SEQ ID NO:56: Amino acid sequence 1 of CDRI in the heavy
chain of anti-hTfR antibody No. 3

SEQ ID NO:57: Amino acid sequence 2 of CDR1 in the heavy
chain of anti-hTfR antibody No. 3

SEQ ID NO:58: Amino acid sequence 1 of CDR2 in the heavy
chain of anti-hTfR antibody No. 3
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SEQ ID NO:59: Amino acid sequence 2 of CDR2 in the heavy
chain of anti-hTfR antibody No. 3

SEQ ID NO:60: Amino acid sequence 1 of CDR3 in the heavy
chain of anti-hTfR antibody No. 3

SEQ ID NO:61: Amino acid sequence 2 of CDR3 in the heavy
chain of anti-hTfR antibody No. 3
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CLAIMS

1. A lyophilized formulation comprising;

a fusion protein including an anti-human transferrin receptor
(hTfR) antibody and a human iduronate-2-sulfatase, as an active
ingredient, and further sodium chloride, sucrose,
polyoxyethylene(160)polyoxypropylene(30)glycol, and a phosphate
buffer,

wherein the pH is 5.5 to 7.5 when the lyophilized formulation is
dissolved in pure water, and

wherein the light chain of the anti-hTfR antibody has the amino
acid sequence set forth as SEQ ID NO:6, and wherein the heavy chain
of the anti-hTfR antibody having the amino acid sequence set forth as
SEQ ID NO:10 is linked, on the C-terminal side thereof, to the human
iduronate-2-sulfatase via a linker.
2. The lyophilized formulation according to claim 1, wherein the
amounts of sodium chloride, sucrose, and
polyoxyethylene(160)polyoxypropylene(30)glycol are 0.015 to 2.5
(w/w), 2.5 to 200 (w/w), and 0.005 to 6 (w/w), respectively, relative to
the amount of the fusion protein.
3. The lyophilized formulation according to claim 1, wherein the
amounts of sodium chloride, sucrose, and
polyoxyethylene(160)polyoxypropylene(30)glycol are 0.05 to 0.5 (w/w),
5 to 50 (w/w), and 0.02 to 0.2 (w/w), respectively, relative to the amount
of the fusion protein.
4. The lyophilized formulation according to claim 1, wherein the

amounts of sodium chloride, sucrose, and
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polyoxyethylene(160)polyoxypropylene(30)glycol is 0.1 to 0.25 (w/w),
10 to 25 (w/w), and 0.04 to 0.1 (w/w), respectively, relative to the
amount of the fusion protein.

5. The lyophilized formulation according to any one of claims 1 to
4, wherein the linker includes the amino acid sequence of Gly-Ser.

6. The lyophilized formulation according to any one of claims 1 to
5, wherein the light chain of the anti-hTfR antibody has the amino acid
sequence set forth as SEQ ID NO:6, and wherein the heavy chain of the
anti-hTfR antibody is linked, on the C-terminal side thereof and via a
linker sequence of Gly-Ser, to the human iduronate-2-sulfatase, and the
whole linked heavy chain has the amino acid sequence set forth as SEQ
ID NO:17.

7. The lyophilized formulation according to any one of claims 1 to
6, sealed in a container formed of a borosilicate glass or a hydrophobic
resin.

8. The lyophilized formulation according to claim 7, wherein the
container is formed by a cycloolefin copolymer, a ring-opened polymer

of cycloolefin, or a hydrogenated ring-opened polymer of cycloolefin.
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