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[DESCRIPTION]

[Title of Invention]

NOVEL MULTILAYER POLYMER-COATED CROSSLINKED ALGINATE GEL FIBER
[Technical Field]

[0001] The present invention relates to a polymer-coated crosslinked alginate gel fiber for
producing an antibody, a bioactive substance or the like, a method for manufacturing the fiber,
and a method for manufacturing an antibody, a bioactive substance or the like using the fiber.
In addition, the present invention relates to a multilayer polymer-coated crosslinked alginate
gel fiber for producing an antibody, a bioactive substance or the like, a method for
manufacturing the fiber, and a method for manufacturing an antibody, a bioactive substance or
the like using the fiber.

[Background Art]

[0002] Hitherto, a variety of production methods of antibodies, bioactive substances (for
example, interferon, erythropoietin, IL-2 (interleukin-2), CSF (colony-stimulating factor),
TNF (tumor necrosis factor), and the like) and the like by culture using animal cells have been
known.

[0003] In the case of antibody production, as antibody-producing cells, CHO cells (Chinese
hamster ovary cells), Sp2/0 cells, NSO cells and the like are used as host cells, and, especially,
CHO cells are often in use for the manufacture of antibodies since CHO cells are cells for
which suspension culture is possible and have a fast cell growth rate and mass production of
target proteins by the mass culture of CHO cells is easy.

[0004] Recently, in the development and manufacture of antibody drugs, there has been a
demand for stable production of antibody drugs and cost reduction, and, in order to achieve

those, development of more highly productive efficient production systems (for example,
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continuous production methods, novel culture techniques for producing a necessary amount of
an antibody with a small production facility and the like) has been attracting attention.

[0005] For the culture of antibody-producing cells, an antibody-producing cell line a cell is
revived in a spinner flask or the like, then, expansion culture is performed while culture
conditions such as the culture medium composition, the temperature, stirring conditions, gas
exchange and the pH are controlled, and, in the end, culture is performed in a large production
culture tank on a several to 10 thousands-liter scale.

[0006] In a case where an antibody-producing cell is continuously cultured in a high density,
there are cases where (1) a method for separating a cell and a culture fluid, (2) an effective
method for supplying oxygen and the like become problematic. Regarding (1) and (2), while
a variety of improvements have been made, it is still required to solve a variety of other
problems in order to efficiently produce antibodies.

[0007] Alginate gel fibers having a core-shell structure in which a variety of cells are
contained in a core layer and a shell layer is composed of alginate gel are known (Patent
Literature 1: WO 2011/046105 and Patent Literature 2: Japanese Patent Application
Publication No. 2016-77229).

[0008] An alginate gel fiber having a core-shell structure in which an antibody-producing cell
is contained in a core layer and a shell layer is composed of alginate gel is known (Patent
Literature 3: WO 2020/032221).

[0009] Alginate gel hollow fibers in which a variety of cells are contained in a hollow part
and an outer shell layer is alginate gel are known (Patent Literature 4: WO 2015/178427,
Patent Literature 5: Japanese Patent No. 6601931 and Patent Literature 6: Japanese Patent
Application Publication No. 2014-236698).

[0010] Bundles in which alginate hydrogel fibers comprising cells (specifically, human skin

fibroblast, HEK 293T cells) are made to adhere together using an adhesive comprising



G2887

nanoparticles having surfaces coated with a cationic water-soluble polymer are known (Patent
Literature 7: WO 2019/078251 and Patent Literature 8: WO 2019/123886).

[0011] A nerve bundle for transplantation in which neural stem cells or alginate hydrogel
fibers comprising neural stem cells are bundled using chitosan is known (Patent Literature 9:
Japanese Patent Application Publication No. 2014-136128).

[0012] A cell structure in which a mixture comprising adherent cells (specifically, C2C12
cells), a microcarrier and polysaccharide gel (specifically, alginate gel) is coated with a
polyamino acid (examples thereof include a sheet-like (plate-like) structure, a fiber-like
(fibrous) structure, a spherical structure and the like) is known (Patent Literature 10: Japanese
Patent Application Publication No. 2019-075993).

[0013] Tubular gel obtained by coating calcium alginate microfibers comprising cells
(293/GFP cells) with poly-L-lysine and dissolving the microfibers in a sodium citrate solution
is known (Non Patent Literature 1: PA-Lab Chip, 2008, 8, pp. 1255 to 1257).

[0014] Chemically modified alginic acid derivatives in which a cyclic alkyne group or an
azide group is introduced into one or more arbitrary carboxyl groups of alginic acid through
an amide bond and a divalent linker are known (Patent Literature 11: WO 2019/240219 and
Patent Literature 12: WO 2021/125255).

[0015] An alginate gel fiber having a core-shell structure in which an antibody-producing cell
is contained in a core layer and a shell layer is composed of crosslinked alginate gel formed of
a chemically modified alginic acid derivative is known (Patent Literature 13: WO
2021/125279).

[0016] In Patent Literature 1 to 13 and Non Patent Literature 1, the polymer-coated
crosslinked alginate gel fiber for producing an antibody, a bioactive substance or the like or

the multilayer polymer-coated crosslinked alginate gel fiber, the method for manufacturing
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each gel fiber, and the method for manufacturing an antibody or the like using each gel fiber
are not disclosed and are not even suggested.

[Citation List]

[Patent Literature]

[0017]

[Patent Literature 1] WO 2011/046105

[Patent Literature 2] Japanese Patent Application Publication No. 2016-77229
[Patent Literature 3] WO 2020/032221

[Patent Literature 4] WO 2015/178427

[Patent Literature 5] Japanese Patent No. 6601931

[Patent Literature 6] Japanese Patent Application Publication No. 2014-236698
[Patent Literature 7] WO 2019/078251

[Patent Literature 8] WO 2019/123886

[Patent Literature 9] Japanese Patent Application Publication No. 2014-136128
[Patent Literature 10] Japanese Patent Application Publication No. 2019-075993
[Patent Literature 111 WO 2019/240219

[Patent Literature 12] WO 2021/125255

[Patent Literature 13] WO 2021/125279

[Non Patent Literature]

[0018]

[Non Patent Literature 1] PA-Lab Chip, 2008, 8, pp. 1255 to 1257

[Summary of Invention]

[Technical Problem]

[0019] There has been a demand for an alginate gel fiber comprising a cell enabling

production of antibodies, bioactive substances or the like, especially, a more practical alginate
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gel fiber from which cells can be cultured for a long period of time (for example, seven days
or longer, 14 days or longer, 28 days or longer or the like) with no decomposition of the fiber.
[Solution to Problem]

[0020] As a result of repeating intensive studies, the present inventors found that a novel
polymer-coated crosslinked alginate gel fiber for producing an antibody, a bioactive substance
or the like that comprises a cell enabling production of antibodies, bioactive substances or the
like and is formed by coating crosslinked alginate gel that is obtained by performing a
crosslinking reaction using chemically modified alginic acid derivatives represented by
Formula (I) and Formula (IT) shown in an embodiment [1] to be described below with a
cationic polymer and a method for manufacturing the same. In addition, as a result of
performing culture of a cell producing an antibody, a bioactive substance or the like using the
polymer-coated crosslinked alginate gel fiber, the present inventors found that it is possible to
continuously produce antibodies, bioactive substances or the like for a long period of time
with no decomposition of the polymer-coated crosslinked alginate gel fiber and completed the
present invention. Furthermore, the present inventors found a novel multilayer polymer-
coated crosslinked alginate gel fiber for producing an antibody, a bioactive substance or the
like that is formed by coating a polymer-coated crosslinked alginate gel fiber for producing an
antibody, a bioactive substance or the like that is formed by coating crosslinked alginate gel
that is obtained by performing a crosslinking reaction using chemically modified alginic acid
derivatives represented by Formula (I) and Formula (IT) shown in an embodiment [1B] to be
described below with a cationic polymer with an anionic polymer and a method for
manufacturing the same. In addition, as a result of performing culture of an antibody-
producing cell using the multilayer polymer-coated crosslinked alginate gel fiber, the present

inventors found that it is possible to continuously produce antibodies or the like for a long
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period of time with no decomposition of the multilayer polymer-coated crosslinked alginate
gel fiber.

[Effect of the Invention]

[0021] Due to the present invention, a new polymer-coated crosslinked alginate gel fiber and
a method for producing an antibody, a bioactive substance or the like using the gel fiber are
provided. In several embodiments, a polymer-coated crosslinked alginate gel fiber enabling
antibodies, bioactive substances or the like to be continuously produced for a long period of
time by coating crosslinked alginate gel that is produced using a mixture comprising a cell
enabling production of antibodies, bioactive substances or the like, chemically modified
alginic acid derivatives represented by Formula (I) and Formula (IT) shown in an embodiment
[1] to be described below and the like with a cationic polymer is provided. In addition, due
to the present invention, a new multilayer polymer-coated crosslinked alginate gel fiber and a
method for producing an antibody, a bioactive substance or the like using the gel fiber are
provided. In several embodiments, a multilayer polymer-coated crosslinked alginate gel
fiber enabling antibodies, bioactive substances or the like to be continuously produced for a
long period of time by coating a polymer-coated crosslinked alginate gel fiber that is obtained
by coating crosslinked alginate gel that is produced using a mixture comprising a cell
enabling production of antibodies, bioactive substances or the like, chemically modified
alginic acid derivatives represented by Formula (I) and Formula (IT) shown in an embodiment
[1B] to be described below and the like with a cationic polymer with an anionic polymer is
provided.

[0022] From examples to be described below, it was found that a polymer-coated crosslinked
alginate gel fiber can be produced by coating crosslinked alginate gel (also referred to as a
core layer) that is formed using a mixture comprising an antibody-producing cell (anti-GPVI

antibody-producing CHO cell or Tocilizumab-producing CHO cell) or a bioactive substance-
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producing cell (MING6 cell derived from a pancreatic B cell), chemically modified alginic acid
derivatives represented by Formula (I) and Formula (IT) and the like with a cationic polymer
of poly-L-ornithine, polyallylamine, polyethyleneimine or polymethylene-CO-guanidine
(PMCQG) (also referred to as a cationic polymer layer) and, as a result of performing culture
using the fiber, antibodies or insulin can be continuously produced for a long period of time (a
maximum of 47 days in the examples to be described below). The polymer-coated
crosslinked alginate gel fiber of the present invention provides environments suitable for cells
enabling production of antibodies, bioactive substances or the like, and antibodies, bioactive
substances or the like produced in the core layer of the fiber continuously penetrate the core
layer and the cationic polymer layer and are discharged outside the fiber.

[0023] Furthermore, from the examples to be described below, it was found that a multilayer
polymer-coated crosslinked alginate gel fiber can be produced by coating the outside of the
cationic polymer layer of the polymer-coated crosslinked alginate gel fiber comprising the
Tocilizumab-producing CHO cell in the core layer using, as the anionic polymer (also referred
to as an anionic polymer layer), alginic acid, the chemically modified alginic acid derivative
represented by Formula (I) and the chemically modified alginic acid derivative represented by
Formula (II)} and antibodies can be continuously produced for a long period of time (a
maximum of 35 days in the examples to be described below) by performing culture using the
fiber. The multilayer polymer-coated crosslinked alginate gel fiber of the present invention,
similar to the polymer-coated crosslinked alginate gel fiber, provides environments suitable
for cells enabling production of antibodies, bioactive substances or the like, and antibodies,
bioactive substances or the like produced in the core layer of the fiber continuously penetrate
the core layer, the cationic polymer layer and the anionic polymer layer and are discharged

outside the fiber.
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[0024] The polymer-coated crosslinked alginate gel fiber and multilayer polymer-coated
crosslinked alginate gel fiber of the present invention provide environments suitable for
production of antibodies, bioactive substances or the like. Physical stress on the cell
producing an antibody, a bioactive substance or the like that is encapsulated in the core layer
is small, and it is expected that the encapsulated cell continuously produces antibodies,
bioactive substances or the like for a long period of time. Therefore, a method for
manufacturing an antibody, a bioactive substance or the like using such a fiber can be
expected to significantly improve the production efficiency of antibodies, bioactive
substances or the like.  For example, in the case of antibody production, unlike suspension
culture of antibodies where a large culture tank is required, production of antibodies with a
small production facility is also expected. The method is also expected as a continuous
production technique of the next-generation antibody drugs suitable for the manufacture of a
variety of antibody drugs in small quantities.

[Brief Description of Drawings]

[0025]

[Fig. 1]

Fig. 1 is a cross-sectional view of a polymer-coated crosslinked alginate gel fiber.

[Fig. 2]

Fig. 2 is a schematic view of a core layer and a cationic polymer layer in the polymer-coated
crosslinked alginate gel fiber.

[Fig. 3]

Fig. 3 is a schematic view for describing one embodiment of a manufacturing process of the
polymer-coated crosslinked alginate gel fiber.

[Fig. 4]
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Fig. 4 is a lateral section of the polymer-coated crosslinked alginate gel fiber. Fig. 4isa
schematic view for describing how a metabolite and a waste product, such as an antibody, a
bioactive substance or the like produced in the core layer, a culture fluid (nutrient source) and
oxygen penetrate the cationic polymer layer.

[Fig. 5]

Fig. 5 is a photograph of a polymer-coated crosslinked alginate gel fiber (FB2-A-5-c1) of
(Example F2-C) before culture.

[Fig. 6]

Fig. 6 is a photograph of the polymer-coated crosslinked alginate gel fiber (FB2-A-5-c1) of
(Example F2-C) after culture.

[Fig. 7]

Fig. 7 is a fluorescence microscopic photograph of a polymer-coated crosslinked alginate gel
fiber produced in (Example F3).

[Fig. 8]

Fig. 8 is a cross-sectional view of a multilayer polymer-coated crosslinked alginate gel fiber.
[Fig. 9]

Fig. 9 is a schematic view of a core layer, a cationic polymer layer and an anionic polymer
layer in the multilayer polymer-coated crosslinked alginate gel fiber.

[Fig. 10]

Fig. 10 is a schematic view for describing one embodiment of a manufacturing process of the
multilayer polymer-coated crosslinked alginate gel fiber.

[Fig. 11]

Fig. 11 is a lateral section of the multilayer polymer-coated crosslinked alginate gel fiber.

Fig. 11 is a schematic view for describing how a metabolite and a waste product, such as an
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antibody, a bioactive substance or the like produced in the core layer, a culture fluid (nutrient
source) and oxygen penetrate the cationic polymer layer and the anionic polymer layer.
[Fig. 12]

Fig. 12 is a photograph of a polymer-coated crosslinked alginate gel fiber (FB9-3-c3) of
(Example F9) before culture.

[Fig. 13]

Fig. 13 is a photograph of the polymer-coated crosslinked alginate gel fiber (FB9-3-c3) of
(Example F9) after culture.

[Fig. 14]

Fig. 14 is a photograph of a polymer-coated crosslinked alginate gel fiber (FB9-2-c2) of
(Example F9) before culture.

[Fig. 15]

Fig. 15 is a photograph of the polymer-coated crosslinked alginate gel fiber (FB9-2-c2) of
(Example F9) after culture.

[Fig. 16]

Fig. 16 is a photograph of a multilayer polymer-coated crosslinked alginate gel fiber (FB12-
acl) of (Example F12) before culture.

[Fig. 17]

Fig. 17 is a photograph of the multilayer polymer-coated crosslinked alginate gel fiber (FB12-
acl) of (Example F12) after culture.

[Fig. 18]

Fig. 18 is a photograph of a multilayer polymer-coated crosslinked alginate gel fiber (FB12-
ac3) of (Example F12) before culture.

[Fig. 19]

10
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Fig. 19 is a photograph of the multilayer polymer-coated crosslinked alginate gel fiber (FB12-
ac3) of (Example F12) after culture.

[Fig. 20]

Fig. 20 is a photograph of a multilayer polymer-coated crosslinked alginate gel fiber (FB12-
ac2) of (Example F12) before culture.

[Fig. 21]

Fig. 21 is a photograph of the multilayer polymer-coated crosslinked alginate gel fiber (FB12-
ac2) of (Example 12) after culture.

[Fig. 22]

Fig. 22 is a fluorescence microscopic photograph of a fluorescently labeled alginate gel fiber
(FB14-¢c2-2) produced in (Example F14).

[Fig. 23]

Fig. 23 is a fluorescence microscopic photograph of a fluorescently labeled alginate gel fiber
(FB14-c1-1) produced in (Example F14).

[Description of Embodiments]

[0026] [Specific embodiments]

Here, specific embodiments of a polymer-coated crosslinked alginate gel fiber, a
method for manufacturing the fiber, and a method for manufacturing an antibody, a bioactive
substance or the like using the fiber will be described. In addition, specific embodiments of
a multilayer polymer-coated crosslinked alginate gel fiber, a method for manufacturing the
fiber, and a method for manufacturing an antibody, a bioactive substance or the like using the
fiber will also be described. More specifically, the specific embodiments are as described in
the following embodiments [1] to [7C-2].

[0027] [1] Embodiment 1 is as described below. A polymer-coated crosslinked alginate gel

fiber that is obtained by coating a core layer comprising a cell enabling production of

11
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antibodies, bioactive substances or the like and crosslinked alginate gel that is obtained by
performing a crosslinking reaction using chemically modified alginic acid derivatives
represented by Formula (I) and Formula (II) below with a cationic polymer (cationic polymer
layer).

[0028] [Chemically modified alginic acid derivative represented by Formula (I)]

Chemically modified alginic acid derivative represented by Formula (I) below:

[in Formula (I), (ALG) represents alginic acid; -NHCO- represents an amide bond
through an arbitrary carboxyl group of the alginic acid; Akn-L'- (Akn represents a cyclic
alkyne group; -L!- is a divalent linker that bonds to the cyclic alkyne group (Akn)) is a group
selected from the group consisting of partial structural formulae (in each formula, the right

side of the broken line is not included) shown in the following table].

12
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[Table 1-1]
No. Akn-L!-
ALK-la O 0 H xla=1-6
\\\N
NM~ A
O
ALK-1b e) H x1b=1-6
J\WN y1b=1-6
N
N x1b Mm
O
ALK-2 \Mi x2=1-6
- y2=0-6
O~ N N H 22=1-6
H | QN
Z z2
ALK-3a 0 x3a=1-6
— 3a=0-6
O\(\,))L a , Y
H
ALK-3b x3b=1-6
— Oﬁji - y3b=0-6
ﬁi(ovﬁ\: | Bl
z3b N
ALK-4 @) x4=1-6
— ®) y4=2-6
N N
X H " H
ALK-5a 9 x5a=1-6
== . 5a=2-6
O\M)K Sa a / Y _
“5a N/G\)KO > N/ z5a=2-6
H H
R PSP AP I -
x5b N ysb )zsb 25b=2-6
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[Table 1-2]
No. Akn-L'-
- =1-
ALK-6 . 0] H H ngl 2
0 6 NN J6-2-6
x6 ” \(/)g/ 2072
@)
ALK-7a 0O 0 H x7a=1-6
==__0 7 7 )WN\ y7a=2-6
%}NMS ﬁ V78 z7a=2-6
H H v7a=1-6
ALK-7b 0 x7b=1-6
_— H Tb=1-6
y
S I
x7h H y7b \ JjzTb S . H v7b=1-6

[0029] [Chemically modified alginic acid derivative represented by Formula (I1)]

Chemically modified alginic acid derivative represented by Formula (II) below:

[C2]

0
L2 )k
Ny~ N
H

(ALG)

(1)

[in Formula (IT), (ALG) represents alginic acid; -NHCO- represents an amide bond

through an arbitrary carboxyl group of the alginic acid; -L?- represents a linker selected from

the group consisting of partial structural formulae (in each formula, the outsides of the broken

lines at both ends are not included) shown in the following table].

14
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[Table 2]
No.
LN-1 al=2-6
b1=2-6
LN-2 a2=2-6
b2=1-6
LN-3 a3=1-6
b3=1-6
LN-4 ad=1-6
b4=2-6
LN-5 Naw - a5=1-6
S )
A 0 o
e H as 2 H
LN-6 Naw o a6=2-6
3 ,
P X
[ e
.0k

[0030] [1A] Embodiment 1A is as described below. A polymer-coated crosslinked alginate

gel fiber comprising a core layer and a cationic polymer layer that is disposed on the outside

of the core layer, in which the core layer comprises a cell enabling production of antibodies,

bioactive substances or the like and crosslinked alginate gel in which a crosslink has been

formed using chemically modified alginic acid derivatives represented by Formula (I) and

Formula (II), and the cationic polymer layer is a cationic polymer.

The chemically modified

alginic acid derivatives represented by Formula (I) and Formula (IT) are the same derivatives

as defined in the embodiment [1].

15
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[0031] [1-1-1] In the embodiment [1] or [1A], Akn-L!- in the chemically modified alginic
acid derivative represented by Formula (I) is preferably a group selected from the group
consisting of partial structural formulae (in each formula, the right side of the broken line is

not included) shown in the following table.

16
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[Table 3-1]
No. Akn-L!-
ALK-la-1 O o H x1a=2-6
\\\N
N)KM@? A
O
ALK-1b-1 0 y x1b=1-6
J\WN ylb=1-6
N x1b Wu/
O
ALK-2-1 @) p position
- x2=1-4
O\Mék y2=0-6
H 22=1-6
ALK-3a-1 @) x3a=1-6
- O\(‘)))k . y3a=0-6
s N 23a=2-6
H Sa",
H
ALK-3b-1 0 x3b=1-6
©/ x3b Hm\ H z3b=1-6
\\ N
SN
ALK-4-1 O x4=1-6
—_ 0O PN y4=2:6
N N
x* H " H
ALK-5a-1 0O x5a=1-6
== y y5a=2-6
O\Q)K hga Mlta 1 - 25a=2-6
x5a N O "N
H H
ALK-5b-1 0 H ngzi_g
B T~ OWN 2502
A \ = )_
®/ X5 m ysb 250 25b=2-6
[Table 3-2]
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No. Akn-L'-

ALK-6-1 o ] } x6=1-6
— 6=1-6

o) 6 N_ N -
%H% \(/)g‘/\ ~ 76=2-6

O

ALK-7a-1 0O ') H x7a=1-6
=P Ayza aza )kﬁ'/\N\ y7a=2-6
o N 6 N 78 z7a=2-6
H H v7a=1-6
ALK-7b-1 x7b=1-6
_— H y7b=1-6
OﬁiNJfV ONNY@% =y
b 1 o Uars L N vTb=1-6

[0032] [1-1-2] In the embodiment [1] or [1A], Akn-L!- in the chemically modified alginic
acid derivative represented by Formula (I) is more preferably a group selected from the group
consisting of partial structural formulae (in each formula, the right side of the broken line is

not included) shown in the following table.
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[Table 3-3]
No. Akn-L'-
ALK-1a-2 O o H x1a=2-6
\\ , N
N)KM@? ™
O
ALK-1b-2 o y x1b=1-3
J\WN ylb=1-3
N x1b Wu/
SO
ALK-2-2 0O x2=1-4
y2=1-6
22=1-6
ALK-3a-2 @) x3a=1-3
—_ 0 . y3a=0-3
N z3a=2-4
x3a H ,
38
H
ALK-3b-2 0 x3b=1-3
©/ b N y 73b=1-3
\\ N
S
ALK-4-2 0 x4=1-3
—__0 O yi=2-4
N N
x* H " H
ALK-5a-2 0O x5a=1-3
== . y5a=2-4
O% /Q\)yga/(\)ia,\' pd z5a=2-4
x5a N O N
H H
ALK-5b-2 0 x5b=1-3
B T~ OW“\ ey
®/ x50 m ysbze0 25b=2-4
[Table 3-4]
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No Akn-L'-

ALK-6-2 0
- H § 6=1-3
N N,
<6 ” z6
O

ALK-7a-2 0 o) H x7a=1-3
S L VN G N

x7a N N v7a Zia=z-

H H v7a=1-3

ALK-7b-2 x7b=1-3

T H 7b=1-3
__ y7b=1-
O\(%i\N/%\/ ONNWN/ Z7b=2-4

x7b y7b U)z7b S R

[0033] [1-1-3] In the embodiment [1] or [1A], Akn-L!- in the chemically modified alginic

acid derivative represented by Formula (1) is still more preferably a group selected from the
group consisting of the following partial structural formulae (in each formula, the right side of
the broken line is not included):

[C3]
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O Nhﬂ/ O NL/\/XH/ O NJL/\NJL"/E\
N\ Q N\ Q N\ Q

ALK-1a-3a ALK-1a-3b ALK-1b-3
(0] (0]
—— o\)k = \)k
N N
H H H H
ALK-2-3 ALK-3a-3
1) 0]
= O\)k H = \)L © -
NS SN NN \/\N
N S H H
ALK-4-3 ALK-5a-3
o) (0] 0]
== \)L H / == O\)k A)k ; H
N \/\N e N N /\)/ N
H H H H \
ALK-6-3a ALK-6-3b

o] o]
@/O\)Lu/\/o\/\”k/\u/

ALK-7a-3

[0034] [1-1-4] In the embodiment [1] or [1A], Akn-L!- in the chemically modified alginic
acid derivative represented by Formula (I) is particularly preferably a group selected from the
following partial structural formulae (in each formula, the right side of the broken line is not
included):

[C4]
O k

ALK-1a-3a ALK-2-3

" ZT
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[0035] [1-1-5] In the embodiment [1] or [1A], Akn-L!- in the chemically modified alginic

acid derivative represented by Formula (I) is a group selected from the group consisting of

partial structural formulae (in each formula, the right side of the broken line is not included)

shown in the following table:

[Table 3-5]
No.
ALK-1a xla=1-6
ALK-2 x2=1-6
y2=0-6
z2=1-6

preferably a group selected from the group consisting of partial structural formulae (in

each formula, the right side of the broken line is not included) shown in the following table:

[Table 3-6]
No.
ALK-1a-1 H x1a=2-6
\N\
x1a °
ALK-2-1 @] p position
—— 2=1-4
O y
x2 N y2=0-6
H 22=1-6

more preferably a group selected from the group consisting of partial structural

formulae (in each formula, the right side of the broken line is not included) shown in the

following table:




G2887

[Table 3-7]
No.
ALK-1a-2 H xla=2-6
N
x1a °
ALK-2-2 x2=1-4
_— y2=1-
O z2=1-6
and

still more preferably a group selected from the following partial structural formulae (in
each formula, the right side of the broken line is not included):

[C5]

o O
. == o)
()
ALK-1a-3a ALK-2-3
[0036] [1-2-1] In the embodiment [1] or [1A], -L*- in the chemically modified alginic acid
derivative represented by Formula (I) is preferably a group selected from the group

consisting of partial structural formulae (in each formula, the outsides of the broken lines at

both ends are not included) shown in the following table:
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[Table 4-1]
No. -L2-
LN-1-1 al=2-6
LR b1=2-6
5N N y
N
H
LN-2-1 0] a2=2-6
N3 b2
2
LN-3-1 a3=1-6
b3=1-6
LN-4-1 , ad=1-6
4/ b4=2-6
"N
H
LN-5-1 a5=1-6
LN-6-1 a6=2-6
NPERN

[0037] [1-2-2] In the embodiment [1] or [1A], -L*- in the chemically modified alginic acid
derivative represented by Formula (II) is more preferably a group selected from the group
consisting of partial structural formulae (in each formula, the outsides of the broken lines at

both ends are not included) shown in the following table:
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[Table 4-2]
No.
ILN-1-2 al=2-4
bl1=2-4
ILN-2-2 a2=2-4
b2=1-3
LN-3-2 a3=1-3
b3=1-3
ILN-4-2 0 ad=1-3
4, bd=2-4
N N
H H
LN-5-2 a5=1-3
LN-6-2 0 a6=2-4
6 -
N N/
H H

[0038] [1-2-3] In the embodiment [1] or [1A], -L*- in the chemically modified alginic acid
derivative represented by Formula (II) is still more preferably a group selected from the group
consisting of the following partial structural formulae (in each formula, the outsides of the

broken lines at both ends are not included):

[C6]
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LN-5-3a

LN-6-3

[0039] [1-2-4] In the embodiment [1] or [1A], -L*- in the chemically modified alginic acid
derivative represented by Formula (II) is particularly preferably a group selected from the
group consisting of the following partial structural formulae (in each formula, the outsides of

the broken lines at both ends are not included):

[C7]

[0040] [1-2-5] In the embodiment [1] or [1A], -L?- in the chemically modified alginic acid

derivative represented by Formula (II) is a group selected from the group consisting of partial
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structural formulae (in each formula, the outsides of the broken lines at both ends are not

included) shown in the following table:

[Table 4-3]
No. -L2-
LN-1 0] al=2-6
/P\){Q b1=2-6
NN T Y o ol
> N \
Z alt ™
LN-3 | a3=1-6
' b3=1-6
LN-5 a5=1-6

preferably a group selected from the group consisting of partial structural formulae (in
cach formula, the outsides of the broken lines at both ends are not included) shown in the

following partial structural formulae (in each formula, the right side of the broken line is not

included):
[Table 4-4]
No. L2
LN-1-1 0O al=2-6
N /P\)QN b1=2-6
3N H /(/\)61\
o ,,"/N/
H
LN-3-1 a3=1-6
b3=1-6
LN-5-1 a5=1-6
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more preferably a group selected from the group consisting of partial structural
formulae (in each formula, the outsides of the broken lines at both ends are not included)
shown in the following partial structural formulae (in each formula, the right side of the

broken line is not included):

[Table 4-5]
No. L2
LN-1-2 al=2-4
NMN b1=2-4
3 H /G\)Q"\"
O II’,”N/
H
ILN-3-2 a3=1-3
%\/#V\ - b3=1-3
LN-5-2 o %v a5=1-3
OM ~
\ N ab H
N3

still more preferably a group selected from the group consisting of the following
partial structural formulae (in each formula, the outsides of the broken lines at both ends are
not included).

[C8]

[0041] [1-2A] The use of the chemically modified alginic acid derivatives represented by

Formula (I) and Formula (II) for which the definitions of Akn, -L!- and -L*- described in the
28
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embodiments [1] to [1-2-5] are appropriately combined makes it possible to arbitrarily form a
preferable embodiment of crosslinked alginate gel in the core layer of the polymer-coated
crosslinked alginate gel fiber of the present invention.

[0042] [1-3] In the embodiment [1] or [1A], the cell enabling production of antibodies,
bioactive substances or the like, which is contained in the core layer of the polymer-coated
crosslinked alginate gel fiber, is a cell selected from the group consisting of antibody (a
variety of monoclonal antibodies such as human antibodies, humanized antibodies, chimeric
antibodies and mouse antibodies)-producing cells, bioactive substance-producing cells and
cells enabling production of a variety of useful substances useful as drug raw materials,
chemical raw materials, food raw materials and the like.

[0043] [1-3-1] In the embodiment [1] or [1A], the cell enabling production of antibodies,
which is contained in the core layer of the polymer-coated crosslinked alginate gel fiber, (also
referred to as the antibody-producing cell) is a hybridoma or a cultured cell transformed with
an antibody expression vector, and a cultured cell that is used as a host thereof (host cell) is,
for example, a cell selected from the group consisting of a CHO cell, a CHO cell subline, a
COS cell, an Sp2/0 cell, an NSO cell, an SP2 cell, a PERC6 cell, an YB2/0 cell, an YE2/0 cell,
a 1R983F cell, a Namalwa cell, a Wil-2 cell, a Jurkat cell, a Vero cell, a Molt-4 cell, an
HEK?293 cell, a BHK cell, a KGH6 cell, a P3X63Ag8.653 cell, a C127 cell, a JC cell, an LA7
cell, a ZR-45-30 cell, an hTERT cell, an NM2C5 cell, a UACC-812 cell and the like.

[0044] [1-3-2] In the embodiment [1] or [1A], in the antibody-producing cell that is contained
in the core layer of the polymer-coated crosslinked alginate gel fiber, the host cell thereof is
preferably a cell selected from the group consisting of a CHO cell, a CHO cell subline, a COS
cell, an Sp2/0 cell, an NSO cell, an SP2 cell and a PERC6 cell; more preferably a cell selected
from the group consisting of a CHO cell, a CHO cell subline, an Sp2/0 cell and an NSO cell;

and still more preferably a CHO cell or a CHO cell subline.
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[0045] [1-3-3] In the embodiment [1] or [1A], the antibody-producing cell that is contained in
the core layer of the polymer-coated crosslinked alginate gel fiber is, for example, an
antibody-producing CHO cell in which a host cell thereof is a CHO cell, for example, a CHO
cell selected from the group consisting of a muromonab-CD3-producing CHO cell, a
trastuzumab-producing CHO cell, a rituximab-producing CHO cell, a palivizumab-producing
CHO cell, an infliximab-producing CHO cell, a basiliximab-producing CHO cell, a
tocilizumab-producing CHO cell, a gemtuzumab-producing CHO cell, a bevacizumab-
producing CHO cell, an ibritumomab-producing CHO cell, an adalimumab-producing CHO
cell, a cetuximab-producing CHO cell, a ranibizumab-producing CHO cell, an omalizumab-
producing CHO cell, an eculizumab-producing CHO cell, a panitumumab-producing CHO
cell, a ustekinumab-producing CHO cell, a golimumab-producing CHO cell, a canakinumab-
producing CHO cell, a denosumab-producing CHO cell, a mogamulizumab-producing CHO
cell, a certolizumab-producing CHO cell, an ofatumumab-producing CHO cell, a pertuzumab-
producing CHO cell, a brentuximab-producing CHO cell, a natalizumab-producing CHO cell,
a nivolumab-producing CHO cell, an alemtuzumab-producing CHO cell, a secukinumab-
producing CHO cell, a ramucirumab-producing CHO cell, an ipilimumab-producing CHO
cell, an evolocumab-producing CHO cell, a mepolizumab-producing CHO cell, an
alirocumab-producing CHO cell, an ixekizumab-producing CHO cell, a brodalumab-
producing CHO cell, an idarucizumab-producing CHO cell, an elotuzumab-producing CHO
cell, a pembrolizumab-producing CHO cell, a sarilumab-producing CHO cell, a
bezlotoxumab-producing CHO cell, a belimumab-producing CHO cell, a daratumumab-
producing CHO cell, an avelumab-producing CHO cell, a dupilumab-producing CHO cell, an
atezolizumab-producing CHO cell, a benralizumab-producing CHO cell, an inotuzumab-
producing CHO cell, an emicizumab-producing CHO cell, a guselkumab-producing CHO

cell, a durvalumab-producing CHO cell, an obinutuzumab-producing CHO cell, a
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vedolizumab-producing CHO cell, an anti-GPVI antibody-producing CHO cell and the like;
for example, a CHO cell selected from the group consisting of a trastuzumab-producing CHO
cell, a rituximab-producing CHO cell, an infliximab-producing CHO cell, a tocilizumab-
producing CHO cell, an adalimumab-producing CHO cell, a nivolumab-producing CHO cell,
and an anti-GPVI antibody-producing CHO cell; for example, a tocilizumab-producing CHO
cell or an anti-GPVI antibody-producing CHO cell.

[0046] [1-3-4] In the embodiment [1] or [1A], the cell enabling production of bioactive
substances, which is contained in the core layer of the polymer-coated crosslinked alginate gel
fiber, (also referred to as the bioactive substance-producing cell) is, for example, a cell
selected from the group consisting of an insulin-secreting cell, a pancreatic islet, a pancreatic
islet cell, a dopamine-secreting cell, a pituitary cell, a growth hormone-secreting cell, a
parathyroid cell, a nerve growth factor-secreting cell, a blood coagulation factor-secreting
cell, a hepatocyte, a parathyroid cell, an erythropoietin-secreting cell, a norepinephrine-
secreting cell and the like.

[0047] [1-3-5] In the embodiment [1] or [1A], the bioactive substance-producing cell that is
contained in the core layer of the polymer-coated crosslinked alginate gel fiber is preferably a
cell selected from the group consisting of an insulin-secreting cell, a pancreatic islet and a
pancreatic islet cell; more preferably a MING cell derived from a pancreatic B cell.

[0048] [1-4] In the embodiment [1] or [1A], a component that can be additionally contained in
the core layer of the polymer-coated crosslinked alginate gel fiber is, for example, a
component selected from the group consisting of an alginic acid solution, alginate gel, a
culture medium, a culture fluid, a collagen solution, methylcellulose, a sucrose solution and
the like.

[0049] [1-4-1] In the embodiment [1] or [1A], a component that can be additionally contained

in the core layer of the polymer-coated crosslinked alginate gel fiber is preferably a

31



G2887

component selected from the group consisting of an alginic acid solution, alginate gel, a
culture medium and a culture fluid.

[0050] [1-5] In the embodiment [1] or [1A], the weight-average molecular weight measured
by gel filtration chromatography of the chemically modified alginic acid derivative
represented by Formula (I), which is used to form the crosslinked alginate gel, that is
contained in the core layer of the polymer-coated crosslinked alginate gel fiber is, for
example, within a range of approximately 100,000 Da to approximately 3,000,000 Da;
preferably within a range of approximately 300,000 Da to approximately 2,500,000 Da; more
preferably within a range of approximately 500,000 Da to approximately 2,000,000 Da.
[0051] [1-6] In the embodiment [1] or [1A], the weight-average molecular weight measured
by gel filtration chromatography of the chemically modified alginic acid derivative
represented by Formula (IT), which is used to form the crosslinked alginate gel, that is
contained in the core layer of the polymer-coated crosslinked alginate gel fiber is, for
example, within a range of approximately 100,000 Da to approximately 3,000,000 Da;
preferably within a range of approximately 300,000 Da to approximately 2,500,000 Da; more
preferably within a range of approximately 500,000 Da to approximately 2,000,000 Da.
[0052] [1-7] In the embodiment [1] or [1A], the introduction rate of a reactive group (Akn-L!-
NH2 group: Akn-L!- is the same as the definition in the embodiment [1]) into the chemically
modified alginic acid derivative represented by Formula (I), which is used to form the
crosslinked alginate gel, that is contained in the core layer of the polymer-coated crosslinked
alginate gel fiber is, for example, within a range of approximately 0.1 to approximately 30
mol%; preferably within a range of approximately 0.3 to approximately 20 mol%; more
preferably within a range of approximately 0.5 to approximately 10 mol%.

[0053] [1-8] In the embodiment [1] or [1A], the introduction rate of a reactive group (N3-L>-

NH2 group: -L?- is the same as the definition in the embodiment [1]) into the chemically
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modified alginic acid derivative represented by Formula (II), which is used to form the
crosslinked alginate gel, that is contained in the core layer of the polymer-coated crosslinked
alginate gel fiber is, for example, within a range of approximately 0.1 to approximately 30
mol%; preferably within a range of approximately 0.3 to approximately 20 mol%; more
preferably within a range of approximately 0.5 to approximately 15 mol%.
[0054] [1-9] In the embodiment [1] or [1A], the weight-average molecular weight measured
by gel permeation chromatography (GPC) of alginic acid (for example, sodium alginate or the
like) that is used to prepare an alginic acid solution that is used to form the alginic acid
solution or the alginate gel that can be additionally contained in the core layer of the polymer-
coated crosslinked alginate gel fiber is, for example, within a range of approximately 150,000
Da to approximately 2,500,000 Da;

preferably within a range of approximately 300,000 Da to approximately 2,000,000 Da
and

more preferably within a range of approximately 700,000 Da to approximately
2,000,000 Da.
[0055] [1-9-1] In the embodiment [1] or [1A], the weight-average molecular weight measured
by gel permeation chromatography (GPC) of alginic acid (for example, sodium alginate or the
like) that is used to prepare an alginic acid solution that is used to form the alginic acid
solution or the alginate gel that can be additionally contained in the core layer of the polymer-
coated crosslinked alginate gel fiber is, for example, within a range of approximately 150,000
Da to approximately 2,500,000 Da; preferably within a range of approximately 300,000 Da to
approximately 2,500,000 Da; more preferably within a range selected from approximately
700,000 Da to approximately 1,400,000 Da, approximately 800,000 Da to approximately
1,500,000 Da, approximately 1,400,000 to approximately 2,000,000 Da or approximately

1,500,000 to approximately 2,500,000 Da.
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[0056] [1-10-1] In the embodiment [1] or [1A], the concentration of a solution of the
chemically modified alginic acid derivative represented by Formula (I), which is used to form
the crosslinked alginate gel, that is contained in the core layer of the polymer-coated
crosslinked alginate gel fiber is, for example, within a range of approximately 0.01 to
approximately 1.5 wt%; preferably within a range of approximately 0.05 to approximately 1.0
wt%; more preferably within a range of approximately 0.08 to approximately 0.75 wt%.
[0057] [1-10-2] In the embodiment [1] or [1A], the concentration of a solution of the
chemically modified alginic acid derivative represented by Formula (II), which is used to
form the crosslinked alginate gel, that is contained in the core layer of the polymer-coated
crosslinked alginate gel fiber is, for example, within a range of approximately 0.01 to
approximately 1.5 wt%; preferably within a range of approximately 0.05 to approximately 1.0
wt%; more preferably within a range of approximately 0.08 to approximately 0.75 wt%.
[0058] [1-10-3] In the embodiment [1] or [1A], the concentration of a solution mixture of the
chemically modified alginic acid derivative represented by Formula (I) and the chemically
modified alginic acid derivative represented by Formula (II), which are used to form the
crosslinked alginate gel that is contained in the core layer of the polymer-coated crosslinked
alginate gel fiber is, for example, within a range of approximately 0.02 to approximately 2.0
wt%; preferably within a range of approximately 0.1 to approximately 2.0 wt%; more
preferably within a range of approximately 0.15 to approximately 1.5 wt%.

[0059] [1-10-4] In the embodiment [1] or [1A], the concentration of the alginic acid solution,
which can be additionally contained in the core layer of the polymer-coated crosslinked
alginate gel fiber, or the alginic acid solution, which is used to form the alginate gel is, for
example, within a range of 0 to approximately 1.98 wt%; preferably within a range of 0 to

approximately 1.8 wt%; more preferably within a range of 0 to approximately 1.7 wt%.
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[0060] [1-11-1] In the embodiment [1] or [1A], in a case where the alginic acid solution or the
alginate gel that is formed from the alginic acid solution is contained in the crosslinked
alginate gel that is contained in the core layer of the polymer-coated crosslinked alginate gel
fiber, the total concentration of the concentration of the solution mixture comprising the
chemically modified alginic acid derivatives represented by Formula (I) and Formula (II),
which are used to form the core layer, and the concentration of the alginic acid solution is
preferably within a range of approximately 0.5 to approximately 2.0 wt%; more preferably
selected from approximately 1.0 wt%, approximately 1.5 wt% and approximately 2.0 wt%.
[0061] [1-11-2] In the embodiment [1] or [1A], in a case where the alginic acid solution or the
alginate gel that is formed from the alginic acid solution is contained in the crosslinked
alginate gel that is contained in the core layer of the polymer-coated crosslinked alginate gel
fiber, the combination of the concentration (C1 (wt%)) of the solution mixture comprising the
chemically modified alginic acid derivatives represented by Formula (I) and Formula (II),
which are used to form the core layer, and the concentration (C2 (wt%)) of the alginic acid
solution is preferably a combination selected from the group consisting of (C1:C2) =
(approximately 0.2:approximately 1.3), (approximately 0.5:approximately 1.0),
(approximately 1.0:approximately 0.5), (approximately 1.5:0), (approximately
0.66:approximately 1.34) and (approximately 0.34:approximately 0.66).

[0062] [1-11-3] In the embodiment [1] or [1A], in a case where the alginic acid solution or the
alginate gel that is formed from the alginic acid solution is contained in the crosslinked
alginate gel that is contained in the core layer of the polymer-coated crosslinked alginate gel
fiber, the combination of the concentration (C1A (wt%)) of the solution of the chemically
modified alginic acid derivative represented by Formula (I), the concentration (CIN (wt%))
of the solution of the chemically modified alginic acid derivative represented by Formula (II),

which are used to form the core layer, and the concentration (C2 (wt%)) of the alginic acid
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solution is preferably a combination selected from the group consisting of (C1A:CIN:C2) =
(approximately 0.1:approximately 0.1:approximately 1.3), (approximately 0.25:approximately
0.25:approximately 1.0), (approximately 0.5:approximately 0.5:approximately 0.5),
(approximately 0.75:approximately 0.75:0), (approximately 0.33:approximately
0.33:approximately 1.34) and (approximately 0.17:approximately 0.17:approximately 0.66).
[0063] [1-11-4] In the embodiment [1] or [1A], the volume ratio (v1, v2) of the solutions of
the individual derivatives in the solution mixture of the solution of the chemically modified
alginic acid derivative represented by Formula (I) and the solution of the chemically modified
alginic acid derivative represented by Formula (II), which are used to form the crosslinked
alginate gel that is contained in the core layer of the polymer-coated crosslinked alginate gel
fiber is, for example, a ratio in the case of vl + v2 = 15 and, for example, (v1:v2) = (7.5:7.5).
[0064] [1-11-5] In the embodiment [1] or [1A], in a case where the alginic acid solution or the
alginate gel that is formed from the alginic acid solution is contained in the crosslinked
alginate gel that is contained in the core layer of the polymer-coated crosslinked alginate gel
fiber, the volume ratio of the volumes (v1, v2, v3) of the individual solutions in the solution
mixture of the solution of the chemically modified alginic acid derivative represented by
Formula (1), the solution of the chemically modified alginic acid derivative represented by
Formula (II), which are used to form the core layer, and the alginic acid solution is, for
example, a ratio in the case of vl +v2 + v3 = 15 and, for example, a combination of
(v1:v2:v3) = (5:5:5), (2.5:2.5:10), (1:1:13) or the like.

[0065] [1-12] In the embodiment [1] or [1A], the crosslinked alginate gel that is contained in
the core layer of the polymer-coated crosslinked alginate gel fiber comprises a chemical
crosslink through a group represented by Formula (I1I-L) below:

[C9]
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O 0O
)L PEEN )K (-1
N X N
H H

[in Formula (ITI-L), -CONH- and -NHCO- at both ends represent amide bonds through

arbitrary carboxyl groups of the alginic acid;

-X-1s a cyclic group selected from the group of partial structural formulae shown in

the following table:

[Table 5-1]
No. No.
CL-1 , CL-1-r
—
N/
AN
CL-2 L CL-2-r

in a case where -X- is (CL-1) or (CL-1-r), -L!- is a divalent linker (in each formula, the
outsides of the broken lines at both ends are not included) selected from the group of partial

structural formulae shown in the following table:

[Table 5-2]
No. -L!-
LK-1a o xla=1-6
H
N
x1a °
LK-1b 0] H x1b=1-6
)KM/N ylb=1-6
\ L
x1b MN
O H
and,
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in a case where -X- is (CL-2) or (CL-2-r), -L!- is a divalent linker (in each formula, the
outsides of the broken lines at both ends are not included) selected from the group of partial

structural formulae shown in the following table:

[Table 5-3]

No.

LK-2 x2=1-6
y2=0-6
22=1-6

LK-3a @) x3a=1-6

e a y3a=0-6
\ - H/F\/{@O S 232=2-6
H
LK-3b O x3b=1-6
x3b N %O \/ﬁ\ Y z3b=1-6
z3b / H
LK-4 e x4=1-6
, 4=2-6
e / y
S s
X H H
LK-5a @) x5a=1-6
' O // y5 a=2-6
> N%KNMMN/ 25226
\ H H
LK-5b o) H x5b=1-6
< SN —_
/ x5b ﬁ y5b t7z50 23b=2-6
LK-6 @) H H X6i 1-6
/O B N : N\ y6_ 1-6
e N e 26=2-6
0]
LK-7a o) e H x7a=1-6
. _O N y7a=2-6
SO R P 7226
% H H v7a=1-6
LK-7b @) H x7b=1-6
o) @) N ) y7b=1-6
— \(%ni\u/%v Wb WN/ Z7b=2-6
O H v7b=1-6
; and
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-L%- is the same as the definition of Formula (II) in the embodiment [1]].
[0066] [1-12-1] In Formula (ITI-L) shown in the embodiment [1-12], preferably, in a case
where -X- is (CL-1) or (CL-1-r) in the embodiment [1-12], -L!- is a divalent linker (in each
formula, the outsides of the broken lines at both ends are not included) selected from the

group of partial structural formulae shown in the following table:

[Table 6-1]
No. -LI-
LK-1a-1 o x1a=2-6
H
WN\
xta ®
LK-1b-1 '®) H x1b=1-6
)J\M/N yIb=1-6
x1b N
O H

in a case where -X- is (CL-2) or (CL-2-r), -L!- is a divalent linker (in each formula, the
outsides of the broken lines at both ends are not included) selected from the group of partial

structural formulae shown in the following table:
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[Table 6-2]
No. -LI-
LK-2-1 x2=1-4
. O\ﬁ/)i y2=0-6
/ x2 N 22=1-6
H
LK-3a-1 0O x3a=1-6
e y3a=0-6
> %HX&@ /3a=2-6
3a.”
O N
H
LK-3b-1 O x3b=1-6
SN NM@ ¥ 23b=1-6
o%\
LK-4-1 o x4=1-6
, 4=2-6
O ' y
H H
LK-5a-1 @) x5a=1-6
; y5a=2-6
/O\M)K /(A)*@/é\)"‘@’\ ~ 25a=2-6
x5a N O "N
H H
LK-5b-1 ') H x5b=1-6
R I e
< N =_
/ x5b m y5b t7z50 256=2-6
LK-6-1 @) H H x6=1-6
/O 6 N \\ N\ y6f1-6
q o H M 26=2-6
O
LK-7a-1 0O H x7a=1-6
e N y7a=2-6
e }%}N%}\)ﬂﬁiﬁﬁ:‘ ™~ 27a=2-6
H v7a=1-6
LK-7b-1 \)CL x7b=1-6
o) y7b=1-6
e N O N YQ‘K T |
H VIb=1-6

; more preferably, in a case where -X- is (CL-1) or (CL 1-r), -L!- is a divalent linker
(in each formula, the outsides of the broken lines at both ends are not included) selected from

the group of partial structural formulae shown in the following table:
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[Table 6-3]
No. -L-
LK-1a-2 0 x1a=2-6
H
xta ®
LK-1b-2 0] H x1b=1-3
))J\WN ylb=1-3
M e
x1h N
O H

; in a case where -X- is (CL-2) or (CL-2-r), -L!- is a divalent linker (in each formula,
the outsides of the broken lines at both ends are not included) selected from the group of

partial structural formulae shown in the following table:
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[Table 6-4]

No. -LI-

LK-2-2 O x2=1-4
e y2=1-6
< 2 72=1-6

LK-3a-2 O x3a=1-3
0 y3a=0-3
< \mx)%km 3 23a=2-4

3a.”
O ' N/
H

LK-3b-2 w_{i x3b=1-3
.0 b y3b=0-3
< N z3b=1-3

N x3b H . H
° AN \
LK-4-2 o x4=1-3
4=2-4
. _0O y
> N N
x H H

LK-5a-2 x5a=1-3
s O /: y5a=2-4
29 WJ\N/&QO SN 250=2-4

\ H H

LK-5b-2 0 H x5b=1-3

e O% %\/OW N P
o Oxsbp m y5b Jzs0 25b=2-4

LK-6-2 @) H H x6=1-3

70 Sl Ao A
b x6 H Z6 2
O

LK-7a-2 0O o) H x7a=1-3
, O 7 7 )K(/)/N\ y7a=2-4
/{ %}N/é\)%é ﬁ v7a N z7a=2-4

H H v7a=1-3

LK-7b-2 o) H x7b=1-3

o) o) y7b=1-3
— \(%:)\N{/V W?WN/ 2Tb=2-4
H y e} " H v7b=1-3
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; still more preferably, in a case where -X- is (CL-1) or (CL-1-r), -L!- is a divalent
linker (in each formula, the outsides of the broken lines at both ends are not included) selected
from the group of the following partial structural formulae:

[C10]

0O

0O O
) H

H

LK-1a-3a LK-1a-3b LK-1b-3
; in a case where -X- is (CL-2) or (CL-2-r), -L!- is a divalent linker (in each formula,
the outsides of the broken lines at both ends are not included) selected from the group of the

following partial structural formulae:

[C11]

H
}{_O\)kN /O N /O\*N/\/N\
s N ! N N g

LK-2- LK-4-3
3 LK-32-3

H H
. i 5 N { . O\)k A)k L N
H FH '

0
LK-5a-3 LK-6-3a LK-6-3b

Q
H H ‘ H

LK-78-3

; particularly preferably, in a case where -X- is (CL-1) or (CL-1-r), -L'- is a divalent
linker of the following partial structural formula (in each formula, the outsides of the broken
lines at both ends are not included):

[C12]

O

LK-1a-3a
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; in a case where -X- is (CL-2) or (CL-2-r), -L!- is a divalent linker of the following
partial structural formula (in each formula, the outsides of the broken lines at both ends are

not included):

[C13]

O
O\)L
= N

H
LK-2-3

[0067] [1-12-2] In Formula (III-L) shown in the embodiment [1-12], preferable, more
preferable, still more preferable and particularly preferable -L2- are the same as the definitions
described in the embodiments [1-2-1] to [1-2-4], respectively.

[0068] [1-12-3] In the embodiment [1-12], a preferable combination of -L2-X-L!- in the group
represented by Formula (ITI-L) is as shown by a partial structure selected from the group of

formulae in the following table:

[Table 7-1]
-X- L. 1.2
CL-1 Linker selected from LK-1a-1 or Linker selected from the group
or LK-1b-1 consisting of LN-1-1, LN-2-1, LN-3-
CL-1-r 1, LN-4-1, LN-5-1 and LN-6-1
CL-2 Linker selected from the group Linker selected from the group
or consisting of LK-2-1, LK-3a-1, LK- | consisting of LN-1-1, LN-2-1, LN-3-
CL-2-r 3b-1, LK-4-1, LK-5a-1, LK-5b-1, 1, LN-4-1, LN-5-1 and LN-6-1
LK-6-1, LK-7a-1 and LK-7b-1

(-L'- in the table is the same as the definition of the preferable -L'- described in the
embodiment [1-12-1]; -L2- is the same as the definition of the preferable -L2- described in the
embodiment [1-2-1]; -X- is as described in the embodiment [1-12]);

more preferably, the combination of -L2-X-L!- is as shown by a partial structure
selected from the group of formulae in the following table:

[Table 7-2]
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-X- -LI- -L%-
CL-1 Linker selected from LK-1a-2 or Linker selected from the group
or LK-1b-2 consisting of LN-1-2, LN-2-2, LN-3-
CL-1-r 2, LN-4-2, LN-5-2 and LN-6-2
CL-2 Linker selected from the group Linker selected from the group
or consisting of LK-2-2, LK-3a-2, LK- | consisting of LN-1-2, LN-2-2, LN-3-
CL-2-r 3b-2, LK-4-2, LK-5a-2, LK-5b-2, 2, LN-4-2, LN-5-2 and LN-6-2
LK-6-2, LK-7a-2 and LK-7b-2

(-L'- in the table is the same as the definition of the more preferable -L!- described in

the embodiment [1-12-1]; -L*- is the same as the definition of the more preferable -L2-

described in the embodiment [1-2-2]; -X- is as described in the embodiment [1-12]);

[0069] still more preferably, the combination of -L?-X-L'- is as shown by a partial structure

selected from the group of formulae in the following table:

[Table 7-3]
-X- -LI- -L2-

CL-1 Linker selected from the group Linker selected from the group

or consisting of LK-1a-3a, LK-1a-3b consisting of LN-1-3, LN-2-3, LN-3-

CL-1-r and LK-1b-3 3a, LN-3-3b, LN-4-3, LN-5-3a, LN-

5-3b and LN-6-3

CL-2 Linker selected from the group Linker selected from the group

or consisting of LK-2-3, LK-3a-3, LK- | consisting of LN-1-3, LN-2-3, LN-3-

CL-2-r 4-3, LK-5a-3, LK-6-3a, LK-6-3b and | 3a, LN-3-3b, LN-4-3, LN-5-3a, LN-
LK-7a-3 5-3b and LN-6-3

(-L'- in the table is the same as the definition of the still more preferable -L!-

described in the embodiment [1-12-1]; -L*- is the same as the definition of the still more

preferable -L2- described in the embodiment [1-2-3]; -X- is as described in the embodiment

[1-12]);

[0070] particularly preferably, the combination of -L-X-L!- is as shown by a partial structure

selected from the group of formulae in the following table:

[Table 7-4]
-X- -LI- -L%-

CL-1 Linker of LK-1a-3a Linker selected from the group

or consisting of LN-1-3, LN-3-3a and
CL-1-r LN-5-3a

CL-2 Linker of LK-2-3 Linker selected from the group

or consisting of LN-1-3, LN-3-3a and
CL-2-r LN-5-3a

45




G2887

(-L'- in the table is the same as the definition of the particularly preferable -L'-
described in the embodiment [1-12-1]; -L- is the same as the definition of the particularly
preferable -L?- described in the embodiment [1-2-4]; -X- is as described in the embodiment
[1-12]).

[0071] [1-12A] In the embodiment [1] or [1A], the crosslinked alginate gel that is contained
in the core layer of the polymer-coated crosslinked alginate gel fiber comprises a chemical
crosslink through a group represented by Formula (I1I-L) shown in the embodiment [1-12] [in
Formula (III-L), -CONH- and -NHCO- at both ends and -X- are the same as the definitions in
the embodiment [1-12]; -L!- is the same as the group represented by the partial structural
formula (LK-1a) shown in the embodiment [1-12] in a case where -X- is (CL-1) or (CL-1-r); -
L!- is the same as the group represented by the partial structural formula (LK-2-1) shown in
the embodiment [1-12] in a case where -X- is (CL-2) or (CL-2-r); -L*- is the same as a group
selected from the partial structural formulae (LN-1), (LN-3) and (LN-5) shown in the
embodiment [1]].

[0072] [1-12A-1] In the embodiment [1-12A], in a case where -X- is (CL-1) or (CL-1-r), the
preferable, more preferable and still more preferable -L!- are the same as the groups
represented by the partial structural formulae (LK-1a-1), (LK-1a-2) and (LK-1a-3) shown in
the embodiment [1-12], respectively; in a case where -X- is (CL-2) or (CL-2-r), the
preferable, more preferable and still more preferable -L!- are the same as the groups
represented by the partial structural formulae (LK-2-1), (LK-2-2) and (LK-2-3) shown in the
embodiment [1-12], respectively; -L2- is preferably the same as the group represented by the
partial structural formulae (LN-1-1), (LN-3-1) or (LN-5-1) shown in the embodiment [1-2-1],
more preferably the same as the group represented by the partial structural formulae (LN-1-2),

(LN-3-2) or (LN-5-2) shown in the embodiment [1-2-2] and still more preferably the same as
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the group represented by the partial structural formulae (LN-1-3), (LN-3-3a) or (LN-5-3a)
shown in the embodiment [1-2-3].

[0073] [1-12A-2] In the embodiment [1-12A], preferable, more preferable and still more
preferable combinations of -L*-X-L!- in the group represented by Formula (I1I-L) are as

shown by partial structures selected from the group of formulae in the following table:

[Table 7-5]
Preferable -X- LI L2
combination
CL-1orCL-1-r | LK-la-1 (LN-1-1), (LN-3-1) or (LN-5-1)
CL-2 or CL-2-r | LK-2-1
More -X- LI LA
preferable CL-1 or CL-1-r | LK-1a-2 (LN-1-2), (LN-3-2) or (LN-5-2)

combination CL-2 or CL-2-r | LK-2-2

Still more -X- LI LA

preferable CL-1 or CL-1-r |LK-l1a-3a | (LN-1-3), (LN-3-3a) or (LN-5-3a)
combination CL-2 or CL-2-r | LK-2-3

(-L!- and -L*- in the table are the same as the definitions described in the embodiment
[1-12A-1]; -X- is as described in the embodiment [1-12]).
[0074] [1-13] In the embodiment [1] or [1A], the crosslinked alginate gel that is contained in
the core layer comprises a chemical crosslink through a group represented by Formula (I1I-L)
in the embodiment [1-12] [in Formula (III-L), each definition is the same as the definition in
the embodiment [1-12]] or Formula (III-L) in the embodiment [1-12A] [in Formula (III-L),
each definition is the same as the definition in the embodiment [1-12A]] and an ionic
crosslinking through a divalent metal ion.
[0075] [1-13A] In the embodiment [1] or [1A], the divalent metal ion that is used to form the
ionic crosslinking in the crosslinked alginate gel that is contained in the core layer of the
polymer-coated crosslinked alginate gel fiber is preferably a divalent metal ion selected from
the group of a calcium ion, a magnesium ion, a barium ion, a strontium ion and a zinc ion;
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more preferably a calcium ion, a barium ion or a strontium ion; still more preferably a
calcium ion or a barium ion.

[0076] [1-14] In the embodiment [1] or [1A], for an aqueous solution comprising the divalent
metal ion that is used to form the ionic crosslinking in the crosslinked alginate gel that is
contained in the core layer of the polymer-coated crosslinked alginate gel fiber, it is possible
to use an aqueous solution comprising a divalent metal ion selected from the group consisting
of a calcium chloride aqueous solution, a calcium carbonate aqueous solution, a calcium
gluconate aqueous solution, a barium chloride aqueous solution, a strontium chloride aqueous
solution and the like as a supply source; a calcium chloride aqueous solution or a barium
chloride aqueous solution is preferable.

[0077] [1-15-1] In the embodiment [1] or [1A], the cationic polymer in the cationic polymer
layer of the polymer-coated crosslinked alginate gel fiber is a cationic polymer selected from
the group consisting of polyamino acids, basic polysaccharides, basic polymers and the like.
[0078] [1-15-2] In the embodiment [1] or [1A], the cationic polymer in the cationic polymer
layer of the polymer-coated crosslinked alginate gel fiber is preferably a cationic polymer
selected from the group consisting of poly-L-ornithine (PLO), poly-D-ornithine (PDO), poly-
DL-ornithine, poly-D-lysine (PDL), poly-L-lysine (PLL), poly-DL-lysine, poly-L-arginine
(PLA), poly-D-arginine (PDA), poly-DL-arginine, poly-L-homoarginine (PLHA), poly-D-
homoarginine (PDHA), poly-DL-homoarginine, poly-L-histidine (PLH), poly-D-histidine
(PDH) and poly-DL-histidine, which are polyamino acids; more preferably poly-L-ornithine
or poly-L-lysine; still more preferably poly-L-ornithine.

[0079] [1-15-3] In the embodiment [1] or [1A], the cationic polymer in the cationic polymer
layer of the polymer-coated crosslinked alginate gel fiber is chitosan.

[0080] [1-15-4] In the embodiment [1] or [1A], the cationic polymer in the cationic polymer

layer of the polymer-coated crosslinked alginate gel fiber is a cationic polymer selected from
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the group consisting of polymethylene-CO-guanidine (PMCG), polyallylamine (PAA),
polyvinylamine (PVA), polyethyleneimine, allylamine-diallylamine copolymers and
allylamine-maleic acid copolymers; preferably polyallylamine (PAA), polyethyleneimine or
polymethylene-CO-guanidine (PMCG).

[0081] [1-16] In the embodiment [1] or [1A], the outer diameter of the polymer-coated
crosslinked alginate gel fiber is, for example, within a range of approximately 0.1 to
approximately 2000 pm.

[0082] The use of the chemically modified alginic acid derivatives represented by Formula (1)
and Formula (II) for which the definitions of Akn, -L!-, -L?- and X described in the above-
described embodiments are appropriately combined makes it possible to arbitrarily form a
preferable embodiment of crosslinked alginate gel in the core layer of the polymer-coated
crosslinked alginate gel fiber of the embodiment.

[0083] [1-17-1] The polymer-coated crosslinked alginate gel fiber of the embodiment [1] or
[1A]is a polymer-coated crosslinked alginate gel fiber, in which, preferably, the alginic acid
derivative represented by Formula (I), which is used to form the crosslinked alginate gel, is
selected from the alginic acid derivatives described in the embodiment [1-1-1] or the
preferable alginic acid derivatives of the embodiment [1-1-5] and the alginic acid derivative
represented by Formula (II) is selected from the alginic acid derivatives described in the
embodiment [1-2-1] or the preferable alginic acid derivatives of the embodiment [1-2-5]; the
antibody-producing cell is selected from the cells described in the embodiments [1-3-1] to [1-
3-3]; the cationic polymer layer is selected from the cationic polymers described in the
embodiment [1-15-1].

[0084] [1-17-1B] The polymer-coated crosslinked alginate gel fiber of the embodiment [1] or
[1A] is a polymer-coated crosslinked alginate gel fiber, in which, preferably, the alginic acid

derivative represented by Formula (I), which is used to form the crosslinked alginate gel, is
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selected from the alginic acid derivatives described in the embodiment [1-1-1] or the
preferable alginic acid derivatives of the embodiment [1-1-5] and the alginic acid derivative
represented by Formula (II) is selected from the alginic acid derivatives described in the
embodiment [1-2-1] or the preferable alginic acid derivatives of the embodiment [1-2-5]; the
antibody-producing cell is selected from the cells described in embodiments [1B-3-1] to [1B-
3-9]; the cationic polymer layer is selected from the cationic polymers described in the
embodiment [1-15-1].

[0085] [1-17-2] The polymer-coated crosslinked alginate gel fiber of the embodiment [1] or
[1A] is a polymer-coated crosslinked alginate gel fiber, in which, more preferably, the alginic
acid derivative represented by Formula (I), which is used to form the crosslinked alginate gel,
is selected from the alginic acid derivatives described in the embodiment [1-1-2] or the more
preferable alginic acid derivatives of the embodiment [1-1-5] and the alginic acid derivative
represented by Formula (II) is selected from the alginic acid derivatives described in the
embodiment [1-2-2] or the more preferable alginic acid derivatives of the embodiment [1-2-
5]; the antibody-producing cell is selected from the cells described in the embodiments [1-3-
2] and [1-3-3]; the cationic polymer layer is selected from the cationic polymers described in
the embodiments [1-15-2] to [1-15-4].

[0086] [1-17-2B] The polymer-coated crosslinked alginate gel fiber of the embodiment [1] or
[1A] is a polymer-coated crosslinked alginate gel fiber, in which, more preferably, the alginic
acid derivative represented by Formula (I), which is used to form the crosslinked alginate gel,
is selected from the alginic acid derivatives described in the embodiment [1-1-2] or the more
preferable alginic acid derivatives of the embodiment [1-1-5] and the alginic acid derivative
represented by Formula (II) is selected from the alginic acid derivatives described in the
embodiment [1-2-2] or the more preferable alginic acid derivatives of the embodiment [1-2-

5]; the antibody-producing cell is selected from the cells described in embodiments [1B-3-2]
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to [1B-3-9]; the cationic polymer layer is selected from the cationic polymers described in the
embodiments [1-15-2] to [1-15-4].

[0087] [1-17-3] The polymer-coated crosslinked alginate gel fiber of the embodiment [1] or
[1A] is a polymer-coated crosslinked alginate gel fiber, in which, still more preferably, the
alginic acid derivative represented by Formula (1), which is used to form the crosslinked
alginate gel, is selected from the alginic acid derivatives described in the embodiment [1-1-3]
and the alginic acid derivative represented by Formula (II) is selected from the alginic acid
derivatives described in the embodiment [1-2-3]; the antibody-producing cell is selected from
the cells described in the embodiments [1-3-2] to [1-3-3]; the cationic polymer layer is
selected from the cationic polymers described in the embodiment [1-15-2] or [1-15-4].

[0088] [1-17-3B] The polymer-coated crosslinked alginate gel fiber of the embodiment [1] or
[1A] is a polymer-coated crosslinked alginate gel fiber, in which, still more preferably, the
alginic acid derivative represented by Formula (1), which is used to form the crosslinked
alginate gel, is selected from the alginic acid derivatives described in the embodiment [1-1-3]
and the alginic acid derivative represented by Formula (II) is selected from the alginic acid
derivatives described in the embodiment [1-2-3]; the antibody-producing cell is selected from
the cells described in embodiments [1B-3-3] or [1B-3-9]; the cationic polymer layer is
selected from the cationic polymers described in the embodiment [1-15-2] or [1-15-4].

[0089] [1-17-4] The polymer-coated crosslinked alginate gel fiber of the embodiment [1] or
[1A] is a polymer-coated crosslinked alginate gel fiber, in which, particularly preferably, the
alginic acid derivative represented by Formula (1), which is used to form the crosslinked
alginate gel, is selected from the alginic acid derivatives described in the embodiment [1-1-4]
and the alginic acid derivative represented by Formula (II) is selected from the alginic acid
derivatives described in the embodiment [1-2-4]; the antibody-producing cell is an antibody-

producing CHO cell; the cationic polymer layer, the cationic polymer layer is selected from
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poly-L-ornithine, polyallylamine (PAA), polyethyleneimine or polymethylene-CO-guanidine
(PMCQG).

[0090] [1-17-5] In the embodiment [1-17-1] to [1-17-4], the crosslinked alginate gel in the
polymer-coated crosslinked alginate gel fiber comprises any of the components that can be
contained described in the embodiments [1-4] and [1-4-1].

[0091] Combination of the individual elements of the cell enabling production of antibodies,
bioactive substances or the like, the chemically modified alginic acid derivatives represented
by Formula (I) and Formula (II) that are used to form the crosslinked alginate gel and the
cationic polymer (cationic polymer layer) in the polymer-coated crosslinked alginate gel
fibers described in the embodiments makes it possible to arbitrarily form a preferable
embodiment of a method for manufacturing a polymer-coated crosslinked alginate gel fiber.
[0092] [1B] Embodiment 1B is as described below. A multilayer polymer-coated
crosslinked alginate gel fiber comprising a core layer comprising a cell enabling production of
antibodies, bioactive substances or the like embedded in crosslinked alginate gel that is
obtained by performing a crosslinking reaction using the chemically modified alginic acid
derivatives represented by Formula (I) and Formula (II), a cationic polymer layer (cationic
polymer) that coats the core layer and an anionic polymer layer (anionic polymer) that coats
the cationic polymer layer. The chemically modified alginic acid derivatives represented by
Formula (I) and Formula (II) are the same derivatives as defined in the embodiment [1].
[0093] [1C] Embodiment 1C is as described below. A multilayer polymer-coated
crosslinked alginate gel fiber that is obtained by coating a core layer comprising a cell
enabling production of antibodies, bioactive substances or the like and crosslinked alginate
gel that is obtained by performing a crosslinking reaction using chemically modified alginic

acid derivatives represented by Formula (I) and Formula (IT) with a cationic polymer and an
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anionic polymer. The chemically modified alginic acid derivatives represented by Formula
(I) and Formula (I1) are the same derivatives as defined in the embodiment [1].

[0094] [1D] Embodiment 1D is as described below. A multilayer polymer-coated
crosslinked alginate gel fiber comprising a core layer, a cationic polymer layer that is
disposed on the outside of the core layer and an anionic polymer layer that is disposed on the
outside of the cationic polymer layer, in which the core layer comprises a cell enabling
production of antibodies, bioactive substances or the like and crosslinked alginate gel in
which a crosslink has been formed using chemically modified alginic acid derivatives
represented by Formula (I) and Formula (II). The chemically modified alginic acid
derivatives represented by Formula (I) and Formula (IT) are the same derivatives as defined in
the embodiment [1].

[0095] [1B-1-1] In the embodiments [1B] to [1D], Akn-L!- in the chemically modified alginic
acid derivative represented by Formula (I) is preferably the same as the definition described in
the embodiment [1-1-1]; more preferably the same as the definition described in the
embodiment [1-1-2]; still more preferably the same as the definition described in the
embodiment [1-1-3]; particularly preferably the same as the definition described in the
embodiment [1-1-4]; most preferably a group represented by the following partial structural

formula (in each formula, the right side of the broken line is not included):

[C14]
O
= O\)L
N
ALK-2-3

[1B-1-2] In the embodiments the embodiments [1B] to [1D], Akn-L!- in the

chemically modified alginic acid derivative represented by Formula (I) is the same as the
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definition described in the embodiment [1-1-5]; preferable, more preferable and still more
preferable Akn-L!- are the same as the definitions described in the embodiment [1-1-5],
respectively; Akn-L'- is particularly preferably a group represented by the following partial

structural formula (in each formula, the right side of the broken line is not included):

[C15]
0O
= O\)L
N
ALK-2-3

[0096] [1B-2-1] In the embodiments the embodiments [1B] to [1D], -L*- in the chemically
modified alginic acid derivative represented by Formula (II) is preferably the same as the
definition described in the embodiment [1-2-1]; more preferably the same as the definition
described in the embodiment [1-2-2]; still more preferably the same as the definition
described in the embodiment [1-2-3]; particularly preferably the same as the definition
described in the embodiment [1-2-4]; most preferably a group represented by the following
partial structural formula (in each formula, the outsides of the broken lines at both ends are
not included):

[C16]

NgT T
H
N

LN-1-3

[0097] [1B-2-2] In the embodiments the embodiments [1B] to [1D], -L2- in the chemically
modified alginic acid derivative represented by Formula (I1) is the same as the definition

described in the embodiment [1-2-5]; preferable, more preferable and still more preferable -
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L% are the same as the definitions described in the embodiment [1-2-5], respectively; -L*- is
particularly preferably a group represented by the following partial structural formula (in each

formula, the outsides of the broken lines at both ends are not included):

[C17]
0
Ng N
3 N ’
N
LN-1-3

[0098] [1B-2A] The use of the chemically modified alginic acid derivatives represented by
Formula (1) and Formula (II) for which the definitions of Akn, -L!- and -L2- described in the
embodiments [1], [1B-1-1] to [ 1B-2-2] are appropriately combined makes it possible to
arbitrarily form a preferable embodiment of crosslinked alginate gel in the core layer of the
multilayer polymer-coated crosslinked alginate gel fiber of the present invention.

[0099] [1B-3] In the embodiments [1], [1A], [1B] to [1D], examples of the cell enabling
production of antibodies, bioactive substances or the like that is contained in the core layer of
the polymer-coated crosslinked alginate gel fiber or the multilayer polymer-coated crosslinked
alginate gel fiber include antibody (a variety of monoclonal antibodies such as human
antibodies, humanized antibodies, chimeric antibodies and mouse antibodies or a variety of
altered antibodies such as bispecific antibody, low-molecular-weight antibodies,
glycoengineered antibodies thereof)-producing cells, bioactive substance (enzyme, cytokine,
hormone, blood coagulation factor, vaccine or the like)-producing cells and cells enabling
production of a variety of useful substances useful as drug raw materials, chemical raw
materials, food raw materials and the like; an antibody-producing cell or a bioactive

substance-producing cell is preferable.
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[0100] [1B-3-1] In the embodiments [1], [1A], [1B], [1C] or [1D], an antibody-producing cell
that can be encapsulated in the core layer of the polymer-coated crosslinked alginate gel fiber
or the multilayer polymer-coated crosslinked alginate gel fiber is a hybridoma obtained from
an antibody-producing B cell (antibody-producing hybridoma) or a cultured cell transformed
with an antibody expression vector (antibody-producing genetically modified cell).

[0101] [1B-3-2] In the embodiments [1], [1A] and [1B] to [1D], the antibody-producing cell
that can be encapsulated in the core layer of the polymer-coated crosslinked alginate gel fiber
or the multilayer polymer-coated crosslinked alginate gel fiber is preferably an antibody-
producing genetically modified animal cell.

[0102] [1B-3-3] In the embodiment [ 1B-3-2], the animal cell that is used as a host is a CHO
cell, a CHO cell subline (a CHO-K1 cell, a CHO-DG44 cell, a CHO-DXBI1 cell, a CHO cell
transformed such that a sugar chain is modified or the like), a COS cell, an Sp2/0 cell, an NSO
cell, an SP2 cell, a PERC6 cell, an YB2/0 cell, an YE2/0 cell, a 1R983F cell, a Namalwa cell,
a Wil-2 cell, a Jurkat cell, a Vero cell, a Molt-4 cell, an HEK293 cell, a BHK cell, an HT-1080
cell, a KGH6 cell, a P3X63Ag8.653 cell, a C127 cell, a JC cell, an LA7 cell, a ZR-45-30 cell,
an hTERT cell, an NM2CS5 cell or a UACC-812 cell.

[0103] [1B-3-4] In the embodiment [1B-3-2], the animal cell that is used as a host is
preferably a cell selected from a CHO cell, a CHO cell subline, a COS cell, an Sp2/0 cell, an
NSO cell, an SP2 cell, a PERC6 cell, an HEK293 cell, a BHK cell, an HT-1080 cell or a C127
cell; more preferably a cell selected from a CHO cell, a CHO cell subline, an Sp2/0 cell, an
NSO cell, an HEK293 cell or a BHK cell; still more preferably a CHO cell or a CHO cell
subline.

[0104] [1B-3-5] In the embodiments [1], [1A] and [1B] to [1D], the antibody-producing cell
that can be encapsulated in the core layer of the polymer-coated crosslinked alginate gel fiber

or the multilayer polymer-coated crosslinked alginate gel fiber is preferably a cell for which a
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host cell thereof is selected from a CHO cell, a CHO cell subline, an Sp2/0 cell or an NSO
cell; more preferably a CHO cell or a CHO cell subline.

[0105] [1B-3-6] In the embodiments [1], [1A] and [1B] to [1D], the antibody-producing cell
that can be encapsulated in the core layer of the polymer-coated crosslinked alginate gel fiber
or the multilayer polymer-coated crosslinked alginate gel fiber is a cell from which antibodies
that are used as biopharmaceuticals or biopharmaceutical raw materials are produced.

[0106] [1B-3-7] In the embodiments [1], [1A], [1B] to [1D], the antibody-producing cell that
can be encapsulated in the core layer of the polymer-coated crosslinked alginate gel fiber or
the multilayer polymer-coated crosslinked alginate gel fiber is a cell selected from antibody-
producing cells such as muromonab-CD3, trastuzumab, rituximab, palivizumab, infliximab,
basiliximab, tocilizumab, bevacizumab, adalimumab, cetuximab, omalizumab, eculizumab,
panitumumab, ustekinumab, golimumab, canakinumab, denosumab, ofatumumab,
pertuzumab, natalizumab, nivolumab, alemtuzumab, secukinumab, ramucirumab, ipilimumab,
evolocumab, mepolizumab, alirocumab, ixekizumab, brodalumab, elotuzumab,
pembrolizumab, sarilumab, bezlotoxumab, belimumab, daratumumab, avelumab, dupilumab,
atezolizumab, emicizumab, guselkumab, durvalumab, vedolizumab, romosozumab,
risankizumab, necitumumab, ravulizumab, burosumab, isatuximab, tildrakizumab,
satralizumab, galcanezumab, dinutuximab, fremanezumab, erenumab, casilibimab,
imdevimab, aniflorumab, sotrovimab, ocrelizumab, naxitamab, aducanumab, tafacitamab,
margetuximab, gantenerumab, tiragolumab, clovalimab, nemolizumab, katumasomab,
pramotamab, falisimab, gemtuzumab, ibritumomab, brentuximab, inotuzumab, polatuzumab,
enfortuzumab, sacituzumab, belantamab, roncastuximab, tisotumab, datopotab and
patritumab; cells from which an antibody having an altered sugar chain is produced such as
mogamulizumab, benralizumab, obinutuzumab and inevirizumab; cells from which a low-

molecular-weight antibody composed of an antibody fragment is produced such as
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ranibizumab, idarucizumab, blinatumomab, brolucizumab, abciximab, capracizumab and
certolizumab; and the like.

[0107] [1B-3-8] In the embodiments [1], [1A] and [1B] to [1D], the antibody-producing cell
that can be encapsulated in the core layer of the polymer-coated crosslinked alginate gel fiber
or the multilayer polymer-coated crosslinked alginate gel fiber is an antibody-producing
animal cell, preferably an antibody-producing CHO cell, an antibody-producing Sp2/0 cell or
an antibody-producing NSO cell; more preferably an antibody-producing CHO cell.

[0108] [1B-3-9] In the embodiment [1], [1A] and [1B] to [1D], the antibody-producing cell
that can be encapsulated in the core layer of the polymer-coated crosslinked alginate gel fiber
or the multilayer polymer-coated crosslinked alginate gel fiber is preferably an antibody-
producing CHO cell in which a host cell thereof is a CHO cell and, for example, a cell
selected from a muromonab-CD3-producing CHO cell, a trastuzumab-producing CHO cell, a
rituximab-producing CHO cell, a palivizumab-producing CHO cell, an infliximab-producing
CHO cell, a basiliximab-producing CHO cell, a tocilizumab-producing CHO cell, a
gemtuzumab-producing CHO cell, a bevacizumab-producing CHO cell, an ibritumomab-
producing CHO cell, an adalimumab-producing CHO cell, a cetuximab-producing CHO cell,
a ranibizumab-producing CHO cell, an omalizumab-producing CHO cell, an eculizumab-
producing CHO cell, a panitumumab-producing CHO cell, a ustekinumab-producing CHO
cell, a golimumab-producing CHO cell, a canakinumab-producing CHO cell, a denosumab-
producing CHO cell, a mogamulizumab-producing CHO cell, a certolizumab-producing CHO
cell, an ofatumumab-producing CHO cell, a pertuzumab-producing CHO cell, a brentuximab-
producing CHO cell, a natalizumab-producing CHO cell, a nivolumab-producing CHO cell,
an alemtuzumab-producing CHO cell, a secukinumab-producing CHO cell, a ramucirumab-
producing CHO cell, an ipilimumab-producing CHO cell, an evolocumab-producing CHO

cell, a mepolizumab-producing CHO cell, an alirocumab-producing CHO cell, an
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ixekizumab-producing CHO cell, a brodalumab-producing CHO cell, an idarucizumab-
producing CHO cell, an elotuzumab-producing CHO cell, a pembrolizumab-producing CHO
cell, a sarilumab-producing CHO cell, a bezlotoxumab-producing CHO cell, a belimumab-
producing CHO cell, a daratumumab-producing CHO cell, an avelumab-producing CHO cell,
a dupilumab-producing CHO cell, an atezolizumab-producing CHO cell, a benralizumab-
producing CHO cell, an inotuzumab-producing CHO cell, an emicizumab-producing CHO
cell, a guselkumab-producing CHO cell, a durvalumab-producing CHO cell, an
obinutuzumab-producing CHO cell, a vedolizumab-producing CHO cell, a romosozumab-
producing CHO cell, a risankizumab-producing CHO cell, a necitumumab-producing CHO
cell, a ravulizumab-producing CHO cell, a burosumab-producing CHO cell, an isatuximab-
producing CHO cell, a tildrakizumab-producing CHO cell, a satralizumab-producing CHO
cell, a galcanezumab-producing CHO cell, a dinutuximab-producing CHO cell, a
fremanezumab-producing CHO cell, an erenumab-producing CHO cell, a casilibimab-
producing CHO cell, an imdevimab-producing CHO cell, an aniflorumab-producing CHO
cell, a sotrovimab-producing CHO cell, an ocrelizumab-producing CHO cell, a naxitamab-
producing CHO cell, an aducanumab-producing CHO cell, a tafacitamab-producing CHO
cell, a margetuximab-producing CHO cell, a polatuzumab-producing CHO cell, an
enfortuzumab-producing CHO cell, a sacituzumab-producing CHO cell, a belantamab-
producing CHO cell, a roncastuximab-producing CHO cell, a tisotumab-producing CHO cell,
an inevirizumab-producing CHO cell, a blinatumomab-producing CHO cell, a brolucizumab-
producing CHO cell, an abciximab-producing CHO cell, a caplacizumab-producing CHO cell
or an anti-GPVI antibody-producing CHO cell; a cell selected from a trastuzumab-producing
CHO cell, a rituximab-producing CHO cell, an infliximab-producing CHO cell, a
tocilizumab-producing CHO cell, an adalimumab-producing CHO cell, a nivolumab-

producing CHO cell, or an anti-GPVI antibody-producing CHO cell.
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[0109] [1B-3-10] In the embodiments [1], [1A] and [1B] to [1D], the bioactive substance-
producing cell that is contained in the core layer of the polymer-coated crosslinked alginate
gel fiber or the multilayer polymer-coated crosslinked alginate gel fiber is the same as the
bioactive substance-producing cell described in the embodiment [1-3-4].

[0110] [1B-3-11] In the embodiments [1], [1A] and [1B] to [1D], the bioactive substance-
producing cell that is contained in the core layer of the polymer-coated crosslinked alginate
gel fiber or the multilayer polymer-coated crosslinked alginate gel fiber is a cell selected from
the group consisting of an insulin-secreting cell, a pancreatic islet, a pancreatic islet cell or a
MING cell derived from a pancreatic B cell.

[0111] [1B-3-12] In the embodiments [1], [IA] and [1B] to [1D], the bioactive substance-
producing cell that can be encapsulated in the core layer of the polymer-coated crosslinked
alginate gel fiber or the multilayer polymer-coated crosslinked alginate gel fiber is a cultured
cell transformed with a bioactive substance expression vector (bioactive substance-producing
genetically modified cell).

[0112] [1B-3-13] In the embodiments [1], [IA] and [1B] to [1D], the bioactive substance-
producing cell that can be encapsulated in the core layer of the polymer-coated crosslinked
alginate gel fiber or the multilayer polymer-coated crosslinked alginate gel fiber is preferably
a bioactive substance-producing genetically modified animal cell.

[0113] [1B-3-14] In the embodiment [1B-3-13], the animal cell that is used as a host is a cell
selected from a CHO cell, a CHO cell subline, a COS cell, an Sp2/0 cell, an NSO cell, an SP2
cell or a cell selected from a PERC6 cell, an HEK293 cell, a BHK cell, an HT-1080 cell or a
C127 cell; preferably a cell selected from a CHO cell, a CHO cell subline, an Sp2/0 cell, an
NSO cell, an HEK293 cell or a BHK cell; more preferably a CHO cell or a CHO cell subline.
[0114] [1B-3-15] In the embodiments [1], [IA] and [1B] to [1D], the bioactive substance-

producing cell that can be encapsulated in the core layer of the polymer-coated crosslinked
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alginate gel fiber or the multilayer polymer-coated crosslinked alginate gel fiber is preferably
a cell for which a host cell thereof is selected from a CHO cell, a CHO cell subline, an
HEK293 cell or a BHK cell; more preferably a CHO cell or a CHO cell subline.

[0115] [1B-3-16] In the embodiments [1], [1A] and [1B] to [1D], the bioactive substance-
producing cell that can be encapsulated in the core layer of the polymer-coated crosslinked
alginate gel fiber or the multilayer polymer-coated crosslinked alginate gel fiber is a cell from
which bioactive substances that are used as biopharmaceuticals or biopharmaceutical raw
materials are produced.

[0116] [1B-3-17] In the embodiments [1], [LA], [1B] to [1D], the bioactive substance-
producing cell that can be encapsulated in the core layer of the polymer-coated crosslinked
alginate gel fiber or the multilayer polymer-coated crosslinked alginate gel fiber is a cell
selected from enzyme-producing cells such as alteplase, monteplase, imiglucerase,
veraglucerase, agalsidase, laronidase, alglucosidase, avalglucosidase, idursulfase, gallsulfase,
erosulfase, rasburicase, dornase, celluliponase, glucarpidase, hyaluronidase and asfotase;
blood coagulation factor and blood-related protein-producing cells such as eptacog, octocog,
rurioctocog, turoctocog, lonoctocog, damoctocog, simoctocog, nonacog, albutrepenonacog,
catridecacog, efraloctocog, eftrenonacog, thrombomodulin, antithrombin, vonicog and
albumin; hormone-producing cells such as insulin, insulin lispro, insulin aspart, insulin
glargine, insulin detemir, insulin glulisine, insulin degludec, somatropin, somapcitan,
mecacermin, carperitide, bosolitide, glucagon, follitropin, choriogonadotropin, dulaglutide,
liraglutide, semaglutide, teduglutide, teriparatide and metreleptin; interferon-producing cells
such as interferon alpha-2a, interferon alpha-2b, interferon beta-1a, interferon beta-1b and
interferon gamma-1a; hematopoietic factor-producing cells such as epoetin, darbepoetin and
romiplostim; cells from which cytokines such as filgrastim, lenograstim, tesseleukin,

trafermin, verfermin, etanercept, aflibercept and denileukin diftitox and receptors thereof are

61



G2887

produced; cells from which cell surface antigens such as abatacept, cell surface receptors and
ligands thereof are produced.

[0117] [1B-3-18] In the embodiments [1], [1A] and [1B] to [1D], the bioactive substance-
producing cell that can be encapsulated in the core layer of the polymer-coated crosslinked
alginate gel fiber or the multilayer polymer-coated crosslinked alginate gel fiber is a bioactive
substance-producing animal cell, preferably a bioactive substance-producing CHO cell, a
bioactive substance-producing HEK 293 cell or a bioactive substance-producing BHK cell
and more preferably a bioactive substance-producing CHO cell.

[0118] [1B-3-19] In the embodiments [1], [LA], [1B] to [1D], the bioactive substance-
producing cell that can be encapsulated in the core layer of the polymer-coated crosslinked
alginate gel fiber or the multilayer polymer-coated crosslinked alginate gel fiber is preferably
a bioactive substance-producing cell CHO cell in which a host cell thereof is a CHO cell and,
for example, a cell selected from an alteplase-producing CHO cell, an alglucosidase-
producing CHO cell, a rurioctocog-producing CHO cell, a dulaglutide-producing CHO cell,
an interferon beta-1a-producing CHO cell, a darbepoetin-producing CHO cell, an etanercept-
producing CHO cell, an aflibercept-producing CHO cell or an abatacept-producing CHO cell.
[0119] [1B-4] In the embodiments [1B] to [1D], a component that can be additionally
contained in the core layer of the multilayer polymer-coated crosslinked alginate gel fiber is
the same as the component described in the embodiment [1-4]; a preferable component is the
same as the component described in the embodiment [1-4-1].

[0120] [1B-5] In the embodiments [1B] to [1D], the weight-average molecular weight
measured by gel filtration chromatography of the chemically modified alginic acid derivative
represented by Formula (I), which is used to form the crosslinked alginate gel, that is

contained in the core layer of the multilayer polymer-coated crosslinked alginate gel fiber is
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the same as the range of the weight-average molecular weight described in the embodiment
[1-5].

[0121] [1B-6] In the embodiments [1B] to [1D], the weight-average molecular weight
measured by gel filtration chromatography of the chemically modified alginic acid derivative
represented by Formula (IT), which is used to form the crosslinked alginate gel, that is
contained in the core layer of the multilayer polymer-coated crosslinked alginate gel fiber is
the same as the range of the weight-average molecular weight described in the embodiment
[1-6].

[0122] [1B-7] In the embodiments [1B] to [1D], the introduction rate of a reactive group
(Akn-L'-NH> group: Akn-L!- is the same as the definition in the embodiment [1], [1B-1-1] or
[1B-1-2]) into the chemically modified alginic acid derivative represented by Formula (1),
which is used to form the crosslinked alginate gel, that is contained in the core layer of the
multilayer polymer-coated crosslinked alginate gel fiber is the same as the range of the
introduction rate described in the embodiment [1-7].

[0123] [1B-8] In the embodiments [1B] to [1D], the introduction rate of a reactive group (Ns-
L2-NH> group: -L2- is the same as the definition in the embodiment [1], [1B-2-1] or [1B-2-2])
into the chemically modified alginic acid derivative represented by Formula (II), which is
used to form the crosslinked alginate gel, that is contained in the core layer of the multilayer
polymer-coated crosslinked alginate gel fiber is the same as the range of the introduction rate
described in the embodiment [1-8].

[0124] [1B-9] In the embodiments [1B] to [1D], the weight-average molecular weight
measured by gel permeation chromatography (GPC) of alginic acid (for example, sodium
alginate or the like) that is used to prepare an alginic acid solution that is used to form the

alginic acid solution or the alginate gel that can be additionally contained in the core layer of
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the multilayer polymer-coated crosslinked alginate gel fiber is the same as the range of the
weight-average molecular weight described in the embodiment [1-9-1].

[0125] [1B-10-1] In the embodiments [1B] to [1D], the concentration of the solution of the
chemically modified alginic acid derivative represented by Formula (I), which is used to form
the crosslinked alginate gel, that is contained in the core layer of the multilayer polymer-
coated crosslinked alginate gel fiber is the same as the range of the concentration described in
the embodiment [1-10-1].

[0126] [1B-10-2] In the embodiments [1B] to [1D], the concentration of the solution of the
chemically modified alginic acid derivative represented by Formula (II), which is used to
form the crosslinked alginate gel, that is contained in the core layer of the multilayer polymer-
coated crosslinked alginate gel fiber is the same as the range of the concentration described in
the embodiment [1-10-2].

[0127] [1B-10-3] In the embodiments [1B] to [1D], the concentration of the solution mixture
of the chemically modified alginic acid derivative represented by Formula (I) and the
chemically modified alginic acid derivative represented by Formula (II), which are used to
form the crosslinked alginate gel, that is contained in the core layer of the multilayer polymer-
coated crosslinked alginate gel fiber is the same as the range of the concentration described in
the embodiment [1-10-3].

[0128] [1B-10-4] In the embodiments [1B] to [1D], the concentration of the solution of the
alginic acid solution that can be additionally contained in the core layer of the multilayer
polymer-coated crosslinked alginate gel fiber or the alginic acid solution that is used to form
the alginate gel is the same as the range of the concentration described in the embodiment [1-
10-4].

[0129] [1B-11-1] In the embodiments [1B] to [1D], in a case where the alginic acid solution

or the alginate gel that is formed from the alginic acid solution is contained in the crosslinked
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alginate gel that is contained in the core layer of the multilayer polymer-coated crosslinked
alginate gel fiber, the total concentration of the concentration of the solution mixture
comprising the chemically modified alginic acid derivatives represented by Formula (I) and
Formula (II), which are used to form the core layer, and the concentration of the alginic acid
solution is preferably within a range of approximately 0.5 to approximately 2.0 wt%; more
preferably selected from approximately 1.0 wt%, approximately 1.5 wt% and approximately
2.0 wt%; still more preferably approximately 1.5 wt%.

[0130] [1B-11-2] In the embodiments [1B] to [1D], in a case where the alginic acid solution
or the alginate gel that is formed from the alginic acid solution is contained in the crosslinked
alginate gel that is contained in the core layer of the multilayer polymer-coated crosslinked
alginate gel fiber, the combination of the concentration (C1 (wt%)) of the solution mixture
comprising the chemically modified alginic acid derivatives represented by Formula (I) and
Formula (II), which are used to form the core layer, and the concentration (C2 (wt%)) of the
alginic acid solution is preferably a combination selected from the group consisting of
(C1:C2) = (approximately 0.2:approximately 1.3), (approximately 0.5:approximately 1.0),
(approximately 1.0:approximately 0.5), (approximately 1.5:0), (approximately
0.66:approximately 1.34) and (approximately 0.34:approximately 0.66).

[0131] [1B-11-3] In the embodiments [1B] to [1D], in a case where the alginic acid solution
or the alginate gel that is formed from the alginic acid solution is contained in the crosslinked
alginate gel that is contained in the core layer of the multilayer polymer-coated crosslinked
alginate gel fiber, the combination of the concentration (C1A (wt%)) of the solution of the
chemically modified alginic acid derivative represented by Formula (I), the concentration
(CIN (wt%)) of the solution of the chemically modified alginic acid derivative represented by
Formula (II), which are used to form the core layer, and the concentration (C2 (wt%)) of the

alginic acid solution is preferably a combination selected from the group consisting of
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(C1A:CIN:C2) = (approximately 0.1:approximately 0.1:approximately 1.3), (approximately
0.25:approximately 0.25:approximately 1.0), (approximately 0.5:approximately
0.5:approximately 0.5), (approximately 0.75:approximately 0.75:0), (approximately
0.33:approximately 0.33:approximately 1.34) and (approximately 0.17:approximately
0.17:approximately 0.66).

[0132] [1B-11-4] In the embodiments [1B] to [1D], the volume ratio (v1, v2) of the solutions
of the individual derivatives in the solution mixture of the solution of the chemically modified
alginic acid derivative represented by Formula (I) and the solution of the chemically modified
alginic acid derivative represented by Formula (II), which are used to form the crosslinked
alginate gel that is contained in the core layer of the multilayer polymer-coated crosslinked
alginate gel fiber is, for example, a ratio in the case of vl + v2 = 15 and, for example, (v1:v2)
=(7.5:7.5).

[0133] [1B-11-5] In the embodiments [1B] to [1D], in a case where the alginic acid solution
or the alginate gel that is formed from the alginic acid solution is contained in the crosslinked
alginate gel that is contained in the core layer of the multilayer polymer-coated crosslinked
alginate gel fiber, the volume ratio of the volumes (v1, v2, v3) of the individual solutions in
the solution mixture of the solution of the chemically modified alginic acid derivative
represented by Formula (I), the solution of the chemically modified alginic acid derivative
represented by Formula (IT), which are used to form the core layer, and the alginic acid
solution is, for example, a ratio in the case of vl +v2 + v3 = 15 and, for example, a
combination of (v1:v2:v3) = (5:5:5), (2.5:2.5:10), (1:1:13) or the like.

[0134] [1B-12] In the embodiments [1B] to [1D], the crosslinked alginate gel that is contained
in the core layer of the multilayer polymer-coated crosslinked alginate gel fiber comprises a
chemical crosslink through a group represented by Formula (III-L) shown in the embodiment

[1-12] (the definitions in the table are the same as the definitions in the embodiment [1-12]).
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[0135] [1B-12-1] In Formula (III-L) in the embodiment [1B-12], preferable, more preferable,
still more preferable and particularly preferable -L!- are the same as the definitions described
in the embodiment [1-12-1], respectively; most preferably -L!- is a divalent linker of the

following partial structural formula (in each formula, the outsides of the broken lines at both

ends are not included) with -X- being (CL-2) or (CL-2-r):

[C18]
0
X% N
H
LK-2-3

[0136] [1B-12-2] In Formula (III-L) in the embodiment [1B-12], preferable, more preferable,
still more preferable and particularly preferable -L*- are the same as the definitions described
in the embodiment [1-12-2], respectively; most preferably -L'- is a divalent linker of the

following partial structural formula (in each formula, the outsides of the broken lines at both

ends are not included):

[C19]
0
XN
H H
LN-1-3

[0137] [1B-12-3] In the embodiment [1B-12], preferable, more preferable, still more
preferable and particularly preferable combinations of -L?-X-L!- in the group represented by
Formula (III-L) are the same as the definitions described in the embodiment [1-12-3],
respectively; most preferably -L?-X-L!- is any of the following formulae (in each formula, the

outsides of the broken lines at both ends are not included):

[C20]
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[0138] [1B-12A] In the embodiments [1B] to [1D], the crosslinked alginate gel that is
contained in the core layer of the multilayer polymer-coated crosslinked alginate gel fiber
comprises a chemical crosslink through a group represented by Formula (III-L) shown in the
embodiment [1-12A] [each definition in Formula (III-L) is the same as the definition
described in the embodiment [1-12A]).

[0139] [1B-12A-1] In the embodiment [1B-12A], preferable, more preferable and still more
preferable -L'- are the same as the groups described in the embodiment [1-12A-1],
respectively; more preferable and still more preferable -L?- are the same as the groups
described in the embodiment [1-12A-1], respectively.

[0140] [1B-12A-2] In the embodiment [1B-12A], preferable, more preferable and still more
preferable combinations of -L?-X-L!- in the group represented by Formula (I1I-L) are the

same as the combinations described in the embodiment [1-12A-2]; a particularly preferable
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combination is any of the following formulae (in each formula, the outsides of the broken

lines at both ends are not included):

[C21]
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[0141] [1B-13] In the embodiments [1B] to [1D], the crosslinked alginate gel that is contained
in the core layer of the multilayer polymer-coated crosslinked alginate gel fiber comprises a
chemical crosslink through a group represented by Formula (III-L) in the embodiment [1-12]
[in Formula (III-L), each definition is the same as the definition in the embodiment [1-12]] or
Formula (III-L) in the embodiment [ 1B-12A] [in Formula (I1I-L), each definition is the same
as the definition in the embodiment [ 1B-12A]] and an ionic crosslinking through a divalent
metal ion.

[0142] [1B-13A] In the embodiments [1B] to [1D], the divalent metal ion that is used to form
the ionic crosslinking in the crosslinked alginate gel that is contained in the core layer is the

same as the divalent metal ion described in the embodiment [1-13A].
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[0143] [1B-14] In the embodiments [1B] to [1D], a supply source of the divalent metal ion
that is used to form the ionic crosslinking in the crosslinked alginate gel that is contained in
the core layer of the multilayer polymer-coated crosslinked alginate gel fiber is the same as
the aqueous solution comprising a divalent metal ion described in the embodiment [1-14].
[0144] [1B-15-1] In the embodiments [1B] to [1D], the cationic polymer in the cationic
polymer layer of the multilayer polymer-coated crosslinked alginate gel fiber is the same as
the cationic polymer described in the embodiment [1-15-1].

[0145] [1B-15-2] In the embodiments [1B] to [1D], preferable, more preferable and still more
preferable cationic polymers in the cationic polymer layer of the multilayer polymer-coated
crosslinked alginate gel fiber are the same as the cationic polymers described in the
embodiment [1-15-2], respectively.

[0146] [1B-15-3] In the embodiments [1B] to [1D], the cationic polymer in the cationic
polymer layer of the multilayer polymer-coated crosslinked alginate gel fiber is chitosan.
[0147] [1B-15-4] In the embodiments [1B] to [1D], the cationic polymer in the multilayer
polymer-coated crosslinked alginate gel fiber is the same as the cationic polymer described in
the embodiment [1-15-4].

[0148] [1B-16] In the embodiments [1B] to [1D], the anionic polymer layer of the multilayer
polymer-coated crosslinked alginate gel fiber is an anionic polymer selected from the group
consisting of anionic polysaccharides, sulfated polysaccharides, synthetic polymers, anionic
polyamino acids, chemically modified products thereof, crosslinked products thereof,
mixtures thereof and the like.

[0149] [1B-16-1] In the embodiments [1B] to [1D], the anionic polymer layer of the
multilayer polymer-coated crosslinked alginate gel fiber is, for example, an anionic polymer
selected from the group consisting of anionic polysaccharides such as alginic acid, hyaluronic

acid, capoligalacturonic acid, laginan, succinoglucan, gum arabic, xanthan gum, alginic acid,
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pectin, pectic acid, carboxymethylcellulose and agar, chemically modified products thereof,
crosslinked products thereof, mixtures thereof and the like.

[0150] [1B-16-2] In the embodiments [1B] to [1D], the anionic polymer layer of the
multilayer polymer-coated crosslinked alginate gel fiber is alginic acid.

[0151] [1B-16-3] In the embodiments [1B] to [1D], the anionic polymer layer of the
multilayer polymer-coated crosslinked alginate gel fiber is an anionic polymer selected from
the group consisting of the chemically modified alginic acid derivative represented by
Formula (I) in the embodiment [1] or [1-1-5], the chemically modified alginic acid derivative
represented by Formula (II) in the embodiment [1] or [1-2-5], a crosslinked product that is
formed of the chemically modified alginic acid derivative represented by Formula (I) in the
embodiment [1] or [1-1-5] and the chemically modified alginic acid derivative represented by
Formula (II) in the embodiment [1] or [1-2-5] and a mixture thereof.

[0152] [1B-16-4] In the embodiments [1B] to [1D], the anionic polymer layer of the
multilayer polymer-coated crosslinked alginate gel fiber is an anionic polymer selected from
the group consisting of alginic acid, the chemically modified alginic acid derivative
represented by Formula (I) in the embodiment [1] or [1-1-5], the chemically modified alginic
acid derivative represented by Formula (II) in the embodiment [1] or [1-2-5], a crosslinked
product that is formed of the chemically modified alginic acid derivative represented by
Formula (I) in the embodiment [1] or [1-1-5] and the chemically modified alginic acid
derivative represented by Formula (IT) in the embodiment [1] or [1-2-5] and a mixture thereof.
[0153] [1B-16-4-1] In the embodiment [1B-16-3] or [1B-16-4], preferable, more preferable,
still more preferable and particularly preferable derivatives of the chemically modified alginic
acid derivative represented by Formula (I) in the embodiment [1] are the same as those
described in the embodiment [1-1-1], the embodiment [1-1-2], the embodiment [1-1-3] and

the embodiment [1-1-4], respectively.
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[0154] [1B-16-4-2] In the embodiment [1B-16-3] or [ 1B-16-4], preferable, more preferable
and still more preferable derivatives of the chemically modified alginic acid derivative
represented by Formula (I) in the embodiment [1-1-5] are the same as those described in the
embodiment [1-1-5], respectively.

[0155] [1B-16-4-3] In the embodiment [1B-16-3] or [1B-16-4], preferable, more preferable,
still more preferable and particularly preferable derivatives of the chemically modified alginic
acid derivative represented by Formula (II) in the embodiment [1] are the same as those
described in the embodiment [1-2-1], the embodiment [1-2-2], the embodiment [1-2-3] and
the embodiment [1-2-4], respectively.

[0156] [1B-16-4-4] In the embodiment [1B-16-3] or [ 1B-16-4], preferable, more preferable
and still more preferable derivatives of the chemically modified alginic acid derivative
represented by Formula (II) in the embodiment [1-2-5] are the same as those described in the
embodiment [1-2-5], respectively.

[0157] [1B-16-5] In the embodiments [1B] to [1D], the anionic polymer layer of the
multilayer polymer-coated crosslinked alginate gel fiber is, for example, an anionic polymer
selected from the group consisting of sulfated polysaccharides such as chondroitin sulfate,
dextran sulfate, heparan sulfate, dermatan sulfate, fucoidan, keratan sulfate and heparin,
chemically modified products thereof, crosslinked products thereof, mixtures thereof and the
like.

[0158] [1B-16-6] In the embodiments [1B] to [1D], the anionic polymer layer of the
multilayer polymer-coated crosslinked alginate gel fiber is, for example, an anionic polymer
selected from the group consisting of synthetic polymers such as acrylic acid, methacrylic
acid, ethylacrylic acid, and polystyrene sulfonic acid, chemically modified products thereof,

crosslinked products thereof, mixtures thereof and the like.
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[0159] [1B-16-7] In the embodiments [1B] to [1D], the anionic polymer layer of the
multilayer polymer-coated crosslinked alginate gel fiber is, for example, an anionic polymer
selected from the group consisting of anionic polyamino acids such as polyglutamic acid and
polyaspartic acid, chemically modified products thereof, crosslinked products thereof,
mixtures thereof and the like.

[0160] [1B-17] In the embodiments [1B] to [1D], the outer diameter of the multilayer
polymer-coated crosslinked alginate gel fiber is, for example, within a range of approximately
0.1 to approximately 2000 pm.

[0161] The use of the chemically modified alginic acid derivatives represented by Formula (1)
and Formula (II) for which the definitions of Akn, -L!-, -L?- and X described in the above-
described embodiments are appropriately combined makes it possible to arbitrarily form a
preferable embodiment of crosslinked alginate gel in the core layer of the multilayer polymer-
coated crosslinked alginate gel fiber of the embodiment.

[0162] [1B-18-1] The multilayer polymer-coated crosslinked alginate gel fibers of the
embodiments [1B] to [1D] are a multilayer polymer-coated crosslinked alginate gel fiber, in
which, preferably, the alginic acid derivative represented by Formula (1), which is used to
form the crosslinked alginate gel, is selected from the alginic acid derivatives described in the
embodiment [1-1-1] or the preferable alginic acid derivatives of the embodiment [1-1-5] and
the alginic acid derivative represented by Formula (IT) is selected from the alginic acid
derivatives described in the embodiment [1-2-1] or the preferable alginic acid derivatives of
the embodiment [1-2-5]; the antibody-producing cell is selected from the cells described in
embodiments [1B-3-1] to [1B-3-9]; the cationic polymer layer is selected from the cationic
polymers described in the embodiment [1-15-1]; the anionic polymer layer is selected from

the anionic polymers described in the embodiments [1B-16] to [1B-16-7].
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[0163] [1B-18-2] The polymer-coated crosslinked alginate gel fibers of the embodiments [1B]
to [1D] are a polymer-coated crosslinked alginate gel fiber, in which, more preferably, the
alginic acid derivative represented by Formula (1), which is used to form the crosslinked
alginate gel, is selected from the alginic acid derivatives described in the embodiment [1-1-2]
or the more preferable alginic acid derivatives of the embodiment [1-1-5] and the alginic acid
derivative represented by Formula (IT) is selected from the alginic acid derivatives described
in the embodiment [ 1-2-2] or the more preferable alginic acid derivatives of the embodiment
[1-2-5]; the antibody-producing cell is selected from the cells described in the embodiments
[1B-3-2] to [1B-3-9]; the cationic polymer layer is selected from the cationic polymers
described in the embodiments [1-15-2] to [1-15-4]; the anionic polymer layer is selected from
the anionic polymers described in the embodiment [1B-16-1].

[0164] [1B-18-3] The multilayer polymer-coated crosslinked alginate gel fibers of the
embodiments [1B] to [1D] are a multilayer polymer-coated crosslinked alginate gel fiber, in
which, still more preferably, the alginic acid derivative represented by Formula (I), which is
used to form the crosslinked alginate gel, is selected from the alginic acid derivatives
described in the embodiment [1-1-3] and the alginic acid derivative represented by Formula
(IT) is selected from the alginic acid derivatives described in the embodiment [1-2-3]; the
antibody-producing cell is selected from the cells described in embodiments [1B-3-3] to [1B-
3-9]; the cationic polymer layer is selected from the cationic polymers described in the
embodiment [1-15-2] or [1-15-4]; the anionic polymer layer is selected from the anionic
polymers described in the embodiments [1B-16-2] to [1B-16-4-4].

[0165] [1B-18-4] The multilayer polymer-coated crosslinked alginate gel fibers of the
embodiments [1B] to [1D] are a multilayer polymer-coated crosslinked alginate gel fiber, in
which, particularly preferably, the alginic acid derivative represented by Formula (I), which is

used to form the crosslinked alginate gel, is selected from the alginic acid derivatives
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described in the embodiment [1-1-4] and the alginic acid derivative represented by Formula
(IT) is selected from the alginic acid derivatives described in the embodiment [ 1-2-4]; the
antibody-producing cell is selected from the cells described in the embodiments [1B-3-6] to
[1B-3-9]; the cationic polymer layer is selected from poly-L-ornithine, polyallylamine (PAA),
polyethyleneimine or polymethylene-CO-guanidine (PMCG); the anionic polymer layer is
selected from alginic acid, the alginic acid derivative represented by Formula (I) shown in the
embodiments [1-1-1] to [1-1-4] and [1-2-5], the alginic acid derivative represented by
Formula (II) shown in the embodiments [1-2-1] to [1-2-4] and [1-2-5] and crosslinked
products that are formed of the alginic acid derivative represented by Formula (I) shown in
the embodiments [1-1-1] to [1-1-4] and [1-1-5] and the alginic acid derivative represented by
Formula (II) shown in the embodiments [1-2-1] to [1-2-4] and [1-2-5].

[0166] [1B-18-5] The multilayer polymer-coated crosslinked alginate gel fibers of the
embodiments [1B] to [1D] are a multilayer polymer-coated crosslinked alginate gel fiber, in
which, most preferably, the alginic acid derivative represented by Formula (I), which is used
to form the crosslinked alginate gel, is a derivative having a group represented by the
following partial structural formula (in each formula, the right side of the broken line is not

included) as Akn-L!-:

[C22]
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the alginic acid derivative represented by Formula (II) is a derivative having a group
represented by the following partial structural formula (in each formula, the outsides of the

broken lines at both ends are not included) as -L2-:
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the antibody-producing cell is selected from the cells described in the embodiment
[1B-3-5], the antibody-producing cell is preferably an antibody-producing CHO cell; the
cationic polymer layer is selected from poly-L-ornithine, polyallylamine (PAA),
polyethyleneimine or polymethylene-CO-guanidine (PMCG);

the anionic polymer layer is selected from alginic acid, the alginic acid derivative
represented by Formula (I) having the following partial structural formula (in each formula,
the right side of the broken line is not included) as Akn-L!-,

[C24]
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ALK-1a-3a ALK-2-3
the alginic acid derivative represented by Formula (II) having the following partial
structural formula (in each formula, the outsides of the broken lines at both ends are not
included) as -L2-,

[C25]
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and a crosslinked product that is formed of the alginic acid derivative represented by
Formula (I) having the partial structural formula (ALK-1a-3a) or (ALK-2-3) as Akn-L!- and
the alginic acid derivative represented by Formula (IT) having the partial structural formula
(LN-1-3), (LN-3-3a) or (LN-5-3a) as -L*-.
[0167] [1B-18-6] In the embodiment [1B-18-1] to [ 1B-18-5], the crosslinked alginate gel in
the multilayer polymer-coated crosslinked alginate gel fiber comprises any of the components
that can be contained described in the embodiments [1-4] and [1-4-1].
[0168] Combination of the individual elements of the cell enabling production of antibodies,
bioactive substances or the like, the chemically modified alginic acid derivatives represented
by Formula (I) and Formula (IT) that are used to form the crosslinked alginate gel, the cationic
polymer (cationic polymer layer) and the anionic polymer (multilayer anionic polymer) in the
multilayer polymer-coated crosslinked alginate gel fibers described in the embodiments
makes it possible to arbitrarily form a preferable embodiment of a method for manufacturing
a multilayer polymer-coated crosslinked alginate gel fiber.
[0169] [2] Embodiment 2 is as described below. A method for manufacturing a polymer-
coated crosslinked alginate gel fiber that is formed by coating a core layer comprising a cell
enabling production of antibodies, bioactive substances or the like and crosslinked alginate
gel that is obtained by performing a crosslinking reaction using the chemically modified

alginic acid derivative represented by Formula (I) and the chemically modified alginic acid
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derivative represented by Formula (IT) described in the embodiment [1] with a cationic
polymer, the method comprising

step (1): a step of injecting a solution mixture comprising a cell enabling production of
antibodies, bioactive substances or the like and the chemically modified alginic acid
derivatives represented by Formula (I) and Formula (IT) described in the embodiment [1] into
a solution comprising a divalent metal ion to obtain a crosslinked alginate gel fiber (CLA)
comprising the cell enabling production of antibodies, bioactive substances or the like in a
core layer, and

step (2): a step of bringing the crosslinked alginate gel fiber (CLA) comprising the cell
enabling production of antibodies, bioactive substances or the like in the core layer obtained
in the step (1) into contact with a solution comprising a cationic polymer, thereby obtaining a
polymer-coated crosslinked alginate gel fiber (CFB) coated with a cationic polymer layer.
[0170] [2A] The polymer-coated crosslinked alginate gel fiber in the embodiment [2] is the
polymer-coated crosslinked alginate gel fiber described in any of the embodiments ([1] to [1-
17-5]).
[0171] [2-1] In the embodiment [2], the cell enabling production of antibodies, bioactive
substances or the like that is used to manufacture the polymer-coated crosslinked alginate gel
fiber is the same as the cell enabling production of antibodies, bioactive substances or the like
described in any one of the embodiments [1-3] to [1-3-5].
[0172] [2-1-1] In the embodiment [2], the cell enabling production of antibodies, bioactive
substances or the like that is used to manufacture the polymer-coated crosslinked alginate gel
fiber is the same as the cell enabling production of antibodies, bioactive substances or the like
described in any one of the embodiments [1B-3] to [1B-3-19].
[0173] [2-2] In the embodiment [2], the weight-average molecular weight measured by gel

filtration chromatography of the chemically modified alginic acid derivative represented by

78



G2887

Formula (I), which is used to manufacture the polymer-coated crosslinked alginate gel fiber,
is, for example, within a range of approximately 100,000 Da to approximately 3,000,000 Da;
preferably within a range of approximately 300,000 Da to approximately 2,500,000 Da; more
preferably within a range of approximately 500,000 Da to approximately 2,000,000 Da.
[0174] [2-3] In the embodiment [2], the weight-average molecular weight measured by gel
filtration chromatography of the chemically modified alginic acid derivative represented by
Formula (II), which is used to manufacture the polymer-coated crosslinked alginate gel fiber,
is, for example, within a range of approximately 100,000 Da to approximately 3,000,000 Da;
preferably within a range of approximately 300,000 Da to approximately 2,500,000 Da; more
preferably within a range of approximately 500,000 Da to approximately 2,000,000 Da.
[0175] [2-4] In the embodiment [2], the introduction rate of a reactive group: Akn-L!-NH:
group (Akn-L!'- is the same as the definitions in the embodiments [1] to [1-1-4]) into the
chemically modified alginic acid derivative represented by Formula (I), which is used to
manufacture the polymer-coated crosslinked alginate gel fiber, for example, within a range of
approximately 0.1 to approximately 30 mol%; preferably within a range of approximately 0.3
to approximately 20 mol%; more preferably within a range of approximately 0.5 to
approximately 10 mol%.

[0176] [2-5] In the embodiment [2], the introduction rate of a reactive group: N3-L2-NHa
group (-L*- is the same as the definitions in the embodiments [1] and [1-2-1] to [1-2-4]) into
the chemically modified alginic acid derivative represented by Formula (II), which is used to
manufacture the polymer-coated crosslinked alginate gel fiber, for example, within a range of
approximately 0.1 to approximately 30 mol%; preferably within a range of approximately 0.3
to approximately 20 mol%; more preferably within a range of approximately 0.5 to

approximately 15 mol%.
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[0177] [2-6] In the embodiment [2], a component that can be added to the solution mixture
comprising the cell enabling production of antibodies, bioactive substances or the like and the
chemically modified alginic acid derivatives represented by Formula (I) and Formula (II) is,
for example, a component selected from the group consisting of an alginic acid solution, a
culture medium, a culture fluid, a collagen solution, methylcellulose, a sucrose solution, a
mixture thereof and the like; preferably a component selected from the group consisting of an
alginic acid solution, a culture medium, a culture fluid, a mixture thereof and the like.

[0178] [2-7] In the embodiment [2], the weight-average molecular weight measured by gel
permeation chromatography (GPC) of alginic acid (for example, sodium alginate or the like)
that is used to prepare the alginic acid solution that can be added to the solution mixture
comprising the cell enabling production of antibodies, bioactive substances or the like and the
chemically modified alginic acid derivatives represented by Formula (I) and Formula (II) is,
for example, within a range of approximately 150,000 Da to approximately 2,500,000 Da;
preferably within a range of approximately 300,000 Da to approximately 2,000,000 Da; more
preferably within a range of approximately 700,000 Da to approximately 1,500,000 Da.
[0179] [2-7A] In the step (1) of the fiber manufacture in the embodiment [2], the weight-
average molecular weight measured by gel permeation chromatography (GPC) of alginic acid
(for example, sodium alginate or the like) that is used to prepare the alginic acid solution that
can be added to the solution mixture comprising the cell enabling production of antibodies,
bioactive substances or the like and the chemically modified alginic acid derivatives
represented by Formula (I) and Formula (I1) is, for example, within a range of approximately
150,000 Da to approximately 2,500,000 Da; preferably within a range of approximately
300,000 Da to approximately 2,500,000 Da; more preferably within a range selected from

approximately 700,000 Da to approximately 1,400,000 Da, approximately 800,000 Da to

80



G2887

approximately 1,500,000 Da, approximately 1,400,000 to approximately 2,000,000 Da or
approximately 1,500,000 to approximately 2,500,000 Da.

[0180] [2-8] In the embodiment [2], the concentration of a solution of the chemically
modified alginic acid derivative represented by Formula (I), which is used to manufacture the
polymer-coated crosslinked alginate gel fiber is, for example, within a range of approximately
0.01 to approximately 1.5 wt%; preferably within a range of approximately 0.05 to
approximately 1.0 wt%; more preferably within a range of approximately 0.08 to
approximately 0.75 wt%.

[0181] In the present specification, “wt%” means “w/v%”.

[0182] [2-9] In the embodiment [2], the concentration of a solution of the chemically
modified alginic acid derivative represented by Formula (II), which is used to manufacture the
polymer-coated crosslinked alginate gel fiber is, for example, within a range of approximately
0.01 to approximately 1.5 wt%; preferably within a range of approximately 0.05 to
approximately 1.0 wt%; more preferably within a range of approximately 0.08 to
approximately 0.75 wt%.

[0183] [2-10] In the embodiment [2], the concentration of the solution mixture of the
chemically modified alginic acid derivative represented by Formula (I) and the chemically
modified alginic acid derivative represented by Formula (II), which is used to manufacture the
polymer-coated crosslinked alginate gel fiber, is, for example, within a range of
approximately 0.02 to approximately 2.0 wt%; preferably within a range of approximately 0.1
to approximately 2.0 wt%; more preferably within a range of approximately 0.15 to
approximately 1.5 wt%.

[0184] [2-11] In the embodiment [2], the concentration of the alginic acid solution that can be
added to the solution mixture comprising the cell enabling production of antibodies, bioactive

substances or the like and the chemically modified alginic acid derivatives represented by
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Formula (I) and Formula (II) is, for example, within a range of 0 to approximately 1.98 wt%:;
preferably within a range of 0 to approximately 1.8 wt%; more preferably within a range of 0
to approximately 1.7 wt%.

[0185] [2-11-1] In the embodiment [2], in a case where the alginic acid solution is added to
the solution mixture comprising the cell enabling production of antibodies, bioactive
substances or the like and the chemically modified alginic acid derivatives represented by
Formula (I) and Formula (II), the total concentration of the concentration of the solution
mixture comprising the chemically modified alginic acid derivatives represented by Formula
(D) and Formula (IT) and the concentration of the alginic acid solution is preferably within a
range of approximately 0.5 to approximately 2.0 wt%; more preferably selected from
approximately 1.0 wt%, approximately 1.5 wt% and approximately 2.0 wt%.

[0186] [2-11-2] In the embodiment [2], in a case where the alginic acid solution is added to
the solution mixture comprising the cell enabling production of antibodies, bioactive
substances or the like and the chemically modified alginic acid derivatives represented by
Formula (I) and Formula (II), the combination of the concentration (C1 (wt%)) of the solution
mixture comprising the chemically modified alginic acid derivatives represented by Formula
(I) and Formula (IT) and the concentration (C2 (wt%)) of the alginic acid solution is
preferably a combination selected from the group consisting of (C1:C2) = (approximately
0.2:approximately 1.3), (approximately 0.5:approximately 1.0), (approximately
1.0:approximately 0.5), (approximately 1.5:0), (approximately 0.66:approximately 1.34) and
(approximately 0.34:approximately 0.66).

[0187] [2-11-3] In the embodiment [2], in a case where the alginic acid solution is added to
the solution mixture comprising the cell enabling production of antibodies, bioactive
substances or the like and the chemically modified alginic acid derivatives represented by

Formula (I) and Formula (II), the combination of the concentration (C1A (wt%)) of the
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solution of the chemically modified alginic acid derivative represented by Formula (I), the
concentration (C1N (wt%)) of the solution of the chemically modified alginic acid derivative
represented by Formula (IT) and the concentration (C2 (wt%)) of the alginic acid solution is
preferably a combination selected from the group consisting of (C1A:CIN:C2) =
(approximately 0.1:approximately 0.1:approximately 1.3), (approximately 0.25:approximately
0.25:approximately 1.0), (approximately 0.5:approximately 0.5:approximately 0.5),
(approximately 0.75:approximately 0.75:0), (approximately 0.33:approximately
0.33:approximately 1.34) and (approximately 0.17:approximately 0.17:approximately 0.66).
[0188] [2-12-1] In the embodiment [2], each volume ratio (v1, v2) of the solution of the
chemically modified alginic acid derivative represented by Formula (I) and the solution of the
chemically modified alginic acid derivative represented by Formula (II) in the solution
mixture comprising the cell enabling production of antibodies, bioactive substances or the like
and the chemically modified alginic acid derivatives represented by Formula (I) and Formula
(IT) is, for example, a ratio in the case of vl + v2 = 15 and, for example, (v1:v2) = (7.5:7.5).
[0189] [2-12-2] In the embodiment [2], in a case where the alginic acid solution is added to
the solution mixture comprising the cell enabling production of antibodies, bioactive
substances or the like and the chemically modified alginic acid derivatives represented by
Formula (I) and Formula (II), which is used to form the core layer of the polymer-coated
crosslinked alginate gel fiber, the volume ratio of the volume (v1) of the chemically modified
alginic acid derivative represented by Formula (I), the volume (v2) of the chemically
modified alginic acid derivative represented by Formula (II) and the volume (v3) of the
alginic acid solution in the solution mixture to which the alginic acid has been added is, for
example, a ratio in the case of vl +v2 + v3 = 15 and, for example, a combination of

(v1:v2:v3) = (5:5:5), (2.5:2.5:10), (1:1:13) or the like.
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[0190] [2-13] In the embodiment [2], the divalent metal ion that is contained in the solution
into which the solution mixture comprising the cell enabling production of antibodies,
bioactive substances or the like and the chemically modified alginic acid derivatives
represented by Formula (I) and Formula (II) is injected is a divalent metal ion selected from
the group of a calcium ion, a magnesium ion, a barium ion, a strontium ion, a zinc ion and the
like; preferably a calcium ion, a barium ion or a strontium ion; more preferably a calcium ion
or a barium ion.

[0191] [2-14] In the embodiment [2], the solution into which the solution mixture comprising
the cell enabling production of antibodies, bioactive substances or the like and the chemically
modified alginic acid derivatives represented by Formula (I) and Formula (IT) is injected is an
aqueous solution comprising a divalent metal ion selected from the group consisting of a
calcium chloride aqueous solution, a calcium carbonate aqueous solution, a calcium gluconate
aqueous solution, a barium chloride aqueous solution, a strontium chloride aqueous solution
and the like; preferably a calcium chloride aqueous solution or a barium chloride aqueous
solution.

[0192] [2-15] In the embodiment [2] or [2-14], the concentration of the divalent metal ion is,
for example, within a range of approximately 1 mM to approximately 1 M or a range of
approximately 10 to approximately 500 mM; preferably approximately 10 to approximately
100 mM.

[0193] [2-16-1] In the embodiment [2], regarding the solution mixture comprising the cell
enabling production of antibodies, bioactive substances or the like and the chemically
modified alginic acid derivatives represented by Formula (I) and Formula (II), it is possible to
use, for example, a device XX comprising an introduction port 1 and a discharge port 2,
which is shown in Fig. 3, or the like, introduce the solution mixture from the introduction port

1 of the device XX and inject the solution mixture from the discharge port 2 of the device XX.
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[0194] [2-16-2] In the embodiment [2-16-1], regarding the solution mixture comprising the
cell enabling production of antibodies, bioactive substances or the like and the chemically
modified alginic acid derivatives represented by Formula (I) and Formula (II), it is possible to
inject the solution mixture from the discharge port 2 of the device XX using, for example, an
extrusion tube YY as shown in Fig. 3 or the like.

[0195] [2-17] In the embodiment [2-16-2], as a combination of the device XX and the plunger
YY, for example, an injection tube can be used. In addition, as the injection tube, it is
possible to use a glass or plastic injection tube.

[0196] [2-18] In the embodiments [2], [2-16-1] and [2-16-2], the injection rate (flow rate) of
the solution mixture comprising the cell enabling production of antibodies, bioactive
substances or the like and the chemically modified alginic acid derivatives represented by
Formula (I) and Formula (II) is, for example, within a range of approximately 100 to
approximately 10000 pL/minute.

[0197] [2-19-1] In the embodiment [2], the solution comprising a cationic polymer with
which the crosslinked alginate gel fiber (CLA) comprising the cell enabling production of
antibodies, bioactive substances or the like is brought into contact is a solution comprising a
cationic polymer selected from the group consisting of polyamino acids (polymers of a basic
amino acid), basic polysaccharides, basic polymers, salts thereof and the like.

[0198] [2-19-2] In the embodiment [2], the solution comprising a cationic polymer with
which the crosslinked alginate gel fiber (CLA) comprising the cell enabling production of
antibodies, bioactive substances or the like is brought into contact is preferably a solution
comprising a cationic polymer selected from the group consisting of poly-L-ornithine (PLO),
poly-D-ornithine (PDO), poly-DL-ornithine, poly-D-lysine (PDL), poly-L-lysine (PLL), poly-
DL-lysine, poly-L-arginine (PLA), poly-D-arginine (PDA), poly-DL-arginine, poly-L-

homoarginine (PLHA), poly-D-homoarginine (PDHA), poly-DL-homoarginine, poly-L-
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histidine (PLH), poly-D-histidine (PDH), poly-DL-histidine, which are polyamino acids, and
a salt thereof; more preferably a solution comprising a cationic polymer selected from the
group consisting of poly-L-ornithine, poly-L-lysine and a salt thereof; still more preferably a
solution comprising a cationic polymer selected from poly-L-ornithine and a salt thereof.
[0199] [2-19-3] In the embodiment [2], the solution comprising a cationic polymer with
which the crosslinked alginate gel fiber (CLA) comprising the cell enabling production of
antibodies, bioactive substances or the like is brought into contact is, for example, a solution
comprising a cationic polymer selected from the group consisting of chitosan, which is a basic
polysaccharide, and a salt thereof.

[0200] [2-19-4] In the embodiment [2], the solution comprising a cationic polymer with
which the crosslinked alginate gel fiber (CLA) comprising the cell enabling production of
antibodies, bioactive substances or the like is brought into contact is, for example, a solution
comprising a cationic polymer selected from the group consisting of polymethylene-CO-
guanidine (PMCG), polyallylamine (PAA), polyvinylamine (PVA), polyethyleneimine, an
allylamine-diallylamine copolymer, an allylamine-maleic acid copolymer, which are basic
polymers, and a salt thereof.

[0201] [2-19-4-1] In the embodiment [2-19-4], the solution comprising a cationic polymer is
preferably a solution comprising a cationic polymer selected from the group consisting of
polyallylamine (PAA), polyethyleneimine, polymethylene-CO-guanidine (PMCG) and a salt
thereof.

[0202] [2-20] In the embodiment [2], the solution comprising a cationic polymer with which
the crosslinked alginate gel fiber (CLA) comprising the cell enabling production of
antibodies, bioactive substances or the like is brought into contact may contain a component

such as a calcium chloride solution or a buffer solution.
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[0203] [2-21] In the embodiment [2], the temperature of the polymer-coated crosslinked
alginate gel fiber during manufacturing is, for example, within a range of approximately 4°C
to approximately 37°C.
[0204] Combination of the methods for manufacturing a polymer-coated crosslinked alginate
gel fiber described in the embodiments and individual elements makes it possible to
arbitrarily form a preferable embodiment of the method for manufacturing a polymer-coated
crosslinked alginate gel fiber.
[0205] [2B] Embodiment 2B is as described below. A method for manufacturing a
multilayer polymer-coated crosslinked alginate gel fiber that is formed by sequentially coating
a core layer comprising a cell enabling production of antibodies, bioactive substances or the
like and crosslinked alginate gel that is obtained by performing a crosslinking reaction using
the chemically modified alginic acid derivative represented by Formula (I) and the chemically
modified alginic acid derivative represented by Formula (IT) described in the embodiment [1]
with a cationic polymer and an anionic polymer, the method comprising

step (1): a step of injecting a solution mixture comprising a cell enabling production of
antibodies, bioactive substances or the like, the chemically modified alginic acid derivative
represented by Formula (I) and the chemically modified alginic acid derivative represented by
Formula (II) described in the embodiment [1] into a solution comprising a divalent metal ion
to obtain a crosslinked alginate gel fiber (CLA) comprising the cell enabling production of
antibodies, bioactive substances or the like in a core layer,

step (2): a step of bringing the crosslinked alginate gel fiber (CLA) comprising the cell
enabling production of antibodies, bioactive substances or the like in the core layer obtained
in the step (1) into contact with a solution comprising a cationic polymer, thereby obtaining a

polymer-coated crosslinked alginate gel fiber (CFB) coated with a cationic polymer layer, and
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step (3): a step of bringing the polymer-coated crosslinked alginate gel fiber (CFB) obtained
in the step (2) into contact with a solution comprising an anionic polymer, thereby obtaining a
multilayer polymer-coated crosslinked alginate gel fiber (ACFB) coated with an anionic
polymer layer.

[0206] [2C] The multilayer polymer-coated crosslinked alginate gel fiber in the embodiment
[2B] is the multilayer polymer-coated crosslinked alginate gel fiber described in any of the
embodiments ([1B] to [1B-18-6]).

[0207] [2B-1] In the embodiment [2B], the cell enabling production of antibodies, bioactive
substances or the like that is used to manufacture the fiber is the same as the cell enabling
production of antibodies, bioactive substances or the like described in any one of the
embodiments the embodiments [1-3] to [1-3-5] and [1B-3] to [1B-3-19].

[0208] [2B-2] In the embodiment [2B], the weight-average molecular weight measured by gel
filtration chromatography of the chemically modified alginic acid derivative represented by
Formula (I), which is used in the step (1) or the step (3) for manufacturing of the fiber, is the
same as the range of the weight-average molecular weight described in the embodiment [2-2].
[0209] [2B-3] In the embodiment [2B], the weight-average molecular weight measured by gel
filtration chromatography of the chemically modified alginic acid derivative represented by
Formula (II), which is used in the step (1) or the step (3) for manufacturing the fiber, is the
same as the range of the weight-average molecular weight described in the embodiment [2-3].
[0210] [2B-4] In the embodiment [2B], the introduction rate of a reactive group: Akn-L!-NH>
group (Akn-L!- is the same as the definition in the embodiment [1], [1B-1-1] or [1B-1-2]) into
the chemically modified alginic acid derivative represented by Formula (I), which is used in
the step (1) or the step (3) for manufacturing the fiber, is the same as the range of the

introduction rate described in the embodiment [2-4].
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[0211] [2B-5] In the embodiment [2B], the introduction rate of a reactive group: N3-L>-NH>
group (-L2- is the same as the definition in the embodiment [1], [1B-2-1] or [1B-2-2]) into the
chemically modified alginic acid derivative represented by Formula (II), which is used in the
step (1) or the step (3) for manufacturing the fiber, is the same as the range of the introduction
rate described in the embodiment [2-5].

[0212] [2B-6] In the embodiment [2B], the component that can be added to the solution
mixture comprising the cell enabling production of antibodies, bioactive substances or the like
and the chemically modified alginic acid derivatives represented by Formula (I) and Formula
(IT) in the step (1) for manufacturing the fiber is the same as the component described in the
embodiment [2-6].

[0213] [2B-7] In a case where an alginic acid (for example, sodium alginate or the like) that is
used to prepare the alginic acid solution that can be added to the solution mixture comprising
the cell enabling production of antibodies, bioactive substances or the like and the chemically
modified alginic acid derivatives represented by Formula (I) and Formula (IT) is used in the
step (1) of the fiber manufacture in the embodiment [2B] or alginic acid is used as the anionic
polymer in the step (3) of the fiber manufacture in the embodiment [2B], the weight-average
molecular weight measured by gel permeation chromatography (GPC) of the alginic acid (for
example, sodium alginate or the like) that is used to prepare the solution is the same as the
molecular weight described in the embodiment [2-7A].

[0214] [2B-8] In the embodiment [2B], the concentration of the solution of the chemically
modified alginic acid derivative represented by Formula (I), which is used in the step (1) for
manufacturing of the fiber, is the same as the range of the concentration described in the
embodiment [2-8].

[0215] [2B-9] In the embodiment [2B], the concentration of the solution of the chemically

modified alginic acid derivative represented by Formula (II), which is used in the step (1) for
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manufacturing of the fiber, is the same as the range of the concentration described in the
embodiment [2-9].

[0216] [2B-10] In the embodiment [2B], the concentration of the solution mixture of the
chemically modified alginic acid derivative represented by Formula (I) and the chemically
modified alginic acid derivative represented by Formula (II), which are used in the step (1) for
manufacturing of the fiber, is the same as the range of the concentration described in the
embodiment [2-10].

[0217] [2B-11] In the embodiment [2B], the concentration of the alginic acid solution that can
be added to the solution mixture comprising the cell enabling production of antibodies,
bioactive substances or the like and the chemically modified alginic acid derivatives
represented by Formula (I) and Formula (II) in the step (1) of the fiber manufacture is the
same as the range of the concentration described in the embodiment [2-11].

[0218] [2B-11-1] In the embodiment [2B], in a case where the alginic acid solution is added
to the solution mixture comprising the cell enabling production of antibodies, bioactive
substances or the like and the chemically modified alginic acid derivatives represented by
Formula (I) and Formula (II) in the step (1) of the fiber manufacture, the total concentration
of the concentration of the solution mixture comprising the chemically modified alginic acid
derivatives represented by Formula (I) and Formula (IT) and the concentration of the alginic
acid solution is the same as the range of the concentration described in the embodiment [2-11-
1]; more preferably approximately 1.5 wt%.

[0219] [2B-11-2] In the embodiment [2B], in a case where the alginic acid solution is added
to the solution mixture comprising the cell enabling production of antibodies, bioactive
substances or the like and the chemically modified alginic acid derivatives represented by
Formula (I) and Formula (II) in the step (1) of the fiber manufacture, the combination of the

concentration (C1 (wt%)) of the solution mixture comprising the chemically modified alginic
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acid derivatives represented by Formula (I) and Formula (I1) and the concentration (C2
(wt%)) of the alginic acid solution is the same as the range of the concentration described in
the embodiment [2-11-2].

[0220] [2B-11-3] In the embodiment [2B], in a case where the alginic acid solution is added
to the solution mixture comprising the cell enabling production of antibodies, bioactive
substances or the like and the chemically modified alginic acid derivatives represented by
Formula (I) and Formula (II) in the step (1) of the fiber manufacture, the combination of the
concentration (C1A (wt%)) of the solution of the chemically modified alginic acid derivative
represented by Formula (I), the concentration (C1N (wt%)) of the solution of the chemically
modified alginic acid derivative represented by Formula (IT) and the concentration (C2 (wt%))
of the alginic acid solution is the same as the range of the concentration described in the
embodiment [2-11-3].

[0221] [2B-12-1] In the embodiment [2B], in the step (1) of the fiber manufacture, each
volume ratio (v1, v2) of the solution of the chemically modified alginic acid derivative
represented by Formula (I) and the solution of the chemically modified alginic acid derivative
represented by Formula (II) in the solution mixture comprising the cell enabling production of
antibodies, bioactive substances or the like and the chemically modified alginic acid
derivatives represented by Formula (I) and Formula (IT) is, for example, a ratio in the case of
vl +v2 =15 and, for example, (v1:v2) = (7.5:7.5).

[0222] [2B-12-2] In the embodiment [2B], in a case where the alginic acid solution is added
to the solution mixture comprising the cell enabling production of antibodies, bioactive
substances or the like and the chemically modified alginic acid derivatives represented by
Formula (I) and Formula (II) in the step (1) of the fiber manufacture, the volume ratio of the
volume (v1) of the chemically modified alginic acid derivative represented by Formula (I),

the volume (v2) of the chemically modified alginic acid derivative represented by Formula
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(IT) and the volume (v3) of the alginic acid solution in the solution mixture to which the
alginic acid solution has been added is the same as the combination described in the
embodiment [2-12-2].

[0223] [2B-13] In the embodiment [2B], in the step (1) of the fiber manufacture, the divalent
metal ion that is contained in the solution into which the solution mixture comprising the cell
enabling production of antibodies, bioactive substances or the like and the chemically
modified alginic acid derivatives represented by Formula (I) and Formula (IT) is injected is the
same as the divalent metal ion described in the embodiment [2-13].

[0224] [2B-14] In the embodiment [2B], in the step (1) of the fiber manufacture, the solution
into which the solution mixture comprising the cell enabling production of antibodies,
bioactive substances or the like and the chemically modified alginic acid derivatives
represented by Formula (I) and Formula (I} is injected is the same as the aqueous solution
comprising the divalent metal ion described in the embodiment [2-14].

[0225] [2B-15] In the embodiment [2B] or [2B-14], the concentration of the divalent metal
ion, which is used in the step (1) of the fiber manufacture, is, for example, within a range of
approximately 1 mM to approximately 1 M or a range of approximately 10 to approximately
500 mM; preferably approximately 10 to approximately 100 mM.

[0226] [2B-16-1] In the embodiment [2B], regarding the solution mixture comprising the cell
enabling production of antibodies, bioactive substances or the like and the chemically
modified alginic acid derivatives represented by Formula (I) and Formula (II), it is possible to
use, for example, a device XX comprising an introduction port 1 and a discharge port 2,
which is shown in Fig. 10, or the like, introduce the solution mixture from the introduction
port 1 of the device XX and inject the solution mixture from the discharge port 2 of the device

XX.
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[0227] [2B-16-2] In the embodiment [2B-16-1], regarding the solution mixture comprising
the cell enabling production of antibodies, bioactive substances or the like and the chemically
modified alginic acid derivatives represented by Formula (I) and Formula (II), it is possible to
inject the solution mixture from the discharge port 2 of the device XX using, for example, an
extrusion tube YY as shown in Fig. 10 or the like.

[0228] [2B-17] In the embodiment [2B-16-2], as a combination of the device XX and the
extrusion tube Y'Y, for example, an injection tube can be used. In addition, as the injection
tube, it is possible to use a glass or plastic injection tube.

[0229] [2B-18] In the embodiments [2B], [2B-16-1] and [2B-16-2], the injection rate (flow
rate) of the solution mixture comprising the cell enabling production of antibodies, bioactive
substances or the like and the chemically modified alginic acid derivatives represented by
Formula (I) and Formula (II) is, for example, within a range of approximately 100 to
approximately 10000 pL/minute.

[0230] [2B-19-1] In the embodiment [2B], in the step (2) of the fiber manufacture, the
solution comprising a cationic polymer with which the crosslinked alginate gel fiber (CLA)
comprising the cell enabling production of antibodies, bioactive substances or the like is
brought into contact is the same as the solution described in the embodiment [2-19-1].

[0231] [2B-19-2] In the embodiment [2B], in the step (2) of the fiber manufacture, preferable,
more preferable and still more preferable solutions comprising a cationic polymer with which
the crosslinked alginate gel fiber (CLA) comprising the cell enabling production of
antibodies, bioactive substances or the like is brought into contact are the same as the
solutions described in the embodiment [2-19-2], respectively.

[0232] [2B-19-3] In the embodiment [2B], in the step (2) of the fiber manufacture, the
solution comprising a cationic polymer with which the crosslinked alginate gel fiber (CLA)

comprising the cell enabling production of antibodies, bioactive substances or the like is
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brought into contact is, for example, a solution comprising a cationic polymer selected from
the group consisting of chitosan, which is a basic polysaccharide, and a salt thereof.

[0233] [2B-19-4] In the embodiment [2B], in the step (2) of the fiber manufacture, the
solution comprising a cationic polymer with which the crosslinked alginate gel fiber (CLA)
comprising the cell enabling production of antibodies, bioactive substances or the like is
brought into contact is the same as the solution described in the embodiment [2-19-4].

[0234] [2B-20] In the embodiment [2B], in the step (2) of the fiber manufacture, the solution
comprising a cationic polymer with which the crosslinked alginate gel fiber (CLA)
comprising the cell enabling production of antibodies, bioactive substances or the like is
brought into contact may contain a component such as a calcium chloride solution or a buffer
solution.

[0235] [2B-21] In the embodiment [2B], the temperature of the multilayer polymer-coated
crosslinked alginate gel fiber during manufacturing is, for example, within a range of
approximately 4°C to approximately 37°C.

[0236] [2B-22] In the embodiment [2B], the solution comprising the anionic polymer with
which the polymer-coated crosslinked alginate gel fiber (CFB) is brought into contact in the
step (3) of the fiber manufacture is a solution comprising an anionic polymer selected from
the group consisting of anionic polysaccharides, sulfated polysaccharides, synthetic polymers,
anionic polyamino acids, chemically modified products thereof, crosslinked products thereof,
salts thereof, mixtures thereof and the like.

[0237] [2B-23] In the embodiment [2B], the solution comprising the anionic polymer with
which the polymer-coated crosslinked alginate gel fiber (CFB) is brought into contact in the
step (3) of the fiber manufacture is a solution comprising an anionic polymer selected from
the group consisting of alginic acid, the chemically modified alginic acid derivative

represented by Formula (I) described in the embodiment [1], the chemically modified alginic
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acid derivative represented by Formula (II) described in the embodiment [1], a crosslinked
product that is formed of the chemically modified alginic acid derivative represented by
Formula (I) described in the embodiment [1] and the chemically modified alginic acid
derivative represented by Formula (II) in the embodiment [1], a salt thereof and a mixture
thereof.

[0238] [2B-24] In the embodiment [2B], the solution comprising the anionic polymer with
which the polymer-coated crosslinked alginate gel fiber (CFB) is brought into contact in the
step (3) of the fiber manufacture is, for example, a solution comprising an anionic polymer
selected from the group consisting of anionic polysaccharides such as alginic acid, hyaluronic
acid, capoligalacturonic acid, laginan, succinoglucan, gum arabic, xanthan gum, alginic acid,
pectin, pectic acid, carboxymethylcellulose and agar, chemically modified products thereof,
crosslinked products thereof, salts thereof and mixtures thereof.

[0239] [2B-25] In the embodiment [2B], the solution comprising the anionic polymer with
which the polymer-coated crosslinked alginate gel fiber (CFB) is brought into contact in the
step (3) of the fiber manufacture is, for example, a solution comprising a cationic polymer
selected from the group consisting of sulfated polysaccharides such as chondroitin sulfate,
dextran sulfate, heparan sulfate, dermatan sulfate, fucoidan, keratan sulfate and heparin,
chemically modified products thereof, crosslinked products thereof, salts thereof and mixtures
thereof.

[0240] [2B-26] In the embodiment [2B], the solution comprising the anionic polymer with
which the polymer-coated crosslinked alginate gel fiber (CFB) is brought into contact in the
step (3) of the fiber manufacture is, for example, a solution comprising a cationic polymer
selected from the group consisting of synthetic polymers such as acrylic acid, methacrylic
acid, ethylacrylic acid, and polystyrene sulfonic acid, chemically modified products thereof,

crosslinked products thereof, salts thereof and mixtures thereof.
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[0241] [2B-27] In the embodiment [2B], the solution comprising the anionic polymer with
which the polymer-coated crosslinked alginate gel fiber (CFB) is brought into contact in the
step (3) of the fiber manufacture is, for example, a solution comprising a cationic polymer
selected from the group consisting of anionic polyamino acids such as polyglutamic acid and
polyaspartic acid, chemically modified products thereof, crosslinked products thereof, salts
thereof and mixtures thereof.

[0242] Combination of the methods for manufacturing a multilayer polymer-coated
crosslinked alginate gel fiber described in the embodiments and individual elements makes it
possible to arbitrarily form a preferable embodiment of the method for manufacturing a
multilayer polymer-coated crosslinked alginate gel fiber.

[0243] [3] Embodiment 3 is as described below. A method for manufacturing an antibody, a
bioactive substance or the like using a polymer-coated crosslinked alginate gel fiber that is
formed by coating a core layer comprising a cell enabling production of antibodies, bioactive
substances or the like and crosslinked alginate gel that is obtained by performing a
crosslinking reaction using the chemically modified alginic acid derivative represented by
Formula (I) and the chemically modified alginic acid derivative represented by Formula (II)
described in the embodiment [1] with a cationic polymer. One embodiment of the
manufacturing method is a method for manufacturing an antibody, a bioactive substance or
the like in which the polymer-coated crosslinked alginate gel fiber is put into a culture
container, a culture medium is added thereto, the polymer-coated crosslinked alginate gel
fiber is immersed therein, and culture is performed.

[0244] [3A] The polymer-coated crosslinked alginate gel fiber in the embodiment [3] is the
polymer-coated crosslinked alginate gel fiber described in any of the embodiments ([1] to [1-

17-5]).
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[0245] [3-1] In the embodiment [3], the culture container is, for example, a container selected
from the group consisting of a tissue culture plates, an Erlenmeyer flask, a T-flask, a spinner
flask, a culture bag, an animal cell culture tank and the like; preferably an Erlenmeyer flask or
an animal cell culture tank. For the culture, for example, any method of static culture,
shaking culture or the like may be selected or any method of batch culture, fed-batch culture,
continuous culture and the like may be used, but fed-batch culture or continuous culture is
preferable.

[0246] [3-2] In any one of the embodiments [3] to [3-1], the temperature during the culture is,
for example, within a range of approximately 28°C to approximately 39°C and is, for
example, within a range of approximately 30°C to approximately 37°C.

[0247] [3-3] In any one of the embodiments [3] to [3-2], the stirring rate during the culture is,
for example, approximately 50 to approximately 250 rpm and is, for example, approximately
125 rpm.

[0248] [3-4] In any one of the embodiments [3] to [3-3], as culture conditions, for example,
the culture temperature is set within a range of approximately 28°C to approximately 39°C,
and the culture is performed with a culture device under a 5% CO:2 atmosphere at a stirring
rate of approximately 125 rpm.

[0249] [3-5] In any one of the embodiments [3] to [3-4], the culture period is, for example, for
seven days, 14 days, 28 days, 42 days, 56 days or 70 days.

[0250] In the present specification, in a case where the culture temperature is expressed with
“approximately”, the temperature may include up to the numerical value + 10% and up to the
numerical value = 20% in certain embodiments.

[0251] [3-6] In the embodiment [3], the cell enabling production of antibodies, bioactive

substances or the like that is contained in the core layer of the polymer-coated crosslinked
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alginate gel fiber is the same as the cell enabling production of antibodies, bioactive
substances or the like described in any one of the embodiments [1-3] to [1-3-5].

[0252] [3-6-1] In the embodiment [3], the cell enabling production of antibodies, bioactive
substances or the like that is contained in the core layer of the polymer-coated crosslinked
alginate gel fiber is the same as the cell enabling production of antibodies, bioactive
substances or the like described in any one of the embodiments [1B-3] to [1B-3-19].

[0253] [3-7] In any one of the embodiments [3] to [3-5], the method for manufacturing an
antibody, a bioactive substance or the like comprises addition of a cell growth inhibitor.
[0254] Combination of the methods for manufacturing an antibody, a bioactive substance or
the like using a polymer-coated crosslinked alginate gel fiber described in the embodiments
and individual elements makes it possible to arbitrarily form a preferable embodiment of the
method for manufacturing an antibody, a bioactive substance or the like.

[0255] [3B] Embodiment 3B is as described below. A method for manufacturing an
antibody, a bioactive substance or the like using a multilayer polymer-coated crosslinked
alginate gel fiber that is formed by sequentially coating a core layer comprising a cell
enabling production of antibodies, bioactive substances or the like and crosslinked alginate
gel that is obtained by performing a crosslinking reaction using the chemically modified
alginic acid derivative represented by Formula (I) and the chemically modified alginic acid
derivative represented by Formula (IT) described in the embodiment [1] with a cationic
polymer and an anionic polymer. The manufacturing method in one embodiment is a
method for manufacturing an antibody, a bioactive substance or the like in which the
multilayer polymer-coated crosslinked alginate gel fiber is put into a culture container, a
culture medium is added thereto, the multilayer polymer-coated crosslinked alginate gel fiber

is immersed therein, and culture is performed.
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[0256] [3C] The multilayer polymer-coated crosslinked alginate gel fiber in the embodiment
[3B] is the multilayer polymer-coated crosslinked alginate gel fiber described in any of the
embodiments ([1B] to [1B-18-6]).

[0257] [3B-1] In the embodiment [3B], a culture container and the culture are the same as
those described in the embodiment [3-1].

[0258] [3B-2] In any one of the embodiments [3B] to [3B-1], the temperature during the
culture is, for example, within a range of approximately 28°C to approximately 39°C and is,
for example, within a range of approximately 30°C to approximately 37°C.

[0259] [3B-3] In any one of the embodiments [3B] to [3B-2], the stirring rate during the
culture is, for example, approximately 50 to approximately 250 rpm and is, for example,
approximately 125 rpm.

[0260] [3B-4] In any one of the embodiments [3] to [3B-3], as culture conditions, for
example, the culture temperature is set within a range of approximately 28°C to
approximately 39°C, and the culture is performed with a culture device under a 5% CO2
atmosphere at a stirring rate of approximately 125 rpm.

[0261] [3B-5] In any one of the embodiments [3B] to [3B-4], the culture period is, for
example, seven days, 14 days, 28 days, 42 days, 56 days or 70 days.

[0262] [3B-6] In the embodiment [3B], the cell enabling production of antibodies, bioactive
substances or the like that is contained in the core layer of the multilayer polymer-coated
crosslinked alginate gel fiber is the same as the cell enabling production of antibodies,
bioactive substances or the like described in any one of the embodiments [1-3] to [1-3-5] and
[1B-3] to [1B-3-19].

[0263] [3B-7] In any one of the embodiments [3B] to [3B-5], the method for manufacturing

an antibody, a bioactive substance or the like comprises addition of a cell growth inhibitor.
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[0264] Combination of the methods for manufacturing an antibody, a bioactive substance or
the like using a multilayer polymer-coated crosslinked alginate gel fiber described in the
embodiments and individual elements makes it possible to arbitrarily form a preferable
embodiment of the method for manufacturing an antibody, a bioactive substance or the like.
[0265] [4] In Embodiment 4, an antibody that is produced in the core layer of a polymer-
coated crosslinked alginate gel fiber that is obtained by the method for manufacturing an
antibody described in any one of the embodiments [3] to [3-7] and penetrates the cationic
polymer layer is, for example, an antibody having an isotype selected from the group
consisting of 1gG, IgA, I1gM, IgD, IgE and the like.

[0266] [4B] In Embodiment 4B, in the method for manufacturing an antibody described in
any one of the embodiments [3B] to [3B-7], an antibody that is produced in the core layer of a
multilayer polymer-coated crosslinked alginate gel fiber and penetrates the cationic polymer
layer and the anionic polymer layer is, for example, an antibody having an isotype selected
from the group consisting of IgG, IgA, IgM, IgD, IgE and the like.

[0267] [5] In Embodiment 5, an antibody that is produced in the core layer of a polymer-
coated crosslinked alginate gel fiber that is obtained by the method for manufacturing an
antibody described in any one of the embodiments [3] to [3-7] and penetrates the cationic
polymer layer is an antibody having a molecular weight within a range of, for example,
approximately 45,000 to approximately 1,000,000 Da, approximately 3,000 to approximately
1,000,000 Da, approximately 20,000 to approximately 1,000,000 Da, approximately 20,000 to
approximately 400,000 Da, approximately 45,000 to approximately 400,000 Da,
approximately 20,000 to approximately 200,000 Da or approximately 45,000 to
approximately 200,000 Da.

[0268] [SB] In Embodiment 5B, in the methods for manufacturing an antibody described in

the embodiments [3B] to [3B-7], an antibody that is produced in the core layer of a multilayer
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polymer-coated crosslinked alginate gel fiber and penetrates the cationic polymer layer and
the anionic polymer layer is an antibody having a molecular weight within a range of, for
example, approximately 3,000 to approximately 1,000,000 Da, approximately 20,000 to
approximately 1,000,000 Da, approximately 45,000 to approximately 1,000,000 Da,
approximately 20,000 to approximately 400,000 Da, approximately 45,000 to approximately
400,000 Da, approximately 20,000 to approximately 200,000 Da or approximately 45,000 to
approximately 200,000 Da.

[0269] [6] In Embodiment 6, in the manufacturing method described in any one of the
embodiments [3] to [3-7], insulin produced using an MING6 cell is, for example, insulin having
a molecular weight within a range of approximately 5,000 to 10,000.

[0270] [6B] In Embodiment 6B, in the manufacturing methods described in the embodiments
[3] to [3-7] and [3B] to [3B-7], a bioactive substance produced using a bioactive substance-
producing cell is a bioactive substance having a molecular weight within a range of, for
example, for example, approximately 3,000 to approximately 1,000,000 Da, approximately
20,000 to approximately 1,000,000 Da, approximately 45,000 to approximately 1,000,000 Da,
approximately 20,000 to approximately 400,000 Da, approximately 45,000 to approximately
400,000 Da, approximately 20,000 to approximately 200,000 Da or approximately 45,000 to
approximately 200,000 Da.

[0271] [7] In Embodiment 7, an antibody that is obtained in the methods for manufacturing an
antibody described in any one of the embodiments [3] to [3-7] is, for example, muromonab-
CD3 produced using a muromonab-CD3-producing CHO cell, trastuzumab produced using a
trastuzumab-producing CHO cell, rituximab produced using a rituximab-producing CHO cell,
palivizumab produced using a palivizumab-producing CHO cell, infliximab produced using
an infliximab-producing CHO cell, basiliximab produced using a basiliximab-producing CHO

cell, tocilizumab produced using a tocilizumab-producing CHO cell, gemtuzumab produced
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using a gemtuzumab-producing CHO cell, bevacizumab produced using a bevacizumab-
producing CHO cell, ibritumomab produced using an ibritumomab-producing CHO cell,
adalimumab produced using an adalimumab-producing CHO cell, cetuximab produced using
a cetuximab-producing CHO cell, ranibizumab produced using a ranibizumab-producing
CHO cell, omalizumab produced using an omalizumab-producing CHO cell, eculizumab
produced using an eculizumab-producing CHO cell, panitumumab produced using a
panitumumab-producing CHO cell, ustekinumab produced using a ustekinumab-producing
CHO cell, golimumab produced using a golimumab-producing CHO cell, canakinumab
produced using a canakinumab-producing CHO cell, denosumab produced using a
denosumab-producing CHO cell, mogamulizumab produced using a mogamulizumab-
producing CHO cell, certolizumab produced using a certolizumab-producing CHO cell,
ofatumumab produced using an ofatumumab-producing CHO cell, pertuzumab produced
using a pertuzumab-producing CHO cell, brentuximab produced using a brentuximab-
producing CHO cell, natalizumab produced using a natalizumab-producing CHO cell,
nivolumab produced using a nivolumab-producing CHO cell, alemtuzumab produced using
an alemtuzumab-producing CHO cell, secukinumab produced using a secukinumab-
producing CHO cell, ramucirumab produced using a ramucirumab-producing CHO cell,
ipilimumab produced using an ipilimumab-producing CHO cell, evolocumab produced using
an evolocumab-producing CHO cell, mepolizumab produced using a mepolizumab-producing
CHO cell, alirocumab produced using an alirocumab-producing CHO cell, ixekizumab
produced using an ixekizumab-producing CHO cell, brodalumab produced using a
brodalumab-producing CHO cell, idarucizumab produced using an idarucizumab-producing
CHO cell, elotuzumab produced using an elotuzumab-producing CHO cell, pembrolizumab
produced using a pembrolizumab-producing CHO cell, sarilumab produced using a

sarilumab-producing CHO cell, bezlotoxumab produced using a bezlotoxumab-producing
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CHO cell, belimumab produced using a belimumab-producing CHO cell, daratumumab
produced using a daratumumab-producing CHO cell, avelumab produced using an avelumab-
producing CHO cell, dupilumab produced using a dupilumab-producing CHO cell,
atezolizumab produced using an atezolizumab-producing CHO cell, benralizumab produced
using a benralizumab-producing CHO cell, inotuzumab produced using an inotuzumab-
producing CHO cell, emicizumab produced using an emicizumab-producing CHO cell,
guselkumab produced using a guselkumab-producing CHO cell, durvalumab produced using
a durvalumab-producing CHO cell, obinutuzumab produced using an obinutuzumab-
producing CHO cell, a vedolizumab-producing CHO cell or an anti-GPVI antibody produced
using an anti-GPVI antibody-producing CHO cell.

[0272] [7-1], In the method for manufacturing an antibody described in any one of the
embodiments [3] to [3-7], a producible antibody is, for example, trastuzumab produced using
a trastuzumab-producing CHO cell, rituximab produced using a rituximab-producing CHO
cell, infliximab produced using an infliximab-producing CHO cell, tocilizumab produced
using a tocilizumab-producing CHO cell, adalimumab produced using an adalimumab-
producing CHO cell, nivolumab produced using a nivolumab-producing CHO cell or an anti-
GPVI antibody produced using an anti-GPVI antibody-producing CHO cell; for example,
tocilizumab produced using a tocilizumab-producing CHO cell or an anti-GPVI antibody
produced using an anti-GPVI antibody-producing CHO cell.

[0273] [7B] In Embodiment 7B, the antibody that is obtained in the method for manufacturing
an antibody described in the embodiments [3] to [3-7] and [3B] to [3B-7] is an antibody such
as muromonab-CD3, trastuzumab, rituximab, palivizumab, infliximab, basiliximab,
tocilizumab, bevacizumab, adalimumab, cetuximab, omalizumab, eculizumab, panitumumab,
ustekinumab, golimumab, canakinumab, denosumab, ofatumumab, pertuzumab, natalizumab,

nivolumab, alemtuzumab, secukinumab, ramucirumab, ipilimumab, evolocumab,
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mepolizumab, alirocumab, ixekizumab, brodalumab, elotuzumab, pembrolizumab, sarilumab,
bezlotoxumab, belimumab, daratumumab, avelumab, dupilumab, atezolizumab, emicizumab,
guselkumab, durvalumab, vedolizumab, romosozumab, risankizumab, necitumumab,
ravulizumab, burosumab, isatuximab, tildrakizumab, satralizumab, galcanezumab,
dinutuximab, fremanezumab, erenumab, casilibimab, imdevimab, aniflorumab, sotrovimab,
ocrelizumab, naxitamab, aducanumab, tafacitamab, margetuximab, gantenerumab,
tiragolumab, clovalimab, nemolizumab, katumasomab, pramotamab, falisimab, gemtuzumab,
ibritumomab, brentuximab, inotuzumab, polatuzumab, enfortuzumab, sacituzumab,
belantamab, roncastuximab, tisotumab, datopotab or patritumab; an antibody having an
altered sugar chain such as mogamulizumab, benralizumab, obinutuzumab or inevirizumab; a
low-molecular-weight antibody composed of an antibody fragment such as ranibizumab,
idarucizumab, blinatumomab, brolucizumab, abciximab, capracizumab or certolizumab.
[0274] [7C] In Embodiment 7C, the antibody that is obtained in the method for manufacturing
an antibody described in the embodiments [3] to [3-7] and [3B] to [3B-7] is an antibody that
is produced from a CHO cell such as a muromonab-CD3-producing CHO cell, a trastuzumab-
producing CHO cell, a rituximab-producing CHO cell, a palivizumab-producing NSO cell, a
palivizumab-producing CHO cell, an infliximab-producing Sp2/0 cell, an infliximab-
producing CHO cell, a basiliximab-producing Sp2/0 cell, a basiliximab-producing CHO cell,
a tocilizumab-producing CHO cell, a bevacizumab-producing CHO cell, an adalimumab-
producing CHO cell, a cetuximab-producing Sp2/0 cell, a cetuximab-producing CHO cell, an
omalizumab-producing CHO cell, an eculizumab-producing NSO cell, an eculizumab-
producing CHO cell, a panitumumab-producing CHO cell, a ustekinumab-producing Sp2/0
cell, a ustekinumab-producing CHO cell, a golimumab-producing Sp2/0 cell, a golimumab-
producing CHO cell, a canakinumab-producing Sp2/0 cell, a canakinumab-producing CHO

cell, a denosumab-producing CHO cell, an ofatumumab-producing NSO cell, an ofatumumab-
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producing CHO cell, a pertuzumab-producing CHO cell, a natalizumab-producing NSO cell, a
natalizumab-producing CHO cell, a nivolumab-producing CHO cell, an alemtuzumab-
producing CHO cell, a secukinumab-producing CHO cell, a ramucirumab-producing NSO
cell, a ramucirumab-producing CHO cell, an ipilimumab-producing CHO cell, an
evolocumab-producing CHO cell, a mepolizumab-producing CHO cell, an alirocumab-
producing CHO cell, an ixekizumab-producing CHO cell, a brodalumab-producing CHO cell,
an elotuzumab-producing NSO cell, an elotuzumab-producing CHO cell, a pembrolizumab-
producing CHO cell, a sarilumab-producing CHO cell, a bezlotoxumab-producing CHO cell,
a belimumab-producing NSO cell, a belimumab-producing CHO cell, a daratumumab-
producing CHO cell, an avelumab-producing CHO cell, a dupilumab-producing CHO cell, an
atezolizumab-producing CHO cell, an emicizumab-producing CHO cell, a guselkumab-
producing CHO cell, a durvalumab-producing CHO cell, a vedolizumab-producing CHO cell,
a romosozumab-producing CHO cell, a risankizumab-producing CHO cell, a necitumumab-
producing NSO cell, a necitumumab-producing CHO cell, a ravulizumab-producing CHO cell,
a burosumab-producing CHO cell, an isatuximab-producing CHO cell, a tildrakizumab-
producing CHO cell, a satralizumab-producing CHO cell, a galcanezumab-producing CHO
cell, a dinutuximab-producing Sp2/0 cell, a dinutuximab-producing CHO cell, a
fremanezumab-producing CHO cell, an erenumab-producing CHO cell, a casilibimab-
producing CHO cell, an imdevimab-producing CHO cell, an aniflorumab-producing NSO cell,
an aniflorumab-producing CHO cell, a sotrovimab-producing CHO cell, an ocrelizumab-
producing CHO cell, a naxitamab-producing CHO cell, an aducanumab-producing CHO cell,
a tafacitamab-producing CHO cell, a margetuximab-producing CHO cell, a gemtuzumab-
producing NSO cell, a gemtuzumab-producing CHO cell, an ibritumomab-producing CHO
cell, a brentuximab-producing CHO cell, an inotuzumab-producing CHO cell, a polatuzumab-

producing CHO cell, an enfortuzumab-producing CHO cell, a sacituzumab-producing Sp2/0
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cell, a sacituzumab-producing CHO cell, a belantamab-producing CHO cell, a roncastuximab-
producing CHO cell, a tisotumab-producing CHO cell, a mogamulizumab-producing CHO
cell, a benralizumab-producing CHO cell, an obinutuzumab-producing CHO cell, an
inevirizumab-producing CHO cell, a ranibizumab-producing CHO cell, an idarucizumab-
producing CHO cell, a blinatumomab-producing CHO cell, a brolucizumab-producing CHO
cell, an abciximab-producing CHO cell, a caplacizumab-producing CHO cell, a certolizumab-
producing CHO cell or an anti-GPVI antibody-producing CHO cell.

[0275] [7C-1] The antibody that is obtained in the method for manufacturing an antibody
described in the embodiments [3] to [3-7] and [3B] to [3B-7] is an antibody that is produced
from a CHO cell such as a muromonab-CD3-producing CHO cell, a trastuzumab-producing
CHO cell, a rituximab-producing CHO cell, a palivizumab-producing CHO cell, an
infliximab-producing CHO cell, a basiliximab-producing CHO cell, a tocilizumab-producing
CHO cell, a gemtuzumab-producing CHO cell, a bevacizumab-producing CHO cell, an
ibritumomab-producing CHO cell, an adalimumab-producing CHO cell, a cetuximab-
producing CHO cell, a ranibizumab-producing CHO cell, an omalizumab-producing CHO
cell, an eculizumab-producing CHO cell, a panitumumab-producing CHO cell, a
ustekinumab-producing CHO cell, a golimumab-producing CHO cell, a canakinumab-
producing CHO cell, a denosumab-producing CHO cell, a mogamulizumab-producing CHO
cell, a certolizumab-producing CHO cell, an ofatumumab-producing CHO cell, a pertuzumab-
producing CHO cell, a brentuximab-producing CHO cell, a natalizumab-producing CHO cell,
a nivolumab-producing CHO cell, an alemtuzumab-producing CHO cell, a secukinumab-
producing CHO cell, a ramucirumab-producing CHO cell, an ipilimumab-producing CHO
cell, an evolocumab-producing CHO cell, a mepolizumab-producing CHO cell, an
alirocumab-producing CHO cell, an ixekizumab-producing CHO cell, a brodalumab-

producing CHO cell, an idarucizumab-producing CHO cell, an elotuzumab-producing CHO
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cell, a pembrolizumab-producing CHO cell, a sarilumab-producing CHO cell, a
bezlotoxumab-producing CHO cell, a belimumab-producing CHO cell, a daratumumab-
producing CHO cell, an avelumab-producing CHO cell, a dupilumab-producing CHO cell, an
atezolizumab-producing CHO cell, a benralizumab-producing CHO cell, an inotuzumab-
producing CHO cell, an emicizumab-producing CHO cell, a guselkumab-producing CHO
cell, a durvalumab-producing CHO cell, an obinutuzumab-producing CHO cell, a
vedolizumab-producing CHO cell, a romosozumab-producing CHO cell, a risankizumab-
producing CHO cell, a necitumumab-producing CHO cell, a ravulizumab-producing CHO
cell, a burosumab-producing CHO cell, an isatuximab-producing CHO cell, a tildrakizumab-
producing CHO cell, a satralizumab-producing CHO cell, a galcanezumab-producing CHO
cell, a dinutuximab-producing CHO cell, a fremanezumab-producing CHO cell, an erenumab-
producing CHO cell, a casilibimab-producing CHO cell, an imdevimab-producing CHO cell,
an aniflorumab-producing CHO cell, a sotrovimab-producing CHO cell, an ocrelizumab-
producing CHO cell, a naxitamab-producing CHO cell, an aducanumab-producing CHO cell,
a tafacitamab-producing CHO cell, a margetuximab-producing CHO cell, a polatuzumab-
producing CHO cell, an enfortuzumab-producing CHO cell, a sacituzumab-producing CHO
cell, a belantamab-producing CHO cell, a roncastuximab-producing CHO cell, a tisotumab-
producing CHO cell, an inevirizumab-producing CHO cell, a blinatumomab-producing CHO
cell, a brolucizumab-producing CHO cell, an abciximab-producing CHO cell, a
caplacizumab-producing CHO cell or an anti-GPVI antibody-producing CHO cell.

[0276] [7C-2] The antibody that is obtained in the method for manufacturing an antibody
described in the embodiments [3] to [3-7] and [3B] to [3B-7] is an antibody that is produced
from a CHO cell such as a trastuzumab-producing CHO cell, a rituximab-producing CHO
cell, an infliximab-producing CHO cell, a tocilizumab-producing CHO cell, an adalimumab-

producing CHO cell, a nivolumab-producing CHO cell or an anti-GPVI antibody-producing
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CHO cell; an antibody that is produced from a tocilizumab-producing CHO cell or an anti-
GPVI antibody-producing CHO cell; an antibody that is produced from a tocilizumab-
producing CHO cell.

[0277] Hereinafter, each embodiment will be described in more detail.
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[0278] 1. Alginic acid

Alginic acid that serves as a synthetic raw material of the chemically modified alginic
acid derivatives represented by Formula (I) and Formula (I1), alginic acid that serves as a raw
material of the alginic acid solution or alginate gel that can be contained in the core layer and
alginic acid that is used to form the anionic polymer layer in the present specification will be
described below.

Alginic acid mentioned in the present specification means at least one alginic acid
selected from the group consisting of alginic acid, alginate ester and salts thereof (for
example, sodium alginate) (referred to as “alginic acids” in some cases). Alginic acid that is
used may naturally occur or may be a synthetic product, but is preferably a naturally-
occurring alginic acid.  Alginic acids that are preferably used are polymers that are
bioabsorbable polysaccharides that are extracted from brown algae such as lessonia,
macrocystis, laminaria, ascophyllum, durvillia, kajime, arame and kelp and contain two kinds
of linearly polymerized uronic acids, such as D-mannuronic acid (M) and L-guluronic acid
(G). More specifically, the alginic acids are block copolymers in which a homopolymer
block of D-mannuronic acid (MM fraction), a homopolymer block of L-guluronic acid (GG
fraction) and a block in which D-mannuronic acid and L-guluronic acid are arranged (M/G
fractions) arbitrarily bond to one another.

[0279] Alginic acid is one kind of natural polysaccharide that is manufactured by being
extracted from brown algae seaweed and purified and is a polymer in which D-mannuronic
acid (M) and L-guluronic acid (G) are polymerized. The configuration rate (M/G ratio) of
D-mannuronic acid to L-guluronic acid in alginic acid, that is, the gel strength varies mainly
with the kind of a creature from which alginic acid is derived such as seaweed, is also affected
by the habitat of the creature or seasons, and covers a high range from a high G type where

the M/G ratio is approximately 0.2 to a high M type where the M/G ratio is approximately 5.
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The physicochemical properties of alginic acid vary with the M/G ratio of alginic acid, how
M and G are arranged and the like, and there are cases where preferable uses vary. The
gelling power of alginic acids and the properties of produced gel are affected by the M/G
ratio, and it is known that, ordinarily, the gel strength becomes high in a case where the G
ratio is high.  Additionally, the M/G ratio also affects the hardness, fragility, water
absorption, flexibility and the like of the gel. Therefore, as alginic acid that is used in the
present invention, it is preferable to use alginic acid having an appropriate M/G ratio or an
appropriate viscosity depending on the final intended use.

[0280] As industrial methods for manufacturing alginic acid, there are an acid method, a
calcium method and the like, and, in the present invention, alginic acid manufactured by any
method can be used. The quantitative value of alginic acid by the HPLC method is made by
purification to be preferably within a range of 80 to 120 mass%, more preferably within a
range of 90 to 110 mass% and still more preferably within a range of 95 to 105 mass%. In
the present invention, alginic acid having a quantitative value by the HPLC method within the
above-described range will be referred to as high-purity alginic acid.  Alginic acid or a salt
thereof that is used in the present invention is preferably high-purity alginic acid. Asa
commercially available product, it is possible to purchase and use, for example, KIMICA
ALGIN series made commercially available by KIMICA Corporation, preferably, high-purity
food and pharmaceutical grade alginic acid. The commercially available product can also be
used after being further purified as appropriate. For example, it is preferable to perform a
low endotoxin treatment. As a purification method or a low endotoxin treatment method, it
is possible to adopt, for example, a method described in Japanese Patent Application
Publication No. 2007-75425. In the present specification, “mass%” means “w/w%" or

“wiv%”.
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[0281] A salt of alginic acid in “alginic acid” that is used in the present invention is a
“monovalent metal salt of alginic acid”, which is a salt made by ion-exchanging a hydrogen
ion in carboxylic acid of D-mannuronic acid or L-guluronic acid in alginic acid with a
monovalent metal ion such as Na+ or K+.  Specific examples of the monovalent metal salt of
alginic acid include sodium alginate, potassium alginate and the like, and sodium alginate is
particularly preferable.

[0282] In the present specification, there will be cases where alginic acid is expressed as
(ALG)-COOH wherein (ALG) indicates alginic acid and -COOH indicates one arbitrary
carboxyl group of alginic acid.

[0283] As alginic acid that is used in the present invention, alginic acid having an appropriate
weight-average molecular weight depending on the final intended use is used. The weight-
average molecular weight (GPC) of alginic acid that is used in the present invention is, for
example, 10,000 to 10,000,000; preferably 100,000 to 5,000,000; more preferably 150,000 to
3,000,000.

[0284] In several embodiments, alginic acid refers to sodium alginate. As the sodium
alginate, it is possible to use commercially available sodium alginate. Here, sodium alginate
that will be used in examples to be described below is selected from sodium alginates A-1, A-
2, A-3, B-1, B-2 and B-3 shown in the following table (sales agency: MOCHIDA
PHARMACEUTICAL CO., LTD.). The viscosity, weight-average molecular weight and

M/G ratio of an aqueous solution of 1 w/w% of each sodium alginate are shown in the

following table.
[0285]
[Table 8]
Sodium alginate | Viscosity of 1 [Weight-average molecular weight] | M/G ratio
w/iw% GPC GPC-MALS
(mPa-s)
A-1 10 to 40 300,000 to 60,000 to 0.5t0 1.8
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700,000 130,000
A-2 50 to 150 700,000 to 130,000 to
1,400,000 200,000
A-3 300 to 600 1,400,000 to 200,000 to
2,000,000 to 400,000
B-1 10 to 40 150,000 to 60,000 to 0.1t00.5
800,000 130,000
B-2 70 to 150 800,000 to 130,000 to
1,500,000 200,000
B-3 400 to 600 1,500,000 to 200,000 to
2,500,000 350,000

[0286] Individual physical property values of the sodium alginates A-1, A-2, A-3, B-1, B-2
and B-3 were measured by a variety of methods to be described below. The measurement
methods are not limited to the following methods, and there are cases where individual
physical property values may differ from the above-described values depending on the
measurement method.

[0287] [Measurement of viscosity of sodium alginate]

The viscosity was measured according to The Japanese Pharmacopoeia (16 edition)
using a rotational viscometer method (cone-plate rotating viscometer). Specific
measurement conditions are a described below. A sample solution was prepared using Milli-
Q water. As a measurement device, a cone-plate rotational viscometer (viscotester
RheoStress 600 (Thermo HAAKE GmbH) sensor: 35/1) was used. The rotating speed was
set to 1 rpm at the time of measuring the 1 w/w% sodium alginate solution. ~As the readout
time, the average value from one minute after the beginning to two minutes when the
measurement was performed for two minutes was used. The average value of three times of
measurement was used as the measurement value. The measurement temperature was set to
20°C.

[0288] [Measurement of weight-average molecular weight of sodium alginate]
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The weight-average molecular weight was measured by two kinds of measurement

methods of (1) gel permeation chromatography (GPC) and (2) GPC-MALS. The

measurement conditions are as described below.

[0289] [Pretreatment method]

A solution obtained by adding an eluent to the sample, dissolving the sample and then

filtering the sample with a 0.45 pym membrane filter was used as a measurement solution.

[0290] (1) Gel permeation chromatography (GPC) measurement

[Measurement conditions (relative molecular weight distribution measurement)]

Column: TSKgel GMPW-XL x 2 + G2500PW-XL (7.8 mm 1. D. x 300 mm X three)
Eluent: 200 mM sodium nitrate aqueous solution

Flow rate: 1.0 mL/min

Concentration: 0.05%

Detector: RI detector

Column temperature: 40°C

Injection amount: 200 pL

Molecular weight standard: Standard pullulan, glucose

[0291] (2) GPC-MALS measurement

[Refractive index increment (dn/dc) measurement (measurement conditions)]

Differential refractometer: Optilab T-rEX
Measurement wavelength: 658 nm

Measurement temperature: 40°C

Solvent: 200 mM sodium nitrate aqueous solution

Sample concentration: 0.5 to 2.5 mg/mL (five concentrations)

[0292] [Measurement conditions (absolute molecular weight distribution measurement)]

Column: TSKgel GMPW-XL x 2 + G2500PW-XL (7.8 mm 1. D. x 300 mm X three)
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Eluent: 200 mM sodium nitrate aqueous solution

Flow rate: 1.0 mL/min

Concentration: 0.05%

Detector: RI detector, light scattering detector (MALS)

Column temperature: 40°C

Injection amount: 200 pL
[0293] In the present specification, there will be cases where Da (Dalton) is added as the unit
to the molecular weights of alginic acid, alginic acid derivatives, crosslinked alginic acid and
crosslinked alginic acid.
[0294] The configuration rates (M/G ratio) of D-mannuronic acid to L-guluronic acid in
alginic acids vary mainly with the kind of a creature from which alginic acid is derived such
as seaweed, are also affected by the habitat of the creature or seasons, and cover a high range
from a high G type where the M/G ratio is approximately 0.2 to a high M type where the M/G
ratio is approximately 5. The gelling power of alginic acids and the properties of produced
gel are affected by the M/G ratio, and it is known that, ordinarily, the gel strength becomes
high in a case where the G ratio is high. Additionally, the M/G ratio also affects the
hardness, fragility, water absorption, flexibility and the like of the gel. The M/G ratios of
alginic acids that are used and salts thereof are normally 0.1 to 4.0, 0.1 to 3.0 in certain
embodiments, 0.1 to 2.0 in certain embodiments, 0.5 to 1.8 in certain embodiments and 0.8 to
1.2 in certain embodiments. In addition, the M/G ratios are 0.1 to 0.5 in other embodiments.
[0295] In addition, as alginic acid that is used in the present invention, it is preferable to use
alginic acid having an appropriate viscosity or an appropriate M/G ratio depending on the

final intended use.
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[0296] In the present specification, a numerical range expressed using “to” indicates a range
comprising numerical values before and after “to” as the minimum value and the maximum
value, respectively.

[0297] In the present specification, “alginate ester” and “alginate salt” that are used are not
particularly limited, but need to have no functional group that impairs crosslinking reactions
to be caused to react with a crosslinking agent. Examples of the alginate ester preferably
include propylene glycol alginate and the like.

[0298] Alginic acid is capable of having, for example, a monovalent salt of alginic acid and a
divalent salt of alginic acid. Examples of the monovalent salt of alginic acid include sodium
alginate, potassium alginate, ammonium alginate and the like, sodium alginate or potassium
alginate is preferable, and sodium alginate is more preferable. Examples of the divalent salt
of alginic acid include calcium alginate, magnesium alginate, barium alginate, strontium
alginate and the like.

[0299] Alginic acid is a high-molecular-weight polysaccharide, it is difficult to accurately
determine the molecular weight; however, ordinarily, the weight-average molecular weight is
1,000 to 10,000,000, preferably 10,000 to 8,000,000 and more preferably 20,000 to
3,000,000. Tt is known that, in the measurement of the molecular weights of naturally-
occurring high-molecular-weight substances, values may differ depending on measurement
methods.

[0300] In the case of specifying the molecular weight of the alginic acid derivative or alginic
acid of the present invention or a salt thereof in the present specification, unless particularly
otherwise described, the molecular weight is the weight-average molecular weight that is
calculated by size exclusion chromatography (SEC). As alginic acid or a salt thereof that is
used in the present invention, it is desirable to use alginic acid or salt thereof having an

appropriate molecular weight distribution depending on the final intended use.
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[0301] For example, depending on the measurement conditions of gel permeation
chromatography (GPC) or gel filtration chromatography (both are also collectively referred to
as size exclusion chromatography (SEC)) to be described in the following examples, the
molecular weight is preferably 100,000 to 5,000,000 and more preferably 150,000 to
3,000,000. In addition, in certain embodiments, the molecular weight is preferably 500,000
to 3,000,000, more preferably 1,000,000 to 2,500,000 and still more preferably 1,000,000 to
2,000,000.

[0302] In addition, according to, for example, the GPC-MALS (SEC-MALS) method, it is
possible to measure the absolute weight-average molecular weight. The weight-average
molecular weight (absolute weight-average molecular weight) measured by the GPC-MALS
method is preferably 10,000 or more, more preferably 50,000 or more and still more
preferably 60,000 or more and is preferably 1,000,000 or less, more preferably 800,000 or
less, still more preferably 700,000 or less and especially preferably 500,000 or less. A
preferable range thereof is 10,000 to 1,000,000, more preferably 50,000 to 800,000 and still
more preferably 60,000 to 500,000.

[0303] Normally, in the case of calculating the molecular weights of high-molecular-weight
polysaccharides by a method in which the above-described SEC or SEC-MALS is used, a
measurement error of approximately 10% to approximately 30% may be caused. For
example, the fluctuation of the value may be caused within a range of 350,000 to 650,000
when the molecular weight is 500,000 and within a range of 700,000 to 1,300,000 when the
molecular weight is 1,000,000. 1In the present specification, in a case where the molecular
weight is expressed with “approximately” in the measurement, the temperature may include
up to the numerical value £ 10% and up to the numerical value + 20% in certain

embodiments.
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[0304] Here, ordinarily, naturally-occurring high-molecular-weight substances are aggregates
of molecules having a variety of molecular weights, not a single molecular weight, and are
thus measured to have a molecular weight distribution with a certain constant width. A
typical measurement method is gel filtration chromatography. Examples of typical
information of a molecular weight distribution that is obtained by gel filtration
chromatography include the weight-average molecular weight (Mw), the number-average
molecular weight (Mn) and the dispersion ratio (Mw/Mn).

[0305] The weight-average molecular weight is a property where contribution of high-
molecular-weight substances having a large molecular weight to the average molecular weight
is emphasized and is represented by the following formula.

[0306] Mw = Z(WiMi)/W = Z(HiMi)/Z(Hi)

The number-average molecular weight is calculated by dividing the total weight of
high-molecular-weight substances by the total number of the high-molecular-weight
substances.

[0307] Mn = W/XNi = Z(MiNi)/ZNi = Z(Hi1)/Z(Hi/Mi)

Here, W is the total weight of the high-molecular-weight substances, Wi is the weight
of the i™ high-molecular-weight substance, Mi is the molecular weight in the i elution time,
Ni is the number of the molecular weights Mi and Hi is the height at the i elution time.
[0308] It is known that, in the measurement of the molecular weights of naturally-occurring
high-molecular-weight substances, values may differ depending on measurement methods
(examples of hyaluronic acid: Chikako Yomota et. al. Bull. Natl. Health Sci., Vol. 117, pp. 135
to 139 (1999) and Chikako Yomota et. al. Bull. Natl. Inst. Health Sci., Vol. 121, pp. 30 to 33
(2003)). Regarding the measurement of the molecular weight of alginic acid, there is a
publication where a method for calculating the molecular weight from the intrinsic viscosity

and a method for calculating the molecular weight by SEC-MALLS (size exclusion
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chromatography with multiple angle laser light scattering detection) are described (ASTM
F2064-00 (2006), published by ASTM International). In the present invention, as the
weight-average molecular weight, it is possible to use a value calculated from a calibration
curve obtained by measuring the molecular weights by such a normal method as described in
the above-described publication, for example, size exclusion chromatography (SEC), and
using pullulan as a standard substance.

In addition, in the present invention, as the weight-average molecular weight, it is
possible to use an absolute molecular weight measured by such a normal method as described
in the above-described publication, for example, size exclusion chromatography (SEC)-
MALS.

[0309] Measurement of the molecular weights of alginic acids can be measured according to
the normal methods.

[0310] In the case of specifying the molecular weight of alginic acid or a salt thereof in the
present specification, unless particularly otherwise described, the molecular weight is the
weight-average molecular weight that is calculated by gel filtration chromatography. As
typical conditions in the case of using gel filtration chromatography in the measurement of the
molecular weight, it is possible to adopt conditions in the present examples to be described
below. Asa column, for example, a Superose 6 Increase 10/300 GL column (GE Healthcare
Corporation) can be used, as a developing solvent, for example, a 10 mmol/L phosphate
buffer solution containing 0.15 mol/L of NaCl (pH: 7.4) can be used, and, as molecular
weight standards, blue dextran, thyroglobulin, ferritin, aldolase, conalbumin, ovalbumin,
ribonuclease A and aprotinin can be used.

[0311] The viscosity of alginic acid that is used in the present specification is not particularly
limited, but is preferably 10 mPa-s to 1000 mPa-s and more preferably 50 mPa-s to 800

mPa-s in the case of measuring the viscosity as an aqueous solution of 1 w/w% alginic acids.
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[0312] Measurement of the viscosity of an aqueous solution of alginic acid can be measured
according to a normal method. For example, the viscosity can be measured using a coaxial
double cylinder rotational viscometer, a single cylinder rotational viscometer (Brookfield
viscometer), a cone-plate rotational viscometer (cone plate viscometer) or the like of the
rotational viscometer method. Preferably, the viscosity measurement method in The
Japanese Pharmacopoeia (16 edition) is desirably followed. More preferably, a cone-plate
viscometer is used.

[0313] Immediately after being extracted from brown algae, alginic acids have a large
molecular weight and a high viscosity, but the molecular weight becomes small, and the
viscosity becomes low in the process of drying by heat, purification or the like.  Alginic
acids having different molecular weights can be manufactured by a method such as the
management of conditions such as the temperature in the manufacturing process, selection of
brown algae, which serves as a raw material, or the fractionation of the molecular weight in
the manufacturing steps. Furthermore, it is also possible to produce alginic acids having
intended molecular weights by mixing alginic acids with a different lot of alginic acids having
different molecular weights or viscosities.

[0314] Alginic acid that is used in the present specification is alginic acid on which a low
endotoxin treatment has not been performed in several embodiments or alginic acid on which
a low endotoxin treatment has been performed in several different embodiments. A low
endotoxin refers to the fact that the endotoxin level is so low that, substantially, inflammation
or fever is not caused. More preferably, alginic acid on which a low endotoxin treatment has
been performed is desirable.

[0315] The low endotoxin treatment can be performed by a well-known method or an
equivalent method thereto. For example, the low endotoxin treatment can be performed by

Suga et al.’s method in which sodium hyaluronate is purified (for example, refer to Japanese
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Patent Application Publication No. H09-324001 or the like), Yoshida et al.’s method in which
B1,3-glucan is purified (for example, refer to Japanese Patent Application Publication No.
HO08-269102 or the like), William et al.’s method in which a biopolymer salt such as alginate
or gellan gum is purified (for example, refer to Japanese Translation of PCT Application No.
2002-530440 or the like), James et al.’s method in which polysaccharide is purified (for
example, refer to WO 93/13136 or the like), Lewis et al.’s method (for example, refer to the
specification of US Patent No. 5589591 or the like), Herman Frank et al.s” method in which
alginate is purified (for example, refer to Appl Microbiol Biotechnol (1994) 40: 638 to 643 or
the like) or the like or an equivalent method thereto. The low endotoxin treatment is not
limited thereto and can be performed by a well-known method such as washing, filtration
with a filter (an endotoxin removal filter, a charged filter or the like), ultrafiltration,
purification using a column (an endotoxin adsorption affinity column, a gel filtration column,
an ion exchange resin column or the like), adsorption into a hydrophobic substance, resin,
activated carbon or the like, an organic solvent treatment (extrusion with an organic solvent,
precipitation and sedimentation by addition of an organic solvent or the like), a surfactant
treatment (for example, refer to Japanese Patent Application Publication No. 2005-036036 or
the like) or an appropriate combination thereof. A well-known method such as
centrifugation may be appropriately combined with a step of these treatments. It is desirable
to select the method as appropriate in accordance with the kind of alginic acid.

[0316] The endotoxin level can be confirmed by a well-known method and can be measured
by, for example, a method in which a limulus reagent (LAL) is used, a method in which an
ENDOSPECY (registered trademark) ES-24S set (SEIKAGAKU CORPORATION) is used or
the like.

[0317] A method for treating the endotoxin that is used is not particularly limited, and, as a

result, in the case of performing endotoxin measurement with a limulus reagent (LAL), the
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endotoxin content in alginic acids is preferably 500 endotoxin units (EU)/g or less, more
preferably 100 EU/g or less, especially preferably 50 EU/g or less and particularly preferably
30 EU/gor less. In the present invention, “substantially containing no endotoxin” means
that the endotoxin value measured by an endotoxin test in The Japanese pharmacopoeia is
within the above-described numerical range. Sodium alginate on which the low endotoxin
treatment has been performed can be procured from, for example, commercially available
products such as Sea Matrix (registered trademark) (MOCHIDA PHARMACEUTICAL CO.,
LTD.) and PRONOVA™ UP LVG (FMC BioPolymer).

[0318] In several different embodiments, sodium alginate that serves as the synthetic raw
material of the chemically modified alginic acid derivatives represented by Formula (I) and
Formula (II)} and sodium alginate that serves as the raw material of the alginic acid solution or
the alginate gel that can be contained in the core layer in the present specification are not
particularly limited and, for example, can be selected from sodium alginate A-1, A-2, A-3, B-
1, B-2 or B-3 shown in Table 8.

[0319] In several different embodiments, sodium alginate that serves as the raw material of
the alginic acid solution that can be used in the anionic polymer layer is not particularly
limited and, for example, can be selected from sodium alginate A-1, A-2, A-3, B-1, B-2 or B-3
shown in Table 8.

[0320] In the present specification, the concentration of the alginic acid solution prepared
using the sodium alginate (also referred to as the sodium alginate solution) is, for example,
within a range of approximately 0.1 to approximately 3.3 wt%.

[0321] In the present specification, sodium alginate that serves as the synthetic raw material
of the chemically modified alginic acid derivatives represented by Formula (I) and Formula
(IT) is preferably A-2, A-3, B-2 or B-3 shown in Table 8 and more preferably A-2 or A-3. In

addition, the concentration of the sodium alginate solution that is used to synthesize the
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chemically modified alginic acid derivatives represented by Formula (I) and Formula (II) is
preferably within a range of 1.5 to 2.0 wt%.

[0322] In the present specification, sodium alginate that is used to prepare the alginic acid
solution that can be contained in the core layers of the polymer-coated crosslinked alginate
gel fiber and the multilayer polymer-coated crosslinked alginate gel fiber or the alginic acid
solution that is used to form the alginate gel is preferably A-2, A-3, B-2 or B-3 shown in Table
8 and more preferably A-2 or A-3. In addition, the concentration of the alginic acid solution
prepared using the sodium alginate is preferably within a range of approximately 0.3 to
approximately 1.5 wt%.

[0323] In the present specification, sodium alginate that is used to prepare the alginic acid
solution that can be used to form the anionic polymer layer in the multilayer polymer-coated
crosslinked alginate gel fiber is preferably A-2 or B-2 shown in Table 8. In addition, the
concentration of the alginic acid solution prepared using the sodium alginate is, for example, a
concentration within a range of approximately 0.01 to approximately 5.0 wt%, approximately
0.05 to approximately 1.0 wt%, approximately 0.1 to approximately 0.5 wt%, approximately
0.15 to approximately 0.4 wt% and the like.

[0324] In the present specification, the alginic acid solution means a solution obtained by
dissolving alginic acid in a solvent. The solvent is not particularly limited, and examples
thereof include a culture medium, a cell culture medium, a culture fluid, an isotonic buffer
solution, water, phosphate buffered saline (PBS), physiological saline and the like. A
solution obtained by dissolving sodium alginate in the solvent is referred to as the sodium
alginate solution.

[0325] In several embodiments, the solutions of the chemically modified alginic acid
derivatives represented by Formula (I) and Formula (IT), which are used to form the core

layers of the polymer-coated crosslinked alginate gel fiber and the multilayer polymer-coated
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crosslinked alginate gel fiber, and the alginic acid solution are not particularly limited, and it
is also possible to mix a collagen solution, a culture medium, a culture fluid or the like. The
solvent that is used to prepare the solution of the chemically modified alginic acid derivative
represented by Formula (I) or Formula (IT) and the alginic acid solution is as described below.
[0326] 2. Chemically modified alginic acid derivative

In several embodiments, the chemically modified alginic acid derivatives in the
present specification are derivatives in which a reactive group in a Huisgen reaction to be
described below or a complementary reactive group of the above-described reactive group has
been introduced into one or more arbitrary carboxyl groups of alginic acid through an amide
bond and a divalent linker. More specifically, the chemically modified alginic acid
derivatives are an alginic acid derivative represented by Formula (I) below:

[C26]
0
K )K ()
Ak \N (ALG)

[in Formula (1), the definitions of (ALG), Akn-L!- and -NH-CO- are the same as the
definitions in Embodiment 1] and an alginic acid derivative represented by Formula (II)

below:

[C27]

0
L2 )k
Ny~ N
H

[in Formula (II), the definitions of (ALG), -L?- and -NH-CO- are the same as the

ag WM

definitions in Embodiment 1].
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[0327] The divalent linker (-L!- or -L2-) to be used can be selected from, specifically, the
divalent linkers described in the above-described embodiments.
[0328] In several embodiments, as the divalent linker (-L!- or -L-) in the present
specification, it is also possible to use an arbitrary linker as long as the reaction with a cyclic
alkyne group (Akn-) and an azide group (Huisgen reaction) is not impaired. Specific
examples thereof include linear alkylene groups (-(CH2)a-, n = 1 to 30) [a plurality of (for
example, one to 10 or one to five) -CHz-’s in the group may be substituted by groups such as -
C(=0)-, -CONH-, -O-, -NH-, -S-, a cycloalkyl ring having 3 to 8 carbon atoms, a benzene
ring, a heterocycle (a five or six-membered aromatic heterocycle or a five or six-membered
non-aromatic heterocycle such as a pyridine ring, a piperidine ring or a piperazine ring); a
plurality of (for example, one to 10 or one to five) hydrogen atoms in the linear alkylene
group (-CHz-) may be substituted by groups selected from groups of an oxo group (=0), Ci-6
alkyl groups (for example, groups such as a methyl group, an ethyl group, an n-propyl group
and an iso-propyl group), halogen atoms (for example, a fluorine atom, a chlorine atom, a
bromine atom, an iodine atom and the like), a hydroxyl group (-OH) and the like], but the
divalent linker is not limited thereto.
[0329] In the -NH-CO- group of the chemically modified alginic acid derivative represented
by Formula (I) or Formula (I1), it is possible to substitute the hydrogen atom in the imino
group (-NH-) into a methyl group to produce a -N(Me)-CO- group.

The bonding form between the linkers (-L!- and -L?-) and alginic acid in the
chemically modified alginic acid derivative represented by Formula (I) or Formula (II) is a -
NH-CO- bond or a -N(Me)-CO- bond; preferably a -NH-CO- bond. -CO- in the -NH-CO-

bond or the -N(Me)-CO- bond is derived from a carboxyl group of alginic acid.
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[0330] In the present specification, the chemically modified alginic acid derivative
represented by Formula (I) or Formula (IT) can be manufactured by, for example, a method for
synthesizing a chemically modified alginic acid derivative to be described below.

[0331] The weight-average molecular weight measured by gel filtration chromatography of
the chemically modified alginic acid derivative represented by Formula (I) in the present
specification is within a range of approximately 100,000 Da to approximately 3,000,000 Da;
preferably within a range of approximately 300,000 Da to approximately 2,500,000 Da; more
preferably within a range of approximately 500,000 Da to approximately 2,000,000 Da. In
addition, the weight-average molecular weight measured by gel filtration chromatography of
the chemically modified alginic acid derivative represented by Formula (II) is within a range
of approximately 100,000 Da to approximately 3,000,000 Da; preferably within a range of
approximately 300,000 Da to approximately 2,500,000 Da; more preferably within a range of
approximately 500,000 Da to approximately 2,000,000 Da.

[0332] In the present specification, the Akn-L!'-NH- group in Formula (I) does not need to
bond to all carboxyl groups in the alginic acid configuration unit, and the N3-L2-NH- group in
Formula (IT) does not need to bond to all carboxyl groups in the alginic acid configuration
unit.

[0333] In the present specification, in a case where the Akn-L!'-NH- group in Formula (1) is
referred to as the reactive group, the N3-L>-NH- group in Formula (I) becomes the
complementary reactive group. In addition, conversely, in a case where the N3-L>-NH-
group in Formula (II) is referred to as the reactive group, the Akn-L'-NH- group in Formula
(I) becomes the complementary reactive group.

[0334] In the present specification, the introduction rate of the reactive group into the
chemically modified alginic acid derivative represented by Formula (I) is, for example, within

a range of approximately 0.1 to approximately 30 mol%; preferably within a range of
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approximately 0.3 to approximately 20 mol%; more preferably within a range of
approximately 0.5 to approximately 10 mol%. In addition, the introduction rate of the
reactive group into the chemically modified alginic acid derivative represented by Formula
(IT) s, for example, within a range of approximately 0.1 to approximately 30 mol%;
preferably within a range of approximately 0.3 to approximately 20 mol%; more preferably
within a range of approximately 0.5 to approximately 15 mol%.

[0335] The introduction rate of the reactive group or the complementary reactive group is a
value expressing, in percentage, the number of uronic acid monosaccharide units into which
each reactive group has been introduced in uronic acid monosaccharide units, which are the
repeating units of alginic acid. The introduction rate of the reactive group or the
complementary reactive group can be obtained by a method described below in the examples
to be described below.

[0336] In the present specification, the cyclic alkyne group (Akn) in Formula (I) and the azide
group in Formula (II) form a triazole ring by the Huisgen reaction, whereby a crosslink is
formed.

[0337] In the present specification, the chemically modified alginic acid derivatives
represented by Formula (I) and Formula (II) include a chemically modified alginic acid
derivative in which a monovalent salt (for example, a sodium salt or the like) is formed in an
arbitrary carboxyl group in the molecule.

[0338] In the present specification, the chemically modified alginic acid derivatives
represented by Formula (I) and Formula (IT) can be used to form crosslinked alginate gel that
is contained the core layers of the polymer-coated crosslinked alginate gel fiber and the
multilayer polymer-coated crosslinked alginate gel fiber or can be used to form the anionic
polymer layer of the multilayer polymer-coated crosslinked alginate gel fiber.

[0339] 3. Huisgen reaction
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The Huisgen reaction (1,3-dipolar cycloaddition) is a condensation reaction between
compounds having a terminal azide group and a terminal alkyne group as shown in the
following formula. As a result of the reaction, a disubstituted 1,2,3-triazole ring can be
obtained with an efficient yield, and a surplus by-product is not generated, which is a
characteristic. It is conceivable that a 1,4- or 1,5-disubstituted triazole ring can be generated

by the reaction, and it is possible to obtain a triazole ring regioselectively using a copper

catalyst (Cu catalyst).
[0340]

[C28]

heating
] o or
. - . N N
= R? <
R2

[0341] In addition, the Huisgen reaction where no copper catalyst is used has been reported
by Wittig and Krebs. That is, the Huisgen reaction is a reaction where a cycloadduct can be
obtained simply by mixing cyclooctyne and phenyl azide (in the following formula, R® is
phenyl). In the present reaction, since the triple bond of cyclooctyne is significantly
distorted, elimination of the distortion by a reaction with phenyl azide becomes a driving
force, and the reaction progresses spontaneously, whereby no catalysts are required.

[0342]

[C29]

R3—N—N*'=N" * -
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[0343] As described above, in the Huisgen reaction, it is possible to use an azide compound
having a substituted primary azide, secondary azide, tertiary azide, aromatic azide or the like
and a compound having a terminal or cyclic alkyne group that is a complementary reactive
group of the azide group. In addition, in the Huisgen reaction, since almost only the azide
group and the alkyne group react, it is possible to substitute a variety of functional groups (for
example, an ester group, a carboxyl group, an alkenyl group, a hydroxyl group, an amino
group and the like) into the reaction substrate.
[0344] In several embodiments, in order to easily and efficiently form a crosslink by a 1,2,3-
triazole ring between alginic acid molecules within a short period of time without generating
an undesirable by-product and using a copper catalyst to avoid cytotoxicity attributed to the
copper catalyst, as the alkyne group in the Huisgen reaction, for example, the cyclic alkyne
group (cyclooctyne group) described in the embodiment [1] is used.
[0345] In a preferable embodiment of a method for crosslinking the chemically modified
alginic acid derivative, in the Huisgen reaction, an undesirable side reaction does not occur,
and a by-product is almost not formed. Therefore, it becomes possible to incorporate a cell
enabling production of antibodies, bioactive substances or the like into the core layer of the
polymer-coated crosslinked alginate gel fiber of the present invention.
[0346] 4. Method for manufacturing chemically modified alginic acid derivative

In the present specification, the chemically modified alginic acid derivative
represented by Formula (I) or Formula (IT) can be manufactured by a condensation reaction
between an amine represented by Formula (AM-1) (Akn-L!-NH2: Akn-L!- is the same as the
definition in the embodiment [1]) or an amine represented by Formula (AM-2) (N3-L*-NH2: -
L2 is the same as the definition in the embodiment [1]) and an arbitrary carboxyl group of
alginic acid using an arbitrary condensing agent as shown in the following reaction formula.

Detailed conditions for each reaction follow conditions described in WO 2019/240219.
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[0347]
[C30]
0 o]
)k L1 condensing /L1\ )k
HO (ALG) Ak NH, agent Akn N (ALG)
Alginic acid (AM-1) i
o 0
L2 condensing 9 )k
PN L
HO ae) o, N NH, agent Ny \m (ALG)
Alginic acid (AM-2) (ih

[0348] In the above-described method for manufacturing the chemically modified alginic acid
derivative represented by Formula (I) or Formula (II), the introduction rate of the amine
represented by Formula (AM-1) or Formula (AM-2) (which becomes the same meaning as the
introduction rate of the reactive group into the chemically modified alginic acid derivative
represented by Formula (I) or Formula (IT) in the above-described embodiments) can be
adjusted by appropriately selecting and combining reaction conditions of the following (i) to
(v) and the like in consideration of the properties and the like of the amine. (i) An increase
or decrease in the equivalent of the condensing agent, (ii) an increase or decrease in the
reaction temperature, (iii) the extension or shortening of the reaction time, (iv) the adjustment
of the concentration of alginic acid in the reaction substrate, (v) the addition of an organic
solvent that is mixed with water to increase the solubility of the amine of Formula (AM-1) or
Formula (AM-2) and the like.

[0349] Hereinafter, a method for manufacturing, among the amines represented by Formula
(AM-1) or Formula (AM-2), more specific amines that are used in the present specification
will be described.

[0350] In each of the following manufacturing methods, the definitions of x1a, x1b, y1b, x2,
y2,z2,x3a, y3a, z3a, x3b, y3b, z3b, x4, y4, x5a, y5a, z5a, x5b, y5b, z5b, x6, y6, z6, x7a, y7a,
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z7a, v7a, x7b, y7b, z7b, v7b, al, bl, a2, b2, a3, b3, a4, b4, a5 and a6 are the same definitions
as described in the embodiment [1]; R* is a C1-¢ alkyl group such as a methyl group or an
cthyl group; P! is a protective group of an amino group selected from a -C(O)O-tert Bu group,
a -C(O)O-Bn group, a -C(O)CHj3 group, a -C(O)CF3 group, a -SO2Ph, a -SO2PhMe group, a -
SO2Ph(NO2) group and the like; E is a leaving group such as a halogen atom (a fluorine atom,
a chlorine atom, a bromine atom, an iodine atom or the like), a -OTs group or a -OMs group,
and X is a halogen atom (a fluorine atom, a chlorine atom, a bromine atom, an iodine atom or
the like). In addition, in each of the following manufacturing methods, compounds
represented by Formula (SM-A1), Formula (SM-A2), Formula (SM-B), Formula (SM-C1),
Formula (SM-C2), Formula (SM-D), Formula (SM-E1), Formula (SM-E2), Formula (SM-F),
Formula (SM-G1), Formula (SM-G2), Formula (SM-H), Formula (SM-J), Formula (SM-K),
Formula (SM-L), Formula (RG-A1), Formula (RG-A2), Formula (RG-B1), Formula (RG-
C1), Formula (RG-C2), Formula (RG-D1), Formula (RG-E1), Formula (RG-E2), Formula
(RG-F1), Formula (RG-F2), Formula (RG-F3), Formula (RG-G1-1), Formula (RG-G1-2),
Formula (RG-G1-3), Formula (RG-G2-1), Formula (RG-G2-2), Formula (RG-G2-3), Formula
(RG-H1), Formula (RG-H2), Formula (RG-I1), Formula (RG-J1), Formula (RG-K), Formula
(RG-L1) AND Formula (RG-M) are commercially available compounds or compounds that
can be manufactured from commercially available compounds by manufacturing methods
well known by publications.

[0351] In addition, in each of the following manufacturing methods, the protection and
deprotection, the protection and deprotection of the protective group P!, can be performed
according to methods well known by publications, for example, a deprotection method
described in “Protective Groups in Organic Synthesis 4" Edition, 2007, John Wiley & Sons,

Greene et al”,
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[0352] In addition, in each of the following manufacturing methods, condensation reactions
mean the same reaction as the above-described condensation reaction.
[0353] [Manufacturing method A]

A method for manufacturing amines represented by Formula (AM-1-1A) and Formula

(AM-1-1B)
[C31]
(RG-A1)
Q H
O oo O 2
NH N x1a 2
N Q <Step1> \\ I
(SM-A1) (AM-1-1A)
(RG-AZ)
N o HO)J\(\/)WL\'\w N ib WR‘HZ
\\ Q <Step2> \\ Q
(SM-A2) (AM-1-1B)

[0354] <Step 1> Condensates are obtained by performing condensation reactions using a
compound of Formula (SM-A) and a compound of Formula (RG-A1). Subsequently,
bromine is added thereto, and then debromination reactions are performed using a base such
as tert-BuOK, thereby forming alkyne groups. Subsequently, the protective groups P! are
deprotected, whereby an amine represented by Formula (AM-1-1A) or a salt thereof can be
manufactured.

[0355] <Step 2> Condensation reactions are performed using a compound of Formula (SM-
A2) and a compound of Formula (RG-A2) that are obtained by the same method as in <Step

1> of the above-described [Manufacturing method A], and subsequently, the protective groups
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P! are deprotected, whereby an amine represented by Formula (AM-1-1B) or a salt thereof
can be manufactured.
[0356] [Manufacturing method B]

A method for manufacturing an amine represented by Formula (AM-1-2)

[C32]

N §
~p1
F 22F’

(SM-B) (AM-1-2)
[0357] Condensates are obtained by performing condensation reactions using a compound of
Formula (SM-B) and a compound of Formula (RG-B1). Subsequently, the protective groups
P! are deprotected, whereby an amine represented by Formula (AM-1-2) or a salt thereof can
be manufactured.

[0358] [Manufacturing method C] A method for manufacturing amines represented by

Formula (AM-1-3A) and Formula (AM-1-3B)

[C33]
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[0359] Condensation reactions are performed using a compound of Formula (SM-C1) and a
compound of Formula (RG-C1), and condensates are obtained. Subsequently, the protective
groups P! are deprotected, whereby an amine represented by Formula (AM-1-3A) or a salt
thereof can be manufactured.

[0360] Condensation reactions are performed using a compound of Formula (SM-C2) and a
compound of Formula (RG-C2), and condensates are obtained. Subsequently, the protective
groups P! are deprotected, whereby an amine represented by Formula (AM-1-3B) or a salt
thereof can be manufactured.

[0361] [Manufacturing method D] A method for manufacturing an amine represented by

Formula (AM-1-D):

[C34]
5 (RG-D1) o
S P \@)k
— HNT N = 0
O\M%LOH ’ H s NMNHZ
(SM-D) (AM-1-D)

[0362] Condensation reactions are performed using a compound of Formula (SM-D) and a
compound of Formula (RG-D1), and condensates are obtained. Subsequently, the protective
groups P! are deprotected, whereby an amine represented by Formula (AM-1-D) or a salt
thereof can be manufactured.

[0363] [Manufacturing method E] A method for manufacturing amines represented by
Formula (AM-1-E1) and Formula (AM-1-E2)

[C35]
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[0364] Condensation reactions are performed using a compound of Formula (SM-E1) and a
compound of Formula (RG-E1), and condensates are obtained. Subsequently, the protective
groups P! are deprotected, whereby an amine represented by Formula (AM-1-E1) or a salt
thereof can be manufactured.
[0365] Condensation reactions are performed using a compound of Formula (SM-E2) and a
compound of Formula (RG-E2), and condensates are obtained. Subsequently, the protective
groups P! are deprotected, whereby an amine represented by Formula (AM-1-E2) or a salt
thereof can be manufactured.
[0366] [Manufacturing method F] A method for manufacturing an amine represented by
Formula (AM-1-F):

[C36]
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[0367] <Step 1> Condensation reactions are performed using a compound of Formula (SM-F)
and a compound of Formula (RG-F1), and condensates are obtained. Subsequently, the
protective groups P! are deprotected, whereby an amine represented by Formula (AM-1-F) or
a salt thereof can be manufactured.

<Step 2> Condensation reactions are performed using a compound of Formula (SM-F)
and a compound of Formula (RG-F2), and condensates are obtained. Subsequently, an ester
group is hydrolyzed in a solvent that does not get involved in the reaction such as methanol,
ethanol, tetrahydrofuran or water or a solvent mixture thereof in the presence of a base such as
sodium hydroxide, whereby carboxylic acid represented by Formula (IM-F1) or a salt thereof
can be manufactured.

<Step 3> Condensation reactions are performed using a compound of Formula (IM-
F1) obtained in <Step 2> of [Manufacturing method F] and a compound of Formula (RG-F3),
and condensates are obtained. Subsequently, the protective groups P! are deprotected,
whereby an amine represented by Formula (AM-1-F) or a salt thereof can be manufactured.
[0368] [Manufacturing method G] A method for manufacturing amines represented by

Formula (AM-1-G1) and Formula (AM-1-G2)
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[0369] <Step 1> Condensation reactions are performed using a compound of Formula (SM-
G1) and a compound of Formula (RG-G1-1), and condensates are obtained. Subsequently,
the protective groups P! are deprotected, whereby an amine represented by Formula (AM-1-
G1) or a salt thereof can be manufactured.

<Step 2> Condensation reactions are performed using a compound of Formula (SM-
G1) and a compound of Formula (RG-G1-2), and condensates are obtained. Subsequently,
an ester group is hydrolyzed, whereby carboxylic acid represented by Formula (IM-G1) or a
salt thereof can be manufactured.
[0370] <Step 3> Condensation reactions are performed using a compound of Formula (IM-

G1) obtained in <Step 2> of [Manufacturing method G] and a compound of Formula (RG-G1-
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3), and condensates are obtained. Subsequently, the protective groups P! are deprotected,
whereby an amine represented by Formula (AM-1-G1) or a salt thereof can be manufactured.

<Step 4> Condensation reactions are performed using a compound of Formula (SM-
G2) and a compound of Formula (RG-G2-1), and condensates are obtained. Subsequently,
the protective groups P! are deprotected, whereby an amine represented by Formula (AM-1-
(G2) or a salt thereof can be manufactured.
[0371] <Step 5> Condensation reactions are performed using a compound of Formula (SM-
G2) and a compound of Formula (RG-G2-2), and condensates are obtained. Subsequently,
an ester group is hydrolyzed, whereby carboxylic acid represented by Formula (IM-G2) or a
salt thereof (for example, a lithium salt, a sodium salt, a potassium salt or the like) can be
manufactured.

<Step 6> Condensation reactions are performed using a compound of Formula (IM-
(G2) obtained in <Step 5> of [Manufacturing method G] and a compound of Formula (RG-G2-
3), and condensates are obtained. Subsequently, the protective groups P! are deprotected,
whereby an amine represented by Formula (AM-1-G2) or a salt thereof can be manufactured.
[0372] [Manufacturing method H]

A method for manufacturing an amine represented by Formula (AM-2-H)

[C38]
(RG-H1T) (RG-H2)
o} H o]
HO. N\P1 NMNH /(/\hﬂ
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[0373] <Step 1> A compound represented by Formula (IM-H1) or a salt thereof (for example,
a lithium salt, a sodium salt, a potassium salt or the like) can be manufactured by performing,
using the compound of Formula (SM-H) and a compound of Formula (RG-H1), a Mitsunobu

reaction in a solvent that does not get involved in a reaction such as tetrahydrofuran in the
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presence of reagents of (i) PPhs and N2(CO2CHMez)2 according to a method well known by
publications, for example, a method described in “European Journal of Organic Chemistry,
2014 (6), pp. 1280 to 1286; 2014” or the like and, subsequently, performing hydrolysis in the
same manner as in the method described in <Step 2> of [Manufacturing method F].

[0374] <Step 2> Condensation reactions are performed using a compound of Formula (IM-
HI) obtained in <Step 1> of [Manufacturing method H] and a compound of Formula (RG-
H2), and condensates are obtained. Subsequently, the protective groups P! are deprotected,
whereby an amine represented by Formula (AM-2-H) or a salt thereof can be manufactured.
[0375] [Manufacturing method I]

A method for manufacturing an amine represented by Formula (AM-2-1)

[C39]
(RG-11) o
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[0376] <Step 1A> Condensation reactions are performed using a compound of Formula (IM-
HI1) obtained in <Step 1> of [Manufacturing method H] and a compound of Formula (RG-I1),
and condensates are obtained. Subsequently, the protective groups P! are deprotected,
whereby an amine represented by Formula (AM-2-1) or a salt thereof can be manufactured.
[0377] [Manufacturing method J]

A method for manufacturing an amine represented by Formula (AM-2-J)

[C40]
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[0378] <Step 1> Condensation reactions are performed using a compound of Formula (SM-J)
and a compound of Formula (RG-J1), whereby Formula (IM-J1) can be manufactured.

<Step 2> An amine represented by Formula (AM-2-]) or a salt thereof can be
manufactured by reacting NaN3 in a solvent that does not get involved in a reaction such as
dimethyl sulfoxide using the compound of (IM-J1) obtained in <Step 1> of [Manufacturing
method J] according to a method well known by publications, for example, a method
described in “Organometallics, 29 (23), pp. 6619 to 6622; 2010 or the like and then
deprotecting the protective group P!,
[0379] [Manufacturing method K]

A method for manufacturing an amine represented by Formula (AM-2-K)

[C41]
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[0380] <Step 1> Condensation reactions are performed using a compound of Formula (SM-K)
and a compound of Formula (RG-K), whereby Formula (IM-K) can be manufactured.
<Step 2> An amine represented by Formula (AM-2-K) or a salt thereof can be

manufactured by performing the same reaction as in <Step 2> of [Manufacturing method J]
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and the deprotection of the protective group P! using the compound of Formula (IM-K) that is
obtained in <Step 1> of [Manufacturing method K].
[0381] [Manufacturing method L]
A method for manufacturing an amine represented by Formula (AM-2-L)
[C42]
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[0382] Condensation reactions are performed using a compound of Formula (SM-L) and a
compound of Formula (RG-L1), and condensates are obtained. Subsequently, the protective
groups P! are deprotected, whereby an amine represented by Formula (AM-2-L) or a salt
thereof can be manufactured.

[0383] [Manufacturing method M]

A method for manufacturing an amine represented by Formula (AM-2-M)

[C43]
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[0384] Condensation reactions are performed using a compound of Formula (SM-L) and a
compound of Formula (RG-M), and condensates are obtained. Subsequently, the protective
groups P! are deprotected, whereby an amine represented by Formula (AM-2-M) or a salt

thereof can be manufactured.
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[0385] In the case of amines other than amines represented by Formula (AM-1) or Formula
(AM-2) that can be manufactured by the [Manufacturing method A] to [Manufacturing
method M], for example, the linker -L!- in Formula (AM-1) or the linker -L*- in Formula
(AM-2) is a linear alkylene group (-(CH2)n-, n = 1 to 30) [a plurality of (for example, one to
10 or one to five) -CHz-’s in the group may be substituted by groups such as -C(=0)-, -
CONH-, -O-, -NH-, -S-, a cycloalkyl ring having 3 to 8 carbon atoms, a benzene ring, a
heterocycle (a five or six-membered aromatic heterocycle or a five or six-membered non-
aromatic heterocycle such as a pyridine ring, a piperidine ring or a piperazine ring); a plurality
of (for example, one to 10 or one to five) hydrogen atoms in the linear alkylene group (-CHz-)
may be substituted by groups selected from groups of an oxo group (=0), Ci-¢ alkyl groups
(for example, groups such as a methyl group, an ethyl group, an n-propyl group and an iso-
propyl group), halogen atoms (for example, a fluorine atom, a chlorine atom, a bromine atom,
an iodine atom and the like), a hydroxyl group (-OH) and the like], desired amines can be
manufactured by appropriately combining methods well known by publications, for example,
synthesis methods described in “The Fifth Series of Experimental Chemistry, each book,
2007, Maruzen Co., Ltd.”, “Comprehensive Organic Transformations, A Guide to Functional
Group Preparations, 3rd Edition (Edited by Richard C. Larock), 2018”, “Strategic
Applications of Named Reactions in Organic Synthesis, (Edited by Laszlo Kurti, Barbara
Czako), Academic Press, 2005 and the like.

[0386] In the present specification, there are cases where the amine represented by Formula
(AM-1) or Formula (AM-2) (also comprising a subordinate formula of each formula) forms a
pharmaceutically acceptable salt (for example, an acid addition salts; for example,
hydrochloride, hydrobromide, sulfate, acetate, trifluoroacetate, p-toluenesulfonate or the like).
[0387] Compounds in the present specification are capable of forming a salt and can be

obtained by a normal method by, for example, mixing a solution comprising an appropriate
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amount of an acid or a base to form an intended salt and then performing fractional filtration
or distilling away the solvent mixture. As a review regarding salts, Handbook of
Pharmaceutical Salts: Properties, Selection, and Use, Stahl & Wermuth (Wiley-VCH, 2002)
has been published, and the present book comprises detailed description.
[0388] In the present specification, the amine represented by Formula (AM-1) or Formula
(AM-2) (also comprising a subordinate formula of each formula) or a salt thereof is capable
of forming a solvate with a solvent such as water, ethanol or glycerol.
[0389] In the present specification, unless particularly otherwise described, in a case where a
cyclic group has a variable substituent as a substituent, it means that the variable substituent
does not bond to a specific carbon atom of the cyclic group. For example, it means that a
variable substituent Rs in Formula A below is capable of substituting any of carbon atoms i, ii,
iii, iv and v in Formula A.
[0390]
[C44]
Rs,_ i
iii

Formula A

[0391] 5-1. Crosslinked alginate gel

In the present specification, the crosslinked alginate gel that is contained in the core
layers of the polymer-coated crosslinked alginate gel fiber and the multilayer polymer-coated
crosslinked alginate gel fiber may be crosslinked alginate gel having (i) a crosslink through a
divalent metal ionic bond, (ii) a crosslink through a chemical bond or (iii) a crosslink through
both a divalent metal ionic bond and a chemical bond, which is formed using the chemically
modified alginic acid derivative described in the above-described section “2. Chemically

modified alginic acid derivative”, (which can also be referred to as crosslinked alginic acid or
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chemically crosslinked alginic acid). The crosslinked alginate gel that is contained in the
core layer of each of the above-described fibers is crosslinked alginate gel comprising, as a
crosslink, both a chemical crosslink by a triazole ring that is formed by performing the
Huisgen reaction (crosslinking reaction) and an ionic crosslinking that is formed by making a
divalent metal ion (for example, a calcium ion or the like) coexist. In addition, the
crosslinked alginate gel that is contained in the core layer of each of the above-described
fibers is crosslinked alginate gel comprising, as a crosslink, a chemical crosslink by a triazole
ring that is formed by performing the Huisgen reaction (crosslinking reaction).

[0392] In the present specification, the crosslinked alginate gel that is contained in the core
layers of the polymer-coated crosslinked alginate gel fiber and the multilayer polymer-coated
crosslinked alginate gel fiber can be obtained by performing the Huisgen reaction
(crosslinking reaction), which forms a chemical crosslink between the chemically modified
alginic acid derivatives represented by Formula (I) and Formula (IT), using the chemically
modified alginic acid derivatives. In addition, the crosslinked alginate gel can be obtained
by forming an ionic crosslinking between the chemically modified alginic acid derivatives
represented by Formula (I) and Formula (IT) by making divalent metal ions coexist in the
chemically modified alginic acid derivatives. In addition, the crosslinked alginate gel can be
obtained by performing the Huisgen reaction (crosslinking reaction) using the chemically
modified alginic acid derivatives represented by Formula (I) and Formula (IT) to form a
chemical crosslink between the derivatives and, furthermore, making divalent metal ions
coexist.

[0393] In the present specification, “a crosslink is formed”, “a crosslink has been formed” or
“a crosslinking reaction is performed” means that a chemical crosslink (chemical bond) is
formed between the chemically modified alginic acid derivatives represented by Formula (1)

and Formula (IT) by performing the Huisgen reaction using the chemically modified alginic

143



G2887

acid derivatives represented by Formula (I) and Formula (II), that an ionic crosslinking (ionic
bond) is formed between individual derivatives of the chemically modified alginic acid
derivatives represented by Formula (I) and Formula (IT) by making divalent metal ions coexist
in the chemically modified alginic acid derivatives represented by Formula (I) and Formula
(IT) or that both a chemical crosslink by the Huisgen reaction and an ionic crosslinking by a
divalent metal ion are formed. In addition, the above-described expression also means that
an ionic crosslinking is formed in alginic acid (sodium alginate or the like) by making a
divalent metal ion coexist in the alginic acid.

[0394] The time during which an ionic crosslinking is formed by bringing divalent metal ions
into contact with the chemically modified alginic acid derivatives represented by Formula (I)
and Formula (IT) and ionically crosslinked alginate gel is produced is, for example, an instant
(for example, one to five seconds) to several hours (for example, one to three hours). In
addition, the time during which the Huisgen reaction progressed between the chemically
modified alginic acid derivatives represented by Formula (I) and Formula (IT) to form a
chemical crosslink and chemically crosslinked alginate gel is produced is, for example,
several seconds to 24 hours, several seconds to 12 hours or several seconds to 30 minutes.
[0395] The divalent metal ion that is used to obtain the crosslinked alginate gel is not
particularly limited, examples thereof include a calcium ion, a magnesium ion, a barium ion, a
strontium ion, a zinc ion and the like, a calcium ion, a barium ion or a strontium ion is
preferable, and a calcium ion or a barium ion is more preferable.

[0396] The solution comprising the divalent metal ion is not particularly limited, examples
thereof include solutions comprising a calcium ion (for example, aqueous solutions such as a
calcium chloride aqueous solution, a calcium carbonate aqueous solution, a calcium gluconate
aqueous solution), solutions comprising a barium ion (for example, aqueous solutions such as

a barium chloride aqueous solution) and solutions comprising a strontium ion (for example,
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aqueous solutions such as a strontium chloride aqueous solution), a solution comprising a
calcium ion or a solution comprising a barium ion is preferable, and a calcium chloride
aqueous solution or a barium chloride aqueous solution is more preferable.

[0397] The divalent metal ion concentration (for example, the calcium ion or barium ion
concentration) of the solution comprising the divalent metal ion is not particularly limited and
is, for example, within a range of approximately 1 mM to approximately 1 M or a range of
approximately 10 to approximately 500 mM and preferably approximately 10 to
approximately 100 mM.

[0398] A solvent that is used to prepare the solution or the like comprising the divalent metal
ion is not particularly limited, examples thereof include tap water, pure water (for example,
distilled water, ion-exchanged water, RO water, RO-EDI water and the like), ultrapure water
(MilliQ water), a culture medium, a cell culture medium, a culture fluid, phosphate buffered
saline (PBS), physiological saline and the like, and physiological saline or ultrapure water is
preferable.

[0399] In a case where an ionic crosslinking and a chemical crosslink are present in the
crosslinked alginate gel that is contained in the core layer of each of the fibers, the reaction of
the ionic crosslinking is instant and reversible whereas the reaction of the chemical crosslink
relatively slowly progresses under relatively mild conditions and is irreversible. When the
chemical crosslink and the ionic crosslinking are appropriately combined using these
properties, it becomes possible to efficiently produce the crosslinked alginate gel of the
present invention. For example, when a solution mixture of the chemically modified alginic
acid derivatives represented by Formula (I) and Formula (II) is injected into the solution
comprising the divalent metal ion using a device XX in “11. Method for manufacturing
polymer-coated crosslinked alginate gel fiber” to be described below, an ionic crosslinking is

formed, and it is possible to instantly produce crosslinked alginate gel having a fibrous shape.
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In addition, when the Huisgen reaction (crosslinking reaction) progresses between the
chemically modified alginic acid derivatives represented by Formula (I) and Formula (1) at
the same time, and a chemical crosslink is formed, crosslinked alginate gel having a fibrous
shape comprising both an ionic crosslinking and a chemical crosslink can be obtained. The
physical properties of the crosslinked alginate gel can be adjusted by a method of changing
the concentration of an aqueous solution comprising a divalent metal ion to be used (for
example, a calcium chloride aqueous solution) or the introduction rate of the reactive group
that is introduced into the chemically modified alginic acid derivative or the like.

[0400] The crosslinked alginate gel that is contained the core layers of the polymer-coated
crosslinked alginate gel fiber and the multilayer polymer-coated crosslinked alginate gel fiber
of the present invention can be produced in a fibrous shape (also referred to as “crosslinked
alginate gel fiber”’) using the above-described crosslinking reaction and the chemically
modified alginic acid derivatives represented by Formula (I) and Formula (IT). The
crosslinked alginate gel fiber can be produced by adding an alginic acid (for example, sodium
alginate) solution to the solution mixture of the chemically modified alginic acid derivatives
represented by Formula (I) and Formula (II) at the time of producing the crosslinked alginate
gel fiber.

[0401] In the present invention, as one of the methods for strengthening the fiber structure
(for example, acquisition of long-term stability or the like), chemical crosslinking (Huisgen
reaction) is used. In a case where culture is performed in a culture fluid using the
crosslinked alginate gel fiber having both an ionic crosslinking and a chemical crosslink
produced as described above, the divalent metal ion that forms the ionic crosslinking is
gradually and reversibly discharged, only the chemical crosslink remains in the crosslinked
alginate gel fiber, the gel structure is held by the irreversible chemical crosslink, and it is

possible to stably and continuously culture the crosslinked alginate gel fiber.
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[0402] The crosslinked alginate gel of the present invention that is formed by performing a
crosslinking reaction using the chemically modified alginic acid derivatives represented by
Formula (I) and Formula (II) is not particularly limited and may contain other components
such as a collagen solution, collagen gel, a culture medium, a cell culture medium, a culture
fluid, methylcellulose, a sucrose solution, an alginic acid solution and alginate gel.
[0403] In the case of being simply mentioned in the present specification, “alginate gel”
means alginate gel in which an ionic crosslinking has been formed by making a divalent metal
ion coexist in alginic acid (for example, sodium alginate) or a solution thereof.
[0404] 5-2. Chemical crosslink in crosslinked alginate gel

In the present specification, the crosslinked alginate gel can be obtained by mixing the
chemically modified alginic acid derivatives represented by Formula (I) and Formula (IT) and
performing the Huisgen reaction.
[0405] In the present specification, the crosslinked alginate gel forms a three-dimensional
network structure through a chemical crosslink (a crosslink by a triazole ring that is formed of
an alkyne group and an azide group). A preferable chemically modified alginic acid
derivative is a derivative that improves the stability of the crosslinked alginate gel after
crosslinking. The physical properties of the crosslinked alginate gel can be adjusted with,
for example, the introduction rate of each reactive group in the chemically modified alginic
acid represented by Formula (I) or Formula (II), which is a raw material.
[0406] Crosslinked alginate gel in several embodiments is crosslinked alginate gel crosslinked
through a group represented by Formula (I1I-L) below:

[C45]

O 0
)k PPN )K (-1
N X N
H H
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[in Formula (ITI-L), -CONH- and -NHCO- at both ends represent amide bonds through
an arbitrary carboxyl group of alginic acid; -L'-, -L.?- and -X- are the same as the definitions
in the embodiment [1-12]].

[0407] In several embodiments, the mixing ratio between the chemically modified alginic
acid derivative represented by Formula (I) and the chemically modified alginic acid derivative
represented by Formula (IT) at the time of producing the crosslinked alginate gel is, for
example, 1:1.0to 4.0, 1:1.0 to 3.0, 1:1.0 t0 2.0, 1:1.0 to 1.5 or 1:1 and preferably 1:1.0 to 3.0
in terms of the weight ratio between the chemically modified alginic acid derivative
represented by Formula (I) and the chemically modified alginic acid derivative represented by
Formula (II).

[0408] In several embodiments, the mixing ratio between the chemically modified alginic
acid derivative represented by Formula (II) and the chemically modified alginic acid
derivative represented by Formula (I) at the time of producing the crosslinked alginate gel is,
for example, 1:1.0 to 4.0, 1:1.0 to 3.0, 1:1.0 t0 2.0, 1:1.0 to 1.5 or 1:1 in terms of the weight
ratio between the chemically modified alginic acid derivative represented by Formula (II) and
the chemically modified alginic acid derivative represented by Formula (I).

[0409] In several embodiments, the mixing ratio between the chemically modified alginic
acid derivative represented by Formula (I) and the chemically modified alginic acid derivative
represented by Formula (IT) at the time of producing the crosslinked alginate gel is, for
example, 1:1.0 to 4.0, 1:1.0 to 3.0, 1:1.0 to 2.0, 1:1.0 to 1.5 or 1:1 in terms of, more
preferably, the introduction rate (mol%) ratio of the reactive group between the chemically
modified alginic acid derivative represented by Formula (I) and the chemically modified
alginic acid derivative represented by Formula (II).

[0410] In several embodiments, the mixing ratio between the chemically modified alginic

acid derivative represented by Formula (II) and the chemically modified alginic acid
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derivative represented by Formula (I) at the time of producing the crosslinked alginate gel is,
for example, 1:1.0 to 4.0, 1:1.0 t0 3.0, 1:1.0 to 2.0, 1:1.0 to 1.5 or 1:1 and, more preferably,
the introduction rate (mol%) ratio of the reactive group between the chemically modified
alginic acid derivative represented by Formula (I} and the chemically modified alginic acid
derivative represented by Formula (I).

[0411] In the crosslinked alginate gel, all of the carboxyl groups in the alginic acid
configuration unit do not need to have the crosslink of Formula (ITI-L). The introduction
rate (also referred to as the crosslink rate) of the crosslink represented by Formula (III-L) in
the crosslinked alginate gel is, for example, within a range of approximately 0.1% to
approximately 80%, approximately 0.3% to approximately 60%, approximately 0.5% to
approximately 30% or approximately 1.0% to approximately 10%.

[0412] The concentration of the solution of the alginic acid derivative represented by Formula
(D) or Formula (II) in the Huisgen reaction for obtaining the crosslinked alginate gel that is
contained in the core layers of the polymer-coated crosslinked alginate gel fiber and the
multilayer polymer-coated crosslinked alginate gel fiber of the present invention is, for
example, within a range of approximately 0.01 to approximately 1.5 wt%; preferably within a
range of approximately 0.05 to approximately 1.0 wt%; more preferably within a range of
approximately 0.08 to approximately 0.75 wt%.

[0413] In the Huisgen reaction for obtaining the crosslinked alginate gel that is contained in
the core layers of the polymer-coated crosslinked alginate gel fiber and the multilayer
polymer-coated crosslinked alginate gel fiber of the present invention where the alginic acid
derivatives represented by Formula (I) or Formula (IT) are used, in a case where the alginic
acid solution is added to the solution mixture of the alginic acid derivatives represented by

Formula (I) and Formula (II), the concentration of the alginic acid solution is, for example,
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within a range of 0% to approximately 1.98 wt%; preferably within a range of 0% to
approximately 1.8 wt%; more preferably within a range of 0 to approximately 1.7 wt%.
[0414] Regarding the reaction temperature of the Huisgen reaction (the temperature at the
time of producing the crosslinked alginate gel and the crosslinked alginate gel fiber),
normally, the outside temperature is approximately 4°C to approximately 60°C and preferably
approximately 15°C to approximately 37°C.
[0415] 6. Polymer-coated crosslinked alginate gel fiber

In the present specification, a polymer-coated crosslinked alginate gel fiber means a
fiber-like (fibrous) structure that is obtained by coating a core layer comprising a cell enabling
production of antibodies, bioactive substances or the like and crosslinked alginate gel that is
obtained by performing a crosslinking reaction using chemically modified alginic acid
derivatives represented by Formula (I) and Formula (IT) with a cationic polymer (cationic
polymer layer) (a method for manufacturing the polymer-coated crosslinked alginate gel fiber
will be described below).
[0416] Alternatively, the polymer-coated crosslinked alginate gel fiber is a fiber-like (fibrous)
structure comprising a core layer and a cationic polymer layer that is disposed on the outside
of the core layer. The core layer comprises a cell enabling production of antibodies,
bioactive substances or the like and crosslinked alginate gel in which a crosslink has been
formed using the chemically modified alginic acid derivatives represented by Formula (I) and
Formula (II), and the cationic polymer layer is a cationic polymer.
[0417] Alternatively, the polymer-coated crosslinked alginate gel fiber is a fiber-like (fibrous)
structure comprising a core layer and a cationic polymer layer that is disposed on the outside
of the core layer. The core layer comprises a cell enabling production of antibodies,
bioactive substances or the like and crosslinked alginate gel, the crosslinked alginate gel

comprises a crosslink that is obtained by performing a crosslink reaction using the chemically

150



G2887

modified alginic acid derivatives represented by Formula (I) and Formula (II), and the
cationic polymer layer is a cationic polymer.

[0418] Fig. 1 shows a cross-sectional view of an example of the polymer-coated crosslinked
alginate gel fiber formed by coating a crosslinked alginate gel fiber with a cationic polymer.
This polymer-coated crosslinked alginate gel fiber has an outer diameter ¢ and comprises a
core layer 5 having a diameter a and a cationic polymer layer 4 having a thickness b, and the
core layer 5 comprises crosslinked alginate gel in which cells 6 producing antibodies,
bioactive substances or the like are included. The crosslinked alginate gel in the core layer 5
is crosslinked alginate gel formed by performing a crosslinking reaction using the chemically
modified alginic acid derivatives represented by Formula (I) and Formula (I1).

[0419] The core layers of polymer-coated crosslinked alginate gel fibers of several
embodiments may contain, aside from the crosslinked alginate gel formed by performing a
crosslinking reaction using the chemically modified alginic acid derivatives represented by
Formula (I) and Formula (IT) described in the embodiment [1], other components such as a
collagen solution, collagen gel, a culture medium, a cell culture medium, a culture fluid,
methylcellulose, a sucrose solution, an alginic acid solution and alginate gel which are not
particularly limited as long as the components do not have cytotoxicity; preferably may
contain a component selected from the group consisting of an alginic acid solution, alginate
gel, a culture medium and a culture fluid.

[0420] “Polymer-coated crosslinked alginate gel fiber” is, for example, a fibrous structure in
which the outer diameter (¢ in Fig. 2) of a fiber is, for example, approximately 0.1 to
approximately 2000 pum and is thus also referred to as “polymer-coated crosslinked alginate
microfiber” in some cases.

[0421] The cross-sectional shape of the polymer-coated crosslinked alginate gel fiber in a

direction perpendicular to the central axis is not limited to a circular shape and may be an
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asymmetric structure or a deformed shape, and, for example, the cross-sectional shape may be
a variety of shapes such as a circular shape, an elliptical shape or a polygonal shape (for
example, a triangular shape, a square shape, a pentagonal shape or the like) and is preferably a
circular cross-sectional shape as shown in Fig. 2.

[0422] The outer diameter (in the case of a non-circular shape, the major axis or the
maximum diameter is regarded as the outer diameter) of the polymer-coated crosslinked
alginate gel fiber is, for example, within a range of approximately 0.1 to approximately 2000
um, approximately 0.2 um to approximately 2000 um, approximately 1 to approximately
1000 pum, approximately 2 to approximately 500 pum, approximately 2 to approximately 200
um or the like.

[0423] The diameter of the core layer of the polymer-coated crosslinked alginate gel fiber is,
for example, within a range of approximately 0.1 to approximately 2000 pm, approximately
0.2 pm to approximately 2000 um, approximately 1 to approximately 1000 um,
approximately 2 to approximately 500 um, approximately 2 to approximately 200 um or the
like. The diameter of the cross section of the core layer is preferably less than the diameter
of the fiber cross section and 50% or more.

[0424] The thickness of the polymer layer (b) of the polymer-coated crosslinked alginate gel
fiber can be obtained from “(outer diameter of polymer-coated crosslinked alginate gel fiber -
diameter of core layer)/2 (b = (c - a)/2 in Fig. 2)”. The thickness of the polymer layer is, for
example, approximately 0.1 to approximately 200 um, approximately 1 to approximately 200
um, approximately 5 pm to approximately 200 um or the like.

[0425] The values of the diameter and outer diameter of the core layer in the polymer-coated
crosslinked alginate gel fiber and the inner diameter of the polymer layer can be measured, for
example, from an image obtained with a phase-contrast optical microscope after the fiber is

produced using a cationic polymer that emits fluorescence for the polymer layer. The values
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are expressed as the average values of measurement values at several sites in the polymer-
coated crosslinked alginate gel fiber. The core layer and the polymer layer in the polymer-
coated crosslinked alginate gel fiber normally have substantially uniform thicknesses, and it is
preferable that each layer has thickness uniformity within a range of +£10%.

[0426] The length of the polymer-coated crosslinked alginate gel fiber is not particularly
limited and is, for example, approximately 0.01 to approximately 100 m, approximately 0.1 to
approximately 75 m or approximately 0.3 to approximately 50 m.

[0427] In the present specification, the core layers of polymer-coated crosslinked alginate gel
fibers of several embodiments can be formed using a solution mixture of the chemically
modified alginic acid derivatives represented by Formula (I) and Formula (I1), in which a cell
enabling production of antibodies, bioactive substances or the like is contained. In that case,
the concentration of the solution of the chemically modified alginic acid derivative
represented by Formula (I) or Formula (II) is, for example, each within a range of
approximately 0.01 to approximately 1.5 wt%; preferably within a range of approximately
0.05 to approximately 1.0 wt%; more preferably within a range of approximately 0.08 to
approximately 0.75 wt%.  Alternatively, the concentration of the solution mixture of the
chemically modified alginic acid derivatives represented by Formula (I) and Formula (II) is,
for example, within a range of approximately 0.02 to approximately 2.0 wt%; preferably
within a range of approximately 0.1 to approximately 2.0 wt%; more preferably within a
range of approximately 0.15 to approximately 1.5 wt%. Alternatively, in a case where an
alginic acid solution is added to the solution mixture of the chemically modified alginic acid
derivatives represented by Formula (I) and Formula (IT), the concentration of the alginic acid
is, for example, within a range of 0 to approximately 1.98 wt%; preferably within a range of 0

to approximately 1.8 wt%; more preferably within a range of 0 to approximately 1.7 wt%.
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[0428] In the present specification, in a case where an alginic acid solution is added to the
solution mixture of the chemically modified alginic acid derivatives represented by Formula
(I) and Formula (IT), which is used to form the core layer of the polymer-coated crosslinked
alginate gel fiber and in which a cell enabling production of antibodies, bioactive substances
or the like is contained, the combination of the concentration (C1 (wt%)) of the solution
mixture comprising the chemically modified alginic acid derivatives represented by Formula
(I) and Formula (IT) and the concentration (C2 (wt%)) of the alginic acid solution is not
particularly limited, and examples thereof include combinations of (C1:C2) = (approximately
0.2:approximately 1.3), (approximately 0.5:approximately 1.0), (approximately
1.0:approximately 0.5), (approximately 1.5:0), (approximately 0.66:approximately 1.34),
(approximately 0.34:approximately 0.66), (approximately 0.16:approximately 0.34) and the
like. Aside from these concentrations, the solution mixture can be prepared in an
appropriate combination of the concentrations C1 and C2.

[0429] In the present specification, in a case where an alginic acid solution is added to the
solution mixture of the chemically modified alginic acid derivatives represented by Formula
(I) and Formula (IT), which is used to form the core layer of the polymer-coated crosslinked
alginate gel fiber and in which a cell enabling production of antibodies, bioactive substances
or the like is contained, the combination of the concentration (C1A (wt%)) of the solution of
the chemically modified alginic acid derivative represented by Formula (I), the concentration
(CIN (wt%)) of the solution of the chemically modified alginic acid derivative represented by
Formula (II) and the concentration (C2 (wt%)) of the alginic acid solution is not particularly
limited, and examples thereof include combinations of (C1A:CIN:C2) = (approximately
0.1:approximately 0.1:approximately 1.3), (approximately 0.25:approximately
0.25:approximately 1.0), (approximately 0.5:approximately 0.5:approximately 0.5),

(approximately 0.75:approximately 0.75:0), (approximately 0.33:approximately
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0.33:approximately 1.34), (approximately 0.17:approximately 0.17:approximately 0.66),
(approximately 0.08:approximately 0.08:approximately 0.34) and the like.  Aside from these
concentrations, the solution mixture can be prepared in an appropriate combination of the
concentrations C1A, CIN and C2.

[0430] In the present specification, each volume ratio (v1, v2) of the solution of the
chemically modified alginic acid derivative represented by Formula (I) and the solution of the
chemically modified alginic acid derivative represented by Formula (II) in the solution
mixture comprising the cell enabling production of antibodies, bioactive substances or the like
and the chemically modified alginic acid derivatives represented by Formula (I) and Formula
(IT), which is used to form the core layer of the polymer-coated crosslinked alginate gel fiber,
is, for example, a ratio in the case of vl + v2 = 15 and, for example, (v1:v2) = (7.5:7.5).
[0431] In the present specification, in a case where the alginic acid solution is added to the
solution mixture comprising the cell enabling production of antibodies, bioactive substances
or the like and the chemically modified alginic acid derivatives represented by Formula (I)
and Formula (IT), which is used to form the core layer of the polymer-coated crosslinked
alginate gel fiber, the volume ratio of the volume (v1) of the chemically modified alginic acid
derivative represented by Formula (I), the volume (v2) of the chemically modified alginic
acid derivative represented by Formula (II) and the volume (v3) of the alginic acid solution in
the solution mixture to which the alginic acid solution has been added is, for example, a ratio
in the case of vl + v2 +v3 = 15 and, for example, a combination of (v1:v2:v3) = (5:5:5),
(2.5:2.5:10), (1:1:13) or the like.

[0432] In the present specification, in a case where an alginic acid solution is added to the
solution mixture of the chemically modified alginic acid derivatives represented by Formula
(I) and Formula (IT), which is used to form the core layer of the polymer-coated crosslinked

alginate gel fiber and in which a cell enabling production of antibodies, bioactive substances
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or the like is contained, the molecular weight of alginic acid (for example, sodium alginate or
the like) that is used to prepare the alginic acid solution is not particularly limited, and the
weight-average molecular weight measured by gel permeation chromatography (GPC) is, for
example, within a range of approximately 150,000 Da to approximately 2,500,000 Da, a range
of approximately 300,000 Da to approximately 2,000,000 Da, a range of approximately
700,000 Da to approximately 2,000,000 Da or the like.

[0433] In the present specification, in a case where an alginic acid solution is added to the
solution mixture of the chemically modified alginic acid derivatives represented by Formula
(I) and Formula (IT), which is used to form the core layer of the polymer-coated crosslinked
alginate gel fiber and in which a cell enabling production of antibodies, bioactive substances
or the like is contained, the molecular weight of alginic acid (for example, sodium alginate or
the like) that is used to prepare the alginic acid solution is not particularly limited, and the
weight-average molecular weight measured by gel permeation chromatography (GPC) is, for
example, within a range of approximately 150,000 Da to approximately 2,500,000 Da, a range
of approximately 300,000 Da to approximately 2,500,000 Da, a range of approximately
700,000 Da to approximately 1,400,000 Da, approximately 800,000 Da to approximately
1,500,000 Da, approximately 1,400,000 to approximately 2,000,000 Da, approximately
1,500,000 to approximately 2,500,000 Da or the like.

[0434] A solvent that is used to prepare the solution of the chemically modified alginic acid
derivative represented by Formula (I) or Formula (II), the alginic acid solution or the like,
which is used to produce the core layer of the polymer-coated crosslinked alginate gel fiber, is
not particularly limited, examples thereof include a culture medium, a cell culture medium, a
culture fluid, an isotonic buffer solution, phosphate buffered saline (PBS), physiological
saline and the like, and a culture medium, a cell culture medium, a culture fluid, physiological

saline or an isotonic buffer solution is preferable.
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[0435] 7. Cationic Polymer

A polycation refers to a compound having two or more cationic groups in one
molecule, and the cationic group refers to a cation group or a group from which a cation
group can be derived. Examples of the cationic group include groups such as amino groups;
monoalkylamino groups such as a methylamino group and an ethylamino group; dialkylamino
groups such as a dimethylamino group and a diethylamino group; imino groups; guanidino
groups and the like. The amino group may be a -NH3™ group to which a proton bond
through a coordination-bond.
[0436] In the present specification, the cationic polymer refers to a polymer having two or
more cationic group in one molecule. Examples of the cationic polymer include polymers
obtained by polymerizing monomers having a cationic group. In addition, it is preferable
that the cationic polymer is so hydrophilic as to be soluble in water and has a characteristic of
becoming positively charged when the cationic group is dissociated in water. As the cationic
polymer, a polymer having two or more amino groups in one molecule is particularly
preferable.
[0437] In the present specification, the cationic polymer is preferable a substance capable of
increasing the strength of the crosslinked alginate gel fiber when the surface of the
crosslinked alginate gel fiber is coated with the cationic polymer by an electrostatic
interaction between a carboxyl group in the crosslinked alginate gel fiber and a cationic group
in the cationic polymer on the surface of the crosslinked alginate gel fiber that is formed by
performing a crosslinking reaction using the chemically modified alginic acid derivatives
represented by Formula (I) and Formula (II), which comprises a cell enabling production of
antibodies, bioactive substances or the like (refer to Fig. 2). In addition, the cationic
polymer is preferably a substance enabling antibodies, bioactive substances or the like

produced from the cell enabling production of antibodies, bioactive substances or the like,
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which is contained in the core layer, to penetrate the cationic polymer coating the core layer
(polymer layer) and be discharged to the outside of the polymer-coated crosslinked alginate
gel fiber.

[0438] In the present specification, examples of the cationic polymer include cationic
polymers such as polyamino acids (polymers of basic amino acids), basic polysaccharides (for
example, chitosan and the like), basic polymers (polymethylene-CO-guanidine (PMCGQG),
polyallylamine (PAA), polyvinylamine (PVA), polyethyleneimine, allylamine-diallylamine
copolymers, allylamine-maleic acid copolymers and the like), and the cationic polymer is
preferably a cationic polymer selected from the group consisting of poly-L-ornithine (PLO),
poly-D-ornithine (PDO), poly-DL-ornithine, poly-D-lysine (PDL), poly-L-lysine (PLL), poly-
DL-lysine, poly-L-arginine (PLA), poly-D-arginine (PDA), poly-DL-arginine, poly-L-
homoarginine (PLHA), poly-D-homoarginine (PDHA), poly-DL-homoarginine, poly-L-
histidine (PLH), poly-D-histidine (PDH) and poly-DL-histidine, which are polyamino acids;
more preferably poly-L-ornithine, poly-L-lysine or polyallylamine; still more preferably poly-
L-ornithine.

[0439] In the present specification, examples of the cationic polymer that is used to prepare
the solution comprising the cationic polymer include polyamino acids, basic polysaccharides,
basic polymers, which have been described above, and salts thereof (hydrochlorides,
hydrobromides and the like).  As the cationic polymer, a commercially available product or a
polymer adjusted from a commercially available product can be used.

[0440] In the present specification, the degree of polymerization of the cationic polymer is not
particularly limited, and examples thereof include a degree of polymerization of 50 to 6,000, a
degree of polymerization of 50 to 2,000, a degree of polymerization of 100 to 1,500 and the

like. In the case of poly-L-ornithine, the degree of polymerization is, for example, 130 to
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1,300, in the case of polyallylamine, the degree of polymerization is, for example, 50 to
1,800, and, in the case of chitosan, the degree of polymerization is, for example, 60 to 6,000.
[0441] In the present specification, the weight-average molecular weight (Mw) of the cationic
polymer is not particularly limited and is, for example, within a range of 500 to 1,000,000, a
range of 1,000 to 500,000, a range of 3,000 to 300,000, a range of 5,000 to 100,000, a range
of 10,000 to 50,000 or the like. The weight-average molecular weight (Mw) of the cationic
polymer can be measured by gel permeation chromatography (GPC).

[0442] For example, in the case of poly-L-ornithine, it is possible to use commercially
available poly-L-ornithine hydrobromide [for example, molecular weight: 70,000 to 150,000
(manufactured by FUJIFILM Wako Pure Chemical Corporation), molecular weight: 15,000 to
30,000, 30,000 to 70,000 or 5,000 to 15,000 (manufactured by Sigma-Aldrich) or the like];
for example, in the case of polyallylamine, it is possible to use commercially available
polyallylamine [for example, molecular weight: 1,600, 3,000, 5,000, 8,000, 15,000 or 25,000
(manufactured by Nitto Boseki Co., Ltd.), to 15,000, to 65,000 (manufactured by Sigma-
Aldrich) or the like], commercially available polyallylamine hydrochloride [for example,
molecular weight: 1,600, 3,000, 5,000, 15,000 or 100,000 (manufactured by Nitto Boseki Co.,
Ltd.), to 17,500 or 50,000 (manufactured by Sigma-Aldrich) or the like]; for example, in the
case of chitosan, it is possible to use commercially available chitosan [for example, molecular
weight: to 15,000 (manufactured by FUJIFILM Wako Pure Chemical Corporation), 5,000,
50,000, 100,000, 160,000 or 180,000 (manufactured by Sigma-Aldrich) or the like].

[0443] Chitosan, which is one of the cationic polymers, is a deacetylated product of chitin,
and, from the viewpoint of the water solubility, it is possible to use chitosan having a degree
of deacetylation, for example, within a range of 40% to 100%, within a range of 45% to 90%,

within a range of 50% to 80% or the like.
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[0444] The concentration of the solution comprising the cationic polymer is not particularly
limited, but needs to be a concentration high enough to uniformly coat the surface of the
alginate gel fiber and is, for example, a concentration of approximately 0.01 to approximately
10.0 wt%, approximately 0.01 to approximately 5.0 wt% or approximately 0.02 to
approximately 1.0 wt%, preferably approximately 0.02 to approximately 5.0 wt% and more
preferably a concentration of approximately 0.05 to approximately 1.0 wt%.
[0445] The viscosity of the solution comprising the cationic polymer is not particularly
limited and is, for example, within a range of 10.0 to 500.0 mPa-s, within a range of 20.0 to
300.0 mPa-s, within a range of 50.0 to 200.0 mPa-s or the like.
[0446] It is possible to use two or more kinds of cationic polymers in the solution comprising
the cationic polymer.
[0447] A solvent in the solution comprising the cationic polymer is not particularly limited as
long as the solvent is capable of dissolving the cationic polymer, examples thereof include
water (tap water, pure water (for example, distilled water, ion-exchanged water, RO water,
RO-EDI water and the like), ultrapure water (MilliQ water)), aqueous solutions of inorganic
salts (phosphate buffered saline (PBS), physiological saline and the like) and the like, and
pure water, water or physiological saline, which are capable of further increasing the charge
amount of the cationic polymer, is preferable.
[0448] 8. Multilayer polymer-coated crosslinked alginate gel fiber

In the present specification, the multilayer polymer-coated crosslinked alginate gel
fiber means a fiber-like (fibrous) structure that is obtained by coating the outside of the
cationic polymer layer of the polymer-coated crosslinked alginate gel fiber, which is described
in the “6. Polymer-coated crosslinked alginate gel fiber”, with an anionic polymer (anionic
polymer layer). That is, the multilayer polymer-coated crosslinked alginate gel fiber is a

fiber-like structure that is obtained by coating the outside of the cationic polymer layer of the
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polymer-coated crosslinked alginate gel fiber that is obtained by coating the core layer
comprising a cell enabling production of antibodies, bioactive substances or the like and
crosslinked alginate gel that is obtained by performing a crosslinking reaction using
chemically modified alginic acid derivatives represented by Formula (I) and Formula (IT) with
the cationic polymer with an anionic polymer (a method for manufacturing the multilayer
polymer-coated crosslinked alginate gel fiber will be described below).

[0449] Alternatively, the multilayer polymer-coated crosslinked alginate gel fiber is a fiber-
like (fibrous) structure comprising a core layer, a cationic polymer layer that is disposed on
the outside of the core layer and an anionic polymer layer that is disposed on the outside of
the cationic polymer layer. The core layer comprises a cell enabling production of
antibodies, bioactive substances or the like and crosslinked alginate gel in which a crosslink
has been formed using the chemically modified alginic acid derivatives represented by
Formula (I) and Formula (II), the cationic polymer layer is a cationic polymer, and the anionic
polymer layer is an anionic polymer.

[0450] Alternatively, the multilayer polymer-coated crosslinked alginate gel fiber is a fiber-
like (fibrous) structure comprising a core layer, a cationic polymer layer that is disposed on
the outside of the core layer and an anionic polymer layer that is disposed on the outside of
the cationic polymer layer. The core layer comprises a cell enabling production of
antibodies, bioactive substances or the like and crosslinked alginate gel, the crosslinked
alginate gel comprises a crosslink that is obtained by performing a crosslink reaction using the
chemically modified alginic acid derivatives represented by Formula (I) and Formula (II), the
cationic polymer layer is a cationic polymer, and the anionic polymer layer is an anionic
polymer.

[0451] Fig. 8 is a cross-sectional view of an example of the multilayer polymer-coated

crosslinked alginate gel fiber. This multilayer polymer-coated crosslinked alginate gel fiber
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has an outer diameter ¢ and comprises a core layer 5 having a diameter a, a cationic polymer
layer 4 having a thickness b and an anionic polymer layer 7 having a thickness d, and the core
layer 5 comprises crosslinked alginate gel in which cells 6 producing antibodies, bioactive
substances or the like are included. The crosslinked alginate gel in the core layer 5 is
crosslinked alginate gel formed by performing a crosslinking reaction using the chemically
modified alginic acid derivatives represented by Formula (I) and Formula (I1).

[0452] The core layers of multilayer polymer-coated crosslinked alginate gel fibers of several
embodiments may contain, aside from the crosslinked alginate gel formed by performing a
crosslinking reaction using the chemically modified alginic acid derivatives represented by
Formula (I) and Formula (IT) described in the embodiment [1], other components such as a
collagen solution, collagen gel, a culture medium, a cell culture medium, a culture fluid,
methylcellulose, a sucrose solution, an alginic acid solution and alginate gel which are not
particularly limited as long as the components do not have cytotoxicity; preferably may
contain a component selected from the group consisting of an alginic acid solution, alginate
gel, a culture medium and a culture fluid.

[0453] The multilayer polymer-coated crosslinked alginate gel fiber is, for example, a fibrous
structure in which the outer diameter (e in Fig. 8) of a fiber is, for example, approximately 0.1
to approximately 2000 um and is thus also referred to as the multilayer polymer-coated
crosslinked alginate microfiber in some cases.

[0454] The cross-sectional shape of the multilayer polymer-coated crosslinked alginate gel
fiber in a direction perpendicular to the central axis is not limited to a circular shape and may
be an asymmetric structure or a deformed shape, and, for example, the cross-sectional shape
may be a variety of shapes such as a circular shape, an elliptical shape or a polygonal shape
(for example, a triangular shape, a square shape, a pentagonal shape or the like) and is

preferably a circular cross-sectional shape as shown in Fig. 8.
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[0455] The outer diameter (in the case of a non-circular shape, the major axis or the
maximum diameter is regarded as the outer diameter) of the multilayer polymer-coated
crosslinked alginate gel fiber is, for example, within a range of approximately 0.1 to
approximately 2000 pm, approximately 0.2 pm to approximately 2000 um, approximately 1
to approximately 1000 um, approximately 2 to approximately 500 pum, approximately 2 to
approximately 200 um or the like.

[0456] The diameter of the core layer of the multilayer polymer-coated crosslinked alginate
gel fiber is, for example, within a range of approximately 0.1 to approximately 2000 pm,
approximately 0.2 um to approximately 2000 um, approximately 1 to approximately 1000
um, approximately 2 to approximately 500 um, approximately 2 to approximately 200 pum or
the like. The diameter of the core layer is preferably less than the diameter of the fiber and
50% or more.

[0457] The thickness of the cationic polymer layer (b) of the multilayer polymer-coated
crosslinked alginate gel fiber can be obtained by the method described in the “6. Polymer-
coated crosslinked alginate gel fiber”. In addition, the thickness of the anionic polymer layer
(e) of the multilayer polymer-coated crosslinked alginate gel fiber can be obtained from
“(outer diameter of multilayer polymer-coated crosslinked alginate gel fiber - outer diameter
of polymer-coated crosslinked alginate gel fiber)/2 (e = (d - a)/2 in Fig. 8)”. The thickness
of the anionic polymer layer is, for example, approximately 0.1 to approximately 200 um,
approximately 1 to approximately 200 um, approximately 5 um to approximately 200 um or
the like.

[0458] The values of the diameter and outer diameter of the core layer in the multilayer
polymer-coated crosslinked alginate gel fiber, the inner diameter of the cationic polymer layer
and the inner diameter of the anionic polymer layer can be measured, for example, from an

image obtained with a phase-contrast optical microscope after the fiber is produced using a
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polymer that emits fluorescence for each polymer layer. The values are expressed as the
average values of measurement values at several sites in the multilayer polymer-coated
crosslinked alginate gel fiber. The core layer and the polymer layer in the multilayer
polymer-coated crosslinked alginate gel fiber normally have substantially uniform
thicknesses, and it is preferable that each layer has thickness uniformity within a range of
+10%.

[0459] The length of the multilayer polymer-coated crosslinked alginate gel fiber is not
particularly limited and is, for example, approximately 0.01 to approximately 100 m,
approximately 0.1 to approximately 75 m or approximately 0.3 to approximately 50 m.
[0460] In the present specification, the core layers of multilayer polymer-coated crosslinked
alginate gel fibers of several embodiments can be formed using a solution mixture of the
chemically modified alginic acid derivatives represented by Formula (I) and Formula (II), in
which a cell enabling production of antibodies, bioactive substances or the like is contained.
In this case, the concentration range of the solution of the chemically modified alginic acid
derivative represented by Formula (I) or Formula (II) is the same as that described in the 6.
Polymer-coated crosslinked alginate gel fiber.

[0461] In the present specification, in a case where an alginic acid solution is added to the
solution mixture of the chemically modified alginic acid derivatives represented by Formula
(D) and Formula (IT), which is used to form the core layer of the multilayer polymer-coated
crosslinked alginate gel fiber and in which a cell enabling production of antibodies, bioactive
substances or the like is contained, the concentration of the solution mixture comprising the
chemically modified alginic acid derivatives represented by Formula (I) and Formula (II), the
concentration of the alginic acid solution, the combination of the concentrations and the
volume ratio of each solution are the same as those described in the “6. Polymer-coated

crosslinked alginate gel fiber”.
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[0462] The solution of the chemically modified alginic acid derivative represented by
Formula (I) or Formula (IT), which is used to produce the core layer of the multilayer
polymer-coated crosslinked alginate gel fiber and the solvent, which is used to prepare the
alginic acid solution or the like, are the same as the solvent described in the “6. Polymer-
coated crosslinked alginate gel fiber”.
[0463] 9. Anionic polymer

A polyanion refers to a compound having two or more anionic groups in one molecule,
and the anionic group refers to an anion group or a group from which an anion group can be
derived. Examples of the anionic group include acidic functional groups such as a carboxyl
group and a sulfate group.
[0464] In the present specification, the anionic polymer layer is a layer that coats the outside
of the cationic polymer layer by an electrostatic interaction with the cationic polymer. The
anionic polymer that forms the anionic polymer layer is not particularly limited as long as the
anionic polymer is capable of forming a film by an electrostatic interaction with the cationic
polymer, and examples thereof include polymers having an acidic functional group such as a
carboxyl group or a sulfate group. Specific examples thereof include polysaccharides such
as alginic acid, polygalacturonic acid, pectin, pectic acid, carboxymethylcellulose,
carrageenan, hyaluronic acid and chondroitin sulfate, synthetic polymers such as polyacrylic
acid and polystyrene sulfonic acid, and chemically modified products thereof, and chemically
crosslinked products thereof are also included. In addition, the anionic polymer needs to be
capable of forming a film by an electrostatic interaction with the cationic polymer and may be
a wholly neutral polymer.
[0465] In the present specification, the anionic polymer is preferably a substance capable of
coating the cationic polymer layer of the polymer-coated crosslinked alginate gel fiber as the

anionic polymer layer and capable of forming a multilayer polymer-coated crosslinked
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alginate gel fiber (refer to Fig. 9). In addition, the anionic polymer is preferably a substance
enabling antibodies, bioactive substances or the like produced in the core layer of the
multilayer polymer-coated crosslinked alginate gel fiber to penetrate the cationic polymer
layer, then, penetrate the anionic polymer layer coating the cationic polymer layer and be
discharged to the outside of the fiber.

[0466] In the present specification, the anionic polymer layer is, for example, an anionic
polymer selected from the group consisting of anionic polysaccharides, sulfated
polysaccharides, synthetic polymers, anionic polyamino acids, chemically modified products
thereof, crosslinked products thereof, mixtures thereof and the like and is specifically, for
example, an anionic polymer selected from the group consisting of anionic polysaccharides
such as alginic acid, hyaluronic acid, polygalacturonic acid, carrageenan, succinoglucan, gum
arabic, xanthan gum, pectin, pectic acid, carboxymethylcellulose and agar, chemically
modified products thereof, crosslinked products thereof, mixtures thereof and the like.

[0467] In the present specification, the anionic polymer layer is, for example, an anionic
polymer selected from the group consisting of alginic acid, the chemically modified alginic
acid derivative represented by Formula (1), the chemically modified alginic acid derivative
represented by Formula (II), a crosslinked product that is formed of the chemically modified
alginic acid derivative represented by Formula (I) and/or the chemically modified alginic acid
derivative represented by Formula (IT) and a mixture thereof; for example, an anionic polymer
selected from the group consisting of sulfated polysaccharides such as chondroitin sulfate,
dextran sulfate, heparan sulfate, dermatan sulfate, fucoidan, keratan sulfate and heparin,
chemically modified products thereof, crosslinked products thereof, mixtures thereof and the
like; for example, an anionic polymer selected from the group consisting of synthetic
polymers such as acrylic acid, methacrylic acid, ethylacrylic acid, and polystyrene sulfonic

acid, chemically modified products thereof, crosslinked products thereof, mixtures thereof
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and the like; for example, an anionic polymer selected from the group consisting of anionic
polyamino acids such as polyglutamic acid and polyaspartic acid, chemically modified
products thereof, crosslinked products thereof, mixtures thereof and the like.

[0468] In the present specification, the anionic polymer layer is preferably an anionic polymer
selected from the group consisting of alginic acid, the chemically modified alginic acid
derivative represented by Formula (I), the chemically modified alginic acid derivative
represented by Formula (II), a crosslinked product that is formed of the chemically modified
alginic acid derivative represented by Formula (I) and/or the chemically modified alginic acid
derivative represented by Formula (II) and a mixture thereof.

[0469] A solvent at the time of preparing the solution comprising the anionic polymer is not
particularly limited as long as the solvent is capable of dissolving the anionic polymer,
examples thereof include water (tap water, pure water (for example, distilled water, ion-
exchanged water, RO water, RO-EDI water and the like), ultrapure water (MilliQ water)),
aqueous solutions of inorganic salts (phosphate buffered saline (PBS), physiological saline
and the like) and the like, and water or physiological saline is preferably used. However, in
a case where alginic acid or the chemically modified alginic acid derivative represented by
Formula (I) or Formula (IT) is used as the anionic polymer, solutions having a polyvalent
(divalent or trivalent) metal ion, which gelate, are excluded.

[0470] In the present specification, the weight-average molecular weight (Mw) of the anionic
polymer is not particularly limited and is, for example, within a range of approximately 500 to
approximately 5,000,000, a range of approximately 300,000 to approximately 2,000,000, a
range of approximately 150,000 to approximately 2,500,000 or a range of approximately
100,000 to approximately 3,000,000. The weight-average molecular weight (Mw) of the

anionic polymer can be measured by gel permeation chromatography (GPC).
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[0471] In the present specification, in a case where alginic acid is used as the anionic polymer,
the weight-average molecular weight (Mw) thereof is, for example, within a range of
approximately 150,000 Da to approximately 2,500,000 Da, within a range of approximately
150,000 Da to approximately 800,000 Da, within a range of approximately 300,000 Da to
approximately 700,000 Da, within a range of approximately 700,000 Da to approximately
1,400,000 Da, within a range of approximately 800,000 Da to approximately 1,500,000 Da,
within a range of approximately 1,400,000 to approximately 2,000,000 Da, within a range of
approximately 1,500,000 to approximately 2,500,000 Da or the like.

[0472] In the present specification, in a case where the chemically modified alginic acid
derivative represented by Formula (I) or Formula (II) is used as the anionic polymer, the
weight-average molecular weight (Mw) thereof is, for example, within a range of
approximately 100,000 to approximately 3,000,000, within a range of approximately 300,000
Da to approximately 2,500,000, within a range of approximately 500,000 to approximately
2,000,000 or the like.

[0473] The concentration of the solution comprising the anionic polymer is not particularly
limited, but needs to be a concentration high enough to uniformly coat the surface of the
cationic polymer layer of the polymer-coated crosslinked alginate gel fiber and is, for
example, a concentration within a range of approximately 0.01 to approximately 5.0 wt%,
approximately 0.05 to approximately 1.0 wt%, approximately 0.1 to approximately 0.5 wt%
or approximately 0.15 to approximately 0.4 wt%. The concentration is preferably 0.15 wt%.
[0474] It is possible to use two or more kinds of anionic polymers in the solution comprising
the anionic polymer.

[0475] In the present specification, in a case where the solution comprising the chemically
modified alginic acid derivative represented by Formula (I) is used to form the anionic

polymer layer of the multilayer polymer-coated crosslinked alginate gel fiber, the
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concentration of the solution is, for example, a concentration within a range of approximately
0.01 to approximately 5.0 wt%, approximately 0.05 to approximately 1.0 wt%, approximately
0.1 to approximately 0.5 wt% or approximately 0.15 to approximately 0.4 wt%. In addition,
the concentration is, for example, a concentration within a range of approximately 0.05 to
approximately 0.15 wt%, approximately 0.075 to approximately 0.2 wt% or approximately
0.15 to approximately 0.4 wt%.

[0476] In the present specification, in a case where the solution comprising the chemically
modified alginic acid derivative represented by Formula (II) is used to form the anionic
polymer layer of the multilayer polymer-coated crosslinked alginate gel fiber, the
concentration of the solution is, for example, a concentration within a range of approximately
0.01 to approximately 5.0 wt%, approximately 0.05 to approximately 1.0 wt%, approximately
0.1 to approximately 0.5 wt% or approximately 0.15 to approximately 0.4 wt%. In addition,
the concentration is, for example, a concentration within a range of approximately 0.05 to
approximately 0.15 wt%, approximately 0.075 to approximately 0.2 wt% or approximately
0.15 to approximately 0.4 wt%.

[0477] In the present specification, in a case where the alginic acid solution is used to form
the anionic polymer layer of the multilayer polymer-coated crosslinked alginate gel fiber, the
concentration of the solution is, for example, a concentration within a range of approximately
0.01 to approximately 5.0 wt%, approximately 0.05 to approximately 1.0 wt%, approximately
0.1 to approximately 0.5 wt% or approximately 0.15 to approximately 0.4 wt%. In addition,
the concentration is, for example, a concentration within a range of approximately 0.05 to
approximately 0.15 wt%, approximately 0.075 to approximately 0.2 wt% or approximately
0.15 to approximately 0.4 wt%.

[0478] In the present specification, in a case where the solution mixture comprising the

chemically modified alginic acid derivatives represented by Formula (I) and Formula (II) is
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used to form the anionic polymer layer of the multilayer polymer-coated crosslinked alginate
gel fiber, the concentration of the solution mixture is, for example, a concentration within a
range of approximately 0.01 to approximately 5.0 wt%, approximately 0.05 to approximately
1.0 wt%, approximately 0.1 to approximately 0.5 wt% or approximately 0.15 to
approximately 0.4 wt%. The concentration is preferably 0.15 wt%.

[0479] In the present specification, in a case where the solution mixture comprising the
chemically modified alginic acid derivatives represented by Formula (I) and Formula (IT) and
alginic acid is used to form the anionic polymer layer of the multilayer polymer-coated
crosslinked alginate gel fiber, the concentration of the solution mixture is, for example, a
concentration within a range of approximately 0.01 to approximately 5.0 wt%, approximately
0.05 to approximately 1.0 wt%, approximately 0.1 to approximately 0.5 wt% or
approximately 0.15 to approximately 0.4 wt%. The concentration is preferably 0.15 wt%.
[0480] In the present specification, in a case where the solution mixture comprising the
chemically modified alginic acid derivatives represented by Formula (I) and Formula (II) is
used to form the anionic polymer layer of the multilayer polymer-coated crosslinked alginate
gel fiber, the volume ratio (v1, v2) of the solution of the chemically modified alginic acid
derivative represented by Formula (I) and the solution of the chemically modified alginic acid
derivative represented by Formula (II) in the solution mixture is, for example, a ratio in the
case of vl +v2 =15 and, for example, (v1:v2) =(7.5:7.5).

[0481] In the present specification, in a case where the solution mixture comprising the
chemically modified alginic acid derivatives represented by Formula (I) and Formula (IT) and
alginic acid is used to form the anionic polymer layer of the multilayer polymer-coated
crosslinked alginate gel fiber, the volume ratio (v1, v2, v3) of the solution of the chemically
modified alginic acid derivative represented by Formula (I), the solution of the chemically

modified alginic acid derivative represented by Formula (II) and the alginic acid solution in

170



G2887

the solution mixture is, for example, a ratio in the case of vl +v2 + 3v3 = 15 and, for
example, a combination of (v1:v2:v3) = (5:5:5), (2.5:2.5:10), (1:1:13) or the like.

[0482] In the present specification, in a case where the chemically modified alginic acid
derivatives represented by Formula (I) and Formula (IT) are used to form the anionic polymer
layer of the multilayer polymer-coated crosslinked alginate gel fiber, the chemically modified
alginic acid derivatives represented by Formula (I) and Formula (I) form a chemical
crosslink in the anionic polymer layer after coating in some cases. The chemical crosslink is
a group represented by Formula (III-LA) below:

[C46]

o)
L2A N§ (I-LA)

H

[in Formula (ITI-LA), -CONH- and -NHCO- at both ends represent amide bonds
through an arbitrary carboxyl group of alginic acid; -L'#-, -L?*- and -X*- are each the same as
the definitions of the corresponding -L'-, -L*- and -X- in the embodiment [1-12]].

[0483] 10. Cell that is contained in core layer

In the present specification, the cell that can be encapsulated in the core layers of the
polymer-coated crosslinked alginate gel fiber and the multilayer polymer-coated crosslinked
alginate gel fiber is not particularly limited, and examples thereof include antibody (a variety
of monoclonal antibodies such as human antibodies, humanized antibodies, chimeric
antibodies and mouse antibodies or a variety of altered antibodies such as bispecific antibody,
low-molecular-weight antibodies, glycoengineered antibodies thereof)-producing cells,
bioactive substance (enzyme, cytokine, hormone, blood coagulation factor, vaccine or the

like)-producing cells and cells enabling production of a variety of useful substances useful as
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drug raw materials, chemical raw materials, food raw materials and the like. The cell is
preferably an antibody-producing cell or a bioactive substance-producing cell.

[0484] In the present specification, examples of the antibody-producing cell that can be
encapsulated in the core layers of the polymer-coated crosslinked alginate gel fiber and the
multilayer polymer-coated crosslinked alginate gel fiber include a hybridoma obtained from
an antibody-producing B cell (antibody-producing hybridoma) or a cultured cell transformed
with an antibody expression vector (antibody-producing genetically modified cell).

[0485] In the present specification, examples of the bioactive substance-producing cell that
can be encapsulated in the core layers of the polymer-coated crosslinked alginate gel fiber and
the multilayer polymer-coated crosslinked alginate gel fiber include a cultured cell
transformed with a bioactive substance expression vector (bioactive substance-producing
genetically modified cell).

[0486] A cultured cell that can be used as a host of genetical modification is not particularly
limited, and examples thereof include microorganisms such as bacteria or yeast, plant cells,
insect cells or animal cells.

[0487] Examples of the microorganisms that can be used as the host include escherichia coli,
budding yeast, fission yeast, pichia yeast and the like, and examples of the insect cells that
can be used as the host include Sf9 cells, Sf21 cells, High Five cells and the like.

[0488] As the animal cells that can be used as the host, it is possible to appropriately select
cells from a CHO cell, a CHO cell subline (a CHO-K1 cell, a CHO-DG44 cell, a CHO-
DXBI11 cell, a CHO cell transformed such that a sugar chain is modified or the like), a COS
cell, an Sp2/0 cell, an NSO cell, an SP2 cell, a PERC6 cell, an YB2/0 cell, an YE2/0 cell, a
1R983F cell, a Namalwa cell, a Wil-2 cell, a Jurkat cell, a Vero cell, a Molt-4 cell, an
HEK?293 cell, a BHK cell, an HT-1080 cell, a KGH6 cell, a P3X63Ag8.653 cell, a C127 cell,

a JC cell, an LA7 cell, a ZR-45-30 cell, an hTERT cell, an NM2C5 cell, a UACC-812 cell and
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the like (these cells are cells described in the ATCC cell line catalog, which can be procured
from American Type Culture Collection). In the present specification, unless particularly
otherwise described, “CHO cell” means cells also comprising “CHO cell subline”, and other
cells also each means cells comprising cell sublines thereof.

[0489] In the present specification, the antibody-producing cell that can be encapsulated in the
core layers of the polymer-coated crosslinked alginate gel fiber and the multilayer polymer-
coated crosslinked alginate gel fiber is preferably an animal cell transformed with an antibody
expression vector, that is, an antibody-producing genetically modified animal cell.
Alternatively, the bioactive substance-producing cell that can be encapsulated in the core
layers is preferably an animal cell transformed with a bioactive substance expression vector,
that is, a bioactive substance-producing genetically modified animal cell.

[0490] The animal cell that is used as the host is specifically a CHO cell, a CHO cell subline,
a COS cell, an Sp2/0 cell, an NSO cell, an SP2 cell or a PERC6 cell, an HEK293 cell, a BHK
cell, an HT-1080 cell or a C127 cell; more preferably a cell selected from the group consisting
of'a CHO cell, a CHO cell subline, an Sp2/0 cell, an NSO cell, an HEK?293 cell and a BHK
cell; still more preferably a CHO cell or a CHO cell subline. In addition, in certain
embodiments, the host cell of the antibody-producing cell is preferably a CHO cell, a CHO
cell subline, an Sp2/0 cell or an NSO cell; more preferably a CHO cell or a CHO cell subline.
In addition, the host cell of the bioactive substance-producing cell is preferably a CHO cell, a
CHO cell subline, an HEK?293 cell or a BHK cell; more preferably a CHO cell or a CHO cell
subline.

[0491] In the present specification, the antibody-producing cell that can be contained in the
core layers of the polymer-coated crosslinked alginate gel fiber and the multilayer polymer-
coated crosslinked alginate gel fiber is not particularly limited, and examples thereof include

cells from which antibodies that are used as biopharmaceuticals or biopharmaceutical raw
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materials are produced. In addition, the bioactive substance-producing cell is not
particularly limited, and examples thereof include cells from which bioactive substances that
are used as biopharmaceuticals or biopharmaceutical raw materials are produced.

[0492] Examples of the biopharmaceuticals include drugs for a variety of diseases such as a
variety of cancers, autoimmune diseases, inflammatory diseases, eye diseases, blood diseases,
cranial nerve diseases, hereditary rare diseases, endocrine and metabolic system diseases,
cardiovascular diseases, respiratory diseases, digestive diseases, skin diseases, muscle and
bone diseases and infectious diseases.

[0493] Among the biopharmaceuticals, specific targets of antibody drugs are not particularly
limited, examples thereof include C5 (complement), CD3, CD19, CD20, CD22, CD25, CD30,
CD33, CD38, CD52, CD79, IL-1B, IL-4R, IL-5, IL-6, IL-6R, 1L-12, IL-17, IL-17R, 1L-23,
IFNAR, PCSK9, CGRP, CGRPR, GD2 (ganglioside), HER2, HER3, TROP2, BCMA, PD-1,
PD-L1, CTLA-4, LAG-3, TIM -3, TIGIT, KIR, SLAMF7, RANKL, TNF-a, BLyS, EGFR,
VEGF, VEGFR, FGF, nectin, integrin, EpCAM, CCR4, TfR, TF, FIXa, FX, GPVI, sclerostin,
amyloid B, IgE, a variety of viruses and the like (comprising subtypes, subunits and fragments
thereof), and cells from which antibodies for these targets are produced can be contained in
the core layer.

[0494] In the present specification, the antibody-producing cell that can be contained in the
core layers of the polymer-coated crosslinked alginate gel fiber and the multilayer polymer-
coated crosslinked alginate gel fiber is not particularly limited, and specific examples thereof
include muromonab-CD3, trastuzumab, rituximab, palivizumab, infliximab, basiliximab,
tocilizumab, bevacizumab, adalimumab, cetuximab, omalizumab, eculizumab, panitumumab,
ustekinumab, golimumab, canakinumab, denosumab, ofatumumab, pertuzumab, natalizumab,
nivolumab, alemtuzumab, secukinumab, ramucirumab, ipilimumab, evolocumab,

mepolizumab, alirocumab, ixekizumab, brodalumab, elotuzumab, pembrolizumab, sarilumab,
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bezlotoxumab, belimumab, daratumumab, avelumab, dupilumab, atezolizumab, emicizumab,
guselkumab, durvalumab, vedolizumab, romosozumab, risankizumab, necitumumab,
ravulizumab, burosumab, isatuximab, tildrakizumab, satralizumab, galcanezumab,
dinutuximab, fremanezumab, erenumab, casilibimab, imdevimab, aniflorumab, sotrovimab,
ocrelizumab, naxitamab, aducanumab, tafacitamab, margetuximab, gantenerumab,
tiragolumab, clovalimab, nemolizumab, katumasomab, pramotamab, falisimab, gemtuzumab,
ibritumomab, brentuximab, inotuzumab, polatuzumab, enfortuzumab, sacituzumab,
belantamab, roncastuximab, tisotumab, datopotab and patritumab; cells from which an
antibody having an altered sugar chain is produced such as mogamulizumab, benralizumab,
obinutuzumab and inevirizumab; cells from which a low-molecular-weight antibody
composed of an antibody fragment is produced such as ranibizumab, idarucizumab,
blinatumomab, brolucizumab, abciximab, capracizumab and certolizumab; and the like.
[0495] In the present specification, the antibody-producing cell that can be contained in the
core layers of the polymer-coated crosslinked alginate gel fiber and the multilayer polymer-
coated crosslinked alginate gel fiber is not particularly limited, and specific examples thereof
include antibody-producing animal cells, an antibody-producing CHO cell, an antibody-
producing Sp2/0 cell or an antibody-producing NSO cell is preferable; an antibody-producing
CHO cell is more preferable.

More specifically, the antibody-producing animal cells are not particularly limited and
examples thereof include a muromonab-CD3-producing CHO cell, a trastuzumab-producing
CHO cell, a rituximab-producing CHO cell, a palivizumab-producing NSO cell, a
palivizumab-producing CHO cell, an infliximab-producing Sp2/0 cell, an infliximab-
producing CHO cell, a basiliximab-producing Sp2/0 cell, a basiliximab-producing CHO cell,
a tocilizumab-producing CHO cell, a bevacizumab-producing CHO cell, an adalimumab-

producing CHO cell, a cetuximab-producing Sp2/0 cell, a cetuximab-producing CHO cell, an
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omalizumab-producing CHO cell, an eculizumab-producing NSO cell, an eculizumab-
producing CHO cell, a panitumumab-producing CHO cell, a ustekinumab-producing Sp2/0
cell, a ustekinumab-producing CHO cell, a golimumab-producing Sp2/0 cell, a golimumab-
producing CHO cell, a canakinumab-producing Sp2/0 cell, a canakinumab-producing CHO
cell, a denosumab-producing CHO cell, an ofatumumab-producing NSO cell, an ofatumumab-
producing CHO cell, a pertuzumab-producing CHO cell, a natalizumab-producing NSO cell, a
natalizumab-producing CHO cell, a nivolumab-producing CHO cell, an alemtuzumab-
producing CHO cell, a secukinumab-producing CHO cell, a ramucirumab-producing NSO
cell, a ramucirumab-producing CHO cell, an ipilimumab-producing CHO cell, an
evolocumab-producing CHO cell, a mepolizumab-producing CHO cell, an alirocumab-
producing CHO cell, an ixekizumab-producing CHO cell, a brodalumab-producing CHO cell,
an elotuzumab-producing NSO cell, an elotuzumab-producing CHO cell, a pembrolizumab-
producing CHO cell, a sarilumab-producing CHO cell, a bezlotoxumab-producing CHO cell,
a belimumab-producing NSO cell, a belimumab-producing CHO cell, a daratumumab-
producing CHO cell, an avelumab-producing CHO cell, a dupilumab-producing CHO cell, an
atezolizumab-producing CHO cell, an emicizumab-producing CHO cell, a guselkumab-
producing CHO cell, a durvalumab-producing CHO cell, a vedolizumab-producing CHO cell,
a romosozumab-producing CHO cell, a risankizumab-producing CHO cell, a necitumumab-
producing NSO cell, a necitumumab-producing CHO cell, a ravulizumab-producing CHO cell,
a burosumab-producing CHO cell, an isatuximab-producing CHO cell, a tildrakizumab-
producing CHO cell, a satralizumab-producing CHO cell, a galcanezumab-producing CHO
cell, a dinutuximab-producing Sp2/0 cell, a dinutuximab-producing CHO cell, a
fremanezumab-producing CHO cell, an erenumab-producing CHO cell, a casilibimab-
producing CHO cell, an imdevimab-producing CHO cell, an aniflorumab-producing NSO cell,

an aniflorumab-producing CHO cell, a sotrovimab-producing CHO cell, an ocrelizumab-
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producing CHO cell, a naxitamab-producing CHO cell, an aducanumab-producing CHO cell,
a tafacitamab-producing CHO cell, a margetuximab-producing CHO cell, a gemtuzumab-
producing NSO cell, a gemtuzumab-producing CHO cell, an ibritumomab-producing CHO
cell, a brentuximab-producing CHO cell, an inotuzumab-producing CHO cell, a polatuzumab-
producing CHO cell, an enfortuzumab-producing CHO cell, a sacituzumab-producing Sp2/0
cell, a sacituzumab-producing CHO cell, a belantamab-producing CHO cell, a roncastuximab-
producing CHO cell, a tisotumab-producing CHO cell, a mogamulizumab-producing CHO
cell, a benralizumab-producing CHO cell, an obinutuzumab-producing CHO cell, a
inevirizumab-producing CHO cell, a ranibizumab-producing CHO cell, an idarucizumab-
producing CHO cell, a caplacizumab-producing CHO cell, a certolizumab-producing CHO
cell, an anti-GPVI antibody-producing CHO cell and the like.

[0496] Examples of the antibody-producing CHO cell include a muromonab-CD3-producing
CHO cell, a trastuzumab-producing CHO cell, a rituximab-producing CHO cell, a
palivizumab-producing CHO cell, an infliximab-producing CHO cell, a basiliximab-
producing CHO cell, a tocilizumab-producing CHO cell, a gemtuzumab-producing CHO cell,
a bevacizumab-producing CHO cell, an ibritumomab-producing CHO cell, an adalimumab-
producing CHO cell, a cetuximab-producing CHO cell, a ranibizumab-producing CHO cell,
an omalizumab-producing CHO cell, an eculizumab-producing CHO cell, a panitumumab-
producing CHO cell, a ustekinumab-producing CHO cell, a golimumab-producing CHO cell,
a canakinumab-producing CHO cell, a denosumab-producing CHO cell, a mogamulizumab-
producing CHO cell, a certolizumab-producing CHO cell, an ofatumumab-producing CHO
cell, a pertuzumab-producing CHO cell, a brentuximab-producing CHO cell, a natalizumab-
producing CHO cell, a nivolumab-producing CHO cell, an alemtuzumab-producing CHO
cell, a secukinumab-producing CHO cell, a ramucirumab-producing CHO cell, an

ipilimumab-producing CHO cell, an evolocumab-producing CHO cell, a mepolizumab-
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producing CHO cell, an alirocumab-producing CHO cell, an ixekizumab-producing CHO
cell, a brodalumab-producing CHO cell, an idarucizumab-producing CHO cell, an
elotuzumab-producing CHO cell, a pembrolizumab-producing CHO cell, a sarilumab-
producing CHO cell, a bezlotoxumab-producing CHO cell, a belimumab-producing CHO
cell, a daratumumab-producing CHO cell, an avelumab-producing CHO cell, a dupilumab-
producing CHO cell, an atezolizumab-producing CHO cell, a benralizumab-producing CHO
cell, an inotuzumab-producing CHO cell, an emicizumab-producing CHO cell, a guselkumab-
producing CHO cell, a durvalumab-producing CHO cell, an obinutuzumab-producing CHO
cell, a vedolizumab-producing CHO cell, a romosozumab-producing CHO cell, a
risankizumab-producing CHO cell, a necitumumab-producing CHO cell, a ravulizumab-
producing CHO cell, a burosumab-producing CHO cell, an isatuximab-producing CHO cell, a
tildrakizumab-producing CHO cell, a satralizumab-producing CHO cell, a galcanezumab-
producing CHO cell, a dinutuximab-producing CHO cell, a fremanezumab-producing CHO
cell, an erenumab-producing CHO cell, a casilibimab-producing CHO cell, an imdevimab-
producing CHO cell, an aniflorumab-producing CHO cell, a sotrovimab-producing CHO cell,
an ocrelizumab-producing CHO cell, a naxitamab-producing CHO cell, an aducanumab-
producing CHO cell, a tafacitamab-producing CHO cell, a margetuximab-producing CHO
cell, a polatuzumab-producing CHO cell, an enfortuzumab-producing CHO cell, a
sacituzumab-producing CHO cell, a belantamab-producing CHO cell, a roncastuximab-
producing CHO cell, a tisotumab-producing CHO cell, an inevirizumab-producing CHO cell,
a blinatumomab-producing CHO cell, a brolucizumab-producing CHO cell, an abciximab-
producing CHO cell, a caplacizumab-producing CHO cell, an anti-GPVI antibody-producing
CHO cell and the like;

[0497] The antibody-producing CHO cell is, for example, a CHO cell selected from the group

consisting of a trastuzumab-producing CHO cell, a rituximab-producing CHO cell, an
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infliximab-producing CHO cell, a tocilizumab-producing CHO cell, an adalimumab-
producing CHO cell, a nivolumab-producing CHO cell and an anti-GPVI antibody-producing
CHO cell; for example, a tocilizumab-producing CHO cell.

[0498] Antibodies produced as described above can also be modified and altered after the
production, and specific examples thereof include PEGylation, drug conjugation modification,
radiolabeling and the like. That is, cells that are used to produce antibodies that serve as a
raw material in the production of modified antibodies such as PEGylated antibodies and
antibody-drug conjugates (raw material antibody-producing cells) can be exemplified as the
cells that can be encapsulated in the core layer. The raw material antibody-producing cells
are not particularly limited, examples of the raw material antibody-producing cell for
PEGylated antibodies include cells from which raw material antibody fragments of
certolizumab pegol are produced, specifically, a certolizumab-producing CHO cell and the
like; examples of the raw material antibody-producing cell for antibody-drug conjugates
include raw material antibody-producing cells such as gemtuzumab ozogamicin, ibritumomab
tiuxetan, trastuzumab emtansine, trastuzumab deruxtecan, brentuximab vedotin, inotuzumab
ozogamicin, cetuximab salotarocan sodium, polatuzumab vedotin, enfortumab vedotin-¢jfv,
sacituzumab govitecan, belantamab mafodotin, roncastuximabutecilin, tisotumab vedotin,
datopotamab deruxtecan and patritumab deruxtecan, and specific examples thereof include
gemtuzumab-producing NSO cells, ibritumomab-producing CHO cells, trastuzumab-
producing CHO cells, brentuximab-producing CHO cells, inotuzumab-producing CHO cells,
cetuximab-producing Sp2/0 cells, polatuzumab-producing CHO cells, enfortuzumab-
producing CHO cells, sacituzumab-producing Sp2/0 cells, belantamab-producing CHO cells,
roncastuximab-producing CHO cells, tisotumab-producing CHO cells and the like.

[0499] In addition, cells from which a fusion protein of an antibody or an antibody fragment

and other protein or peptide is produced also can be contained in the core layer, and examples
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thereof include pavinafspalpha-producing CHO cells, vintorafspalpha-producing CHO cells
and the like.

“Antibodies” will be described in detail in “14. Classification of antibodies” and “15.
Method for producing and purifying antibody and bioactive substance”.
[0500] In the present specification, the bioactive substance means a substance and a
compound group that develop physiological and pharmacological actions on creatures.
Examples of the substance and compound group that develop physiological and
pharmacological actions on creatures include enzymes, insulin, alkaloids, cytokines
(interferons, interleukins, chemokines, tumor necrosis factors and the like), plant hormones,
neurotransmitters, pheromones, hormones (animal hormones), growth factors, growth
regulators, growth inhibitors, activators, hematopoietic factors, blood coagulation factors,
vaccines (attenuated vaccines, inactivated vaccines, protein vaccines and the like) and the
like.
[0501] In addition, the receptors, cell surface antigens and cell surface receptors of these
substances and ligands thereof are also substances that develop physiological and
pharmacological actions, which are included in the bioactive substance. Furthermore, in
addition to bioactive substances that living bodies originally have, substances obtained by
modifying or altering bioactive substances, substances that activate or impair bioactivity and
fusion proteins obtained by combining a plurality of bioactive substances or partial regions or
fragments thereof are also included in the bioactive substance as long as physiological and
pharmacological actions are developed, and, in the present specification, such substances
comprising these substances are referred to as the bioactive substance. In the present
specification, the bioactive substance is preferably a protein bioactive substance, that is, a

bioactive substance composed of a protein or a peptide.

180



G2887

[0502] In the present specification, the bioactive substance-producing cell that can be
contained in the core layers of the polymer-coated crosslinked alginate gel fiber and the
multilayer polymer-coated crosslinked alginate gel fiber is not particularly limited, and, as
described above, examples thereof include cells from which bioactive substances that are used
as biopharmaceuticals or biopharmaceutical raw materials are produced.

[0503] The bioactive substance that is used as biopharmaceuticals is not particularly limited,
examples thereof include enzymes such as t-PA, glucocerebrosidase, galactosidase,
hyaluronidase, iduronidase, glucosidase, sulfatase, uric acid oxidase, DNase, adenosine
deaminase, tripeptidyl peptidase, hyaluronidase, phenylalanine ammonia lyase and alkaline
phosphatase; blood coagulation factors and blood-related proteins such as FVIIa, FVIII, FIX,
FXIII, thrombomodulin, antithrombin and albumin; hormones such as insulin, growth
hormone, diuretic peptide, gonadotropin, GLP-1, GLP-2, parathyroid hormone and leptin;
interferons such as IFN-a, IFN-PB and IFN-y; hematopoietic factors such as erythropoietin and
thrombopoietin; cytokines and receptors thereof such as G-CSF, 1L-2, IL-10, IL-2R, IL-4R,
IL-5R, IL-6R, IL-17R, TNFR, EGF, EGFR, FGF, VEGF, VEGFR, PDGF, PDGFR and TGF-
B; cell surface antigens such as CTLA-4, cell surface receptors and ligands thereof; proteins
and peptides for vaccines such as hepatitis B virus-derived antigens, papilloma virus-derived
antigens, varicella-zoster virus-derived antigens and SARS-CoV-2-derived antigens; and the
like, subtypes, subunits and active fragments thereof are also included, and cells from which
these bioactive substances are produced can be contained in the core layer.

[0504] In the present specification, structurally altered substances are also included in the
bioactive substance, examples thereof include substances to which amino acid sequence
alteration has been added so as to change the activity of the substances, and specific examples
include insulin analogs, GLP-1 analogs, erythropoietin analogs and the like. In addition,

substances composed of the amino acid sequence of a partial region or fragment of the
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original substance are also included, the substances may be substances obtained by combining
the amino acid sequences of a plurality of partial regions or fragments thereof; specific
examples thereof include insulin analogues, FVIII analogues, parathyroid hormone analogues
and the like. Furthermore, fusion proteins obtained by combining two or more kinds of
substances or partial regions or fragments thereof are also included, and examples thereof
include fusion proteins of an enzyme and an antibody, fusion proteins of a cytokine receptor
and an antibody Fc portion, fusion proteins of a cell surface antigen extracellular domain and
an antibody Fc portion, fusion proteins of a blood coagulation factor and an antibody Fc
portion, fusion proteins of a blood coagulation factor and a plasma protein and the like.

Cells from which these structurally altered bioactive substances are produced can be
contained in the core layer.

[0505] Bioactive substances produced as described above can also be modified and altered
after the production, and specific examples thereof include PEGylation, sugar chain
modification, drug conjugation modification, radiolabeling and the like. That is, in the
production of modified proteins and peptides such as PEGylated protein or fatty acid attached
peptide, the bioactive substances can be used for the production of proteins and peptides,
which serve as raw materials, specific examples thereof include cells from which raw material
proteins and peptides such as PEGylated FVIII, PEGylated erythropoietin and fatty acid-
added Insulin analogues are produced, and cells from which bioactive substances that serve as
those raw materials are produced (raw material bioactive substance-producing cells) can be
contained in the core layer.

[0506] In the present specification, the bioactive substance-producing cell that can be
contained in the core layers of the polymer-coated crosslinked alginate gel fiber and the
multilayer polymer-coated crosslinked alginate gel fiber is not particularly limited, and

specific examples thereof include enzyme-producing cells such as alteplase, monteplase,

182



G2887

imiglucerase, veraglucerase, agalsidase, laronidase, alglucosidase, avalglucosidase,
idursulfase, gallsulfase, erosulfase, rasburicase, dornase, celluliponase, glucarpidase,
hyaluronidase and asfotase; blood coagulation factor and blood-related protein-producing
cells such as eptacog, octocog, rurioctocog, turoctocog, lonoctocog, damoctocog, simoctocog,
nonacog, albutrepenonacog, catridecacog, efraloctocog, eftrenonacog, thrombomodulin,
antithrombin, vonicog and albumin; hormone-producing cells such as insulin, insulin lispro,
insulin aspart, insulin glargine, insulin detemir, insulin glulisine, insulin degludec,
somatropin, somapcitan, mecacermin, carperitide, bosolitide, glucagon, follitropin,
choriogonadotropin, dulaglutide, liraglutide, semaglutide, teduglutide, teriparatide and
metreleptin; interferon-producing cells such as interferon alpha-2a, interferon alpha-2b,
interferon beta-1a, interferon beta-1b and interferon gamma-1a; hematopoietic factor-
producing cells such as epoetin, darbepoetin and romiplostim; cells from which cytokines
such as filgrastim, lenograstim, tesseleukin, trafermin, verfermin, etanercept, aflibercept and
denileukin diftitox and receptors thereof are produced; and cells from which cell surface
antigens such as abatacept, cell surface receptors and ligands thereof are produced, and cells
from which subtypes, subunits and active fragments thereof are produced are also included.
[0507] In the present specification, the bioactive substance-producing cell that can be
contained in the core layers of the polymer-coated crosslinked alginate gel fiber and the
multilayer polymer-coated crosslinked alginate gel fiber is not particularly limited, and
specific examples thereof include bioactive substance-producing animal cells, bioactive
substance-producing CHO cells, bioactive substance-producing HEK 293 cells or bioactive
substance-producing BHK cells are preferable, and bioactive substance-producing CHO cells
are more preferable.

More specifically, the bioactive substance-producing animal cell is not particularly

limited, examples thereof include bioactive substance-producing CHO cells such as alteplase-
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producing CHO cells, imiglucerase-producing CHO cells, agalsidase-producing CHO cells,
laronidase-producing CHO cells, alglucosidase-producing CHO cells, avalglucosidase-
producing CHO cells, idursulfase-producing CHO cells, galsulfase-producing CHO cells,
erosulfase-producing CHO cells, dornase-producing CHO cells, celluliponase-producing
CHO cells, hyaluronidase-producing CHO cells, asfotase-producing CHO cells, rurioctocog-
producing CHO cells, turoctocog-producing CHO cells, ronoctocog-producing CHO cells,
nonacog-producing CHO cells, albutrepenonacog-producing CHO cells, thrombomodulin-
producing CHO cells, antithrombin-producing CHO cells, bonicog-producing CHO cells,
follitropin-producing CHO cells, chriogonadotropin-producing CHO cells, dulaglutide-
producing CHO cells, interferon beta-1a producing CHO cells, epoetin-producing CHO cells,
darbepoetin-producing CHO cells, lenograstim-producing CHO cells, etanercept-producing
CHO cells, aflibercept-producing CHO cells and abatacept-producing CHO cells; bioactive
substance-producing HEK 293 cells such as simoctocog-producing HEK 293 cells,
eflaloctocog-producing HEK 293 cells and eftrenonacog-producing HEK 293 cells; bioactive
substance-producing BHK cells such as monteplase-producing BHK cells, eptacog-producing
BHK cells, octocog-producing BHK cells and damoctocog-producing BHK cells; bioactive
substance-producing HT-1080 cells such as bellaglucerase-producing HT-1080 cells,
agalsidase-producing HT-1080 cells and idursulphase-producing HT-1080 cells; bioactive
substance-producing PERC6 cells such as follitropin-producing PERC6 cells; and the like;
[0508] Examples of the bioactive substance-producing CHO cells include alteplase-producing
CHO cells, alglucosidase-producing CHO cells, rurioctocog-producing CHO cells,
dulaglutide-producing CHO cells, interferon beta-1a-producing CHO cells, darbepoetin-
producing CHO cells, etanercept-producing CHO cells, aflibercept-producing CHO cells,

abatacept-producing CHO cells and the like.
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[0509] The bioactive substances exemplified herein are, in some cases, expressed as the
names of substances that have been modified or altered after being produced, and those may
contain cells from which the bioactive substance that serves as a raw material thereof is
produced in the core layer. For example, in PEGylated bioactive substances such as
elapegademase, pegvariase, rurioctocog alfa pegol, turoctocog alfa pegol, damoctocog alfa
pegol, nonacog beta pegol, pegvisomant, peginterferon alfa-2a, peginterferon alfa-2b, epoetin
beta pegol, pegfilgrastim and pegverfermin, it is possible to contain cells from which the
bioactive substance that serves as a raw material thereof is produced in the core layer.
[0510] The cell enabling production of bioactive substances also include, in addition to the
above-described bioactive substance-producing genetically modified cells, natural cells or
cells on which an artificial alteration operation has been performed and also include cell
masses composed of a plurality of cells, and examples thereof include an insulin-secreting
cell, a pancreatic islet, a pancreatic islet cell, a dopamine-secreting cell, a pituitary cell, a
growth hormone-secreting cell, a parathyroid cell, a nerve growth factor-secreting cell, a
blood coagulation factor-secreting cell, a hepatocyte, a parathyroid cell, an erythropoietin-
secreting cell, a norepinephrine-secreting cell and the like. In the present specification, in
certain embodiments, the bioactive substance-producing cell is an insulin-secreting cell, a
pancreatic islet, a pancreatic islet cell or a MING6 cell derived from a pancreatic B cell.
[0511] “Insulin-secreting cell” means a cell having an insulin-secreting function and, for
example, means a B cell that secrete insulin in cells configuring a pancreatic islet. In
addition, “insulin-secreting cell” may be a cell given an insulin-secreting function by
differentiation, maturation, alteration or the like, and, for example, cells having an insulin-
secreting function obtained by differentiating a stem cell such as an iPS cell, an ES cell or a
somatic stem cell (for example, a mesenchymal stem cell), cells having an insulin-secreting

function obtained by maturing a juvenile cell or a progenitor cell and cells given an
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insulating-secreting function by genetic recombination can also be included. Here, the
differentiation or maturation of the cell comprises the culture of the cell, that is, cells obtained
by differentiation or maturation may include cells obtained by culturing.

“Pancreatic islet” is a cell mass composed of an average of approximately 2000
pancreatic islet cells, which is also referred to as a separate name of islets of Langerhans.
The pancreatic islet is composed of five kinds of cells: an a-cell that secretes glucagon, a B-
cell that secretes insulin, a o-cell that secretes somatostatin, an g-cell that secretes ghrelin, and
a PP (pancreatic polypeptide) cell that secretes pancreatic polypeptide.
[0512] In the present specification, “pancreatic islet cell” may be a cell comprising at least
one kind of cell of the above-described five kinds of cells configuring the pancreatic islet, but
preferably comprises at least the B-cell. In several embodiments, the pancreatic islet cell
may be a mixture comprising all of the a-cell, the B-cell, the d-cell, the e-cell and the PP cell
and may be a cell comprising the cells in the pancreatic islet.
[0513] In addition, “pancreatic islet cell” may be a cell that has become a pancreatic islet cell
by differentiation, maturation, alteration or the like. In this case, “pancreatic islet cell” may
also include, for example, a pancreatic islet cell obtained by differentiating a stem cell such as
an iPS cell, an ES cell or a somatic stem cell (for example, a mesenchymal stem cell) and a
pancreatic islet cell obtained by maturing a juvenile cell or a progenitor cell.
[0514] In the case of being used in a transplantation use, “insulin-secreting cell” or
“pancreatic islet (comprising the pancreatic islet cell)” preferably has viability and functions
favorable enough to recover the patient’s morbidity when transplanted into a patient.
Examples of the functions of the insulin-secreting cell, the pancreatic islet or the pancreatic
islet cell include secretion of insulin, and it is preferable that glucose responsiveness be

maintained even after transplantation.
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[0515] Donors of “insulin-secreting cell”, “pancreatic islet” or “pancreatic islet cell” are
animals, preferably vertebrates and more preferably mammals, specific examples thereof
include pigs, monkeys, rats, mice and the like, and human or pig is still more preferable. In
several embodiments, the donors of “insulin-secreting cell”, “pancreatic islet” or “pancreatic
islet cell” are pigs from the viewpoint of donor shortage elimination. “Insulin-secreting
cell”, “pancreatic islet” or “pancreatic islet cell” may be any of a pancreatic islet or pancreatic
islet cell obtained from an animal, which is a donor, or an insulin-secreting cell or pancreatic
islet cell obtained from a donor-derived cell and may be, for example, an insulin-secreting cell
or pancreatic islet cell differentiated from a human-derived ES cell or iPS cell.
[0516] In a case where “insulin-secreting cell”, “pancreatic islet” or “pancreatic islet cell” is
derived from a pig, insulin-secreting cells or pancreatic islet cells obtained from an adult
porcine islet, a fetal, neonatal or perinatal porcine islet or the pancreatic islet are exemplary
examples. The pancreatic islet may be used after being appropriately cultured, and a
pancreatic islet obtained by maturing a fetal, neonatal or perinatal porcine islet may be used.
[0517] Examples of the blood coagulation factor-secreting cell include factor VIII-secreting
cells and factor IX-secreting cells.
[0518] 11. Method for manufacturing polymer-coated crosslinked alginate gel fiber

Here, a method for manufacturing a polymer-coated crosslinked alginate gel fiber in
which crosslinked alginate gel (core layer) that comprises a cell enabling production of
antibodies, bioactive substances or the like and is formed by performing a crosslinking
reaction using the chemically modified alginic acid derivatives represented by Formula (1)
and Formula (IT) is coated with a cationic polymer (cationic polymer layer) is provided. For
example, a method for manufacturing the fiber comprising the use of a device XX shown in

Fig. 3 is provided.
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[0519] Hereinafter, a method for manufacturing the polymer-coated crosslinked alginate gel
fiber will be described.

[0520] The method for manufacturing the polymer-coated crosslinked alginate gel fiber is not
particularly limited and is, for example, performed using the device XX shown in Fig. 3.

The device XX herein is a device that is preferably used to produce the polymer-coated
crosslinked alginate gel fiber.

[0521] The device XX is, for example, a device in which, as shown in Fig. 3, a micro flow
channel comprising one introduction port and one discharge port can be produced, and a
solution is introduced from the introduction port and made to flow at an appropriate speed,
whereby the solution has a fiber shape (fibrous shape) and is discharged from the discharge
port.

[0522] The device XX is capable of injecting the solution mixture comprising the cell
enabling production of antibodies, bioactive substances or the like and the chemically
modified alginic acid derivatives represented by Formula (I) and Formula (I1), which has been
introduced from the introduction port of the device XX, from the discharge port of the device
XX by extruding the solution mixture using an extrusion tube YY as shown in Fig. 3.

[0523] As a device comprising the device XX and the extrusion tube Y'Y, for example, an
injection tube can be used. In the case of the injection tube, the device XX becomes an outer
tube, and the extrusion tube YY for extruding the solution introduced into the device XX from
the discharge port becomes an inner tube. In the case of using the injection tube, it is
possible to use a glass or plastic injection tube.

[0524] As shown in Fig. 3, as a container that receives the fiber-like substance that is
discharged from the discharge port 2 of the device XX, a container DD, such as a beaker

comprising a solution having a divalent metal ion, is used. Alternatively, as a container for
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coating the surface of the crosslinked alginate gel fiber CLA with the cationic polymer, a
container EE, such as a beaker comprising a solution having a cationic polymer, is used.
[0525] Fig. 3 is a schematic view for describing one embodiment of a manufacturing process
of the polymer-coated crosslinked alginate gel fiber. As one example, a production method
where a solution mixture of the chemically modified alginic acid derivatives comprising a cell
(a cell enabling production of antibodies, bioactive substances or the like) and represented by
Formula (I) and Formula (IT) is used will be described.

[0526] The polymer-coated crosslinked alginate gel fiber can be manufactured by, for
example, a method comprising the following steps (S) to (2).

Step (S): A step of introducing a solution mixture comprising a cell enabling
production of antibodies, bioactive substances or the like and the chemically modified alginic
acid derivatives represented by Formula (I) and Formula (IT) from the introduction port 1 of
the device XX,

step (1): A step of injecting the solution mixture comprising a cell enabling production
of antibodies, bioactive substances or the like and the chemically modified alginic acid
derivatives represented by Formula (I) and Formula (II) into a solution comprising a divalent
metal ion from the discharge port 2 of the device XX and bringing the solution mixture into
contact with the divalent metal ion to obtain a crosslinked alginate gel fiber (CLA)
comprising the cell enabling production of antibodies, bioactive substances or the like, and

step (2): a step of bringing the crosslinked alginate gel fiber (CLA) comprising a cell
enabling production of antibodies, bioactive substances or the like obtained in the step (1) into
contact with a solution comprising a cationic polymer, thereby obtaining a polymer-coated
crosslinked alginate gel fiber (CFB) that is formed by being coated with a cationic polymer

layer.
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[0527] In the step (S), the cell enabling production of antibodies, bioactive substances or the
like, which is described as the above-described cell that is contained in the core layer, is
suspended or dissolved in a solution comprising the chemically modified alginic acid
derivatives represented by Formula (I) and Formula (II). At this time, it is also possible to
add, aside from the cell enabling production of antibodies, bioactive substances or the like, a
component such as an alginic acid solution, a culture medium, a culture fluid, a collagen
solution, methylcellulose or a sucrose solution.

In the step (1), the solution mixture (or suspension) comprising a cell enabling
production of antibodies, bioactive substances or the like and the chemically modified alginic
acid derivatives represented by Formula (I) and Formula (I) prepared in the step (S) is slowly
discharged to the solution comprising a divalent metal ion, whereby the discharged solution
sequentially gelates, which makes it possible to manufacture a fiber-like (fibrous) structure.
The solution mixture is brought into contact with the solution comprising a divalent metal ion,
whereby ionic crosslinking progresses between the chemically modified alginic acid
derivatives represented by Formula (I) and Formula (II), at the same time, chemical
crosslinking by a Huisgen reaction also progresses, and gel can be produced.

In the step (2), the crosslinked alginate gel fiber comprising a cell enabling production
of antibodies, bioactive substances or the like obtained in the step (1) is brought into contact
with a solution comprising a cationic polymer, whereby the surface of the crosslinked alginate
gel fiber comprising a cell enabling production of antibodies, bioactive substances or the like
is coated with a cationic polymer layer.

The polymer-coated crosslinked alginate gel fiber (CFB) of the present invention can
be manufactured by performing the steps (S) to (2).

[0528] In the present specification, “contact” means that a certain solution (for example, the

solution of the chemically modified alginic acid derivative) or gel (for example, crosslinked
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alginate gel) is immersed in or added to another solution (for example, the solution
comprising a divalent metal ion, the solution comprising a cationic polymer or the solution
comprising an anionic polymer) or the like.

[0529] The flow rate (injection rate) of the solution mixture comprising the cell enabling
production of antibodies, bioactive substances or the like and the chemically modified alginic
acid derivatives represented by Formula (I) and Formula (I1), which is injected from the
discharge port 2 of the device XX, may be, for example, approximately 100 to approximately
10000 pL/minute. For example, the flow rate in the case of producing a polymer-coated
crosslinked alginate gel fiber comprising an anti-GPVI antibody-producing CHO cell or a
tocilizumab-producing CHO cell in the core layer is, for example, 250 pL/minute, 4
mL/minute, 10 mL/minute or the like, and the flow rate in the case of producing a polymer-
coated crosslinked alginate gel fiber comprising a MING6 cell in the core layer is, for example,
125 pL/minute. The flow rate (injection rate) can be adjusted using a cylinder pump or the
like, which makes it possible to manufacture fibers having a variety of sizes. Alternatively,
it also becomes possible to manufacture fibers in which the diameter of the core layer can be
adjusted by changing the size (diameter) of the discharge port 2 of the device XX.

[0530] A needle for luer lock syringe (metal needle), a syringe tube, a glass capillary and the
like are appropriately combined and connected to the discharge port 2 of the device XX,
whereby it is possible to discharge the solution mixture comprising the cell enabling
production of antibodies, bioactive substances or the like and the chemically modified alginic
acid derivatives represented by Formula (I) and Formula (IT) to the solution comprising a
divalent metal ion.

[0531] Regarding the solution mixture comprising the cell enabling production of antibodies,
bioactive substances or the like and the chemically modified alginic acid derivatives

represented by Formula (I) and Formula (II), which is introduced from the introduction port 1
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of the device XX, for example, the chemically modified alginic acid derivatives represented
by Formula (I) and Formula (I) described in the embodiment [1] are used, and a solvent (for
example, a culture medium, a cell culture medium, a culture fluid, an isotonic buffer, a
phosphate buffered saline, a physiological saline and the like the like) is added to prepare a
solution mixture of the chemically modified alginic acid derivatives represented by Formula
(I) and Formula (I1) having a predetermined concentration (for example, the concentration of
the solution of each chemically modified alginic acid derivative is approximately 0.01 to
approximately 1.5 wt%, and the concentration of the solution mixture of the chemically
modified alginic acid derivatives represented by Formula (I) and Formula (IT) is
approximately 0.02 to approximately 2.0 wt%).

[0532] In a case where an alginic acid solution is added to the solution mixture comprising the
cell enabling production of antibodies, bioactive substances or the like and the chemically
modified alginic acid derivatives represented by Formula (I) and Formula (1), which is
introduced from the introduction port 1 of the device XX, the total concentration of the
concentration of the solution mixture comprising the chemically modified alginic acid
derivatives represented by Formula (I) and Formula (II) and the concentration of the alginic
acid solution is adjusted to, for example, a range of approximately 0.5 to approximately 2.0
wt%.

[0533] In a case where the alginic acid solution is added to the solution mixture comprising
the cell enabling production of antibodies, bioactive substances or the like and the chemically
modified alginic acid derivatives represented by Formula (I) and Formula (1), which is
introduced from the introduction port 1 of the device XX, the combination of the
concentration (C1 (wt%)) of the solution mixture comprising the chemically modified alginic
acid derivatives represented by Formula (I) and Formula (I1) and the concentration (C2

(wt%)) of the alginic acid solution is not particularly limited, and examples thereof include
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combinations of (C1:C2) = (approximately 0.2:approximately 1.3), (approximately
0.5:approximately 1.0), (approximately 1.0:approximately 0.5), (approximately 1.5:0),
(approximately 0.66:approximately 1.34), (approximately 0.34:approximately 0.66),
(approximately 0.16:approximately 0.34) and the like. Aside from these concentrations, the
solution mixture can be prepared in an appropriate combination of the concentrations C1 and
C2.

[0534] In a case where the alginic acid solution is added to the solution mixture comprising
the cell enabling production of antibodies, bioactive substances or the like and the chemically
modified alginic acid derivatives represented by Formula (I) and Formula (1), which is
introduced from the introduction port 1 of the device XX, the combination of the
concentration (C1A (wt%)) of the solution of the chemically modified alginic acid derivative
represented by Formula (I), the concentration (C1N (wt%)) of the solution of the chemically
modified alginic acid derivative represented by Formula (IT) and the concentration (C2 (wt%))
of the alginic acid solution is not particularly limited, and examples thereof include
combinations of (C1A:C1N:C2) = (approximately 0.1:approximately 0.1:approximately 1.3),
(approximately 0.25:approximately 0.25:approximately 1.0), (approximately
0.5:approximately 0.5:approximately 0.5), (approximately 0.75:approximately 0.75:0),
(approximately 0.33:approximately 0.33:approximately 1.34), (approximately
0.17:approximately 0.17:approximately 0.66), (approximately 0.08:approximately
0.08:approximately 0.34) and the like. Aside from these concentrations, the solution mixture
can be prepared in an appropriate combination of the concentrations C1A, CIN and C2.
[0535] Each volume ratio (v1, v2) of the solution of the chemically modified alginic acid
derivative represented by Formula (I) and the solution of the chemically modified alginic acid
derivative represented by Formula (II) in the solution mixture comprising the cell enabling

production of antibodies, bioactive substances or the like and the chemically modified alginic
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acid derivatives represented by Formula (I) and Formula (II), which is introduced from the
introduction port 1 of the device XX, is, for example, a ratio in the case of vl + v2 =15 and,
for example, (v1:v2) =(7.5:7.5).

[0536] In a case where the alginic acid solution is added to the solution mixture comprising
the cell enabling production of antibodies, bioactive substances or the like and the chemically
modified alginic acid derivatives represented by Formula (I) and Formula (1), which is
introduced from the introduction port 1 of the device XX, the volume ratio of the volume (v1)
of the chemically modified alginic acid derivative represented by Formula (I), the volume
(v2) of the chemically modified alginic acid derivative represented by Formula (IT) and the
volume (v3) of the alginic acid solution in the solution mixture to which the alginic acid
solution has been added is, for example, a ratio in the case of vl + v2 + v3 =15 and, for
example, a combination of (v1:v2:v3) = (5:5:5), (2.5:2.5:10), (1:1:13) or the like.

[0537] The outer diameter of the polymer-coated crosslinked alginate gel fiber CFB to be
produced is not particularly limited, is as described above and is, for example, within a range
of approximately 0.1 to approximately 200 um. The length of the polymer-coated
crosslinked alginate gel fiber CFB is not particularly limited, is as described above and may
be, for example, approximately 0.3 to approximately 50 m. The cross-sectional shape of the
fiber is as described above, and examples thereof include a circular shape, an elliptical shape,
a polygonal shape such as a square shape or a pentagonal shape, or the like.

[0538] The solution comprising a divalent metal ion with which the solution mixture
comprising the cell enabling production of antibodies, bioactive substances or the like and the
chemically modified alginic acid derivatives represented by Formula (I) and Formula (II),
which is injected from the discharge port 2 of the device XX, is brought into contact is as

described in the “5-1. Crosslinked alginate gel”, and examples thereof include solutions in
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which a calcium ion, a magnesium ion, a barium ion, a strontium ion, a zinc ion or the like is
contained.

[0539] The concentration of the divalent metal ion in the solution comprising a divalent metal
ion is, for example, within a range of approximately 1 mM to approximately 1 M or a range of
approximately 10 to approximately 500 mM; preferably approximately 10 to approximately
100 mM.

[0540] A solvent that is used to prepare the solution comprising a divalent metal ion is as
described in the “5-1. Crosslinked alginate gel”, and examples thereof include water,
physiological saline and the like.

[0541] The time during which the solution mixture comprising the cell enabling production of
antibodies, bioactive substances or the like and the chemically modified alginic acid
derivatives represented by Formula (I) and Formula (IT), which is injected from the discharge
port 2 of the device XX, is brought into contact with the solution comprising a divalent metal
ion is, for example, approximately one minute to 60 minutes, one minute to 30 minutes or the
like.

[0542] The solution comprising a cationic polymer with which the crosslinked alginate gel
fiber CLA that is obtained in the step (2) of the method for manufacturing the polymer-coated
crosslinked alginate gel fiber is brought into contact is the solution comprising a cationic
polymer described in the “7. Cationic polymer”, and examples thereof include solutions
comprising a polyamino acid, a basic polysaccharide, a basic polymer or the like.

[0543] The concentration of the solution comprising a cationic polymer with which the
crosslinked alginate gel fiber CLA is brought into contact is as described in the *“7. Cationic
polymer” and is, for example, approximately 0.02 to approximately 0.2 wt%, approximately

0.05 to approximately 0.1 wt% or the like.
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[0544] The solution comprising a cationic polymer with which the crosslinked alginate gel
fiber CLA is brought into contact may contain a component such as a calcium chloride
aqueous solution, a sodium chloride aqueous solution or a buffer solution for adjusting the pH
of a solution (an aqueous solution of acetic acid, sodium acetate, sodium hydroxide,
hydroxyethylpiperazine ethane sulfonic acid or the like).

[0545] The time during which the crosslinked alginate gel fiber CLA is brought into contact
with the solution comprising a cationic polymer is, for example, approximately one minute to
60 minutes, one minute to 30 minutes or the like.

[0546] In several embodiments, the temperature of the polymer-coated crosslinked alginate
gel fiber during manufacturing is, for example, within a range of approximately 4°C to
approximately 37°C.

[0547] The manufacturing method makes it possible to easily obtain polymer-coated
crosslinked alginate gel fibers having a core layer in which a certain number of cells enabling
production of antibodies, bioactive substances or the like are contained.

[0548] In several embodiments, when the polymer-coated crosslinked alginate gel fiber is
cultured in a culture fluid, an antibody-producing cell, a bioactive substance-producing cell or
the like is cultured, and it is possible to produce antibodies, bioactive substances or the like.
Appropriate exchange of culture fluids makes it possible for the polymer-coated crosslinked
alginate gel fiber to continuously culture antibody-producing cells, bioactive substance-
producing cells and the like for several weeks to several months.

[0549] The strength of the polymer-coated crosslinked alginate gel fiber can be measured by a
shaking collapse test, a tensile strength test or the like according to a method well-known to a
person skilled in the art.

[0550] 12. Method for manufacturing multilayer polymer-coated crosslinked alginate gel fiber
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Here, a method for manufacturing a multilayer polymer-coated crosslinked alginate
gel fiber in which crosslinked alginate gel (core layer) that comprises a cell enabling
production of antibodies, bioactive substances or the like and is formed by performing a
crosslinking reaction using the chemically modified alginic acid derivatives represented by
Formula (I) and Formula (II) is coated with a cationic polymer (cationic polymer layer) and
an anionic polymer (anionic polymer layer) is provided. For example, a method for
manufacturing a multilayer polymer-coated crosslinked alginate gel fiber in which a polymer-
coated crosslinked alginate gel fiber (CFB) that is obtained using the device XX shown in Fig.
3 or Fig. 10 is used is provided.

[0551] Hereinafter, a method for manufacturing a multilayer polymer-coated crosslinked
alginate gel fiber will be described.

[0552] A multilayer polymer-coated crosslinked alginate gel fiber can be manufactured by
carrying out the following step (3) subsequent to the step (S) to the step (2) described in the
“11. Method for manufacturing polymer-coated crosslinked alginate gel fiber”.

Step (3): A step of bringing the polymer-coated crosslinked alginate gel fiber (CFB)
obtained in the step (2) into contact with a solution comprising an anionic polymer to further
coat the polymer-coated crosslinked alginate gel fiber with the anionic polymer.

[0553] In the step (3), the polymer-coated crosslinked alginate gel fiber (CFB) comprising a
cell enabling production of antibodies, bioactive substances or the like obtained in the step (2)
is brought into contact with a solution comprising an anionic polymer, whereby the surface of
the polymer-coated crosslinked alginate gel fiber comprising a cell enabling production of
antibodies, bioactive substances or the like is coated with an anionic polymer layer.

[0554] The multilayer polymer-coated crosslinked alginate gel fiber (ACFB) of the present

invention can be manufactured by performing the steps (S) to (3).
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[0555] As a container for coating with the anionic polymer, a container FF such as a beaker
comprising the solution comprising the anionic polymer, which is shown in Fig. 10, is used.
[0556] The outer diameter of the multilayer polymer-coated crosslinked alginate gel fiber
(ACFB) to be produced is not particularly limited, is as described above and is, for example,
within a range of approximately 0.1 to approximately 200 um. The length of the multilayer
polymer-coated crosslinked alginate gel fiber (ACFB) is not particularly limited, is as
described above and may be, for example, approximately 0.3 to approximately 50 m. The
cross-sectional shape of the fiber is as described above, and examples thereof include a
circular shape, an elliptical shape, a polygonal shape such as a square shape or a pentagonal
shape, or the like.

[0557] The anionic polymer with which the polymer-coated crosslinked alginate gel fiber
(CFB), which is obtained in the step (2), is brought into contact is the anionic polymer
described in the “9. Anionic polymer” and is preferably an anionic polymer selected from the
group consisting of anionic polysaccharides, sulfated polysaccharides, synthetic polymers,
anionic polyamino acids, chemically modified products thereof, crosslinked products thereof,
mixtures thereof and the like or the like. More preferably, an anionic polymer selected from
the group consisting of alginic acid, the chemically modified alginic acid derivative
represented by Formula (I), the chemically modified alginic acid derivative represented by
Formula (II), a crosslinked product that is formed of the chemically modified alginic acid
derivative represented by Formula (I) and/or the chemically modified alginic acid derivative
represented by Formula (IT) and a mixture thereof is brought into contact with the polymer-
coated crosslinked alginate gel fiber (CFB) that is obtained in the step (3). Therefore, the
surface of the polymer-coated crosslinked alginate gel fiber (CFB) coated with the cationic

polymer is further coated with alginic acid, the chemically modified alginic acid derivative

198



G2887

represented by Formula (I), the chemically modified alginic acid derivative represented by
Formula (II) or the like.

[0558] Here, in a case where the chemically modified alginic acid derivative represented by
Formula (I) and the chemically modified alginic acid derivative represented by Formula (II)
are used as the anionic polymer, the same ones as the alginic acid derivatives that are used in
the core layer may be used or different ones may be used.

[0559] The concentration of the solution comprising the anionic polymer with which the
polymer-coated crosslinked alginate gel fiber (CFB) is brought into contact is as described in
the “9. Anionic polymer” and is, for example, a concentration within a range of approximately
0.01 to approximately 5.0 wt%, approximately 0.05 to approximately 1.0 wt%, approximately
0.1 to approximately 0.5 wt%, approximately 0.15 to approximately 0.4 wt% or the like.
[0560] The time during which the polymer-coated crosslinked alginate gel fiber (CFB) is
brought into contact with the solution comprising an anionic polymer is, for example,
approximately one minute to 60 minutes, one minute to 30 minutes or the like.

[0561] In several embodiments, the temperature of the multilayer polymer-coated crosslinked
alginate gel fiber (ACFB) during manufacturing is, for example, within a range of
approximately 4°C to approximately 37°C.

[0562] The manufacturing method makes it possible to easily obtain multilayer polymer-
coated crosslinked alginate gel fibers having a core layer in which a certain number of cells
enabling production of antibodies, bioactive substances or the like are contained.

[0563] In several embodiments, when the multilayer polymer-coated crosslinked alginate gel
fiber is cultured in a culture fluid, an antibody-producing cell, a bioactive substance-
producing cell or the like is cultured, and it is possible to produce antibodies, bioactive
substances or the like. Appropriate exchange of culture fluids makes it possible for the

multilayer polymer-coated crosslinked alginate gel fiber to continuously culture antibody-
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producing cells, bioactive substance-producing cells and the like for several weeks to several
months.
[0564] The strength of the multilayer polymer-coated crosslinked alginate gel fiber can be
measured by a shaking collapse test, a tensile strength test or the like according to a method
well-known to a person skilled in the art.
[0565] In a case where “approximately” is used in the description in the present specification,
unless particularly otherwise, values of up to the numerical value = 20% and preferably up to
the numerical value + 10% can also be included.
[0566] 13. Method for culturing antibody-producing cell, bioactive substance-producing cell
or the like

Here, a method for manufacturing an antibody, a bioactive substance or the like using
the polymer-coated crosslinked alginate gel fiber or the multilayer polymer-coated crosslinked
alginate gel fiber comprising a cell enabling production of antibodies, bioactive substances or
the like in the core layer, which are produced by the above-described manufacturing methods,
is provided. For example, the polymer-coated crosslinked alginate gel fiber or the multilayer
polymer-coated crosslinked alginate gel fiber is put into a culture container, a culture medium
is added thereto, the polymer-coated crosslinked alginate gel fiber or the multilayer polymer-
coated crosslinked alginate gel fiber is immersed therein, and culture is performed, whereby it
is possible to manufacture antibodies, bioactive substances or the like. Hereinafter, “the
method for manufacturing an antibody, a bioactive substance or the like” will be referred to as
“the method for culturing an antibody-producing cell, a bioactive substance-producing cell or
the like” in some cases.
[0567] According to a preferable embodiment of the method for culturing an antibody-
producing cell, a bioactive substance-producing cell or the like, after the polymer-coated

crosslinked alginate gel fiber comprising a cell enabling production of antibodies, bioactive
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substances or the like in the core layer is produced by the above-described manufacturing
method, it is possible to immerse the polymer-coated crosslinked alginate gel fiber in a culture
fluid to begin the culture of an antibody-producing cell, a bioactive substance-producing cell
or the like at an early stage. Therefore, it is possible to immediately perform the supply of a
culture fluid (nutrient source) and oxygen to the core layer as shown in Fig. 4, that is,
culturing becomes possible without causing the necrosis of the antibody-producing cell, the
bioactive substance-producing cell or the like, which is contained in the core layer. Ina
particularly preferable embodiment, it is possible to produce antibodies, bioactive substances
and the like while the necrosis of the antibody-producing cell, the bioactive substance-
producing cell or the like in the core layer of the polymer-coated crosslinked alginate gel fiber
is sufficiently prevented.

[0568] According to a preferable embodiment of the method for culturing an antibody-
producing cell, a bioactive substance-producing cell or the like, after the multilayer polymer-
coated crosslinked alginate gel fiber comprising a cell enabling production of antibodies,
bioactive substances or the like in the core layer is produced by the above-described
manufacturing method, it is possible to immerse the polymer-coated crosslinked alginate gel
fiber in a culture fluid to begin the culture of an antibody-producing cell, a bioactive
substance-producing cell or the like at an early stage. Therefore, it is possible to
immediately perform the supply of a culture fluid (nutrient source) and oxygen to the core
layer of the multilayer polymer-coated crosslinked alginate gel fiber as shown in Fig. 11, that
is, culturing becomes possible without causing the necrosis of the antibody-producing cell, the
bioactive substance-producing cell or the like, which is contained in the core layer. Ina
particularly preferable embodiment, it is possible to produce antibodies, bioactive substances

and the like while the necrosis of the antibody-producing cell, the bioactive substance-
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producing cell or the like in the core layer of the multilayer polymer-coated crosslinked
alginate gel fiber is sufficiently prevented.

[0569] The polymer-coated crosslinked alginate gel fiber or the multilayer polymer-coated
crosslinked alginate gel fiber of the present invention comprising a cell enabling production
of antibodies, bioactive substances or the like in the core layer has sufficient permeability
with respect to components such as a culture fluid (nutrient source) and oxygen that are
present outside the fiber during the culture.

[0570] Hereinafter, an example of a method for culturing an antibody-producing cell will be
specifically described, but the method is not limited thereto. The polymer-coated
crosslinked alginate gel fiber comprising an antibody-producing cell in the core layer
produced by the above-described manufacturing method is put into a vent cap-attached
Erlenmeyer shake flask (Corning Incorporated, Cat. 431143), a culture medium (30 mL)
having a composition in Table 31 below is added thereto, the gel fiber is immersed in the
culture medium, and then the antibody-producing cell is cultured while being shaken in an
incubator at 37°C under a 5% CO:2 atmosphere under a condition of 125 rpm using a shaker
(PHC Holdings Corporation’s MIR-S100C). During the culture period, once two to three
days, 1.8 mL of the culture medium is extracted, 1.8 mL of a feed solution (manufactured by
Fujifilm Irvine Scientific, catalog No. JX F003) or a culture medium having a composition in
Table 31 is added thereto, and the total amount of the culture medium is held at 30 mL. In
addition, during the culture period, half the amount of the culture medium is exchanged once
a week.

[0571] In addition, hereinafter, an example of a method for culturing a bioactive substance-
producing cell will be specifically described, but the method is not limited thereto. The
polymer-coated crosslinked alginate gel fiber comprising a bioactive substance-producing cell

in the core layer produced by the above-described manufacturing method is put into an
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ultralow adhesive surface dish, a culture medium (5 mL) having a composition in Table 35
below is added thereto, and the bioactive substance-producing cell is placed still and cultured
in an incubator at 37°C under a 5% CO2 atmosphere.

[0572] Hereinafter, an example of a method for culturing an antibody-producing cell will be
specifically described, but the method is not limited thereto. The multilayer polymer-coated
crosslinked alginate gel fiber comprising an antibody-producing cell in the core layer
produced by the above-described manufacturing method is put into a vent cap-attached
Erlenmeyer shake flask (Corning Incorporated, Cat. 431143), a culture medium (30 mL)
having a composition in Table 31 below is added thereto, the gel fiber is immersed in the
culture medium, then, the antibody-producing cell begins to be cultured while being shaken in
an incubator at 37°C under a 5% CO:2 atmosphere under a condition of 125 rpm using a
shaker (PHC Holdings Corporation’s MIR-S100C), the culture temperature is adjusted to
30°C after five days, and the culture is continued at the same temperature. During the
culture period, once two to three days, 1.8 mL of a culture fluid is extracted, 1.8 mL of a
culture medium having a composition in Table XX or 1.8 mL of a feed solution
(manufactured by Fujifilm Irvine Scientific, catalog No. JX F003) is added thereto, and the
total amount of the culture medium is held at 30 mL. In addition, half the amount of the
culture fluid is exchanged once a week.

[0573] A technique for manufacturing an antibody, a bioactive substance or the like using a
certain embodiment of a polymer-coated crosslinked alginate gel fiber or a multilayer
polymer-coated crosslinked alginate gel fiber is excellent in that antibody-producing cells,
bioactive substance-producing cells or the like that are contained in the core layer do not grow
up to more than a certain number, whereby physical stress on cells is small and thus the

encapsulated antibody-producing cells, bioactive substance-producing cells or the like have a
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possibility of continuously producing antibodies, bioactive substances or the like for a long
period of time.

[0574] In addition, hereinafter, an example of a method for culturing a bioactive substance-
producing cell will be specifically described, but the method is not limited thereto. The
multilayer polymer-coated crosslinked alginate gel fiber comprising a bioactive substance-
producing cell in the core layer produced by the above-described manufacturing method is put
into, for example, an ultralow adhesive surface dish, a culture medium having a composition
in Table 35 below or the like is added thereto, and the bioactive substance-producing cell is
placed still and cultured in an incubator at 37°C under a 5% CO2 atmosphere.

[0575] In a particularly preferable embodiment, the method has a possibility of significantly
improving the production and purification efficiency of antibodies (for example, the use of a
preferable embodiment of the polymer-coated crosslinked alginate gel fiber or the multilayer
polymer-coated crosslinked alginate gel fiber also makes it possible to culture antibodies in
small production facilities unlike suspension culture for which a large culture tank is required)
and can be expected as a continuous production technique of next-generation antibody drugs
also suitable for the manufacturing of a variety of items of antibody drugs in small quantities.
[0576] Antibodies (for example, an anti-GPVI antibody and a tocilizumab-producing CHO
cell) or bioactive substances (for example, insulin) produced by culturing may be stored in the
core layer of the polymer-coated crosslinked alginate gel fiber and are preferably stored in a
culture fluid outside the polymer-coated crosslinked alginate gel fiber after penetrating the
core layer and the cationic polymer layer of the polymer-coated crosslinked alginate gel fiber.
[0577] Alternatively, antibodies (for example, a tocilizumab-producing CHO cell) or
bioactive substances produced by culturing may be stored in the core layer of the multilayer
polymer-coated crosslinked alginate gel fiber and are preferably stored in a culture fluid

outside the multilayer polymer-coated crosslinked alginate gel fiber after penetrating the core
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layer, the cationic polymer layer and the anionic polymer layer of the multilayer polymer-
coated crosslinked alginate gel fiber.

[0578] Antibodies, bioactive substances or the like can be recovered and purified with
reference to a description below.

[0579] In a preferable embodiment, as shown in Fig. 4, antibodies, bioactive substances or the
like produced in the core layer of the polymer-coated crosslinked alginate gel fiber penetrate
the core layer and the cationic polymer layer and are discharged outside the fiber, which
makes it possible to form a cycle enabling the continuous culture of antibodies, bioactive
substances or the like. At this time, a metabolite and a waste product may also be discharged
outside the fiber.

[0580] In a preferable embodiment, as shown in Fig. 11, antibodies, bioactive substances or
the like produced in the core layer of the multilayer polymer-coated crosslinked alginate gel
fiber penetrate the core layer, the cationic polymer layer and the anionic polymer layer and are
discharged outside the fiber, which makes it possible to form a cycle enabling the continuous
culture of antibodies, bioactive substances or the like. At this time, a metabolite and a waste
product may also be discharged outside the fiber.

[0581] Actually, in examples to be described below, as cells that were contained in the core
layers, cells selected from anti-GPVI antibody-producing cells, tocilizumab-producing CHO
cells or MING cells were used, as the chemically modified alginic acid derivative represented
by Formula (I) that is used to form the crosslinked alginate gel in the core layer, a chemically

modified alginic acid derivative selected from the following formulae:
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[C47]

O N)K/\HJK(ALG) ®/ OQKH/\Q\/H
N Q NT(ALG)

[in the formulae, (ALG) represents alginic acid; -NHCO- represents an amide bond
through an arbitrary carboxyl group of the alginic acid] was used, as the chemically modified
alginic acid derivative represented by Formula (II) that is used to form the crosslinked
alginate gel in the core layer, a chemically modified alginic acid derivative selected from the

following formulae:

[C48]

O
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[in the formulae, (ALG) represents alginic acid; -NHCO- represents an amide bond
through an arbitrary carboxyl group of the alginic acid] was used, and, as the cationic polymer
in the cationic polymer layer, poly-L-ornithine, polyallylamine (PAA), polyethyleneimine or
polymethylene-CO-guanidine (PMCG) was used to produce polymer-coated crosslinked
alginate gel fibers.

[0582] Alternatively, the outside of the cationic polymer layer of the polymer-coated
crosslinked alginate gel fiber produced above was coated using, as an anionic polymer, alginic
acid, a chemically modified alginic acid derivative selected from chemically modified alginic

acid derivatives of Formula (I) below:
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[C49]
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[in the formulae, (ALG) represents alginic acid; -NHCO- represents an amide bond
through an arbitrary carboxyl group of the alginic acid] was used, and a chemically modified

alginic acid derivative selected from chemically modified alginic acid derivatives of Formula

(IT) below:
[C50]
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[in the formulae, (ALG) represents alginic acid; -NHCO- represents an amide bond
through an arbitrary carboxyl group of the alginic acid], thereby producing multilayer
polymer-coated crosslinked alginate gel fibers.

[0583] In addition, it was possible to confirm places where the polymer-coated crosslinked
alginate gel fiber obtained above was cultured and the fact that the produced antibodies (anti-
GPVI antibody-producing cells or tocilizumab-producing CHO cells) or bioactive substances
(insulin) penetrated the core layer and the cationic polymer layer and were stored in the

culture fluid.
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[0584] Furthermore, it was possible to confirm places where the multilayer polymer-coated
crosslinked alginate gel fiber obtained above was cultured and the fact that the produced
antibodies penetrated the core layer, the cationic polymer layer and the anionic polymer layer
and were stored in the culture fluid.

[0585] A culture container where the polymer-coated crosslinked alginate gel fiber or the
multilayer polymer-coated crosslinked alginate gel fiber comprising a cell enabling
production of antibodies, bioactive substances or the like in the core layer is cultured is, for
example, a container selected from the group consisting of a tissue culture plate, an
Erlenmeyer flask, a T-flask, a spinner flask, a culture bag, an animal cell culture tank and the
like; preferably an Erlenmeyer flask or an animal cell culture tank. For culturing, any
method of static culture, shaking/rocking culture and the like may be selected.

[0586] For improvement in the productivity of antibodies, bioactive substances or the like, an
increase in the number of cells such as antibody-producing cells and bioactive substance-
producing cells per culture is effective; however, conversely, such an increase causes
excessive growth, degrades culture environments and may cause the shortening of the culture
period. In the methods for manufacturing an antibody, a bioactive substance or the like of
several embodiments, as a method for decreasing physical stress on cells, which is attributed
to the excessive growth of the antibody-producing cell, the bioactive substance-producing cell
or the like that is contained in the core layer of the polymer-coated crosslinked alginate gel
fiber or the multilayer polymer-coated crosslinked alginate gel fiber, for example, a method in
which the antibody-producing cell, the bioactive substance-producing cell or the like that is
contained in the core layer does not grow up to more than a certain number, methods such as
the control of the culture temperature during culture and the addition of a cell growth inhibitor

to culture fluids are exemplified.
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[0587] In the methods for manufacturing an antibody, a bioactive substance or the like of
several embodiments, the culture temperature is, for example, within a range of
approximately 28°C to approximately 39°C and, for example, within a range of 30°C to 37°C.
[0588] In the methods for manufacturing an antibody, a bioactive substance or the like of
several embodiments, the culture temperature from the beginning to end of the culture can
also timely changed. For example, it is possible to set the temperature at the time of
beginning culture to approximately 37°C and, at a stage after a certain time of culture, change
the temperature to approximately 30°C.

[0589] In the methods for manufacturing an antibody, a bioactive substance or the like of
several embodiments, the culture period is, for example, seven days or longer, 10 days or
longer, 20 days or longer, 30 days or longer, 40 days or longer, 50 days or longer, 60 days or
longer or 70 days or longer.

[0590] In the methods for manufacturing an antibody, a bioactive substance or the like of
several embodiments, the culture period is, for example, seven days, 14 days, 28 days, 35
days, 42 days, 49 days, 56 days, 63 days or 70 days.

[0591] In the methods for manufacturing an antibody of several embodiments, it is also
possible to add a cell growth inhibitor to the culture fluid. The cell growth inhibitor is an
agent capable of inhibiting excessive cell growth during the culture period, and examples
thereof include additives such as dimethyl sulfoxide, sodium butyrate, valproic acid, lithium
chloride, valeric acid and methotrexate (MTX). The timing of adding the cell growth
inhibitor to the culture fluid can be any of at the beginning of culture or in the middle of
culture (when a required number of cells have grown). In the present specification, in a case
where culture is performed using an anti-GPVI antibody-producing cell, methotrexate (MTX)

1s added.
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[0592] In the present specification, as the cell culture medium, it is possible to use a
commercially available culture base, a prepared culture medium or a self-made culture
medium. Alternatively, it is also possible to use natural culture media (for example, a
soybean-casein digest culture medium (SCD culture medium) and the like) or a synthetic
culture medium (a culture medium in which all of the variety of nutrients necessary for
growth are supplemented with chemicals). Alternatively, the cell culture medium is not
particularly limited, but needs to be a basic culture medium comprising necessary components
for cell survival and growth (inorganic salt, carbohydrate, hormone, essential amino acid,
non-essential amino acid, vitamin and the like), and examples thereof include Dulbecco’s
modified eagle medium (DMEM), minimum essential medium (MEM), RPMI-1640, Basal
medium eagle (BME), Dulbecco’s modified eagle’s medium: nutrient mixture F-12
(DMEM/F-12), glasgow minimum essential medium (glasgow MEM), a GO16 culture
medium, DMED (high glucose) and the like.

[0593] Alternatively, the culture medium may further contain serum. The serum is not
particularly limited, and examples thereof include FBS/FCS (fetal bovine/calf serum), NCS
(newborn calf serum), CS (calf serum), HS (horse serum) and the like. The concentration of
the serum that is contained in the culture medium is, for example, 2 wt% or more and 10 wt%
or less.

[0594] In the polymer-coated crosslinked alginate gel fiber of the present invention, since
both ends of the crosslinked alginate gel fiber of the core layer are coated with the cationic
polymer, leakage of a large number (for example, 1 x 10° or more cells) of cells such as
antibody-producing cells or bioactive substance-producing cells that are contained in the core
layer to the outside of the fiber during the culture period is prevented, suppressed or

decreased.
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[0595] In the multilayer polymer-coated crosslinked alginate gel fiber of the present
invention, since both ends of the crosslinked alginate gel fiber of the core layer are coated
with the cationic polymer and the anionic polymer, leakage of a large number (for example, 1
x 10° or more cells) of cells such as antibody-producing cells or bioactive substance-
producing cells that are contained in the core layer to the outside of the fiber during the
culture period is prevented, suppressed or decreased.

13-1. Method for calculating number of living cells in core layer

Hereinafter, an example of a method for measuring the number of living cells in
antibody-producing cells that are contained in the core layer of the polymer-coated
crosslinked alginate gel fiber or the multilayer polymer-coated crosslinked alginate gel fiber
comprising the antibody-producing cells in the beginning of culture, in the middle of culture
or after culture will be specifically described, but the method is not limited thereto.

A crosslinked alginate gel fiber, polymer-coated crosslinked alginate gel fiber or
multilayer polymer-coated crosslinked alginate gel fiber comprising antibody-producing cells
(0.2 mL) was moved to a 15 mL tube (centrifuge tube (with printed scales, bulk), model No:
2325-015-MYP), and a GO16 culture medium (4.5 mL), which is a composition in Table 31 to
be described below, is added thereto up to approximately 4.5 mL based on the scales of the
tube. Subsequently, 30 uL. of 1 mg/mL alginate lyase (poly a-guluronate lyase recombinant
zobellia galactanivorans) (Creative enzymes, Cat#NATE-1563) was added thereto and
shaking-stirred at 30°C and 125 rpm for one hour or longer. During the shaking stirring, the
pipetting of the solution or the addition of the alginate lyase was performed as appropriate
until the crosslinked alginate gel fiber uniformly dissolves. After uniform dissolution of the
crosslinked alginate gel fiber is confirmed, the amount of the liquid is confirmed, and the

G016 culture medium is added thereto, thereby adjusting the amount to 5 mL. A part of the
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solution is collected, and the number of cells is counted. The average value of two times of
measurement is regarded as the number of living cells in the crosslinked alginate gel fiber.
[0596] 14. Classification of antibodies

Antibodies are referred to as mouse antibodies, rat antibodies, rabbit antibodies,
human antibodies and the like depending on immune animal species during production. In
order to reduce immunogenicity at the time of using antibodies in human beings, as altered
antibodies obtained by converting partial regions of antibodies derived from different species
into human sequences, there are chimeric antibodies and humanized antibodies, which are
used as biopharmaceuticals. In addition, there are also antibodies produced from human
antibody genes using a mouse into which human antibody genes have been integrated, which
are referred to as human-type antibodies or simply human antibodies, which are used as
biopharmaceuticals.
[0597] In addition to the above-described variety of antibodies, a variety of altered antibodies,
which are referred to as next-generation antibodies, also have been developed, and, in the
present specification, altered antibodies are also included in “antibodies”. For example,
there are multivalent antibodies that are antibodies exhibiting specificity with respect to two
or more antigens, and, particularly, antibodies exhibiting bispecificity are referred to as
bispecific antibodies, which are one of highly functionalized antibodies. There are also low-
molecular-weight antibodies, which are antibodies given a low molecular weight by removing
an Fc portion of an antibody, examples thereof include Fab, F(ab’)2, scFv (single-chain Fv),
VHH and the like, which are used as biopharmaceuticals. Furthermore, bispecific low-
molecular-weight antibodies also have been produced, and, for example, scFv-scFv is used as
a biopharmaceutical. Antibodies in which an Fc region or the like is mutated to alter a sugar
chain are also one example of altered antibodies. It is also possible to produce

glycoengineered antibodies by transforming a host cell in advance to alter a sugar chain, and

212



G2887

examples thereof include defucose-depleted antibodies. In the present specification, fusion
proteins of an antibody or antibody fragment and a different protein or peptide are also
exemplified as one example of altered antibodies, that is, antibodies; however, in the case of
fusion proteins with the bioactive substance, the fusion proteins are also included in bioactive
substances.

[0598] Antibodies are classified into classes (isotypes) and subclasses as shown in a table
below depending on a difference in the structure of a constant region.

[0599] Classification of human Ig

[Table 9]
Class (isotype) Subclass Ratio in Ig (%) Molecular weight
(approximately)
IgG IgG1 65 150,000
1gG2 25 150,000
1gG3 7 170,000
1gG4 3 150,000
IgA * 10to 15 320,000
IgM * 10 900,000
IgD * 1% or less 180,000
IgE * 0.001% or less 200,000

[0600] 15. Method for producing and purifying antibody and bioactive substance

In the methods for manufacturing an antibody of several embodiments, an antibody
that is produced in the core layer of a polymer-coated crosslinked alginate gel fiber by
culturing an antibody-producing cell and is capable of penetrating the polymer layer is not
particularly limited, and examples thereof include antibodies having a class (isotype) selected
from the group consisting of IgG, IgA, IgM, IgD, IgE and the like. In a case where the
produced antibody is used as a biopharmaceutical, IgG antibodies are preferable.
[0601] In the methods for manufacturing an antibody of several embodiments, the molecular
weight of an antibody that is produced in the core layer of a polymer-coated crosslinked
alginate gel fiber or produced in the core layer of a multilayer polymer-coated crosslinked

alginate gel fiber by culturing an antibody-producing cell and is capable of penetrating the
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cationic polymer layer and the anionic polymer layer is not particularly limited, but is, for
example, an antibody having a molecular weight within a range of approximately 45,000 to
approximately 1,000,000 Da. In addition, the molecular weight of an antibody capable of
penetrating the cationic polymer layer is, for example, an antibody having a molecular weight
within a range of approximately 3,000 to approximately 1,000,000 Da, approximately 20,000
to approximately 1,000,000 Da, approximately 20,000 to approximately 400,000 Da,
approximately 45,000 to approximately 400,000 Da, approximately 20,000 to approximately
200,000 Da or approximately 45,000 to approximately 200,000 Da.

[0602] In the methods for manufacturing a bioactive substance of several embodiments, the
molecular weight of a bioactive substance that is produced in the core layer of a polymer-
coated crosslinked alginate gel fiber or produced in the core layer of a multilayer polymer-
coated crosslinked alginate gel fiber by culturing a bioactive substance-producing cell and is
capable of penetrating the cationic polymer layer and the anionic polymer layer is not
particularly limited, but is, for example, a bioactive substance having a molecular weight
within a range of approximately 3,000 to approximately 1,000,000 Da, approximately 20,000
to approximately 1,000,000 Da, approximately 45,000 to approximately 1,000,000 Da,
approximately 20,000 to approximately 400,000 Da, approximately 45,000 to approximately
400,000 Da, approximately 20,000 to approximately 200,000 Da or approximately 45,000 to
approximately 200,000 Da.

[0603] In the present specification, in the case of performing culturing by the above-described
method for manufacturing an antibody using each of the above-described antibody-producing
cells, an antibody corresponding to the antibody-producing cell used is produced. For
example, in a case where a muromonab-CD3 producing CHO cell is used, muromonab-CD3

is produced as an antibody.
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[0604] In the present specification, in the case of performing culturing by the above-described
method for manufacturing a bioactive substance using each of the above-described bioactive
substance-producing cells, a bioactive substance corresponding to the bioactive substance-
producing cell used is produced.

[0605] Examples of the antibody to be produced include muromonab-CD3 (IgG; 150,000)
produced using a muromonab-CD3-producing CHO cell, trastuzumab (IgG; 148,000)
produced using a trastuzumab-producing CHO cell, rituximab (IgG; 144,510) produced using
a rituximab-producing CHO cell, palivizumab (IgG; 147,700) produced using a palivizumab-
producing NSO cell, infliximab (IgG; 149,000) produced using an infliximab-producing Sp2/0
cell or an infliximab-producing CHO cell, basiliximab (IgG; 147,000) produced using a
basiliximab-producing Sp2/0 cell, tocilizumab (IgG; 148,000) produced using a tocilizumab-
producing CHO cell, gemtuzumab (IgG; 150,000) produced using a gemtuzumab-producing
CHO cell, bevacizumab (IgG; 149,000) produced using a bevacizumab-producing CHO cell,
ibritumomab (IgG; 148,000) produced using an ibritumomab-producing CHO cell,
adalimumab (IgG; 148,000) produced using an adalimumab-producing CHO cell, cetuximab
(IgG; 151,800) produced using a cetuximab-producing Sp2/0 cell, ranibizumab (IgG(FAD);
48,000) produced using a ranibizumab-producing CHO cell, omalizumab (IgG; 149,000)
produced using an omalizumab-producing CHO cell, eculizumab (1gG; 145,235) produced
using an eculizumab-producing NSO cell, panitumumab (IgG; 147,000) produced using a
panitumumab-producing CHO cell, ustekinumab (IgG; 148,079 to 149,690) produced using a
ustekinumab-producing Sp2/0 cell, golimumab (IgG; 149,802 to 151,064) produced using a
golimumab-producing Sp2/0 cell, canakinumab (IgG; 148,000) produced using a
canakinumab-producing Sp2/0 cell, denosumab (IgG; 150,000) produced using a denosumab-
producing CHO cell, mogamulizumab (IgG; 149,000) produced using a mogamulizumab-

producing CHO cell, certolizumab (IgG(Fab’); 50,000) produced using a certolizumab-
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producing CHO cell, ofatumumab (IgG; 149,000) produced using an ofatumumab-producing
NSO cell, pertuzumab (IgG; 148,000) produced using a pertuzumab-producing CHO cell,
brentuximab (IgG; 148,000) produced using a brentuximab-producing CHO cell, natalizumab
(IgG; 146,178) produced using a natalizumab-producing NSO cell, nivolumab (IgG; 145,000)
produced using a nivolumab-producing CHO cell, alemtuzumab (IgG; 150,000) produced
using an alemtuzumab-producing CHO cell, secukinumab (IgG; 151,000) produced using a
secukinumab-producing CHO cell, ramucirumab (IgG; 147,000) produced using a
ramucirumab-producing NSO cell, ipilimumab (IgG; 148,000) produced using an ipilimumab-
producing CHO cell, evolocumab (IgG; 141,789) produced using an evolocumab-producing
CHO cell, mepolizumab (IgG; 149,000) produced using a mepolizumab-producing CHO cell,
alirocumab (IgG; 145892. 049.) produced using an alirocumab-producing CHO cell,
ixekizumab (IgG; 149,000) produced using an ixekizumab-producing CHO cell, brodalumab
(IgG; 147,000) produced using a brodalumab-producing CHO cell, idarucizumab (IgG(Fab);
47,782) produced using an idarucizumab-producing CHO cell, elotuzumab (IgG; 148,000)
produced using an elotuzumab-producing NSO cell, pembrolizumab (IgG; 149,000) produced
using a pembrolizumab-producing CHO cell, sarilumab (IgG; 150,000) produced using a
sarilumab-producing CHO cell, bezlotoxumab (IgG; 148,000) produced using a
bezlotoxumab-producing CHO cell, belimumab (IgG; 147,000) produced using a belimumab-
producing NSO cell, daratumumab (IgG; 148,000) produced using a daratumumab-producing
CHO cell, avelumab (IgG; 147,000) produced using an avelumab-producing CHO cell,
dupilumab (IgG; 152,000) produced using a dupilumab-producing CHO cell, atezolizumab
(IgG; 144,611) produced using an atezolizumab-producing CHO cell, benralizumab (IgG;
148,000) produced using a benralizumab-producing CHO cell, inotuzumab (IgG; 149,000)
produced using an inotuzumab-producing CHO cell, emicizumab (IgG; 148,000) produced

using an emicizumab-producing CHO cell, guselkumab (IgG; 146,000) produced using a
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guselkumab-producing CHO cell, durvalumab (IgG; 149,000) produced using a durvalumab-
producing CHO cell, obinutuzumab (IgG; 148,000 to 150,000) produced using an
obinutuzumab-producing CHO cell, vedolizumab (IgG; 150,000) produced using a
vedolizumab-producing CHO cell or an anti-GPVI antibody (IgG; 150,000) produced using
an anti-GPVI antibody-producing CHO cell (in the parentheses after the antibody names, the
classes (isotypes) and molecular weights of the antibodies are shown). Antibodies that can
be obtained by the method for manufacturing an antibody of the present invention are not
particularly limited to the above-described classes (isotypes) or subclasses.

[0606] The produced antibody is purified by performing, for example, the following three
steps.

[Step 1] In order to remove almost all of proteins and solid matters other than the
antibody in the culture medium, filtration or the like by a centrifugation method or with a
filter is performed.

[Step 2] An intended antibody is purified by, for example, chromatography such as
affinity chromatography (in the case of an antibody, affinity chromatography where protein A
or protein G is used) or ion exchange chromatography.

[Step 3] In order to highly purify the intended antibody, an impurity that has been
contaminated in the step 2 is removed by performing ion exchange chromatography, gel
filtration chromatography, hydroxyapatite chromatography or the like.

[0607] The produced bioactive substance is purified by, for example, performing the above-
described steps by the same methods.
[0608] Affinity chromatography where protein A or protein G is used:

As a method for purifying IgG, for example, a method for purifying an antibody using

protein A or protein G is known. As a method for purifying an antibody using protein A, the

following method is exemplified as one example. (1) A solution obtained by adding serum
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to a solution obtained by the method of the above-described [Step 1] is filtered using a
column filled with beads to which protein A is fixed, whereby IgG bonds to the beads in the
column, and other serum components flows out from the column. (2) After that, an acidic
solution is passed through the column, whereby IgG bonding to the beads is cut and eluted to
the outside of the column and thereby IgG is obtained. Since the bonding forces of Ig to
protein A and to protein G differ depending on animal species or subclass, it is possible to
properly use protein A or protein G depending on the target.
[0609] Ion exchange chromatography

This is a method for separating protein using the electric properties (charges) of the
protein.  Since positively charged basic protein ionically bonds to a cation exchanger
(carrier) having a negative charge, and negatively charged acidic protein bonds to an anion
exchanger having a positive charge, a sample comprising protein is passed through a column
filled with an ion exchanger, whereby protein bonds to the ion exchanger. After that, the salt
concentration of a solvent that passes through the column is increased, whereby the ionic
bond between the protein and the ion exchanger becomes weak, and protein having a weak
bonding force begins to sequentially detach from the ion exchanger and flows out from the
column. Regarding the selection of a cation exchanger or an anion exchanger, the exchanger
is selected based on the charge of protein that is used as a sample.
[0610] Gel filtration chromatography:

This is a method for separating protein using a difference in the molecular weight of
the protein. When a sample is caused to flow through a column filled with a carrier with a
small hole, since protein having a small molecular weight enters the small hole and flows out,
but protein having a large molecular weight flows out without entering the small hole, the

time taken for the protein having a small molecular weight to pass through the column is slow,
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and the time for the protein having a large molecular weight becomes fast, and thus it
becomes possible to separate protein based on a difference in time.
[0611] Hydroxyapatite chromatography:

This is a chromatography where hydroxyapatite, which is one kind of calcium
phosphate, isused. This is a method for separating protein using a plurality of interactions
mainly based on the metal affinity by a calcium ion and anion exchange by a phosphate
group. A carboxyl group and an amino group of an amino acid are each adsorbed due to an
interaction with a carrier, and high-concentration phosphoric acid or a solvent having a high
salt concentration are caused to flow, thereby separating a target and impurities.

[0612] 16. Physical properties of polymer-coated crosslinked alginate gel fiber or multilayer
polymer-coated crosslinked alginate gel fiber

[Method for confirming stability of polymer-coated crosslinked alginate gel fiber or
multilayer polymer-coated crosslinked alginate gel fiber]

In the present specification, the stability of the polymer-coated crosslinked alginate gel
fiber or the multilayer polymer-coated crosslinked alginate gel fiber can be confirmed by, for
example, the following testing methods. More specifically, the stability can be confirmed by
methods to be described in the following examples.

[0613] <Shaking collapse test>: A polymer-coated crosslinked alginate gel fiber or multilayer
polymer-coated crosslinked alginate gel fiber that is obtained by the above-described
manufacturing method is suspended in phosphate buffered saline (PBS), the suspension is
shaken for a certain time and then the collapse easiness (degree of shaking collapse) of the
fiber is confirmed, whereby the physical strength can be measured. Examples of a specific
testing method include a method to be described in the following examples.

[0614] <Tensile test test>: The rupture value (mN) is confirmed using a polymer-coated

crosslinked alginate gel fiber or multilayer polymer-coated crosslinked alginate gel fiber that

219



G2887

is obtained by the above-described manufacturing method and a tensile strength-measuring
instrument, whereby the physical strength can be measured. Examples of a specific testing
method include a method to be described in the following examples.

[0615] The strength of the polymer-coated crosslinked alginate gel fiber of the present
invention is attributed to the fact that the crosslinked alginate gel, which configures the fiber
and is contained in the core layer, and an electrostatic action between the crosslinked alginate
gel and the cationic polymer, which is formed between the core layer and the cationic polymer
layer, have optimal properties in terms of the strength of the fiber of the present invention.
[0616] The strength of the multilayer polymer-coated crosslinked alginate gel fiber of the
present invention is attributed to the fact that the crosslinked alginate gel, which configures
the fiber and is contained in the core layer, an electrostatic action between the crosslinked
alginate gel and the cationic polymer, which is formed between the core layer and the cationic
polymer layer, and an electrostatic action between the cationic polymer and the anionic
polymer, which is formed between the cationic polymer layer and the anionic polymer layer,
have optimal properties in terms of the strength of the fiber of the present invention.

[0617] The polymer-coated crosslinked alginate gel fiber or the multilayer polymer-coated
crosslinked alginate gel fiber of the present invention has high physical stability, also has
appropriate permeability due to the fact that antibodies, bioactive substances or the like
produced in the core layer are discharged from the core layer and, furthermore, are capable of
penetrating the polymer layer(s) and is also a structure suitable for the production of
antibodics, bioactive substances or the like.

[0618] 17. Measurement of introduction rate of reactive group (complementary reactive

group) into chemically modified alginic acid derivative
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The reactive group or complementary reactive group introduction rate means a value
expressing the number of the reactive groups or the complementary reactive groups
introduced per uronic acid monosaccharide unit, which is the repeating unit of alginic acid.

In the examples to be described below, the reactive group or complementary reactive
group introduction rate (mol%) was calculated from the integral ratio in '"H-NMR. In
addition, the amount of alginic acid necessary for the calculation of the introduction rate can
be measured by the carbazole sulfate method in which a calibration curve is used, and the
amount of the reactive group or the complementary reactive group can also be measured by
spectrophotometry in which a calibration curve is used.

[0619] 18. Measurement of molecular weight of chemically modified alginic acid derivative

A solid of the chemically modified alginic acid derivative obtained in the examples to
be described below was dissolved in a 10 mmol/L phosphate buffer solution comprising 0.15
mol/L of NaCl (pH: 7.4) to prepare a 0.1% or 0.2% solution, an insoluble matter was removed
by passing the solution through a polyether sulfone filtration filter having a pore diameter of
0.22 um (Minisart High Flow Filter, Sartorius AG), and then the solution was used as a gel
filtration sample. The spectrum of each sample was measured with a spectrophotometer
DU-800 (Beckman Coulter, Inc.), and the measurement wavelength in the gel filtration of
each compound was determined. For compounds having no peculiar absorption wavelength,
a differential refractometer was used.

[0620] 200 uL of the gel filtration sample was fed into a Superose 6 Increase 10/300 GL
column (GE Healthcare Corporation). Gel filtration was performed under conditions of
room temperature and a flow rate of 0.8 mL/min using AKTA Explorer 10S as a
chromatography device and a 10 mmol/L phosphate buffer solution comprising 0.15 mol/L of
NaCl (pH: 7.4) as a developing solvent. The elution profile of the sample was produced by

monitoring the absorption of the wavelength determined in each compound. The obtained
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chromatogram was analyzed with Unicorn 5.31 software (GE Healthcare Corporation), and
the peak range was determined.

[0621] Regarding the molecular weight of alginic acid into which the reactive group or the
complementary reactive group had been introduced, blue dextran (molecular weight:
2,000,000 Da, Sigma-Aldrich), thyroglobulin (molecular weight: 669,000 Da, GE Healthcare
Corporation), ferritin (molecular weight: 440,000 Da, GE Healthcare Corporation), aldolase
(molecular weight: 158,000 Da, GE Healthcare Corporation), conalbumin (molecular weight:
75,000 Da, GE Healthcare Corporation), ovalbumin (molecular weight: 44,000 Da, GE
Healthcare Corporation), ribonuclease A (molecular weight: 13,700 Da, GE Healthcare
Corporation) and aprotinin (molecular weight: 6,500 Da, GE Healthcare Corporation) were
used as standard products, gel filtration was performed under the same conditions as for
alginic acid into which the reactive group or the complementary reactive group had been
introduced, and the amount of the eluate of each component was determined with Unicorn
software. The amount of the eluate of each component was plotted along the horizontal axis,
the absolute value of the molecular weight was plotted along the vertical axis, respectively,
and calibration curves were created by linear regression. Two calibration curves were
created from blue dextran to ferritin and from ferritin to aprotinin.

[0622] The molecular weight (Mi) at an elution time i in the previously-obtained
chromatogram was calculated using this calibration curve. Next, the absorbance at the
elution time 1 was read and regarded as Hi. The weight-average molecular weight (Mw) was
obtained from this data through the following formula.

[0623]

[Math. 1]
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> 2 (Hi XMi)
Z(;Zl Hi

[0624] All publications, published publications, patent publications and other patent literature

Mw=

cited in the present specification are regarded as being incorporated by reference into the
present specification regardless of purposes thereof.

[0625] In addition, the objective, characteristics, advantages and ideas of the present
invention are clear to a person skilled in the art from the description of the present
specification, and a person skilled in the art should be able to perform the present invention
based on the description of the present specification. Embodiments, specific examples and
the like for performing the invention show preferable embodiments of the present invention,
are shown for exemplification or description, and do not limit the present invention thereto.
It is clear to a person skilled in the art that a variety of modifications based on the description
of the present specification are possible within the intention and scope of the present

invention that are disclosed in the present specification.
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Examples
[0626] Hereinafter, the present invention will be described with examples, but the present
invention is not limited to the following examples.
[Method for synthesizing chemically modified alginic acid derivative]

In the measurement of a nuclear magnetic resonance spectrum (NMR), JEOL JNM-
ECX 400 FT-NMR (JEOL, Ltd.) was used. Liquid chromatography-mass spectrometry (LC-
Mass) was measured by the following method. [UPLC] Waters AQUITY UPLC system and
BEH C18 column (2.1 mm x 50 mm, 1.7 um) (Waters Corporation) were used, and mobile
phases and gradient conditions of acetonitrile:0.05% trifluoroacetate aqueous solution = 5:95
(0 minutes) to 95:5 (1.0 minute) to 95:5 (1.6 minutes) to 5:95 (2.0 minutes) were used.
[0627] In '"H-NMR data, regarding the patterns of NMR signals, s means singlet, d means
doublet, t means triplet, @ means quartet, m means multiplet, br means broad, J means the
coupling constant, Hz means hertz, CDCI3 means deuterated chloroform, DMSO-ds means
deuterated dimethyl sulfoxide, and D20 means deuterium oxide. Regarding signals that
were broad bands and thus could not be confirmed such as protons of a hydroxyl group (OH),
an amino group (NH2) and a carboxyl group (COOH), data was not entered in the 'TH-NMR
data.
[0628] In LC-Mass data, M means the molecular weight, RT means the retention time, and [M
+ H]" and [M + Na]™ mean molecular ionic peaks.
[0629] “Room temperature” or “r.t.” in the examples normally indicates temperatures from
approximately 0°C to approximately 35°C. [DMT-MM] in the examples means 4-(4,6-
dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride (CAS REGISTRY NO.: 3945-
69-5), and it is possible to use a commercially available product or a substance synthesized by

a method well known by publications.
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The reactive group introduction rate (mol%) in the examples is considered to indicate
the proportion of the mole number of a reactive group introduced in the mole number of a
monosaccharide (guluronic acid and mannuronic acid) unit that configures alginic acid
calculated from the integral ratio of "H-NMR (Dz0).
[0630] In the examples, as sodium alginates, sodium alginates having physical property
values shown in Table 8 (A-1 to A-3, B-2 and B-3) were used. In addition, filter sterilization
was performed on sodium alginates or a variety of alginic acid derivatives as necessary.
[0631] Table 24-1 and Table 24-2 show the physical property values (specifically, reactive
group introduction rate (mol%), molecular weight and weight-average molecular weight (Da))
of alginic acid derivatives into which a reactive group had been introduced and that were
obtained in (Example 1) to (Example 18).

Table 25-1 to Table 25-3 show the data of 'H-NMR and LC-Mass of each intermediate
in the examples.
[0632] (Examples 1a to 1) Syntheses of dibenzocyclooctyne-amine group-introduced alginic
acids (1-A2, 1-A1, 1-A3, 1-B2, 1-B2b, 1-B2c, 1-A2b, 1-A2c and 1-A2d):

[C51]
o Oy
NMNHZ NJK/\HX(ALG)

0

SM1 1-A2,1-A1,1-A3,1-B2,1-B2b,
1-B2¢,1-A2b,1-A2c, 1-A2d

[0633] Compounds 1-A2, 1-Al, 1-A3, 1-B2, 1-B2b, 1-B2c, 1-A2b, 1-A2c and 1-A2d were
synthesized by the following synthesis method under the following reaction conditions.

[Synthesis method]
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4-(4,6-Dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride (DMT-MM) and
I-molar aqueous sodium bicarbonate solution were added to a sodium alginate (manufactured
by MOCHIDA PHARMACEUTICAL CO., LTD.) aqueous solution prepared to 1 wt% or 2
wt%. An ethanol (EtOH 1) solution of commercially available dibenzocyclooctyne-amine
(3-amino-1-(11,12-didehydrodibenz[b,f]azocin-5(6H)-yl)-1-propanone) [CAS REGISTRY
NO.: 1255942-06-3] (SM1) was added dropwise to this solution and stirred at room
temperature. Sodium chloride was added thereto, and then ethanol was added thereto and
stirred at room temperature. An obtained precipitation was filtered, washed with ethanol
(EtOH 2) and dried under reduced pressure, thereby obtaining a title compound. In
Examples 1g, 1h and 11, a solid obtained by the previous operation was dissolved in water,
lyophilized, thereby obtaining a title compound.

[Reaction conditions and results]

[Table 10]

Examples la 1b Ic 1d le
Compound 1-A2 1-Al 1-A3 1-B2 1-B2b
Sodium alginate A-2 A-1 A-3 B-2 B-2
1 wi% sodium alginate 1.6 19.32 15.06 53 35
aqueous solution (mL)
2 wt% sodium alginate " " " " "
aqueous solution (mL)
DMT-MM (mg) 111.65 49.47 38.57 111 14.7
I-molar aqueous sodium
bicarbonate solution (1iL) 403.5 178.8 139.4 134 17.7
SM1 (mg) 83.62 37.05 28.88 36.9 4.9
EtOH 1 (mL) 2 4 2 53 3.5
Reaction time (hours) 18 20 23 3 3.5
Reaction temperature r.t. r.t. r.t. 30°C 30°C
NaCl (mg) 400 200 150 530 350
EtOH 2 (mL) 87.2 38.64 60.24 101 70
Pogt treatment stirring time 30 30 30 30 30
(minutes)
Yield (mg) 376 184 164 465 329

Light Light Light White White
Form (color/shape) yellow yellow yellow . .

) ) . solid solid
solid solid solid
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[Table 11]
Examples If lg lh 1i
Compound 1-B2¢ 1-A2b 1-A2c 1-A2d
Sodium alginate B-2 A-2 A-2 A-2
1 wt% sodium alginate aqueous solution 60 120 120 "
(mL)
2 wt% sodium alginate aqueous solution " " " 250
(mL)
DMT-MM (mg) 67 335 67 279
1 -mo'lar aqueous sodium bicarbonate 60.5 303 61 250
solution (uL)
SM1 (mg) 16.7 84 17 70
EtOH 1 (mL) 6 12 12 25
Reaction time (hours) 3 3 3.5 3
Reaction temperature 30°C 30°C 30°C 32°C
NaCl (mg) 600 1200 1200 5000
EtOH 2 (mL) 120 240 240 500
Post treatment stirring time (minutes) 30 105 30 30
Yield (mg) 558 1174 1138 4600
Form (color/shape) Wh?te Wh?te Wh?te Wh?te
solid solid solid solid

[0634] (Example 2) Synthesis of 5-amino-1-(11,12-didehydrodibenz[b,f]azocin-5(6H)-yl)-1-
pentanone group (ADIBO-C5-amine)-introduced alginic acid (2-B2):

[C52]

O] O
N)WNHQ NJ\/\/\HJ\(ALG)

O MO
SM2 2-B2
[0635] DMT-MM (60 mg), an ethanol (2.9 mL) solution of ADIBO-C5-amine [CAS
REGISTRY NO.: 2401876-29-5] (SM2) (22 mg) obtained by a method well known by
publications and 1-molar aqueous sodium bicarbonate solution (72 pulL) were added to a
sodium alginate (manufactured by MOCHIDA PHARMACEUTICAL CO., LTD.: B-2)

aqueous solution (28.5 mL) prepared to 1 wt% and stirred at 30°C for three hours. Sodium

chloride (285 mg) was added thereto, then, ethanol (57 mL) was added thereto and stirred at
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room temperature for 30 minutes. An obtained precipitation was filtered, washed with
ethanol and dried under reduced pressure, thereby obtaining a title compound (277 mg) as a
white solid.

[0636] (Example 3) Synthesis of 2-amino-N-[3-(11,12-didehydrodibenz[b,f]azocin-5(6H)-yl)-
3-oxopropyl]acetamide group-introduced alginic acid (3-A2):

[C53]

O O O
O NTO
<Step1> \% Q ©

\\ Q <Step2>

SM1 IM3-1
0 0 0 0
O NJKAN)K/NHZ N)K/HY(ALG)
H —_— H
M0 = O
IM3-2 3-A2

[0637] <Step 1> Synthesis of (9H-fluoren-9-yl)methyl-N-[3-(11,12-
didehydrodibenz[b,f]lazocin-5(6H)-yl)-3-oxopropyl]acetamido-2-carbamate (IM3-1):

A compound of Formula SM1 (50 mg) and N-[(9H-fluoren-9-
ylmethoxy)carbonyl]glycine [CAS REGISTRY NO.: 29022-11-5] (54 mg) were dissolved in
acetonitrile (1.5 mL). O-(7-azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium
hexafluorophosphate (76 mg) and N,N-diisopropylethylamine (70 pL) were added thereto and
stirred at room temperature for 4.5 hours. Ethyl acetate (15 mL) and water (5 mL) were
added to a reaction liquid, liquid was separated, and then an organic layer was sequentially

washed with water and brine.  The organic layer was dried with anhydrous sodium sulfate,
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then, concentrated under reduced pressure and purified by silica gel column chromatography,
thereby obtaining a title compound (63 mg) as thin beige amorphous.

[0638] <Step 2> Synthesis of 2-amino-N-[3-(11,12-didehydrodibenz[b,f]azocin-5(6H)-yl)-3-
oxopropyl]acetamide (IM3-2):

An N,N-dimethylformamide (315 pL) solution of piperidine (56 ulL) was added to the
compound of Formula IM3-1 (63 mg) obtained in <Step 1> of (Example 3) and stirred at
room temperature for 30 minutes. FEthyl acetate (15 mL) and water (5 mL) were added to a
reaction liquid, liquid was separated, and then an organic layer was sequentially washed with
water and brine. The organic layer was dried with anhydrous sodium sulfate and then
concentrated under reduced pressure. tert-Butyl methyl ether (5 mL) was added to an
obtained solid, triturated and then filtered, thereby obtaining a title compound (10 mg) as thin
beige solid. In addition, the title compound (11 mg) was additionally recovered from the
filtrate and obtained as a light yellow gummy substance.

[0639] <Step 3> Synthesis of 2-amino-N-[3-(11,12-didehydrodibenz[b,f]azocin-5(6H)-yl)-3-
oxopropyl]acetamide group-introduced alginic acid (3-A2):

DMT-MM (106 mg), an ethanol (1.9 mL) solution of a compound of Formula IM3-2
(21 mg) obtained in <Step 3> of (Example 3) and 1-molar aqueous sodium bicarbonate
solution (48 pL) were added to a sodium alginate (manufactured by MOCHIDA
PHARMACEUTICAL CO., LTD.: A-2) aqueous solution (19 mL) prepared to 1 wt%. The
components were stirred at 30°C for three hours, and then sodium chloride (0.19 g) and
ethanol (38 mL) were sequentially added thereto and stirred at room temperature for 30
minutes. An obtained precipitation was filtered, washed with ethanol and dried under
reduced pressure. An obtained solid was dissolved in water, then, lyophilized, thereby

obtaining a title compound (188 mg) as a white solid.
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[0640] (Examples 4a to g) Syntheses of N-(4-(aminomethyl)benzyl)-2-(cyclooct-2-yn-1-
yloxy)acetamide group-introduced alginic acids (4-B2, 4-A2, 4-B2b, 4-A2b, 4-A2¢, 4-A2d
and 4-A3):

[C54]

—\_0O i — O\)OLN
O/\)J\H/\vaz - O H/\Q\/HWO((ALG)

SM4 4-B2, 4-A2, 4-B2b, 4-A2b, 4-AZc, 4-A2d, 4-A3
[0641] Compounds 4-B2, 4-A2, 4-B2b, 4-A2b, 4-A2¢, 4-A2d and 4-A3 were synthesized by
the following synthesis method under the following reaction conditions.
[Synthesis method]

DMT-MM was added to a sodium alginate (manufactured by MOCHIDA
PHARMACEUTICAL CO., LTD.) aqueous solution prepared to 1 wt% or 2 wt% at room
temperature under stirring.  Subsequently, an ethanol (EtOH 1) solution of N-[[4-
(aminomethyl)benzyl]-2-(2-cyclooctyn-1-yloxy)-acetamide [CAS REGISTRY NO.: 2401876-
33-1] (SM4) obtained by a method well known by publications was added dropwise at room
temperature and stirred.  The solution was cooled to room temperature, then, sodium
chloride was added thereto, and then ethanol (EtOH 2) was added thereto and stirred. An
obtained precipitation was filtered, washed with ethanol (2 mL) three times and dried under
reduced pressure, thereby obtaining a title compound. In Examples 4c, 4d, 4e, 4f and 4g, a
solid obtained by the previous operation was dissolved in water, lyophilized, thereby
obtaining the title compound.

[Reaction conditions and results]
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[Table 12]

Examples

Compound

Sodium alginate

1 wt% sodium alginate aqueous
solution (mL)

2 wt% sodium alginate aqueous
solution (mL)

DMT-MM (mg)

I-molar aqueous sodium bicarbonate
solution (uL)

SM4 (mg)

98.9

EtOH 1 (mL)

20

Reaction time (hours)

4

Reaction temperature

40°C

30°C

NaCl (mg)

500

300

2.0(2)

EtOH 2 (mL)

101.72

60

400

Post treatment stirring time (minutes)

30

30

30

Yield (mg)

521

285

1.96(g)

White solid

White solid

White solid

Form (color/shape)

[Table 13]

Examples

de

4f

4g

Compound

4-A2c

4-A2d

4-A3

Sodium alginate

A-2

A-2

A-3

1 wt% sodium alginate aqueous solution (mL)

*

*

100

2 wt% sodium alginate aqueous solution (mL)

250

600

*

DMT-MM (mg)

279.1

670

56

I-molar aqueous sodium bicarbonate solution
(uL)

252

606

50

SM4 (mg)

84.2

202

17

EtOH 1 (mL)

25

60

5

Reaction time (hours)

3

3.25

3

Reaction temperature

32°C

32°C

32°C

NaCl (mg)

5000

12000

1000

EtOH 2 (mL)

500

1200

200

Post treatment stirring time (minutes)

30

75

30

Yield (mg)

4570

10690

940

Form (color/shape)

White solid

White solid

White solid

[0642] (Examples 5a and b) Syntheses of N-(4-(2-aminoethoxy)benzyl)-2-(cyclooct-2-yn-1-

yloxy)acetamide group-introduced alginic acids (5-A2 and 5-B2):

[C55]

231




G2887

Br\/\N)kCF - 0 m H .
H 3 AN CF5
<Step1> O T <Step2>

SM5 (M5-1 ©
0
RG5-2 OQKN
N H - H N._CF
> N
HEl O/\/NTCF3 <Step3~ o T 3
O o}
IM5-2 IM5-3
o\)k O ﬁ
N (ALG
<Step4> /\Q\O/\/NHZ <Step5> O/\/ )
IM5-4 5.A2,5-B2

[0643] <Step 1> Synthesis of tert-butyl (4-(2-(2,2,2-
trifluoroacetamido)ethoxy)benzyl)carbamate (IM-5-1):

Potassium carbonate (0.45 g) was added to a mixture of commercially available tert-
butyl (4-hydroxybenzyl)carbamate (Formula RG5-1, CAS REGISTRY NO.: 149505-94-2)
(0.36 g), N-(2-bromoethyl)-2,2,2-trifluoroacetamide commercially available or synthesized
and obtained by a method well known by publications (Formula SM5, CAS REGISTRY NO.:
75915-38-7] (0.46 g), potassium iodide (0.35 g) and N-methylpyrrolidone (3.6 mL) and
stirred at 140°C for five hours. After the end of a reaction, a reaction mixture was cooled to
room temperature and diluted with water (10 mL). An organic layer was extracted three
times with methyl tert-butyl ether (10 mL), sequentially washed with a 1 N-sodium hydroxide
aqueous solution (5 mL) twice, water (5 mL) and brine (5 mL) and dried with anhydrous
sodium sulfate. The organic layer was filtered and then concentrated under reduced
pressure, thereby obtaining a crude product. The obtained crude product was purified by
silica gel column chromatography (n-heptane/ethyl acetate), and a title compound (0.202 g)

was obtained as white amorphous.
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[0644] <Step 2> Synthesis of N-(2-(4-(aminomethyl)phenoxy)ethyl)-2,2,2-trifluoroacetamide
hydrochloride (IM5-2):

4N-hydrogen chloride/1,4-dioxane (1.4 mL) was added to a mixture of a compound of
Formula IM5-1 (0.2 g) obtained in <Step 1> of (Example 5) and 1,4-dioxane (1.4 mL) under
water cooling and stirring and then stirred at room temperature for seven hours. Diisopropyl
ether (20 mL) was added to a reaction liquid, and a suspension was stirred at room
temperature for one day. A precipitate was filtered, and a recovered solid was dried under
reduced pressure, thereby obtaining a title compound (0.15 g) as a white solid.

[0645] <Step 3> Synthesis of N-(2-(4-((2-(cyclooct-2-yn-1-
yloxy)acetamido)methyl)phenoxy)ethyl)-2,2,2-trifluoroacetamide (IM5-3):

DMT-MM (137.22 mg) and triethylamine (38.25 uL) were added to a mixture of 2-(2-
cyclooctyne-1-yloxy)-acetic acid (Formula RG5-2) [CAS REGISTRY NO.: 917756-42-4] (50
mg) synthesized according to a method well known by a publication (Org. Process Res. Dev.
(2018) 22: 108 to 110), a compound of Formula IM5-2 (81.96 mg) synthesized in <Step 2> of
(Example 5) and ethanol (1 mL) under ice cooling and stirring and stirred at room
temperature for 1 hour 30 minutes. After the end of a reaction, water (2 mL) was added
thereto, a suspension was stirred, and methyl tert-butyl ether (0.5 mL) was added thereto. A
separated water layer was extracted twice with methyl tert-butyl ether (5 mL), sequentially
washed with water (5 mL) and brine (5 mL) and dried with anhydrous sodium sulfate. A
dried organic layer was filtered and concentrated under reduced pressure. A crude product
was purified by silica gel column chromatography (n-heptane/ethyl acetate), and a title
compound (99 mg) was obtained as white amorphous.

[0646] <Step 4> Synthesis of N-(4-(2-aminoethoxy)benzyl-2-(cyclooct-2-yn-1-

yloxy)acetamide (IM5-4):
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Potassium carbonate (64.17 mg) and water (495 pL) were added to a mixture of a
compound of Formula IM5-3 (99 mg) obtained in <Step 3> of (Example 5) and methanol
(1485 puL) under water cooling and stirring and stirred at room temperature for 15 hours.
After the end of a reaction, methanol was concentrated under reduced pressure, and a
generated water layer was extracted with ethyl acetate (5 mL) three times. An organic layer
was sequentially washed with water (5 mL) and brine (5 mL) and dried with anhydrous
sodium sulfate. The dried organic layer was filtered and then concentrated under reduced
pressure, thereby obtaining a crude product of a title compound (68 mg) as a yellow oily
substance.

[0647] <Step 5> Syntheses of N-(4-(2-aminoethoxy)benzyl)-2-(cyclooct-2-yn-1-
yloxy)acetamide group-introduced alginic acids (5-A2 and 5-B2):

Compounds of Formulae 5-A2 and 5-B2 were synthesized by the following synthesis
method under the following reaction conditions.

[Synthesis method]

DMT-MM was added to a sodium alginate (manufactured by MOCHIDA
PHARMACEUTICAL CO., LTD.) aqueous solution prepared to 1 wt% at room temperature
under stirring.  Subsequently, a water (1 mL) and ethanol (EtOH 1) solution of a compound
of Formula IM5-4 obtained in <Step 4> of (Example 5) was added dropwise at room
temperature and stirred at the same temperature, and then sodium chloride and ethanol (EtOH
2) were sequentially added thereto and stirred at room temperature. An obtained
precipitation was filtered, washed with ethanol and dried under reduced pressure. An
obtained solid was dissolved in water, then, lyophilized, thereby obtaining a title compound.

[Reaction conditions and results]
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[Table 14]
Examples Sa 5b
Compound 5-A2 5-B2
Sodium alginate A-2 B-2
1 wt% sodium alginate aqueous solution (mL) 49.44 40.08
DMT-MM (mg) 152.54 123.66
IM5-4(mg) 37.79 30.64
EtOH 1 (mL) 1 1
Reaction time (hours) 15 15
Reaction temperature r.t. r.t
NaCl (mg) 500 400
EtOH 2 (mL) 98.88 80.16
Post treatment stirring time (minutes) 30 30
Yield (mg) 479 356
Form (color/shape) White solid | White solid

[0648] (Examples 6a, 6b and 6¢) Syntheses of N-(2-aminoethyl)-2-(cyclooct-2-yn-1-
yloxy)acetamide group-introduced alginic acids (6-A2, 6-B2 and 6-B2b):

[C56]

\ \ o
% ., N L
o/\n/ ~"NH, o/\n/ ~ (ALG)
O

N
o) H
SM6 6-A2, 6-B2, 6-B2b
[0649] Compounds 6-A2, 6-B2 and 6-B2b were synthesized by the following synthesis
method under the following reaction conditions.
[Synthesis method]

DMT-MM, an ethanol (EtOH 1) solution of N-(2-aminoethyl)-2-(2-cyclooctyne-1-
yloxy)-acetamide [CAS REGISTRY NO.: 1809789-76-1] (SM6) obtained by a method well
known by publications and 1-molar aqueous sodium bicarbonate solution were sequentially
added to a sodium alginate (manufactured by MOCHIDA PHARMACEUTICAL CO., LTD.)
aqueous solution prepared to 1 wt% at room temperature under stirring and stirred.  Sodium
chloride was added to a reaction liquid, and then ethanol (EtOH 2) was added thereto and

stirred. An obtained precipitation was filtered, washed with ethanol and dried under reduced
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pressure, thereby obtaining a title compound. A solid obtained by the previous operation

was dissolved in water, lyophilized, thereby obtaining a title compound.

[Reaction conditions and results]

[Table 15]
Examples 6a 6b 6¢
Compound 6-A2 6-B2 6-B2b
Sodium alginate A-2 B-2 B-2
1 wt% sodium alginate aqueous solution (mL) 30 120 120
DMT-MM (mg) 84 335 167
SM6 (mg) 17 68 34
EtOH 1 (mL) 3 12 12
I-molar aqueous sodium bicarbonate solution (ul) 76 303 151
Reaction time (hours) 3 3 3
Reaction temperature 30°C 30°C 30°C
NaCl (mg) 300 1200 1200
EtOH 2 (mL) 60 240 240
Post treatment stirring time (minutes) 90 90 90
Yield (mg) 290 1160 1120
Form (color/shape) White solid | White solid | White solid

[0650] (Example 7) Synthesis of N-(2-(2-aminoethoxy)ethyl)-2-(cyclooct-2-yn-1-

yloxy)acetamide group-introduced alginic acid (7-A2):

[C57]

H H
N NH
o/ﬁr \/\O/\/ 2 —_— o N \/\O/\/ N (ALG)
O /ﬁo( j()r

SM7

7-A2

[0651] DMT-MM (112 mg), an ethanol (4.0 mL) solution of N-[2-(2-aminoethoxy)ethyl]-2-

(2-cyclooctyn-1-yloxy)-acetamide [CAS REGISTRY NO.: 2401876-51-3] (SM7) (30 mg)

obtained by a method well known by publications and 1-molar aqueous sodium bicarbonate

solution (101 pL) were sequentially added to a sodium alginate (manufactured by MOCHIDA
PHARMACEUTICAL CO., LTD., A-2) aqueous solution (40 mL) prepared to 1 wt% at room
temperature under stirring and stirred at 30°C for three hours.

Sodium chloride (0.4 g) was

added to a reaction liquid, then, ethanol (80 mL) was added thereto and stirred for 30 minutes.
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An obtained precipitation was filtered, washed with ethanol and dried under reduced pressure.
An obtained solid was dissolved in water, lyophilized, thereby obtaining a title compound
(410 mg) as a white solid.

[0652] (Examples 8a and 8b) Syntheses of N-(2-aminoethyl)-2-(2-(cyclooct-2-yn-1-

yloxy)acetamide) acetamide group-introduced alginic acids (8-A2 and §8-B2):

[C58]
o)
H RG8-1
P
Rt N >( \[c]; o Ho O H 0o H
© <Step1> 0 H O <Step2> HCI H o
SM8 IM8-1 IM8-2
Q RG5-2
OH o o
T Uit (o
— NQK N._CF N\)J\ ~_NH
o O/\n/ N \ﬂ/ 3 O/Y N
—_— — N . — N
<Step3> O O <Stepd> o
IM8-3 IM8-4

— > H 9 H
<Step5> Q\OWN\/U\ /\/NT(ALG)

N
8-A2, 8-B2
[0653] <Step 1> Synthesis of tert-butyl (2-ox0-2-((2-(2,2,2-
trifluoroacetamido)ethyl)amino)ethyl)carbamate (IM8-1):
N-(2-aminoethyl)-2,2,2-trifluoroacetamide hydrochloride (Formula SM8) [CAS
REGISTRY NO.: 496946-73-7] (100 mg) and N-(tert-butoxycarbonyl)glycine (Formula RG8-
1) [CAS REGISTRY NO.: 4530-20-5] (91 mg) obtained by methods well known by
publications were dissolved in acetonitrile (3.0 mL). O-(7-azabenzotriazol-1-y1)-N,N,N’,N’-
tetramethyluronium hexafluorophosphate (217 mg) and N, N-diisopropylethylamine (281 pL)
were added thereto and stirred at room temperature for 3.5 hours. Ethyl acetate (15 mL) and
water (5 mL) were added to a reaction liquid, liquid was separated, and then an organic layer

was sequentially washed with water and brine. The organic layer was dried with anhydrous
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sodium sulfate and then concentrated under reduced pressure. A residue was purified by

silica gel column chromatography (elution solvent: 40% ethyl acetate/n-heptane — ethyl

acetate), and a title compound (180 mg) was obtained as light beige amorphous.
[0654] <Step 2> Synthesis of N-(2-(2-aminoacetamido)ethyl)-2,2,2-trifluoroacetamide
hydrochloride (IM8-2):

4N-hydrogen chloride/1,4-dioxane (1.2 mL) was added to a compound of Formula
IM8-1 (180 mg) obtained in <Step 1> of (Example 8) under ice cooling and then stirred at
room temperature for 0.8 hours. Diisopropyl ether (3.6 mL) was added to a reaction liquid
and stirred for 30 minutes. An obtained solid was filtered, thereby obtaining a title
compound (114 mg) as a white solid.

[0655] <Step 3> Synthesis of N-(2-(2-(2-(cyclooct-2-yn-1-yloxy)acetamido)acetamido)ethyl)-
2,2,2-trifluoroacetamide (IM8-3):

Ethanol (1.6 mL), DMT-MM (219 mg) and triethylamine (67 uL.) were added to 2-(2-
cyclooctyne-1-yloxy)-acetic acid (Formula RG5-2) [CAS REGISTRY NO.: 917756-42-4] (80
mg) obtained by a method well known by publications and a compound of Formula IM8-2
(110 mg) obtained in <Step 2> of (Example 8) and stirred at room temperature for three
hours. Water (3.2 mL) was added to a reaction liquid and stirred at room temperature for 30
minutes, then, a solid was filtered and washed with water. Ethyl acetate/ethanol (1/1, 10
mL) was added to the obtained solid, and an insoluble matter was removed. A filtrate was
concentrated under reduced pressure, thereby obtaining a title compound (101 mg) as a white
solid.

[0656] <Step 4> Synthesis of N-(2-(aminoethyl)-2-(2-(cyclooct-2-yn-1-
yloxy)acetamide)acetamide (IM8-4):

A water (0.3 mL) solution of potassium carbonate (59 mg) was added to a methanol

(1.8 mL) solution of a compound of Formula IM8-3 (60 mg) obtained in <Step 3> of
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(Example 8) and stirred at room temperature for four hours. A reaction liquid was
concentrated under reduced pressure, then, water (2 mL) was added thereto, and the reaction
liquid was saturated with sodium chloride. An organic layer was extracted with ethyl acetate
(15 mL, 10 mL % 4) and concentrated under reduced pressure. Ethyl acetate (10 mL) and
ethanol (1 mL) were added to a residue, and an insoluble matter was removed. An obtained
filtrate was concentrated under reduced pressure, thereby obtaining a title compound (49 mg)
as a colorless gummy substance.

[0657] <Step 5> Syntheses of N-(2-aminoethyl)-2-(2-(cyclooct-2-yn-1-yloxy)acetamide)
acetamide group-introduced alginic acids (8-A2 and §-B2):

Compounds of Formulae 8-A2 and 8-B2 were synthesized by the following synthesis
method under the following reaction conditions.

[Synthesis method]

DMT-MM, an ethanol (EtOH 1) solution of a compound of Formula IM8-4 and 1-
molar aqueous sodium bicarbonate solution were added to a sodium alginate (manufactured
by MOCHIDA PHARMACEUTICAL CO., LTD.) aqueous solution prepared to 1 wt% and
stirred, then, sodium chloride and ethanol (EtOH 2) were sequentially added thereto and
stirred at room temperature. An obtained precipitation was filtered, washed with ethanol and
dried under reduced pressure. An obtained solid was dissolved in water, then, lyophilized,
thereby obtaining a title compound as a white solid. A solid obtained by the previous
operation was dissolved in water, lyophilized, thereby obtaining a title compound.

[Reaction conditions and results]
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[Table 16]

Examples 8a 8b
Compound 8-A2 8-B2
Sodium alginate A-2 B-2
1 wt% sodium alginate aqueous solution (mL) 38 38
DMT-MM (mg) 106 64
IM8-4 (mg) 30.3 18.2
EtOH 1 (mL) 3.8 3.8
I-molar aqueous sodium bicarbonate solution (ul) 96 58
Reaction time (hours) 3.2 3.2
Reaction temperature 30°C 30°C
NaCl (mg) 380 380
EtOH 2 (mL) 76 76
Post treatment stirring time (minutes) 30 30
Yield (mg) 381 366
Form (color/shape) White solid | White solid

[0658] (Example 9) Synthesis of N-(2-aminoethyl)-3-(2-(cyclooct-2-yn-1-

yloxy)acetamide)propanamide group-introduced alginic acid (9-A2):

[C59]
RGO-1
SL
Hel N._cF © u/\)kOH @ Q H i H
Ny > j\ LA~ A o~ oy —— N/\)J\N/\,N CF,
0o O N N \ﬂ/ <Step2> 2 H T
<Step1> H H o HCl o)
SM8 ot IM9-2

Q Rss-ZOH 5 o ) 5 5
=0 = OQLQ/\)J\ A A0 ©/o\)LN/\)kN/\/NH2
H H

N
o H
_— Q B
<Step3> <Stepd>
1M8-3 IMB-4
O O H
- = O\)J\N/\)J\N/\/N\[((ALG)
<Stepb> H H o
9-A2

[0659] <Step 1> Synthesis of tert-butyl (3-ox0-3-((2-(2,2,2-
trifluoroacetamido)ethyl)amino)propyl)carbamate (IM9-1):
N-(2-aminoethyl)-2,2,2-trifluoroacetamide hydrochloride (Formula SM8) (110 mg)

and N-(tert-butoxycarbonyl)-B-alanine (Formula RG9-1) [CAS REGISTRY NO.: 3303-84-2]
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(113.5 mg) obtained by methods well known by publications were dissolved in acetonitrile
(3.3 mL), O-(7-azabenzotriazol-1-y1)-N,N,N’,N’-tetramethyluronium hexafluorophosphate
(261 mg) and N,N-diisopropylethylamine (319 pL) were added thereto and stirred at room
temperature for three hours. Ethyl acetate (15 mL) and water (5 mL) were added to a
reaction liquid, liquid was separated, and then an organic layer was sequentially washed with
water and brine. The organic layer was dried with anhydrous sodium sulfate, then,
concentrated under reduced pressure and triturated with methyl tert-butyl ether (20 mL). A
solid was filtered and dissolved in ethyl acetate (20 mL). The organic layer was sequentially
washed with 1N-citric acid, water and brine, then, dried with anhydrous sodium sulfate and
then concentrated under reduced pressure. A residue was triturated with methyl tert butyl
ether (10 mL), and then a solid was filtered, thereby obtaining a title compound (80 mg) as a
white solid.
[0660] <Step 2> Synthesis of 3-amino-N-(2-(2,2,2-trifluoroacetamido)ethyl)propanamide
hydrochloride (IM9-2):

4N-hydrogen chloride/1,4-dioxane (1.1 mL) was added to a compound of Formula
IM9-1 (80 mg) obtained in <Step 1> of (Example 9) under ice cooling and then stirred at
room temperature for two hours. Diisopropyl ether (3.4 mL) was added to a reaction liquid
and stirred for 1.5 hours. An obtained solid was filtered, thereby obtaining a title compound
(61 mg) as a white solid.
[0661] <Step 3> Synthesis of 3-(2-(cyclooct-2-yn-1-yloxy)acetamide)-N-(2-(2,2,2-
trifluoroacetamido)ethyl)propanamide (IM9-3):

Ethanol (1.2 mL), DMT-MM (115 mg) and triethylamine (39 puL) were added to a
compound of Formula RG5-2 (44 mg) obtained by a method well known by publications and
a compound of Formula IM9-2 (61 mg) obtained in <Step 2> of (Example 9) and stirred at

room temperature for two hours. Water (3.7 mL) was added to a reaction liquid, and an
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organic layer was extracted with ethyl acetate (15 mL, 5 mL). The organic layer was
sequentially washed with water and brine, dried with anhydrous sodium sulfate and then
concentrated under reduced pressure. tert-Butyl methyl ether (10 mL) was added to the

obtained solid, triturated and filtered. The obtained solid was purified by silica gel column

chromatography (80% ethyl acetate/n-heptane — ethyl acetate — 20% methanol/ethyl

acetate), and a title compound (60 mg) was obtained as light yellow solid.
[0662] <Step 4> Synthesis of N-(2-(aminoethyl)-3-(2-(cyclooct-2-yn-1-
yloxy)acetamide)propanamide (IM9-4):

A water (0.3 mL) solution of potassium carbonate (42 mg) was added to a methanol
(3.0 mL) solution of a compound of Formula IM9-3 (60 mg) obtained in <Step 3> of
(Example 9) and stirred at room temperature for three hours, then, furthermore, a water (0.3
mL) solution of potassium carbonate (42 mg) was added thereto and stirred at room
temperature for 16.5 hours. A reaction liquid was concentrated under reduced pressure,
then, brine (2 mL) was added thereto, and, furthermore, the reaction liquid was saturated with
sodium chloride. A layer was extracted with ethyl acetate (15 mL, 10 mL x 4), and the
extracted layer was dried with anhydrous sodium sulfate and then concentrated under reduced
pressure. Ethyl acetate (5 mL) and several droplets of methanol were added to a residue, and
an insoluble matter was removed. An obtained filtrate was concentrated under reduced
pressure, thereby obtaining a title compound (31 mg) as a colorless oily substance.
[0663] <Step 5> Synthesis of N-(2-aminoethyl)-3-(2-(cyclooct-2-yn-1-
yloxy)acetamide)propanamide group-introduced alginic acid (9-A2):

DMT-MM (114 mg), an ethanol (4.1 mL) solution of a compound of Formula IM9-4
(30.5 mg) obtained in <Step 4> of (Example 9) and 1-molar aqueous sodium bicarbonate
solution (103 pL) were added to a sodium alginate (manufactured by MOCHIDA

PHARMACEUTICAL CO., LTD.: A-2) aqueous solution (41 mL) prepared to 1 wt%. The
242



G2887

components were stirred at 30°C for three hours, and then sodium chloride (0.41 g) and
ethanol (82 mL) were sequentially added thereto and stirred at room temperature for 30
minutes. An obtained precipitation was filtered, washed with ethanol and dried under
reduced pressure. The obtained solid was dissolved in water, then, lyophilized, thereby
obtaining a title compound (406 mg) as a white solid.

[0664] (Example 10) Synthesis of 3-amino-N-(2-(2-(2-(cyclooct-2-yn-1-

yloxy)acetamido)ethoxy)ethyl)propanamide group-introduced alginic acid (10-A2):

[C60]
RG10-1
O H NH
NN M2
Hoj(\/“ CFs >( \[g ? 0. H\/\ /\/“T(\/H CF
g > g o YO o
© © <Step1> >r o 0 ') <Step2>
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OWOH
0]

B H H H
Q\OWN\/\O/\/NT(\/N\H/CF:& B —
o] (@] O

H H
T

HC <Step3> <Stepd>
IM10-2 IM10-3
O\ H\/\ /\/H NHy —— Q\ § N N (ALG)
(0] (@) NN AN
- /ﬁr W/\/ <Stepb> — O/ﬁ( © T(\/ T
0 & 0 0 0
IM10-4 10-A2

[0665] <Step 1> Synthesis of tert-butyl (2-(2-(3-(2,2,2-
trifluoroacetamido)propanamido)ethoxy)ethyl)carbamate (IM10-1):

DMT-MM (897 mg) was added to a compound of Formula SM10 [CAS REGISTRY
NO.: 50632-82-1] (400 mg) obtained by a method well known by publications and an ethanol
(4.0 mL) solution of a compound of Formula RG10-1 that was a commercially available
product or obtained by a method well known by publications (tert-butyl (2-(2-
aminoethoxy)ethyl) carbamate, CAS REGISTRY NO.: 127828-22-2) (441 mg) and stirred for

3.5 hours. Water (5 mL) were added to a reaction liquid, and an organic layer was extracted
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with ethyl acetate (20 mL, 10 mL) and then sequentially washed with water and brine. The
organic layer was dried with anhydrous sodium sulfate and then concentrated under reduced

pressure, and a residue was purified by silica gel column chromatography ([elution

solvent/ratio%] ethyl acetate:n-heptane = 30:70 — ethyl acetate:n-heptane = 100:0), thereby

obtaining a title compound (451 mg) as a colorless oily substance.
[0666] <Step 2> Synthesis of N-(2-(2-aminoethoxy)ethyl)-3-(2,2,2-
trifluoroacetamide)propanamide hydrochloride (IM10-2):

4N-hydrogen chloride/1,4-dioxane (3.16 mL) was added to a compound of Formula
IM10-1 (451 mg) obtained in <Step 1> of (Example 10) under ice cooling and stirred at room
temperature for three hours. Diisopropyl ether (6.4 mL) was added to a reaction liquid and
concentrated under reduced pressure, thereby obtaining a title compound (433 mg) as a
colorless gummy substance.

[0667] <Step 3> Synthesis of N-(2-(2-(2-(cyclooct-2-yn-1-yloxy)acetamido)ethoxy)ethyl-3-
(2,2,2-trifluoroacetamido)propanamide (IM10-3):

Ethanol (1.7 mL), DMT-MM (253 mg) and triethylamine (102 pL) were added to a
compound of Formula RG5-2 (111 mg) obtained by a method well known by publications and
a compound of Formula IM10-2 (215 mg) obtained in <Step 2> of (Example 10) and stirred at
room temperature for 21 hours. Water (5 mL) was added to a reaction liquid, and an organic
layer was extracted with ethyl acetate (15 mL). The organic layer was sequentially washed
with water and brine, dried with anhydrous sodium sulfate and then concentrated under

reduced pressure. An obtained residue was purified by silica gel column chromatography

([elution solvent/ratio%] ethyl acetate:n-heptane = 30:70 — ethyl acetate:n-heptane = 100:0

— methanol:ethyl acetate = 15:85), thereby obtaining a title compound (35 mg) as a colorless

oily substance.
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[0668] <Step 4> Synthesis of 3-amino-N-(2-(2-(2-(cyclooct-2-yn-1-
yloxy)acetamido)ethoxy)ethyl)propanamide (IM10-4):

An aqueous solution (175 pL) of potassium carbonate (33 mg) was added to a
methanol (700 pL) solution of a compound of Formula IM10-3 (35 mg) obtained in <Step 3>
of (Example 10) and stirred at room temperature for 16.5 hours. A reaction liquid was
concentrated under reduced pressure, then, water (2 mL) was added thereto, and the reaction
liquid was saturated with sodium chloride. A layer was extracted with ethyl acetate (10 mL
x 5), and the extracted layer was dried with anhydrous sodium sulfate and then concentrated
under reduced pressure. Ethyl acetate (10 mL) and several droplets of methanol were added
to a residue, and an insoluble matter was removed. An obtained filtrate was concentrated
under reduced pressure, thereby obtaining a title compound (24 mg) as a colorless gummy
substance.

[0669] <Step 5> Synthesis of 3-amino-N-(2-(2-(2-(cyclooct-2-yn-1-
yloxy)acetamido)ethoxy)ethyl)propanamide group-introduced alginic acid (10-A2):

DMT-MM (78 mg), an ethanol (2.8 mL) solution of a compound of Formula IM10-4
(24 mg) obtained in <Step 4> of (Example 10) and 1-molar aqueous sodium bicarbonate
solution (71 pL) were added to a sodium alginate (manufactured by MOCHIDA
PHARMACEUTICAL CO., LTD.: A-2) aqueous solution (28 mL) prepared to 1 wt%. The
components were stirred at 30°C for 3.5 hours, and then sodium chloride (0.28 g) and ethanol
(56 mL) were sequentially added thereto and stirred at room temperature for 30 minutes. An
obtained precipitation was filtered, washed with ethanol and dried under reduced pressure.
The obtained solid was dissolved in water, then, lyophilized, thereby obtaining a title

compound (272 mg) as a white solid.
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[0670] (Examples 11a to 1) Syntheses of 4-(2-aminoethoxy)-N-(3-azidopropyl)benzamide
group-introduced alginic acids (11-A2, 11-Al, 11-A3, 11-B2, 11-B2b, 11-B2¢, 11-A2b, 11-

A2c, 11-B2d, 11-A2d, 11-A2¢ and 11-A3):

[C61]
o 0
NG m)K@ - — NB/\/\H)KQ N (ALG)
o~ NH2 g
0
SM11 11-A2, 11-A1, 11-A3, 11-B2,11-B2b,

11-B2c, 11-A2b, 11-AZc, 11-B2d
11-A2d, 11-A2e, 11-A3

[0671] Compounds 11-A2, 11-Al, 11-A3, 11-B2, 11-B2b, 11-B2¢, 11-A2b, 11-A2c, 11-B2d,
11-A2d, 11-A2¢ and 11-A3 were synthesized by the following synthesis method under the
following reaction conditions.

[Synthesis method]

DMT-MM, a compound of Formula SM11 (4-(2-aminoethoxy)-N-(3-
azidopropyl)benzamide hydrochloride; CAS REGISTRY NO.: 2401876-19-3] synthesized by
a method well known by publications and 1-molar aqueous sodium bicarbonate solution were
added to a sodium alginate (manufactured by MOCHIDA PHARMACEUTICAL CO., LTD.)
aqueous solution prepared to 1 wt% or 2 wt% and stirred. Sodium chloride was added
thereto, and then ethanol (EtOH 2) was added thereto and stirred at room temperature. An
obtained precipitation was filtered, washed with ethanol and dried under reduced pressure,
thereby obtaining a title compound as solid. In Examples 11g, 11h, 111, 11j, 11k and 111, a
solid obtained by the previous operation was dissolved in water, lyophilized, thereby
obtaining a title compound.

[Reaction conditions and results]
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[Table 17]
Examples Ila 11b llc 11d
Compound 11-A2 11-Al 11-A3 11-B2
Sodium alginate A-2 A-1 A-3 B-2
0.67 wt% sodium alginate aqueous " " " "
solution (mL)
1 wt% sodium alginate aqueous solution 19.6 1932 15.06 60.0
(mL)
2 wt% sodium alginate aqueous solution * " " "
(mL)
DMT-MM (mg) 50.19 49.47 38.57 125.6
l-mo'lar aqueous sodium bicarbonate 181.4 178.8 139.4 211.8
solution (uL)
SM11 (mg) 54.37 53.59 41.78 45.4
Reaction time (hours) 5 20 5 3
Reaction temperature r.t. r.t. r.t. 30°C
NaCl (mg) 200 200 150 600
EtOH 2 (mL) 39.2 38.64 60.24 120
Post treatment stirring time (minutes) 30 30 30 30
Yield (mg) 198 221 155 553
Form (color/shape) Wh?te Wh?te Wh?te Wh?te
solid solid solid solid
[Table 18]
Examples Ile 11f l1g 11h
Compound 11-B2b 11-B2¢ 11-A2b 11-A2¢
Sodium alginate B-2 B-2 A-2 A-2
0.67 wt% sodium alginate " " " "
aqueous solution (mL)
1 wt% sodium alginate 350 60.0 120 120
aqueous solution (mL)
2 wt% sodium alginate " " " "
aqueous solution (mL)
DMT-MM (mg) 14.7 67.0 335.0 200.97
I-molar aqueous sodium
bicarbonate solution (uL) 265 208 453.9 272.4
SM11 (mg) 53 18.1 90.7 54.4
Reaction time (hours) 3.5 3 3 3.5
Reaction temperature 30°C 30°C 30°C 30°C
NaCl (mg) 350 600 1200 1200
EtOH 2 (mL) 70 120 240 240
Pogt treatment stirring time 30 30 30 30
(minutes)
Yield (mg) 304 568 1171 1169
Form (color/shape) White solid | White solid | White solid | White solid
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[Table 19]
Examples 111 11j 11k 111
Compound 11-B2d 11-A2d 11-A2¢ 11-A3
Sodium alginate B-2 A-2 A-2 A-3
0.67 wt% sodium alginate aqueous " " " 150
solution (mL)
1 wt% sodium alginate aqueous solution 250 " " *
(mL)
2 wt% sodium alginate aqueous solution " 300 295 *
(mL)
DMT-MM (mg) 697.8 1005 754 167
l-mo'lar aqueous sodium bicarbonate 945 7 1362 1021 297
solution (uL)
SM11 (mg) 189.0 272.1 204 45
Reaction time (hours) 3.5 3.6 3 3.5
Reaction temperature 30°C 32°C 32 32
NaCl (mg) 2500 6000 4500 1000
EtOH 2 (mL) 500 600 450 300
Post treatment stirring time (minutes) 30 30 30 30
Yield (mg) 2420 5600 4160 860
Form (color/shape) Wh?te Wh?te Wh?te Wh?te
solid solid solid solid
[0672] (Example 12) Synthesis of 4-(3-aminopropoxy)-N-(2-(2-(2-
azidoethoxy)ethoxy)ethyl)benzamide group-introduced alginic acid (12-A2):
[C62]
o 0
N3\/\O/\/O\/\N)K©\ Hel o NS\/\O/\/O\/\H)KQ\ o
" 0" " NH, o/\/\ﬁ)J\(ALG)
Sm12 12-A2

[0673] DMT-MM (50.19 mg), a compound of Formula SM12 (4-(3-aminopropoxy)-N-(2-(2-
(2-azidoethoxy)ethoxy)ethyl)benzamide hydrochloride; CAS REGISTRY NO.: 2401876-22-
8] (70.35 mg) synthesized by a method well known by publications and 1-molar aqueous
sodium bicarbonate solution (181.4 pL) were added to a sodium alginate (manufactured by
MOCHIDA PHARMACEUTICAL CO., LTD., A-2) aqueous solution (19.6 mL) prepared to

1 wt% under ice cooling and stirring, and stirred at room temperature for five hours. Sodium
chloride (200 mg) was added thereto, then, ethanol (39.2 mL) was added thereto and stirred at

room temperature for 30 minutes. An obtained precipitation was filtered, washed with
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ethanol and dried under reduced pressure, thereby obtaining a title compound (199 mg) as a
white solid.
[0674] (Examples 13a and b) Syntheses of N-(2-(2-aminoethoxy)ethyl)-4-

(azidomethyl)benzamide group-introduced alginic acids (13-A2 and 13-A2b):

[C63]
. § e " § § ALG
Noe~g N ——— N\/\O/\/NY( )
O 0] 6]
SM13 13-A2, 13-A2b

[0675] Compounds 13-A2 and 13-A2b were synthesized by the following synthesis method
under the following reaction conditions.
[Synthesis method]

DMT-MM, a compound of Formula SM13 (N-(2-(2-aminoethoxy)ethyl)-4-
(azidomethyl)benzamide hydrochloride; CAS REGISTRY NO.: 2401876-38-6] synthesized
by a method well known by publications and 1-molar aqueous sodium bicarbonate solution
were added to a sodium alginate (manufactured by MOCHIDA PHARMACEUTICAL CO.,
LTD.) aqueous solution prepared to 1 wt% and stirred. Sodium chloride was added thereto,
and then ethanol (EtOH 2) was added thereto and stirred at room temperature. An obtained
precipitation was filtered, washed with ethanol and dried under reduced pressure, thereby
obtaining a title compound as solid. The solid obtained by the previous operation was
dissolved in water, lyophilized, thereby obtaining a title compound.

[Reaction conditions and results]
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[Table 20]
Examples 13a 13b
Compound 13-A2 13-A2b
Sodium alginate A-2 A-2
1 wt% sodium alginate aqueous solution (mL) 40 140
DMT-MM (mg) 112 234.5
I-molar aqueous sodium bicarbonate solution 151 3177
(uL)
SM13 (mg) 30 63.5
Reaction time (hours) 3 3
Reaction temperature 30°C 32°C
NaCl (mg) 400 1400
EtOH 2 (mL) 80 280
Post treatment stirring time (minutes) 30 30
Yield (mg) 408 1320
Form (color/shape) White solid | White solid

[0676] (Examples 14a to ¢) Syntheses of N-(2-aminoethyl)-4-(azidomethyl)benzamide group-

introduced alginic acids (14-A2, 14-B2 and 14-A2b):

[Co64]
N3 4 HCI N3 H i
_— N
N ™NH, ~TNTALG)
0 O
SM14 14-A2, 14-B2, 14-A2b

[0677] Compounds 14-A2, 14-B2 and 14-A2b were synthesized by the following synthesis
method under the following reaction conditions.
[Synthesis method]

DMT-MM, a compound of Formula SM14 (N-(2-aminoethyl)-4-
(azidomethyl)benzamide hydrochloride; CAS REGISTRY NO.: 2401876-25-1] synthesized
by a method well known by publications and 1-molar aqueous sodium bicarbonate solution
were added to a sodium alginate (manufactured by MOCHIDA PHARMACEUTICAL CO.,
LTD..) aqueous solution prepared to 1 wt% and stirred. Sodium chloride was added thereto,
and then ethanol (EtOH 2) was added thereto and stirred at room temperature. An obtained

precipitation was filtered, washed with ethanol and dried under reduced pressure, thereby
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obtaining a title compound as solid. In Example 13-A2b, a solid obtained by the previous
operation was dissolved in water, lyophilized, thereby obtaining a title compound.

[Reaction conditions and results]

[Table 21]
Examples 14a 14b 14c
Compound 14-A2 14-B2 14-A2b
Sodium alginate A-2 B-2 A-2

5 : .

1 wt% s0d1um alginate 20 20 30
aqueous solution (mL)
DMT-MM (mg) 84 84 83.7
I-molar aqueous sodium
bicarbonate solution (uL) 252 151 113.5
SM14 (mg) 52 26 19.3
Reaction time (hours) 3 3 3
Reaction temperature 30°C 30°C 30°C
NaCl (mg) 200 200 300
EtOH 2 (mL) 40 40 60
Pogt treatment stirring time 30 30 30
(minutes)
Yield (mg) 185 187 276
Form (color/shape) White solid White solid White solid

[0678] (Example 15) Synthesis of N-(2-(2-(2-aminoethoxy)ethoxy)ethyl)-4-
(azidomethyl)benzamide group-introduced alginic acid (15-A2):
[C65]

Ng H HCI N3 H Q
N o - . N ) J
0O

O

SM15 15-A2
[0679] DMT-MM (112 mg), an ethanol (4.0 mL) solution of a compound of Formula SM15
(N-(2-(2-(2-aminoethoxy)ethoxy)ethyl)-4-(azidomethyl)benzamide hydrochloride; CAS
REGISTRY NO.: 2401876-41-1] (38 mg) synthesized by a method well known by
publications and 1-molar aqueous sodium bicarbonate solution (151 pL) were added to a
sodium alginate (manufactured by MOCHIDA PHARMACEUTICAL CO., LTD., A-2)

aqueous solution (40 mL) prepared to 1 wt% and stirred at 30°C for three hours. Sodium
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chloride (0.4 g) was added thereto, then, ethanol (80 mL) was added thereto and stirred at
room temperature for 30 minutes. An obtained precipitation was filtered, washed with
ethanol and dried under reduced pressure. The solid obtained by the previous operation was
dissolved in water, lyophilized, thereby obtaining a title compound (416 mg) as a white solid.
[0680] (Examples 16a and b) Syntheses of N-(2-(2-aminoethoxy)ethyl)-4-azidobenzamide
group-introduced alginic acids (compounds: 16-A2 and 16-A2b):

[C66]

N3 N3
H HCI H H
N~ g~ N ——— N\/\O/\/NY(ALG)
O O

O
SM16 16-A2, 16-A2b

[0681] Compounds 16-A2 and 16-A2b were synthesized by the following synthesis method
under the following reaction conditions.
[Synthesis method]

DMT-MM, a compound of Formula SM16 (N-(2-(2-aminoethoxy)ethyl)-4-
azidobenzamide hydrochloride; CAS REGISTRY NO.: 2401876-47-7] synthesized by a
method well known by publications and 1-molar aqueous sodium bicarbonate solution were
added to a sodium alginate (manufactured by MOCHIDA PHARMACEUTICAL CO., LTD.)
aqueous solution prepared to 1 wt% and stirred.  Sodium chloride was added thereto, and
then ethanol (EtOH 2) was added thereto and stirred at room temperature. An obtained
precipitation was filtered, washed with ethanol and dried under reduced pressure, thereby
obtaining a title compound as solid. The solid obtained by the previous operation was
dissolved in water, lyophilized, thereby obtaining a title compound.

[Reaction conditions and results]
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[Table 22]
Examples 16a 16b
Compound 16-A2 16-A2b
Sodium alginate A-2 A-2
1 wt% sodium alginate aqueous solution (mL) 40 140
DMT-MM (mg) 112 234
I-molar aqueous sodium bicarbonate solution 151 318
(uL)
SM16 (mg) 31 61
Reaction time (hours) 3 3
Reaction temperature 30°C 32°C
NaCl (mg) 400 1400
EtOH 2 (mL) 80 280
Post treatment stirring time (minutes) 30 30
Yield (mg) 400 1310
Form (color/shape) White solid | White solid

[0682] (Examples 17a to ¢) Syntheses of N-(2-aminoethyl)-4-azidobenzamide group-

introduced alginic acids (17-B2, 17-B2b and 17-A2):

[C67]
N3 NE
~""NH, \/\H (ALG)
o) o)
SM17 17-B2, 17-B2b, 17-A2

[0683] Compounds 17-B2, 17-B2b and 17-A2 were synthesized by the following synthesis
method under the following reaction conditions.
[Synthesis method]

DMT-MM, a compound of Formula SM17 (N-(2-aminoethyl)-4-azidobenzamide
hydrochloride; CAS REGISTRY NO.: 164013-00-7] synthesized by a method well known by
publications and 1-molar aqueous sodium bicarbonate solution were added to a sodium
alginate (manufactured by MOCHIDA PHARMACEUTICAL CO., LTD.) aqueous solution
prepared to 1 wt% and stirred.  Sodium chloride was added thereto, and then ethanol (EtOH
2) was added thereto and stirred at room temperature. An obtained precipitation was

filtered, washed with ethanol and dried under reduced pressure, thereby obtaining a title
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compound as solid. In Example 17c, a solid obtained by the previous operation was
dissolved in water, lyophilized, thereby obtaining a title compound.

[Reaction conditions and results]

[Table 23]
Examples 17a 17b 17¢c
Compound 17-B2 17-B2b 17-A2
Sodium alginate B-2 B-2 A-2

5 : .

1 wt% s0d1um alginate 300 60.0 30
aqueous solution (mL)
DMT-MM (mg) 63 67 84
I-molar aqueous sodium
bicarbonate solution (uL) 13 o1 13
SM17(mg) 18 15 18
Reaction time (hours) 3 3 3
Reaction temperature 30°C 30°C 30°C
NaCl (mg) 300 600 300
EtOH 2 (mL) 60 120 60
Pogt treatment stirring time 30 30 30
(minutes)
Yield (mg) 282 560 271
Form (color/shape) White solid White solid White solid

[0684] (Example 18) Synthesis of N-(2-(2-(2-aminoethoxy)ethoxy)ethyl)-4-azidobenzamide
group-introduced alginic acid (18-A2):

[C68]

N3 N3 0]
O 0O

SM18 18-A2
[0685] DMT-MM (112 mg), an ethanol (4.0 mL) solution of a compound of Formula SM18
(N-(2-(2-(2-aminoethoxy)ethoxy)ethyl)-4-azidobenzamide hydrochloride; CAS REGISTRY
NO.: 2401876-48-8) (45 mg) synthesized by a method well known by publications and 1-
molar aqueous sodium bicarbonate solution (151 ul) were added to a sodium alginate
(manufactured by MOCHIDA PHARMACEUTICAL CO., LTD., A-2) aqueous solution (40
mL) prepared to 1 wt% and stirred at 30°C for three hours. Sodium chloride (0.4 g) was

added thereto, then, ethanol (80 mL) was added thereto and stirred at room temperature for 30
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minutes. An obtained precipitation was filtered, washed with ethanol and dried under
reduced pressure. The solid obtained by the previous operation was dissolved in water,

lyophilized, thereby obtaining a title compound (408 mg) as a white solid.
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[Table 24-1]

Ex. | Cpd. No. | MWL (nm) MWD (Da) WAMW (Da) | RGIR (mol%) ($)
la | 1-A2 280 12,000-2,650,000 1,530,000 6.9
Ib | 1-Al 280 5,000-2,620,000 1,150,000 6.5
Ic | 1-A3 280 27,000-2,660,000 1,710,000 6.6
1d | 1-B2 288 3,730-2,850,000 1,410,000 4.9
le | 1-B2b 287 13,700-2,520,000 1,400,000 0.8
1f | 1-B2c 287 2,230-2,570,000 1,420,000 1.9
lg | 1-A2b - - - 4.9
l1h | 1-A2¢ - - - 0.8
li 1-A2d - - - 0.9
2 2-B2 287 2,080-2,570,000 1,400,000 2.7
3 3-A2 290 1,000-2,690,000 1,260,000 4.3
4a | 4-B2 215 1,850-2,830,000 1,380,000 4.5
4b | 4-A2 - - - 4.4
4c | 4-B2b - - - 2.4
4d | 4-A2b - - - 0.6
4e | 4-A2¢ - 35,600-2,520,000 1,380,000 0.7
4f | 4-A2d - - - 0.7
4g | 4-A3 - - - 0.5
S5a | 4-A2 220 8,000-2,650,000 1,420,000 4.6
5b | 4-B2 220 5,000-2,680,000 1,400,000 4.1
6a | 6-A2 # 13,000-2,820,000 1,420,000 4.3
6b | 6-B2 # 13,000-2,590,000 1,410,000 4.2
6¢c | 6-B2b # 13,000-2,670,000 1,410,000 2.1
7 7-A2 # 13,000-3,640,000 1,400,000 3.2
8a | 8-A2 # 13,000-2,660,000 1,370,000 5.0
8b | 8-B2 # 17,000-2,540,000 1,380,000 2.4
9 9-A2 # 14,000-2,720,000 1,370,000 4.3
10 | 10-A2 # 13,000-2,580,000 1,350,000 4.4
1la | 11-A2 255 15,000-2,530,000 1,510,000 6.1
11b | 11-Al 255 5,000-2,590,000 1,140,000 9.4
11c | 11-A3 255 18,000-2,690,000 1,650,000 6.9
11d | 11-B2 249 7,630-2,590,000 1,420,000 3.7
1le | 11-B2b 249 2,290-2,560,000 1,410,000 0.6
11f | 11-B2¢ 249 11,800-2,540,000 1,420,000 1.5
11g | 11-A2b - - - 4.3
11h | 11-A2¢ - - - 2.7
111 | 11-B2d - - - 4.9
11 | 11-A2d - - - 3.1
11k | 11-A2¢ 250 8,710-2,600,000 1,350,000 3.0
111 | 11-A3 - - - 3.0
12 | 12-A2 255 10,000-2,850,000 1,460,000 4.3

Cpd. No.: compound number, MWL: measurement wavelength, MWD: molecular weight

distribution, WAMW: weight-average molecular weight, RGIR: reactive group introduction

rate, #: differential refractometer, $: NMR integral ratio
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[Table 24-2]

Ex. | Cpd. No. | MWL (nm) MWD (Da) WAMW (Da) | RGIR (mol%) ($)
13a | 13-A2 230 7,740-2,660,000 1,430,000 4.7
13b | 13-A2b - - - 2.7
14a | 14-A2 255 11,000-2,660,000 1,530,000 9.4
14b | 14-B2 232 5,190-2,660,000 1,410,000 11.1
14c | 14-A2b - - - 4.9
15 | 15-A2 230 7,120-2,710,000 1,450,000 4.2
16a | 16-A2 270 5,130-2,690,000 1,410,000 3.9
16b | 16-A2b - - - 2.7
17a | 17-B2 267 6,430-2,590,000 1,410,000 5.1
17b | 17-B2b 267 1,820-2,560,000 1,410,000 2.0
17¢ | 17-A2 - - - 5.0
18 | 18-A2 270 5,020-2,670,000 1,430,000 4.2

Cpd. No.: compound number, MWL: measurement wavelength, MWD: molecular weight

distribution, WAMW: weight-average molecular weight, RGIR: reactive group introduction

rate, #: differential refractometer, $: NMR integral ratio
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[Table 25-1]

I | NMR Data (6:ppm) Mass
M MS- | RT(
N ESI( | min
0. m/z), | )
[M+
H]+
I | DMSO-ds:7.88(2H,d,J=8Hz),7.73-7.66(3H,m),7.61-7.57(2H,m),7.50- - -
M | 7.29(11H,m),5.02(1H,d,J=14Hz),4.29-
3- | 4.18(3H,m),3.62(1H,d,J=14Hz),3.46(2H,d,J=6Hz),3.18-
1 |3.08(1H,m),3.02-2.89(1H,m),2.47-2.39(1H,m),1.85-1.74(1H,m)
I | DMSO-de:7.73(1H,brs),7.64-7.58(2H,m),7.51- 334 10.74
M | 7.29(6H,m),5.04(1H,d,J=14Hz),3.63(1H,d,J=14Hz),3.18-
3- | 3.06(1H,m),3.04-2.95(1H,m),2.95(2H,s),2.47-2.39(1H,m),1.87-
2 | 1.78(1H,m)
I - -
M | CDClI3:7.22(2H,d,J=8Hz),6.85(2H,d,J=8Hz),6.74(1H,brs),4.79(1H,brs),4.
5- | 25(2H,d,J=6Hz),4.09(2H,t,J=5Hz),3.78(2H,q,J=5Hz),1.46(9H,s)
1
&
i/[ DMSO- 2851 0.59
5 d6:9.67(1H,brs),8.14(3H,brs),7.38(2H,d,J=9Hz),6.98(2H,d,J=9Hz),4.10(2
) H.t,J=6Hz),3.94(2H,brs),3.57(2H,q,J=6Hz)
I | CDCI3:7.23(2H,d,J=9Hz),6.94(1H,brs),6.85(2H,d,J=9Hz),6.80- 427 | 1.02
M | 6.77(1H,m),4.42(2H,d,J=6Hz),4.25-4.21(1H,m),4.11-
5- | 4.05(3H,m),3.92(1H,d,J=15Hz),3.78(2H,q,J=6Hz),2.28-
3 |2.05(3H,m),1.99-1.55(6H,m),1.48-1.39(1H,m)
I | CDCI3:7.22(2H,d,J=9Hz),6.87(2H,d,J=9Hz),6.75(1H,brs),4.42(2H,d,J=6 | 331 | 0.72
M | Hz),4.25-4.20(1H,m),4.10(1H,d,J=15Hz),4.03-
5- | 3.90(3H,m),3.08(2H,t,J=5Hz),2.28-2.07(3H,m),1.99-1.55(6H,m),1.48-
4 | 1.40(1H,m)

*:[M+Na]+, IM No. = intermediate number, RT = retention time

258




G2887

[Table 25-2]

IM | NMR Data (6:ppm) Mass
No MS- | RT(
ESI( | min)
m/z),
[M+
HI+
M | DMSO- -
8- | d6:9.39(1H,brs),7.93(1H,brs),6.92(1H,1,J=6Hz),3.49(2H,d,J=6Hz),3.25
1| -3.17(4H,m),1.38(9H,s)
M DMSO-de:9.50(1H,brs),8.54(1H,brs),8.01(3H, brs),3.49(2H,s),3.28- -
8-
S | 3.24¢4H.m)
M | DMSO-de:9.41(1H,brs),8.03(1H,1,J=6Hz),7.78(1H,LJ=6Hz),4 35- 378 | 0.84
8- | 4.29(1H,m),3.93(1H,d,J=15Hz).3.79(1H,d,J=15Hz),3.68(2H,dd,j=6,24
3 | Hz),3.27-3.16(4H,m),2.28-2.05(3H,m), 1.99-1.69(4H,m),1.65-
1.54(2H,m),1.46-1.36(1H,m)
™ 282 | 0.62
8- | DMSO-de:7.83(1H,,J=6Hz),7.78(1H,1,J=6Hz),4.33-
4 | 4.29(1H,m),3.92(1H,d,J=15Hz),3.79(1H,d,J=15Hz),3.69(2H,dd,j=6 2
Hz),3.05(2H,q,]=6Hz).2.55(2H,1,J=6Hz),2.28-2.05(3H,m), 1.99-
1.69(4H,m), 1.63-1.56(2H,m), 1.46-1.36(1H,m)
IM | DMSO- - -
9- | d6:9.39(1H,1,J=5Hz),8.00(1H,,J=6Hz),6.74(1H,1,]=6Hz),3.21(2H,1,J=6
1 | Hz),3.17(2H.4,J=6Hz).3.14-3.07(2H,m),2.20(2H,1,]=7Hz),1.37(9H.s)
19M DMSO0-ds:9.47(1H,brs).8.27(1H,t,J=6Hz),7.74(3H,brs).3.27- - -
S | 3:17(4H.m).2.96(2H.1.1=THz2) 2. 43(2H.t.I=THz)
M | DMSO-de:9.40(1H,1,J=5Hz),8.04(1H,1,)=6Hz),7.68(1H,1,J=6Hz),4.29- | 392 | 0.83
9- | 4.23(1H,m),3.85(1H,d,J=15Hz),3.73(1H,d,J=15Hz),3.32-
3| 3.13(6H.m),2.25(2H,1,)=7Hz).2.23-2.03(3H,m),1.95-1.70(4H,m), 1.66-
1.50(2H,m),1.43-1.35(1H,m)
™ 296 | 0.62
9. | DMSO-de:7.85(1H,1,J=6Hz),7.68(1H,1,J=6Hz) 4.30-
4 | 4.25(1H,m),3.86(1H.d,J=15Hz),3.74(1H,d,J=15Hz),3 32-
3.25(2H,m),3.04(2H,q,J=6Hz),2.55(2H,t,J=6Hz),2.27(2H,1,J=7Hz),2.2
5-2.04(3H,m),1.96-1.71(4H,m),1.67-1.51(2H,m),1.45-1.35(1H,m)

*:[M+Na]+, IM No. = intermediate number, RT = retention time
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[Table 25-3]

IM | NMR Data (3:ppm) Mass
No MS- | RT(
ESI( | min
m/z), | )
[M+
H]+

IM | CDClI3:7.73(1H, brs), - -
10- | 6.40(1H,brs),4.86(1H,brs),3.64(2H,q,J=6Hz),3.56-3.50(4H,m),3.47-
1 3.43(2H,m),3.30(2H,q,J=5Hz),2.53-2.50(2H,m),1.45(9H,s)

IM | DMSO- - -
10- | d6:9.50(1H,t,J=5Hz),8.15(1H,t,J=6Hz),8.01(3H,brs),3.58((2H,t,J=5Hz),
2 | 3.43(2H.,t,J=6Hz),3.38(2H,q,J=7Hz),3.24(2H,q,J=6Hz),3.00-
2.92(2H,m),2.39(2H,t,J=7Hz)

IM | cDC15:7.80(1H, brs), 6.80(1H,brs),6.58(1H,brs),4.29- 436 | 0.82
10- | 4.23(1H,m),4.06(1H,d,J=15Hz),3.89(1H,d,J=15Hz),3.64(2H,q,J=6Hz),3
3| 60-3.55(4H,m),3.52-
3.46(2H,m),3.44(2H,q,)=5Hz),2.52(2H,t,J=6Hz),2.31-2.11(3H,m),2.02-
1.78(4H,m),1.76-1.61(2H,m),1.51-1.42(1H,m)

™M 340 | 0.64
10- | CDCl3:7.33(1H, brs), 6.82(1H,brs),4.28-

4 | 423(1H,m),4.06(1H,d,J=15Hz),3.90(1H,d,J=15Hz),3.56(4H,t,J=5Hz),3.
51-3.44(4H,m),3.01(2H,t,J=6Hz),2.35(2H,t,]=6Hz),2.31-
2.12(3H,m),2.02-1.79(4H,m),1.77-1.60(2H,m),1.50-1.42( 1H,m)

*:[M+Na]+, IM No. = intermediate number, RT = retention time
[0686] (Example F1-A) Production of crosslinked alginate gel fiber (1)

A 3 wt% alkyne aqueous solution (alkyne solution) that was prepared from the
compound 4-A2d or the compound 1-A2d and a 3 wt% azide aqueous solution (azide
solution) that was prepared from the compound 11-A2d, the compound 13-A2b or the
compound 16-A2b were used, and equal volumes of the alkyne solution and the azide solution
were mixed together in a combination shown in Table 26, thereby preparing a chemically
modified alginic acid solution mixture (FIA-M1). The solution mixture F1A-M1 and a 3
wt% alginic acid aqueous solution (ALGS) prepared from sodium alginate (B-2) were mixed
together in a ratio shown in Table 26, thereby producing an alginic acid solution mixture
(F1A-M2). Subsequently, equal volumes of the solution mixture F1A-M2 and 1.8 wt%

saline solution containing 20 mg/mL of blue dextran (manufactured by Cytiva, Blue Dextran
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2000, code No. 17036001) were mixed together, thereby producing an alginic acid solution
mixture (F1A-M3). A Hamilton syringe was filled with the alginic acid solution mixture
F1A-M3, and a metal needle (Musashi Engineering, Inc., SNA-19G-B), a silicon tube (AS
ONE Corporation, ¢1 x ¢2) and a glass capillary (NARISHIGE Group, G-1) were
sequentially connected to the syringe and set in a syringe pump. The tip of the glass
capillary was immersed in a beaker containing 100 mmol/L of a calcium chloride aqueous
solution, and the alginic acid solution mixture was injected into the calcium chloride aqueous
solution at a flow rate of 250 uL/minute for one minute. A fibrous substance injected into
the calcium chloride aqueous solution was placed still for 30 minutes or longer and was

thereby obtained as a crosslinked alginate gel fiber (CLA-1A) (refer to CLA-1A No. in Table

26).
[Table 26]

No. Combination of alkyne  Mixing ratio of | Final concentration | CLA-1A
compound/azide FIA- of alkyne compound | No.
compound in FIA-M1 M1/ALGS and azide compound

in F1IA-M3 (wt%)

F1-A-1 - ALGS only 0 FBI-A-1

F1-A-2 1-A2d/11-A2d 5/10 0.5 FBI1-A-2

F1-A-3 1-A2d/13-A2b 5/10 0.5 FBI1-A-3

F1-A-4 1-A2d/16-A2b 5/10 0.5 FB1-A-4

F1-A-5 4-A2d/11-A2d 2/13 0.2 FBI1-A-5

F1-A-6 4-A2d/11-A2d 5/10 0.5 FBI1-A-6

F1-A-7 4-A2d/11-A2d 10/5 1.0 FB1-A-7

F1-A-8 4-A2d/13-A2b 5/10 0.5 FBI-A-8

F1-A-9 4-A2d/16-A2b 5/10 0.5 FBI1-A-9

[0687] (Example F1-B) Production of crosslinked alginate gel fiber (2)

Equal volumes of a 3 wt% compound 4-A2d aqueous solution prepared from the
compound 4-A2d and a 3 wt% compound 11-A2d aqueous solution prepared from the
compound 11-A2d were mixed together, and a solution mixture (F1B-M1) of chemically
modified alginic acid was prepared. The solution mixture FIB-M1 and a 3 wt% sodium
alginate aqueous solution prepared from sodium alginate (B-2) were mixed together in a

volume ratio of 1/2, thereby producing a 3 wt% alginic acid solution mixture (F1B-M1B).
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The solution mixture F1B-M1B was prepared to have a concentration shown in Table 27 (in
Table 27; concentration of F1B-M2) and mixed with saline solution containing separately-
prepared blue dextran (manufactured by Cytiva, Blue Dextran 2000, code No. 17036001)
(F1B-BS: the concentration of blue dextran and the concentration of sodium chloride were as
shown in Table 27) at a volume ratio shown in Table 27, thereby producing an alginic acid
solution mixture (F1B-M3). The alginic acid solution mixture was prepared so that the blue
dextran concentration (mg/mL) and the sodium chloride concentration (mg/mL) in the
solution mixture F1B-M3 reached 10 mg/mL and 9 mg/mL, respectively. A Hamilton
syringe was filled with the solution mixture F1B-M3. Subsequently, a metal needle
(Musashi Engineering, Inc., SNA-19G-B), a silicon tube (AS ONE Corporation, ¢1 x ¢2) and
a glass capillary (NARISHIGE Group, G-1) were sequentially connected to the syringe and
set in a syringe pump. The tip of the glass capillary was immersed in a beaker containing
100 mmol/L of a calcium chloride aqueous solution, and the alginic acid solution mixture was
injected at a flow rate of 250 uL/minute for one minute. A fibrous substance injected into
the calcium chloride aqueous solution was placed still for 30 minutes or longer and was

thereby obtained as a crosslinked alginate gel fiber (CLA-1B) (refer to CLA-1B No. in Table

27).
[Table 27]
No. F1B-M2 Concentration of | Volume ratio | Final CLA-1B
concentration | blue dextran, | between F1B- | concentration | No.
(Wt%) NaCl in FIB-BS | M2 and F1B- | of alkyne
(mg/mL) BS in FIB- | compound and
M3 azide
compound in
F1B-M3
(wt%)
F1-B-1 3.0 30 27 2/1 2.0 FB1-B-1
F1-B-2 2.0 20 18 1/1 1.0 FB1-B-2
F1-B-3 1.0 20 18 1/1 0.5 FBI1-B-3

[0688] (Example F1-C) Production of polymer-coated crosslinked alginate gel fiber (1)
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The crosslinked alginate gel fiber in the calcium chloride aqueous solution, which was
obtained in (Example F1-A) or (Example F1-B), was filtered and fractionated using a cell
strainer. The fractionated crosslinked alginate gel fiber was added to an aqueous solution
containing a cationic polymer having each composition shown in Table 28 and shaking-stirred
at 37°C and 125 rpm for 20 minutes, thereby coating the crosslinked alginate gel fiber with
the polymer. The fiber in the aqueous solution was filtered and fractionated using the cell
strainer and washed with 5 mL of physiological saline twice, thereby obtaining a polymer-

coated crosslinked alginate gel fiber (CFB-1) (refer to CFB-1 No. in Table 29).

[Table 28]
No. Composition of cationic polymer-containing aqueous solution
Fl-cl 0.1% poly-L-ornithine hydrobromide/100 mM calcium chloride
Fl-c2 0.1% polyallylamine hydrochloride/100 mM calcium chloride

[Table 29]
No. CLA-1A,1B No. Cationic polymer-containing CFB-1 No.

aqueous solution

F1-C-1 FB1-A-1 Fl-cl FB1-A-1-cl
F1-C-2 FB1-A-2 Fl-cl FB1-A-2-cl
F1-C-3 FB1-A-3 Fl-cl FB1-A-3-cl
F1-C-4 FB1-A-4 Fl-cl FB1-A-4-cl
F1-C-5 FB1-A-6 Fl-cl FB1-A-6-cl
F1-C-6 FB1-A-7 Fl-cl FB1-A-7-cl
F1-C-7 FB1-A-8 Fl-cl FB1-A-8-cl
F1-C-8 FB1-A-9 Fl-cl FB1-A-9-cl
FI1-C-9 FB1-B-1 Fl-cl FB1-B-1-cl
FI1-C-10 FB1-B-2 Fl-cl FB1-B-2-cl
F1-C-11 FB1-A-6 Fl-c2 FB1-A-6-c2

[0689] (Example F1-D) Stability of polymer-coated crosslinked alginate gel fiber
(1) EDTA treatment of fiber

The polymer-coated crosslinked alginate gel fiber (CFB-1) obtained in (Example F1-
C) was added to 20 mM EDTA-2Na/physiological saline (5 mL) and shaking-stirred at 37°C
and 125 rpm for 20 minutes. The chelate-treated polymer-coated crosslinked alginate gel

fiber was filtered and fractionated again using the cell strainer and washed with 5 mL of
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physiological saline twice. The obtained polymer-coated crosslinked alginate gel fiber was
immersed in 5 mL of physiological saline until a stability evaluation test.
[0690] (2) Shaking collapse test

The EDTA-treated polymer-coated crosslinked alginate gel fiber was separated using
the cell strainer, added to a 25 mL centrifuge tube to which 10 mL of a PBS solution had been
added and shaken at 37°C for 24 hours.
[0691] The stability of the polymer-coated crosslinked alginate gel fiber after the EDTA
treatment and after the shaking was evaluated based on the following indexes.
Stability evaluation (score)
3: The collapse/dissolution/deformation/blue dextran elution or the like of the fiber are all not
recognized.
2: Collapse/dissolution/deformation/blue dextran elution (cumulatively less than 100 pg/mL)
or the like are recognized in a part of the fiber.
1: Clear collapse/dissolution/deformation/blue dextran elution (cumulatively 100 pg/mL or

more) or the like are recognized in the fiber.

[Table 30]
No. CFB-1 No. Stability evaluation (score)
EDTA treatment After shaking
F1-D-1 FB1-A-1-l 1 1
F1-D-2 FB1-A-2-cl 3 3
F1-D-3 FB1-A-3l 3 3
F1-D-4 FB1-A-4-cl 3 3
F1-D-5 FB1-A-6-cl 3 3
F1-D-6 FB1-A-7-cl 3 3
F1-D-7 FB1-A-8-cl 3 3
F1-D-8 FB1-B-1-cl 3 3
F1-D-9 FB1-B-2-cl 3 3
F1-D-10 FB1-A-6-c2 2 2
F1-D-11 FB1-A-9-cl 3 3

[0692] (Example F2-A) Production of antibody-producing cell-containing crosslinked

alginate gel fiber
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A G016 culture medium having a composition in Table 31 below was prepared.
Subsequently, methotrexate (hereinafter, represented by MTX) was dissolved in D-PBS so as
to become 1 mmol/L, thereby preparing a MTX solution. The MTX solution was diluted
with the G016 culture medium such that the final concentration reached 1 pmol/L, and an

antibody-producing culture medium solution was prepared.

[Table 31]
Amount added | Final
Sample Maker (mL) concentration
Culture IXG016 Irvine 930
medium
L-Glutamine200mM SIGMA 40 8mM
o . Invitrog o
Additive Penicillin Streptmycin en 10 1%
Soy Hydrolysate UF 0
Solution 50X SIGMA 20 2%

[0693] Equal volumes of an alkyne aqueous solution and an azide aqueous solution prepared
according to formulations in Table 32 and Table 33 below were mixed together in a
combination shown in Table 34, thereby preparing an alginic acid solution mixture (F2A-M1).
[Table 32]

3 wt% alkyne aqueous solution (containing 0.9 wt% of sodium chloride)

Prepared by mixing 3.3 wt% compound 4-A2d aqueous solution and 9.9 wt%
F2A1 . . CE :
sodium chloride aqueous solution in ratio of 10/1
Prepared by mixing 3.3 wt% compound 4-A2c aqueous solution and 9.9 wt%
F2A2 . . CE :
sodium chloride aqueous solution in ratio of 10/1
Prepared by mixing 3.3 wt% compound 1-A2d aqueous solution and 9.9 wt%
F2A3 . . CE :
sodium chloride aqueous solution in ratio of 10/1
[Table 33]

3 wt% azide aqueous solution (containing 0.9 wt% of sodium chloride)

Prepared by mixing 3.3 wt% compound 11-A2d aqueous solution and 9.9 wt%
F2N1 . : CE :

sodium chloride aqueous solution in ratio of 10/1

Prepared by mixing 3.3 wt% compound 11-A2e aqueous solution and 9.9 wt%
F2N2 ; . . E :

sodium chloride aqueous solution in ratio of 10/1

Prepared by mixing 3.3 wt% compound 13-A2b aqueous solution and 9.9 wt%
F2N3 . . . E :

sodium chloride aqueous solution in ratio of 10/1

Prepared by mixing 3.3 wt% compound 16-A2b aqueous solution and 9.9 wt%
F2N4 ; . . E :

sodium chloride aqueous solution in ratio of 10/1
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[0694] The solution mixture F2A-M1 and a 3 wt% alginic acid solution (containing 0.9%
sodium chloride) (ALGS2) prepared from sodium alginate (B-2) and a 0.9 wt% sodium
chloride aqueous solution or a 3 wt% alginic acid solution (containing 0.9% sodium chloride)
(ALGS2A) prepared from sodium alginate (A-2) and a 0.9 wt% sodium chloride aqueous
solution were mixed together in a ratio shown in Table 34, thereby producing an alginic acid
solution mixture (F2A-M2). Subsequently, equal volumes of the solution mixture F2A-M2
and an antibody-producing culture medium solution containing an anti-GPVI antibody-
producing cell (2 x 107 cells/mL) were mixed together, thereby producing a solution mixture
(F2A-M3). A Hamilton syringe was filled with the solution mixture F2A-M3, and a needle
for luer lock syringe (KANTO CHEMICAL CO.,INC., 15/23NL-F) was connected to the
syringe and set in a syringe pump. The tip of the needle was immersed in a beaker
containing 100 mmol/L of a calcium chloride aqueous solution, and the alginic acid solution
mixture was injected into the calcium chloride aqueous solution at a flow rate of 250
ul/minute for two minutes. A fibrous substance injected into the calcium chloride aqueous
solution was placed still for 30 minutes or longer, thereby obtaining an anti-GPVI antibody-

producing cell-containing crosslinked alginate gel fiber (CLA-G) (refer to CLA-G No. in

Table 34).
[Table 34]

No. Combination  of | Mixing Mixing ratio | Final CLA-G
alkyne ratio of | of F2A- | concentration | No.
compound/azide F2A- M1/ALGS2A | of alkyne
compound in F2A- | M1/ALGS2 compound
M1 and azide

compound in
F2A-M3
(Wt%)

F2-A-1 1-A2d/11-A2d 5/10 * 0.5 FB2-A-1

F2-A-2 1-A2d/13-A2b 5/10 * 0.5 FB2-A-2

F2-A-3 1-A2d/16-A2b 5/10 * 0.5 FB2-A-3

F2-A-4 4-A2d/11-A2d 2/13 * 0.2 FB2-A-4

F2-A-5 4-A2d/11-A2d 5/10 * 0.5 FB2-A-5

F2-A-6 4-A2c¢/11-A2¢ * 5/10 0.5 FB2-A-6
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F2-A-7 4-A2d/11-A2d 10/5 * 1.0 FB2-A-7
F2-A-8 4-A2d/13-A2b 5/10 * 0.5 FB2-A-8
F2-A-9 4-A2d/16-A2b 5/10 * 0.5 FB2-A-9
- - - * -A-
F2-A-10 4-A2c¢/11-A2¢ F2§ﬂl}\]/ll 1.5 FB2-A-10

[0695] (Example F2-B) Production of bioactive substance-producing cell-comprising
crosslinked alginate gel fiber

A complete medium having a composition in Table 35 below was prepared.
[Table 35]

Culture medium composition

Amount added Final
Sample Maker (mL) concentration

Culture Optimized DMEM | AddexBio 420
medium

Fetal bovine serum NICHIRE 75 15%
Additi (FBS) |

tHve Penicillin Streptmycin Gibco 5 1%
2-mercaptoethanol Gibco 0.455 0.05mM

[0696] Equal volumes of an alkyne aqueous solution F2A1 and an azide aqueous solution
F2N2 shown in Table 32 and Table 33 in (Example F2-A) were mixed together, thereby
preparing a chemically modified alginic acid solution mixture (F2B-M1). The solution
mixture F2B-M1 and a 3 wt% sodium alginate aqueous solution (containing 0.9% sodium
chloride) prepared from sodium alginate (B-2) and a 0.9 wt% sodium chloride-containing
aqueous solution were mixed together in a ratio of 1:2, thereby producing an alginic acid
solution mixture (F2B-M2). Subsequently, equal volumes of the solution mixture F2B-M2
and a complete medium in Table 35 containing MING6 cells (1 x 107 cells/mL) were mixed
together, thereby producing a solution mixture F2B-M3. A Hamilton syringe was filled with
the solution mixture F2B-M3, and a needle for luer lock syringe (KANTO CHEMICAL
CO.,INC., 15/23NL-F) was connected to the syringe and set in a syringe pump. The tip of
the needle was immersed in a beaker containing 100 mmol/L of a calcium chloride aqueous
solution, and the alginic acid solution mixture (F2B-M3) was injected into the calcium

chloride aqueous solution at a flow rate of 125 puL/minute for two minutes. A fibrous
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substance injected into the calcium chloride aqueous solution was placed still for 30 minutes
or longer and was thereby obtained as a MING6 cell-containing crosslinked alginate gel fiber
(CLA-M) (FB2-B-1).
[0697] (Example F2-C) Production of cell-containing polymer-coated crosslinked alginate gel
fibers

A crosslinked alginate gel fiber containing a variety of cells obtained in (Example F2-
A) or (Example F2-B) was coated in the same manner as in the method described in (Example
F1-C) (the shaking-stirring time was 30 minutes) using a solution containing a cationic
polymer having each composition shown in Table 36, thereby obtaining a polymer-coated

crosslinked alginate gel fiber (CFB-S) (refer to CFB-S No. in Table 37).

[Table 36]
No. Composition of cationic polymer-containing aqueous solution
F2-cl 0.1% poly-L-ornithine hydrobromide/100 mM calcium chloride
F2-c2 0.1% polyallylamine hydrochloride/100 mM calcium chloride
[Table 37]
No. CLA-G, CLA-M No. Cationic polymer- CFB-S No.
containing aqueous
solution
F2-C-1 FB2-A-1 F2-cl FB2-A-1-cl
F2-C-2 FB2-A-2 F2-cl FB2-A-2-cl
F2-C-3 FB2-A-3 F2-cl FB2-A-3-cl
F2-C-4 FB2-A-4 F2-cl FB2-A-4-cl
F2-C-5 FB2-A-5 F2-cl FB2-A-5-cl
F2-C-6 FB2-A-6 F2-cl FB2-A-6-cl
F2-C-7 FB2-A-7 F2-cl FB2-A-7-cl
F2-C-8 FB2-A-8 F2-cl FB2-A-8-cl
F2-C-9 FB2-A-9 F2-cl FB2-A-9-cl
F2-C-10 FB2-A-5 F2-c2 FB2-A-5-c2
F2-C-11 FB2-B-1 F2-cl FB2-B-1-cl
F2-C-12 FB2-A-10 F2-cl FB2-A-10-cl

[0698] (Example F3) Confirmation of coating of crosslinked alginate gel fiber with cationic
polymer

A crosslinked alginate gel fiber (FB1-A-6) produced under conditions shown in No.
F1-A-6 of (Example F1-A) was immersed in an aqueous solution containing 0.1% poly-L-
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lysine-FITC label/100 mM calcium chloride.  After the same operation as in (Example F1-C)
was performed, the surface of an obtained fiber was observed using a fluorescence
microscope.

[0699] The observation result is shown in Fig. 7. It was confirmed that the surface of the gel
fiber was coated with poly-L-lysine-FITC (the portion with a color inverted with respect to
the (black) background of Fig. 7 is poly-L-lysine-FITC). This result suggests that the
crosslinked alginate gel fiber was coated with the cationic polymer.

[0700] (Example F4-A) Production of crosslinked alginate gel fiber (3)

A 3 wt% alginic acid aqueous solution (containing 0.9 wt% sodium chloride) (ALGS2)
was prepared from sodium alginate (B-2) and saline for injection (manufactured by Otsuka
Pharmaceutical Factory, Inc.) (INs). Subsequently, an alkyne aqueous solution and an azide
aqueous solution were prepared according to formulations in Table 38 and Table 39 below.
[Table 38]

3 wt% alkyne aqueous solution and azide aqueous solution (containing 0.9 wt% of sodium

chloride)

F4A1 | Prepared by mixing 3.3 wt% compound 4-A2d aqueous solution and 9.9 wt%
sodium chloride aqueous solution in ratio of 10/1

FAN1 | Prepared by mixing 3.3 wt% compound 11-A2d aqueous solution and 9.9 wt%
sodium chloride aqueous solution in ratio of 10/1

[Table 39]

3 wt% alkyne aqueous solution and azide aqueous solution

F4A2 | 3 wt% compound 1-A2d aqueous solution

FAN2 | 3 wt% compound 13-A2b aqueous solution

FAN3 | 3 wt% compound 16-A2b aqueous solution
[0701] Equal volumes of the alkyne aqueous solutions (F4A1 and F4A2) and the azide

aqueous solutions (FAN1, FAN2 and FAN3) were mixed together in a combination in the
following table, thereby producing a chemically modified alginic acid solution mixture (F4A-
M1). The solution mixture F4AA-M1 and ALGS2 were mixed together in a ratio of 1:2,

thereby producing an alginic acid solution mixture (F4A-M2). Subsequently, an alginic acid
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solution mixture (F4A-M2), a 9.9 wt% sodium chloride aqueous solution and saline for
injection (manufactured by Otsuka Pharmaceutical Factory, Inc.) (INs) were prepared
according to a formulation in Table 40 below, thereby producing a solution mixture (F4A-
M3). The concentration of all alginic acid that was contained in F4A-M3 is approximately
1.5 wt%. Subsequently, a Hamilton syringe was filled with the alginic acid solution mixture
F4A-M3, and a metal needle (Musashi Engineering, Inc., SNA-19G-B), a silicon tube (AS
ONE Corporation, ¢1 x $2) and a glass capillary (NARISHIGE Group, G-1) were
sequentially connected to the syringe and set in a syringe pump. The tip of the glass
capillary was immersed in a beaker containing 100 mmol/L of a calcium chloride aqueous
solution, and the alginic acid solution mixture was injected into the calcium chloride aqueous
solution at a flow rate of 250 uL/minute for one minute. A fibrous substance injected into
the calcium chloride aqueous solution was placed still for 30 minutes or longer, thereby

obtaining a crosslinked alginate gel fiber (CLA-X1) (refer to CLA-X1 No. in Table 40).

[Table 40]
No. Combination of alkyne Mixing ratio of F4A-M2/9.9 CLA-X1 No.
compound/azide wt% sodium chloride aqueous
compound in F4A-M1 solution/INs
F4-A-1 1-A2d/11-A2d 125/4/142 FB4-A-1
F4-A-2 1-A2d/13-A2b 125/2/146 FB4-A-2
F4-A-3 1-A2d/16-A2b 125/2/146 FB4-A-3
F4-A-4 4-A2d/11-A2d 125/0/146 FB4-A-4
F4-A-5 4-A2d/13-A2b 125/4/142 FB4-A-5
F4-A-6 4-A2d/16-A2b 125/4/142 FB4-A-6

[0702] (Example F4-B) Production of crosslinked alginate gel fiber (4)

Equal volumes of the alkyne aqueous solution (F4A1) and the azide aqueous solution
(FANT) described in (Example F4-A) were mixed together, thereby producing a chemically
modified alginic acid solution mixture (F4B-M1). The solution mixture F4B-M1 and the
ALGS2 were prepared according to a formulation in Table 41 below, thereby producing an
alginic acid solution mixture (F4B-M2). Subsequently, a solution mixture (F4B-M3) was

prepared in a mixing ratio between the alginic acid solution mixture (F4B-M2) and INs shown
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in Table 41 below. Subsequently, a Hamilton syringe was filled with the alginic acid
solution mixture F4B-M3, and a metal needle (Musashi Engineering, Inc., SNA-19G-B), a
silicon tube (AS ONE Corporation, ¢1 x $2) and a glass capillary (NARISHIGE Group, G-1)
were sequentially connected to the syringe and set in a syringe pump. The tip of the glass
capillary was immersed in a beaker containing 100 mmol/L of a calcium chloride aqueous
solution, and the alginic acid solution mixture was injected into the calcium chloride aqueous
solution at a flow rate of 250 uL/minute for one minute. A fibrous substance injected into

the calcium chloride aqueous solution was placed still for 30 minutes or longer, thereby

obtaining a crosslinked alginate gel fiber (CLA-X2) (refer to CLA-X2 No. in Table 41).

[Table 41]
No. Mixing Mixing ratio of Final Total alginic CLA-X2
ratio of F4B-M2/INs concentration of acid No.
F4B- alkyne compound | concentration
MI1/ALGS2 and azide (Wt%)
compound in
F4B-M3 (wt%)
F4-B-1 17/108 1/1 0.2 1.5 FB4-B-1
F4-B-2 2/1 1/1 1.0 1.5 FB4-B-2
F4-B-3 56/111 167/83 0.67 2.0 FB4-B-3
F4-B-4 1/2 83/167 0.33 1.0 FB4-B-4
F4-B-5 12 21/104 0.17 0.5 FB4-B-5
F4-B-6 F4B-M1 11 1.5 1.5 FB4-B-6
only

[0703] (Example F4-C) Production of polymer-coated crosslinked alginate gel fiber (2)
The crosslinked alginate gel fibers (CLA-X1 and CLA-X2) in the calcium chloride
aqueous solution, which was obtained in (Example F4-A) or (Example F4-B), were filtered
and fractionated using a cell strainer. The fractionated crosslinked alginate gel fibers were
added to an aqueous solution of 0.1% poly-L-ornithine hydrobromide/100 mM calcium
chloride and shaking-stirred at 37°C and 125 rpm for 30 minutes, thereby coating the
crosslinked alginate gel fiber with the polymer. The fiber in the aqueous solution was

filtered and fractionated using the cell strainer and washed with 5 mL of physiological saline
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twice, thereby obtaining a polymer-coated crosslinked alginate gel fiber (CFB-X) (refer to

CFB-X No. in Table 42).
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[Table 42]
No. CLA-X1 No. CLA-X2 No. CFB-X No.
F4-C-1 FB4-A-1 - FB4-A-1-c
F4-C-2 FB4-A-2 - FB4-A-2-c
F4-C-3 FB4-A-3 - FB4-A-3-c
F4-C-4 FB4-A-4 - FB4-A-4-c
F4-C-5 FB4-A-5 - FB4-A-5-c
F4-C-6 FB4-A-6 - FB4-A-6-c
F4-C-7 - FB4-B-1 FB4-B-1-c
F4-C-8 - FB4-B-2 FB4-B-2-c
F4-C-9 - FB4-B-3 FB4-B-3-c
F4-C-10 - FB4-B-4 FB4-B-4-c
F4-C-11 - FB4-B-5 FB4-B-5-¢c
F4-C-12 - FB4-B-6 FB4-B-6-¢c

[0704] (Example F4-D) Tensile test of polymer-coated crosslinked alginate gel fiber

The tensile test of the polymer-coated crosslinked alginate gel fiber (CFB-X) obtained
in (Example F4-C) was measured by setting the fiber in a jig in saline for injection
(manufactured by Otsuka Pharmaceutical Factory, Inc.) using a small desktop gel strength
tester EZ-SX 5 N C1 (Shimadzu Corporation, No. 1308256D0592) and a load cell SMT1-5N

(S/N=913193).

are shown in Table 43 in units of MPa and %, respectively.

Regarding measurement values, stresses and strains when the fibers ruptured

[Table 43]
No. CFB-X No. Stress (MPa) Strain (%)
F4-D-1 FB4-A-1-c 0.248 116
F4-D-2 FB4-A-2-c 0.290 137
F4-D-3 FB4-A-3-c 0.285 127
F4-D-4 FB4-A-4-c 0.331 141
F4-D-5 FB4-A-5-c 0.199 103
F4-D-6 FB4-A-6-c 0.219 121
F4-D-7 FB4-B-1-c 0.205 107
F4-D-8 FB4-B-2-c 0.436 174
F4-D-9 FB4-B-3-c 0.253 140
F4-D-10 FB4-B-4-¢ 0.165 111
F4-D-11 FB4-B-5-¢ 0.063 72
F4-D-12 FB4-B-6-c 0.482 174

[0705] In Table 43, it was confirmed that Nos. F4-D-1 to F4-D-10 and F4-D-12 were

polymer-coated crosslinked alginate gel fibers showing a tensile strength of 0.1 MPa or higher

and a strain (elongation) of 100% or more.
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[0706] (Example FI-1) Culture of antibody-producing cell-containing polymer-coated
crosslinked alginate gel fibers

[0707] The antibody-producing cell-containing polymer-coated crosslinked alginate gel fibers
(FB2-A-1-c1, FB2-A-2-cl, FB2-A-3-cl, FB2-A-4-c1, FB2-A-5-c1, FB2-A-6-cl, FB2- A-7-
cl, FB2-A-8-cl, FB2-A-9-c1 and FB2-A-10-c1) obtained in (Example F2-C) were put into
125 mL polycarbonate Erlenmeyer flasks, the antibody-producing culture medium solution
(30 mL) described in (Example F2-A) was added thereto, and the gel fibers were cultured in
an incubator at 37°C under a 5% CO:2 atmosphere for 14 days or 20 days while being shaken
at 125 rpm. Once two to three days, 1.8 mL of a culture fluid was extracted, 1.8 mL of the
antibody-producing culture medium solution or 1.8 mL of a feed solution (manufactured by
Fuyjifilm Irvine Scientific, catalog No. JX F003) was added thereto, and the total amount of
the culture medium was held at 30 mL. In addition, half the amount of the culture fluid was
exchanged once a week. During the culture period, the IgG concentration of the culture fluid
was measured as a human IgG concentration with a Cedex Bio analyzer (Roche Diagnostics
K.K.). In the culture using the cell-encapsulated polymer-coated crosslinked alginate gel
fiber, the cumulative antibody amounts and the concentrations of the anti-GPVI antibody-
producing CHO cell that was detected in the culture fluid during the culture period were as

shown in Table 44,

274



G2887

[Table 44]
No. CFB-S No. Culture | Concentration of leaky cell Cumulative
period in culture fluid upon end of antibody (IgG)
culture amount during
culture period
(mg/L)
FB1-A-1 | FB2-A-1-cl | 14days | Lessthan 1x10* cells/mL 312
FB1-A-2 | FB2-A-2-cl 14 days Less than 1x10* cells/mL 375
FB1-A-3 FB2-A-3-cl 14 days Less than 1x10* cells/mL 405
FB1-A-4 | FB2-A-4-cl 14 days Less than 1x10* cells/mL 560
FB1-A-5 | FB2-A-5-cl 14 days | Less than 1x10? cells/mL 328
FB1-A-6 | FB2-A-6-cl 20 days Less than 1x10* cells/mL 816
FB1-A-7 FB2-A-7-cl 14 days Less than 1x10* cells/mL 314
FB1-A-8 | FB2-A-8-cl 14 days Less than 1x10* cells/mL 353
FB1-A-9 | FB2-A-9-cl 14 days Less than 1x10* cells/mL 396
FB1-A- FB2-A-10-cl | 20 days Less than 1x10* cells/mL 195
10

[0708] (Example FI-2) Culture of bioactive substance-producing cell-containing polymer-
coated crosslinked alginate gel fiber
[0709] <Step 1> Culture of MING6 cell-containing polymer-coated crosslinked alginate gel
fiber

The polymer-coated crosslinked alginate gel fiber (FB2-B-1-c1) obtained in (Example
F2-C) was put into a 60 mm ultralow adhesive surface dish (manufactured by Corning Inc.,
product No.: 3261), the complete medium (5 mL) described in (Example F2-B) was added
thereto, and the gel fiber was cultured for three days or 14 days by being placed still in an
incubator at 37°C under a 5% CO:2 atmosphere.
[0710] <Step 2> Insulin secretory ability evaluation

The insulin secretory ability of the MING6 cell in the MING6 cell-encapsulated polymer-
coated crosslinked alginate gel fiber, which had been cultured for three days or for 14 days in
<Step 1> of (Example FI-2) was evaluated. The MING6 cell-encapsulated polymer-coated
crosslinked alginate gel fiber was cultured for two hours in 10 mL of a low glucose solution
(2 mM glucose/KRBH/0.1% BSA), the solution was exchanged with 10 mL of a high glucose

solution (20 mM glucose/KRBH/0.1% BSA), and then the gel fiber was further cultured for
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two hours.  After that, the solution was exchanged with 10 mL of a low glucose solution, and
the gel fiber was cultured for two hours. The insulin concentration in the solution was
measured using an ultra sensitive mouse insulin ELISA kit (manufactured by Morinaga
Institute of Biological Science, Inc.) upon the end of each step. It was possible to confirm

that insulin was discharged based on the glucose concentration.

[Table 45]
Low glucose High glucose Low glucose
solution solution solution
Insulin concentration on 39 43.4 2.0
third day (ng/mL)
Insulin concentration on 10.5 48.9 114
14" day (ng/mL)

[0711] (Example F5-A) Production of antibody-producing cell-containing crosslinked
alginate gel fiber

3 wt% aqueous solutions (containing 0.9 wt% sodium chloride) of the compound 4-
A2d and the compound 11-A2d were prepared according to formulations in Table 32 and
Table 33 described in (Example F2-A), and then equal volumes of the individual aqueous
solutions were mixed together, thereby preparing a chemically modified alginic acid solution
mixture (FSA-M1). The solution mixture FSA-M1 and a 3 wt% alginic acid aqueous
solution (containing 0.9% sodium chloride) (ALGS2) prepared from sodium alginate (B-2)
and saline for injection (manufactured by Otsuka Pharmaceutical Factory, Inc.) (INs) were
mixed together in a ratio of FSA-M1:ALGS2 = 5:10, thereby producing an alginic acid
solution mixture (F5A-M2). Subsequently, equal volumes of the solution mixture FSA-M2
and a G016 culture medium having the composition described in (Example F2-A) and
containing tocilizumab-producing CHO cells (1 x 10® cells/mL) were mixed together, thereby
producing a cell-containing alginic acid solution mixture (FSA-M3). A Hamilton syringe
was filled with the solution mixture FSA-M3, and a needle for luer lock syringe (KANTO

CHEMICAL CO.,INC., 15/23NL-F) was connected to the syringe and set in a syringe pump.
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The tip of the needle was immersed in a beaker containing 100 mmol/L of a calcium chloride
aqueous solution or 20 mmol/L of a barium chloride aqueous solution containing 0.9%
sodium chloride, and the alginic acid solution mixture (F5A-M3) was injected into the
calcium chloride or barium chloride aqueous solution at a flow rate of 250 uL/minute for 0.8
minute. A fibrous substance injected into the aqueous solution was placed still for 30
minutes or longer, thereby obtaining a tocilizumab-producing CHO cell-containing

crosslinked alginate gel fiber (CLA-G3) (refer to CLA-G5 No. in Table 46).

[Table 46]
No. Final concentration of alkyne Cationic species during CLA-G5 No.
compound and azide compound gel fiber production
in FSA-M3 (wt%)
F5-A-1 0.5 Ca FB5-A-1
F5-A-2 0.5 Ba FB5-A-2

[0712] (Example F5-B) Production of antibody-producing cell-containing polymer-coated
crosslinked alginate gel fiber

The antibody-producing cell-containing crosslinked alginate gel fiber (CLA-GS5)
obtained in (Example F5-A) was added to a cationic polymer-containing aqueous solution
having each composition shown in Table 47 and shaking-stirred at 37°C and 125 rpm for 30
minutes, thereby coating the cell-containing crosslinked alginate gel fiber with the polymer.
The amount of the aqueous solution used for the polymer coating was set to 10 times the
amount of fiber to be coated. The fiber in the aqueous solution was filtered and fractionated
using the cell strainer and washed with 5 mL of physiological saline twice, thereby obtaining
an antibody-producing cell-containing polymer-coated crosslinked alginate gel fiber (CFB-
S2) (refer to CFB-S2 No. in Table 48).

[Table 47]

No. Composition of cationic polymer-containing aqueous solution
F5-cl 0.1% poly-L-ornithine hydrobromide/100 mM calcium chloride
F5-c2 | 0.1% poly-L-ornithine hydrobromide/0.9% sodium chloride/20
mM barium chloride

[Table 48]
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No. CLA-GS5 No. Cationic polymer-containing CFB-S2 No.
aqueous solution

F5-B-1 FB5-A-1 F5-cl FB5-A-1-cl

F5-B-2 FB5-A-2 F5-c2 FB5-A-2-c2

[0713] (Example FI-3) Culture of antibody-producing cell-containing polymer-coated
crosslinked alginate gel fiber

One antibody-producing cell-containing polymer-coated crosslinked alginate gel fiber
(FB5-A-1-c1 or FB5-A-2-c2) obtained in (Example F5-B) was put into a 125 mL
polycarbonate Erlenmeyer flask, the G016 culture medium (30 mL) described in (Example
F2-A) was added thereto, the gel fiber began to be cultured in an incubator at 37°C under a
5% COz2 atmosphere while being shaken at 125 rpm, the culture temperature was changed to
30°C after five days, and the gel fiber was continuously cultured at the same temperature.
During this period, once two to three days, 1.8 mL of a culture fluid was extracted, 1.8 mL of
the G016 culture medium or 1.8 mL of a feed solution (manufactured by Fujifilm Irvine
Scientific, catalog No. JX F003) was added thereto, and the total amount of the culture
medium was held at 30 mL. In addition, half the amount of the culture fluid was exchanged
once a week. During the culture period, the IgG concentration of the culture fluid was
measured as a human IgG concentration with a Cedex Bio analyzer (Roche Diagnostics
K.K.). In the culture using the antibody-producing cell-encapsulated polymer-coated
crosslinked alginate gel fiber, the cumulative antibody concentrations and the concentrations
of the tocilizumab-producing CHO cell that was detected in the culture fluid at each
measurement day were as shown in Table 49. From the culture results, it was possible to
confirm that the amount of the antibody produced increased over time in the culture of each

fiber.
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[Table 49]
No. CFB-S2 | Measurement | Concentration of leaky Cumulative antibody
No. days cell in culture fluid on (IgG) concentration on
each measurement day each measurement day
(mg/L)

FI-3-1 | FB5-A-1-cl 14 Less than 1x10* cells/mL 308

28 2x10* cells/mL 684

47 Less than 1x10* cells/mL 994

FI-3-2 | FB5-A-2-c2 14 Less than 1x10* cells/mL 533

28 1.5x10" cells/mL 1475

47 Less than 1x10* cells/mL 2349

[0714] (Example F6) Production of antibody-producing cell-containing polymer-coated
crosslinked alginate gel fiber

Equal volumes of the G016 culture medium having the composition described in
(Example F2-A) and containing tocilizumab-producing CHO cells (3 x 10 cells/mL or 1 x
10® cells/mL) and the solution mixture FSA-M2 prepared in (Example F5-A) were mixed
together, thereby producing a cell-containing alginic acid solution mixture (F6A-M3). In the
solution mixture F6A-M3, the final concentrations of the alkyne compound and the azide
compound were 0.5 wt%, and the tocilizumab-producing CHO cells were contained at a
concentration shown in Table 50. A Hamilton syringe was filled with the solution mixture
F6A-M3, and a needle for luer lock syringe (KANTO CHEMICAL CO.,INC., 15/23NL-F)
was connected to the syringe and set in a syringe pump. The tip of the needle was immersed
in a beaker containing 20 mmol/L of a barium chloride aqueous solution containing 0.9%
sodium chloride, and the alginic acid solution mixture (F6A-M3) was injected into the
aqueous solution at a flow rate of 250 pL/minute for a time shown in Table 50. A fibrous
substance injected into the solution was placed still for 30 minutes or longer, thereby
obtaining a tocilizumab-producing CHO cell-containing crosslinked alginate gel fiber.
Subsequently, coating was performed in the same manner as in the method described in
(Example F5-B) using an aqueous solution containing 0.1% poly-L-ornithine hydrobromide,

0.9% sodium chloride and 20 mmol/L barium chloride, thereby obtaining an antibody-
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producing cell-containing polymer-coated crosslinked alginate gel fiber (CFB-S3) (refer to

CFB-S3 No. in Table 50).

[Table 50]

No. Tocilizumab-producing Tocilizumab- Injection time | CFB-S3

CHO cell concentration in | producing CHO cell (minutes) No.

G016 culture medium concentration in
before mixing with FOA- F6A-M3
M2

F6-1 3x107 cells/mL 1.5x107 cells/mL 1.2 FB6-1-cl
F6-2 3x107 cells/mL 1.5x107 cells/mL 4 FB6-2-cl
F6-3 3x107 cells/mL 1.5x107 cells/mL 6 FB6-3-cl
F6-4 1x10® cells/mL 5x107 cells/mL 4 FB6-4-cl

[0715] (Example FI-4) Culture of antibody-producing cell-containing polymer-coated
crosslinked alginate gel fiber

The antibody-producing cell-containing polymer-coated crosslinked alginate gel fibers
(one of FB6-1-c1, FB6-2-c1 or FB6-4-cl and two FB6-5-c1) obtained in (Example F6) were
put into a 125 mL polycarbonate Erlenmeyer flask, the GO16 culture medium having a
composition described in (Example F2-A) was added thereto, the total amount of the gel
fibers and the G016 culture medium was set to 30 mL, the gel fibers began to be cultured in
an incubator at 37°C under a 5% CO:2 atmosphere while being shaken at 125 pm, the culture
temperature was changed to 30°C after five days, and the gel fiber was continuously cultured
at the same temperature.  After two days from the beginning of the culture, 1.8 mL of a
culture fluid was extracted, 1.8 mL of a feed solution (manufactured by Fujifilm Irvine
Scientific, catalog No. JX F003) was added thereto, and the total amount of the culture
medium was held at 30 mL.  After that, half the amount of the culture fluid was exchanged
once two to three days. During the culture period, the IgG concentration of the culture fluid
was measured as a human IgG concentration with a Cedex Bio analyzer (Roche Diagnostics
K.K.). In the culture using the antibody-producing cell-encapsulated polymer-coated
crosslinked alginate gel fiber, the cumulative antibody concentrations and the concentrations

of the tocilizumab-producing CHO cell that was detected in the culture fluid at each
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measurement day were as shown in Table 51.  From the culture results, it was possible to

confirm that the amount of the antibody produced increased over time in the culture of each

fiber.
[Table 51]
No. CFB-S3 | Measurement | Concentration of leaky Cumulative antibody
No. days cell on each (IgG) concentration on
measurement day each measurement day
(mg/L)
FI-4-1 | FB6-1-cl 14 Less than 1x10% 270
cells/mL
28 3.5x10% cells/mL 812
37 2x10% cells/mL 1119
FI-4-2 | FB6-2-cl 14 Less than 1x10% 1120
cells/mL
28 Less than 1x10% 2662
cells/mL
37 Less than 1x10% 3295
cells/mL
FI-4-3 | FB6-3-cl 14 Less than 1x10% 2401
cells/mL
28 Less than 1x10% 4587
cells/mL
37 Less than 1x10% 5312
cells/mL
FI-4-4 | FB6-4-cl 14 Less than 1x10% 1806
cells/mL
28 Less than 1x10% 3416
cells/mL
37 Less than 1x10% 3849
cells/mL

[0716] (Example F7) Production of antibody-producing cell-containing polymer-coated
crosslinked alginate gel fiber

Equal volumes of the antibody-producing culture medium solution described in
(Example F2-A) containing anti-GPVI antibody-producing cells (2 x 107 cells/mL) and the
solution mixture F5A-M2 prepared in (Example F5-A) were mixed together, thereby
producing a cell-containing alginic acid solution mixture (F7A-M3). In the solution mixture
F7A-M3, an alkyne compound and an azide compound were contained in final concentrations

of 0.5 wt%. A Hamilton syringe was filled with the solution mixture F7A-M3, and a needle
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for luer lock syringe (KANTO CHEMICAL CO.,INC., 15/23NL-F) was connected to the
syringe and set in a syringe pump. The tip of the needle was immersed in a beaker
containing 20 mmol/L of a barium chloride aqueous solution containing 0.9% sodium
chloride, and the alginic acid solution mixture (F7A-M3) was injected into the aqueous
solution at a flow rate of 250 uL/minute for a time shown in Table 52. A fibrous substance
injected into the aqueous solution was placed still for 30 minutes or longer, thereby obtaining
an anti-GPVI antibody-producing cell-containing crosslinked alginate gel fiber.
Subsequently, coating was performed in the same manner as in the method described in
(Example F5-B) using an aqueous solution containing 0.1% poly-L-ornithine hydrobromide,
0.9% sodium chloride and 20 mmol/L barium chloride, thereby obtaining an antibody-
producing cell-containing polymer-coated crosslinked alginate gel fiber (CFB-S4) (refer to

CFB-S4 No. in Table 52).

[Table 52]
No. Injection time (minutes) CFB-S4 No.
F7-1 1.2 FB7-1-cl
F7-2 4 FB7-2-cl
F7-3 6 FB7-3-cl

[0717] (Example FI-5) Culture of antibody-producing cell-containing polymer-coated
crosslinked alginate gel fiber

The antibody-producing cell-containing polymer-coated crosslinked alginate gel fibers
(one FB7-1-c1 or FB7-2-c1 and two FB7-3-c1) obtained in (Example F7) were put into a 125
mL polycarbonate Erlenmeyer flask, the antibody-producing culture medium solution
described in (Example F2-A) was added thereto, the total amount of the gel fibers and the
antibody-producing culture medium solution was set to 30 mL, the gel fibers were cultured in
an incubator at 37°C under a 5% CO:2 atmosphere while being shaken at 125 rpm.  After two
days from the beginning of the culture, 1.8 mL of a culture fluid was extracted, 1.8 mL of a

feed solution (manufactured by Fujifilm Irvine Scientific, catalog No. JX F003) was added
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thereto, and the total amount of the culture medium was held at 30 mL.  After that, half the
amount of the culture fluid was exchanged using an antibody-producing culture medium
solution once two to three days. During the culture period, the IgG concentration of the
culture fluid was measured as a human IgG concentration with a Cedex Bio analyzer (Roche
Diagnostics K.K.). In the culture using the antibody-producing cell-encapsulated polymer-
coated crosslinked alginate gel fiber, the cumulative antibody concentrations and the
concentrations of the anti-GPVI antibody-producing cell that was detected in the culture fluid
at each measurement day were as shown in Table 53. From the culture results, it was
possible to confirm that the amount of the antibody produced increased over time in the

culture of each fiber.

[Table 53]
No. CFB-S4 | Measurement | Concentration of leaky Cumulative antibody
No. days cell in culture fluid on (IgG) concentration on
each measurement day each measurement day
(mg/L)
FI-5-1 | FB6-1-cl 14 Less than 1x10* 271
cells/mL
28 1x10* cells 589
FI-5-2 | FB6-2-cl 14 Less than 1x10* 1021
cells/mL
28 0.5x10* cells 2584
37 3x10* cells 3772
FI-5-3 | FB6-3-cl 14 Less than 1x10* 2512
cells/mL
28 Less than 1x10* 6050
cells/mL
37 Less than 1x10* 8050
cells/mL

[0718] (Example F8) Production of antibody-producing cell-containing polymer-coated
crosslinked alginate gel fiber

3 wt% alginic acid aqueous solutions (containing 0.9 wt% sodium chloride) were
prepared according to formulations shown in Table 54 below from a variety of sodium
alginates and saline for injection (manufactured by Otsuka Pharmaceutical Factory, Inc.)

(INs). Subsequently, 3 wt% alkyne aqueous solutions and azide aqueous solutions
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(containing 0.9 wt% of sodium chloride) were prepared according to formulations shown in
Table 55 below.
[Table 54]

3 wt% sodium alginate aqueous solution (containing 0.9 wt% of sodium chloride)

No. Composition
ALGS2A Sodium alginate(A-2)/INs
ALGS3 Sodium alginate(B-3)/INs
ALGS3A Sodium alginate(A-3)/INs
[Table 55]

3 wt% alkyne aqueous solution and azide aqueous solution (containing 0.9 wt% of sodium

chloride)

No. Composition

F8A1 Prepared by mixing 3.3 wt% compound 4-A2d aqueous solution and 9.9 wt%
sodium chloride aqueous solution in ratio of 10/1

F8A2 Compound 4-A3/INs

F8N1 Prepared by mixing 3.3 wt% compound 11-A2d aqueous solution and 9.9 wt%
sodium chloride aqueous solution in ratio of 10/1

F8N2 Compound 11-A3/INs

Equal volumes of a 3 wt% alkyne aqueous solution and an azide aqueous solution

(containing 0.9 wt% of sodium chloride) shown in Table 54 and Table 55 were mixed together
in a formulation shown in Table 56, thereby preparing a chemically modified alginic acid
solution mixture (F8A-M1). The solution mixture FSA-M1 and the 3 wt% sodium alginate
aqueous solution (containing 0.9 wt% of sodium chloride) were mixed together so that the
combination shown in Table 56 below reached 5:10, thereby preparing an alginic acid solution
mixture (F8A-M2). Subsequently, equal volumes of the G016 culture medium having the
composition described in (Example F2-A) and containing tocilizumab-producing CHO cells
(1 x 10® cells/mL) and the solution mixture F8A-M2 were mixed together, thereby producing
a cell-containing alginic acid solution mixture (F8A-M3). In the solution mixture FSA-M3,
an alkyne compound and an azide compound were contained in final concentrations of 0.5

wt%.
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A Hamilton syringe was filled with the solution mixture F8A-M3, and a needle for luer
lock syringe (KANTO CHEMICAL CO.,INC., 15/23NL-F) was connected to the syringe and
set in a syringe pump. The tip of the needle was immersed in a beaker containing 20
mmol/L of a barium chloride aqueous solution containing 0.9% sodium chloride, and the
alginic acid solution mixture (F8A-M3) was injected into the aqueous solution at a flow rate
of 250 puL/minute for 0.8 minutes. A fibrous substance injected into the aqueous solution
was placed still for 30 minutes or longer, thereby obtaining a tocilizumab-producing CHO
cell-containing crosslinked alginate gel fiber. Subsequently, coating was performed in the
same manner as in the method described in (Example F5-B) using the obtained tocilizumab-
producing CHO cell-containing crosslinked alginate gel fiber and an aqueous solution
containing 0.1% poly-L-ornithine hydrobromide, 0.9% sodium chloride and 20 mmol/L
barium chloride, thereby obtaining a polymer-coated crosslinked alginate gel fiber (CFB-S5)

(refer to CFB-S5 No. in Table 56).

[Table 56]
No. Combination of alkyne Type of sodium CFB-S5 No.
compound/azide compound in | alginate in F8A-M2
F8A-M1
F8-1 FSA1/F8N1 ALGS2A FB8-1-cl
F8-2 FS8AI1/F8N1 ALGS3 FB8-2-cl
F8-3 FSA1/F8N1 ALGS3A FB8-3-cl
F8-4 F8A2/F8N2 ALGS3A FB8-4-cl
F8-5 F8A2/F8N2 ALGS3 FB8-5-cl

[0719] (Example FI-6) Culture of antibody-producing cell-containing polymer-coated
crosslinked alginate gel fiber

One antibody-producing cell-containing polymer-coated crosslinked alginate gel fiber
(FBS8-1-c1, FB8-2-c1, FB8-3-cl, FB8-4-c1 or FB8-5-c1) obtained in (Example F8) was put
into a 125 mL polycarbonate Erlenmeyer flask, the GO16 culture medium (30 mL) having the
composition described in (Example F2-A) was added thereto, the gel fiber began to be

cultured in an incubator at 37°C under a 5% CO2 atmosphere while being shaken at 125 rpm,
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the culture temperature was changed to 30°C after five days, and the gel fiber was

continuously cultured at the same temperature.

During this period, once two to three days,

1.8 mL of a culture fluid was extracted, 1.8 mL of the G016 culture medium or 1.8 mL of a

feed solution (manufactured by Fujifilm Irvine Scientific, catalog No. JX F003) was added

thereto, and the total amount of the culture medium was held at 30 mL. In addition, half the

amount of the culture fluid was exchanged once a week. During the culture period, the IgG

concentration of the culture fluid was measured as a human IgG concentration with a Cedex

Bio analyzer (Roche Diagnostics K.K.).

In the culture using the antibody-producing cell-

encapsulated polymer-coated crosslinked alginate gel fiber, the cumulative antibody

concentrations and the concentrations of the tocilizumab-producing CHO cell that was

detected in the culture fluid at each measurement day were as shown in Table 57. From the

culture results, it was possible to confirm that the amount of the antibody produced increased

over time in the culture of each fiber.

[Table 57]
No. CFB-S5 | Measurement | Concentration of leaky Cumulative antibody
No. days cell in culture fluid on (IgG) concentration on
each measurement day each measurement day
(mg/L)
FI-6-1 | FB8-1-cl 14 Less than 1x10* cells/mL 575
21 4.5x10* cells/mL 1116
FI-6-2 | FB8-2-cl 14 Less than 1x10% cells/mL 445
28 Less than 1x10% cells/mL 1103
38 Less than 1x10* cells/mL 1412
FI-6-3 | FB8-3-cl 14 Less than 1x10% cells/mL 636
28 4x10% cells/mL 1758
38 2.5x10% cells/mL 2343
FI-6-4 | FB8-4-cl 14 Less than 1x10* cells/mL 566
28 Less than 1x10* cells/mL 1559
38 Less than 1x10% cells/mL 2075
F1-6-5 | FB8-5-cl 14 Less than 1x10* cells/mL 360
28 Less than 1x10% cells/mL 854
38 Less than 1x10* cells/mL 1050

[0720] (Example F9) Production of antibody-producing cell-containing polymer-coated

crosslinked alginate gel fiber
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Equal volumes of the G016 culture medium having the composition described in
(Example F2-A) and containing tocilizumab-producing CHO cells (1 x 10® cells/mL) and the
alginic acid solution mixture F5SA-M2 prepared in (Example F5-A) were mixed together,
thereby producing a cell-containing alginic acid solution mixture (F9A-M3). In the solution
mixture F9A-M3, an alkyne compound and an azide compound were contained in final
concentrations of 0.5 wt%. A Hamilton syringe was filled with the solution mixture FOA-
M3, and a needle for luer lock syringe (KANTO CHEMICAL CO.,INC., 15/23NL-F) was
connected to the syringe and set in a syringe pump. The tip of the needle was immersed in a
beaker containing 20 mmol/L of a barium chloride aqueous solution containing 0.9% sodium
chloride, and the alginic acid solution mixture (F9A-M3) was injected into the aqueous
solution at a flow rate of 250 uL/minute for 0.8 minutes. A fibrous substance injected into
the solution was placed still for 30 minutes or longer, thereby obtaining a tocilizumab-
producing CHO cell-containing crosslinked alginate gel fiber. The obtained cell-containing
crosslinked alginate gel fiber was coated in the same manner as in the method described in
(Example F5-B) using a cationic polymer-containing aqueous solution having each
composition shown in Table 58, thereby obtaining an antibody-producing cell-containing
polymer-coated crosslinked alginate gel fiber (CFB-S6) (refer to CFB-S6 No. in Table 59).

[Table 58]

No. | Composition of cationic polymer-containing aqueous solution

F9- | 0.1% poly-L-ornithine hydrobromide/0.9% sodium chloride/20 mM barium
cl chloride

F9- | 0.1% poly(methylene-coguanidine)hydrochloride/0.9% sodium chloride/20 mM
c2 barium chloride

F9- | 0.075% linear polyethylene imine hydrochloride/0.9% sodium chloride/20 mM
c3 barium chloride

[Table 59]
No Cationic polymer-containing aqueous CFB-S6 No.
' solution
F9-1 F9-cl FB9-1-cl
F9-2 F9-c2 FB9-2-c2
F9-3 F9-c3 FB9-3-c3
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[0721] (Example FI-7) Culture of antibody-producing cell-containing polymer-coated
crosslinked alginate gel fiber

One antibody-producing cell-containing polymer-coated crosslinked alginate gel fiber

(FB9-1-c1, FB9-2-c2 or FB9-3-c3) obtained in (Example F9) was put into a 125 mL

polycarbonate Erlenmeyer flask, the G016 culture medium (30 mL) described in (Example

F2-A) was added thereto, the gel fiber began to be cultured in an incubator at 37°C under a

5% COz2 atmosphere while being shaken at 125 pm, the culture temperature was changed to

30°C after five days, and the gel fiber was continuously cultured at the same temperature.

During this period, once two to three days, 1.8 mL of a culture fluid was extracted, 1.8 mL of

the G016 culture medium or 1.8 mL of a feed solution (manufactured by Fujifilm Irvine

Scientific, catalog No. JX F003) was added thereto, or half the amount of the culture fluid

was exchanged. During the culture period, the IgG concentration of the culture fluid was

measured as a human IgG concentration with a Cedex Bio analyzer (Roche Diagnostics

K.K)).

In the culture using the antibody-producing cell-encapsulated polymer-coated

crosslinked alginate gel fiber, the cumulative antibody concentrations and the concentrations

of the tocilizumab-producing CHO cell that was detected in the culture fluid at each

measurement day were as shown in Table 60. From the culture results, it was possible to

confirm that the amount of the antibody produced increased over time in the culture of the

fibers FB9-1-c1 and FB9-1-¢3.

[Table 60]
No. | CFB- | Measurement | Concentration of leaky cell | Cumulative antibody (IgG)
S6 No. days in culture fluid on each concentration on each
measurement day measurement day (mg/L)
FI- | FB9-1- 14 Less than 1x10* cells/mL 601
7-1 cl 35 1.5x10* cells/mL 1863
FI- | FB9-2- 14 3.5x10* cells/mL 606
7-2 c2
FI- | FB9-3- 14 Less than 1x10* cells/mL 543
7-3 c3 35 Less than 1x10* cells/mL 1803

[0722] (Example F10) Production of multilayer polymer-coated crosslinked alginate gel fiber

288




G2887

<Step a> Production of crosslinked alginate gel fiber

Equal amounts of an alginic acid aqueous solution (1) prepared to 3.0 wt% and 1.8
wt% saline solution containing 20 mg/mL of blue dextran (manufactured by Cytiva, Blue
Dextran 2000, code No. 17036001) were mixed together, and a Hamilton syringe was filled
with the mixture. A metal needle (manufactured by Musashi Engineering, Inc., SNA-19G-
B), a silicon tube (manufactured by AS ONE Corporation, ¢1 x ¢2) and a glass capillary
(manufactured by NARISHIGE Group, G-1) were sequentially connected to the syringe and
set in a syringe pump. The tip of a glass capillary was immersed in 100 mmol/L of a
calcium chloride aqueous solution, and the mixture was sent at a flow rate of 250 uL/minute
for one minute. A recovered crosslinked alginate gel fiber was placed still in the same
concentration of a calcium chloride aqueous solution (10 mL) for 30 minutes. The alginic
acid aqueous solution (1) used in the step a is an aqueous solution of sodium alginate (A-2) or
a solution mixture of the compound 4-A2c and the compound 11-A2e.
<Step b> PLO coating

The crosslinked alginate gel fiber was separated from the calcium chloride aqueous
solution containing the crosslinked alginate gel fiber obtained in <Step a> of (Example F10)
using a cell strainer. The separated crosslinked alginate gel fiber was added to a poly-L-
ornithine (PLO) aqueous solution (5 mL) prepared to 0.1 wt% [an aqueous solution
containing 0.1% poly-L-ornithine hydrochloride and 100 mmol/L of calcium chloride] and
shaking-stirred at 37°C and 125 rpm for 20 minutes. After that, a cation polymer-coated
crosslinked alginate gel fiber was separated from the poly-L-ornithine aqueous solution using
the cell strainer and washed using 5 mL of physiological saline twice.
<Step ¢> Alginic acid coating

A PLO-coated cationic polymer-coated crosslinked alginate gel fiber obtained in <Step

b> of (Example F10) was added to an alginic acid aqueous solution (2) (5 mL) prepared to
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0.15 wt% and shaking-stirred at 37°C and 125 rpm for 20 minutes.

After that, a multilayer

polymer-coated crosslinked alginate gel fiber (CFB-10) (refer to CFB-10 No. in Table 61

below) was separated from the alginic acid aqueous solution using the cell strainer and

washed with 5 mL of physiological saline twice.

The alginic acid aqueous solution (2) used

in the Step ¢ is an aqueous solution of sodium alginate (A-2) or a solution mixture of the

compound 4-A2c and the compound 11-A2e.

[Table 61]
No. Composition in alginic acid Composition in alginic acid CFB-10
aqueous solution (1) aqueous solution (2) No.
F10-1 A-2 only A-2 only FB10-1
F10-2 A-2 only 4-A2¢/11-A2¢ FB10-2
F10-3 4-A2¢/11-A2¢ A-2 only FB10-3
F10-4 4-A2¢/11-A2¢ 4-A2c/11-A2¢ FB10-4

[0723] (Example F10B) Production of multilayer polymer-coated crosslinked alginate gel
fiber

An alginic acid solution (F10B-M1) was prepared at a combination shown in Table 62
below using a 3 wt% aqueous solution of the compound 4-A2d, a 3 wt% aqueous solution of
the compound 11-A2d and a sodium alginate (A-2) aqueous solution. Subsequently, equal
volumes of a 1.8% sodium chloride aqueous solution containing 20 mg/mL of blue dextran
(Blue Dextran 2000, GE Healthcare Corporation, 17036001) and F10B-M1 were mixed
together, thereby preparing an alginic acid solution mixture (F10B-M2). In the solution
mixture F10B-M2, an alkyne compound and an azide compound were contained such that the
final concentration reached 1.5 wt% or sodium alginate was contained such that the final
concentration reached 1.5 wt%. A Hamilton syringe was filled with the alginic acid solution
mixture F10B-M2, and a metal needle (Musashi Engineering, Inc., SNA-19G-B), a silicon
tube (AS ONE Corporation, ¢1 x ¢2) and a glass capillary (NARISHIGE Group, G-1) were

sequentially connected to the syringe and set in a syringe pump. The tip of the glass

capillary was immersed in a beaker containing 20 mmol/L of a barium chloride aqueous
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solution containing 0.9% sodium chloride, and the alginic acid solution mixture (F10B-M2)
was injected into the solution at a flow rate of 250 uL/minute for one minute. A fibrous
substance injected into the solution was placed still for 30 minutes in the solution having the
same concentration, thereby obtaining a crosslinked alginate gel fiber. A solution containing
the obtained crosslinked alginate gel fiber was filtered using a cell strainer, and the gel fiber
was separated. The separated gel fiber was added to a cationic polymer-containing aqueous
solution (5 mL) containing 0.1% poly-L-ornithine hydrochloride, 0.9% sodium chloride and
20 mmol/L of barium chloride and shaking-stirred at 37°C and 125 rpm for 20 minutes,
thereby obtaining a cation polymer-coated crosslinked alginate gel fiber. The obtained gel
fiber was, again, filtered using the cell strainer and washed with 5 mL of physiological saline
twice. Subsequently, sodium alginate (A-2) was dissolved in physiological saline, thereby
preparing an alginic acid solution (F10B-M3) having a final concentration of 0.15%. The
washed cationic polymer-coated crosslinked alginate gel fiber was added to F10B-M3 (5 mL)
and shaking-stirred at 37°C and 125 rpm for 20 minutes, thereby obtaining a multilayer
polymer-coated crosslinked alginate gel fiber (CFB-10B) (refer to CFB-10B No. in Table 62
below). The obtained CFB-10B was filtered using the cell strainer and washed with 5 mL of

physiological saline twice.

[Table 62]
No. Composition in F10B-M1 CFB-10B No.
F10B-1 A-2 only FB10B-1
F10B-2 4-A2d/11-A2d FB10B-2

[0724] (Example F11) Stability of multilayer polymer-coated crosslinked alginate gel fiber
<Step d> Chelate treatment

The multilayer polymer-coated crosslinked alginate gel fiber (refer to CFB-10 No. in
Table 63 below) obtained in <Step ¢> of (Example F10) was added to 20 mM
EDTA - 2K/physiological saline (5 mL) and shaking-stirred at 37°C and 125 rpm for 20

minutes. After that, the multilayer polymer-coated crosslinked alginate gel fiber was
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separated from the EDTA-2K/physiological saline using the cell strainer and washed using 5
mL of physiological saline twice. The recovered multilayer polymer-coated crosslinked
alginate gel fiber (refer to CFB-11 No. in Table 63 below) was immersed in 5 mL of
physiological saline until a stability evaluation test.
<Step e> Stability evaluation

The multilayer polymer-coated crosslinked alginate gel fiber obtained in <Step d> of
(Example F11) was moved to a 15 mL centrifuge tube to which 5 mL of a PBS solution had
been added and shaken at 37°C for one day (water bath shaker (manufactured by TAITEC
Corporation, personal 1), 180 rpm).  After that, the fiber was moved to a 25 mL centrifuge
tube to which 10 mL of a PBS solution had been added and further shaken at 37°C for one
hour. The observation results are shown in Table 63 below. The stability of the multilayer
polymer-coated crosslinked alginate gel fiber was visually evaluated based on the following
indexes.
Stability evaluation (score):
3: The collapse/dissolution/deformation/blue dextran elution or the like of the fiber are all not
recognized.
2: Collapse/dissolution/deformation/blue dextran elution or the like are recognized in a part of
the fiber.
1: Clear collapse/dissolution/deformation/blue dextran elution or the like are recognized in the

fiber, and the function of the structure is not kept.

[Table 63]
No. CFB-10 No. CFB-11 No. Stability evaluation (score)
After EDTA After shaking
treatment
F11-1 FB10-1 FB11-1 2 1
F11-2 FB10-2 FB11-2 3 2
F11-3 FB10-3 FB11-3 3 3
F11-4 FB10-4 FB11-4 3 3

[0725] (Example F11B) Stability of multilayer polymer-coated crosslinked alginate gel fiber
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(1) EDTA treatment of fiber

The multilayer polymer-coated crosslinked alginate gel fiber (CFB-10B) produced in
(Example F10B) (refer to CFB-10B No. in Table 64 below) was used, and the same operation
as in (Example F11) was performed, thereby obtaining a chelate-treated multilayer polymer-
coated crosslinked alginate gel fiber (CFB-11B) (refer to CFB-11B No. in Table 64 below).
(2) Shaking collapse test

The EDTA-treated multilayer polymer-coated crosslinked alginate gel fiber was
separated using the cell strainer, added to a 25 mL centrifuge tube to which 10 mL of'a PBS
solution had been added and shaken at 37°C for 41 hours.

The stability of the multilayer polymer-coated crosslinked alginate gel fiber after the
EDTA treatment and after the shaking was visually evaluated based on the following indexes.
Stability evaluation (score):
3: The collapse/dissolution/deformation/blue dextran elution or the like of the fiber are all not
recognized.
2: Collapse/dissolution/deformation/blue dextran elution or the like are recognized in a part of
the fiber.
1: Clear collapse/dissolution/deformation/blue dextran elution or the like are recognized in the

fiber, and the function of the structure is not kept.

[Table 64]
No. CFB-10B No. | CFB-11B No. Stability evaluation (score)
After EDTA After shaking
treatment
F11B-1 FB10B-1 FB11B-1 3 2
F11B-2 FB10B-2 FB11B-2 3 3

[0726] (Example F12) Production of antibody-producing cell-containing multilayer polymer-
coated crosslinked alginate gel fiber
The alginic acid solution mixture FSA-M2 prepared in the example (Example F5-A)

and saline for injection (manufactured by Otsuka Pharmaceutical Factory, Inc.) (INs) were
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mixed together in a ratio of 1:19, thereby preparing an anionic polymer-containing aqueous
solution (the anionic polymer-containing aqueous solution contained 0.15 wt% of F5A-M2).
Subsequently, the antibody-producing cell-containing cationic polymer-coated crosslinked
alginate gel fiber (FB9-1-c1, FB9-2-c2 or FB9-3-c3), which was obtained by the method
described in Example F9, was immersed in the anionic polymer-containing aqueous solution
10 times as much as the fiber, shaking-stirred at 37°C and 125 rpm for 20 minutes and coated
with an anionic polymer. The fiber in the aqueous solution was filtered and fractionated
using the cell strainer and washed with 7 mL of INs three times, thereby obtaining an
antibody-producing cell-containing multilayer polymer-coated crosslinked alginate gel fiber

(ACFB-S1) (refer to ACFB-S1 No. in Table 65).

[Table 65]
No. CFB-S6 No. ACFB-S1 No.
F12-1 FB9-1-cl FB12-acl
F1222 FB9-2-c2 FB12-ac2
F12-3 FB9-3-c3 FB12-ac3

[0727] (Example FI-8) Culture of antibody-producing cell-containing multilayer polymer-
coated crosslinked alginate gel fiber

One antibody-producing cell-containing multilayer polymer-coated crosslinked
alginate gel fiber (FB12-acl, FB12-ac2 or FB12-ac3) obtained in (Example F12) was put into
a 125 mL polycarbonate Erlenmeyer flask, and the same operation as in (Example FI-7) was
performed. During the culture period, the IgG concentration of the culture fluid was
measured as a human IgG concentration with a Cedex Bio analyzer (Roche Diagnostics
K.K.). In the culture using the antibody-producing cell-encapsulated polymer-coated
crosslinked alginate gel fiber, the cumulative antibody concentrations and the concentrations
of the tocilizumab-producing CHO cell that was detected in the culture fluid at each
measurement day were as shown in Table 66.

[Table 66]
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No. CFB-S8 | Measurement | Concentration of leaky | Cumulative antibody
No. days cell in culture fluid on | (IgG) concentration on
each measurement day | each measurement day
(mg/L)
FI-8-1 FB12-acl 14 Less than 1x10* 691
cells/mL
21 0.5x10" cells/mL 1267
35 2x10* cells/mL 2219
FI-8-2 | FB12-ac2 14 8x10* cells/mL 693
FI-8-3 FB12-ac3 14 Less than 1x10* 613
cells/mL
21 5x10* cells/mL 1145

[0728] (Example F13-A) Production of antibody-producing cell-containing cationic polymer-

coated crosslinked alginate gel fiber

The same operation as in (Example F5-A) and (Example F5-B) was performed using a

tocilizumab-producing CHO cell, thereby producing an antibody-producing cell-containing

cationic polymer-coated crosslinked alginate gel fiber (CLA-G13) (refer to CLA-G13 No. in

Table 67 below).

concentration of 5 x 107 cells/mL.

In CLA-G13, the tocilizumab-producing CHO cell was contained at a final

[Table 67]
No. Cationic species during | Divalent ionic species in cationic CLA-G13
gel fiber production polymer-containing aqueous No.
solution
F13-A-1 Ca Ca FB13-A-1-cl
F13-A-2 Ba Ba FB13-A-2-c2

[0729] (Example F13-B) Production of antibody-producing cell-containing multilayer

polymer-coated crosslinked alginate gel fiber

3 wt% alkyne aqueous solutions and azide aqueous solutions (containing 0.9 wt% of

sodium chloride) were prepared according to formulations shown in Table 68 and Table 69

below. Subsequently, sodium alginate (B-2) and saline for injection (manufactured by

Otsuka Pharmaceutical Factory, Inc.) (INs) were mixed together to prepare a 3 wt% alginic

acid aqueous solution (containing 0.9% sodium chloride) (ALGS2), and sodium alginate (A-

2) and INs were mixed together to prepare a 3 wt% alginic acid aqueous solution (containing

0.9% sodium chloride) (ALGS2A).
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[Table 68]

Alkyne aqueous solution (containing 0.9 wt% of sodium chloride)

Prepared by mixing 3.3 wt% compound 4-A2d aqueous solution and 9.9 wt%
FI3A1 . . CE :
sodium chloride aqueous solution in ratio of 10/1
Prepared by mixing 3.3 wt% compound 1-A2d aqueous solution and 9.9 wt%
F13A2 . . CE :
sodium chloride aqueous solution in ratio of 10/1
[Table 69]

Azide aqueous solution (containing 0.9 wt% of sodium chloride)

Prepared by mixing 3.3 wt% compound 11-A2d aqueous solution and 9.9 wt%
F13N1 ' i LT .

sodium chloride aqueous solution in ratio of 10/1

Prepared by mixing 3.3 wt% compound 13-A2b aqueous solution and 9.9 wt%
F13N2 ' i LT .

sodium chloride aqueous solution in ratio of 10/1

Prepared by mixing 3.3 wt% compound 16-A2b aqueous solution and 9.9 wt%
F13N3 . i LT .

sodium chloride aqueous solution in ratio of 10/1

The alkyne, azide, ALGS2, ALGS2A or INs were mixed together at combinations
shown in Table 70, thereby preparing anionic polymer-containing aqueous solutions. The
concentrations of all alginic acid that was contained in the anionic polymer-containing
aqueous solutions were approximately 0.15 wt%, and the components were mixed together
such that the ratios became as shown in Table 70, respectively. Subsequently, coating
operation with an anionic polymer was performed in the same manner as in (Example F12)
using the cationic polymer-coated crosslinked alginate gel fiber (CLA-G13) (refer to CLA-
G13 No. in Table 70 below) obtained in (Example F13-A) and the anionic polymer-containing
aqueous solution, thereby obtaining antibody-producing cell-containing multilayer polymer-

coated crosslinked alginate gel fibers (ACFB-S2) (refer to ACFB-S2 No. in Table 70 below).
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[Table 70]
No. Composition of anionic Mixing ratio of CLA-G13 ACFB-S2
polymer-containing aqueous | alkyne/azide/sodium No. No.
solution alginate
F13- | FI3A1I/F13N1/ALGS2/INs 1/1/4 FB13-A-1-c1 | FBI13-B-1-
B-1 acl
F13- | F13A2/F13N1/ALGS2/INs 1/1/4 FB13-A-2-c2 | FB13-B-2-
B-2 ac2
F13- | FI3A1/F13N2/ALGS2/INs 1/1/4 FB13-A-2-c2 | FBI13-B-3-
B-3 ac2
F13- | FI3A1/F13N3/ALGS2/INs 1/1/4 FB13-A-2-c2 | FB13-B-4-
B-4 ac2
F13- | FI3A1/F13N1/ALGS2A/INs 1/1/4 FB13-A-2-c2 | FBI13-B-5-
B-5 ac2
F13- FI13A1/F13N1/INs 1/1/0 FB13-A-2-c2 | FB13-B-6-
B-6 ac2
F13- FI13A1/F13N3/INs 1/1/0 FB13-A-2-c2 | FB13-B-7-
B-7 ac2
F13- ALGS2/INs - FB13-A-2-c2 | FB13-B-8-
B-8 ac2

[0730] (Example FI-9) Culture of antibody-producing cell-containing multilayer polymer-

coated crosslinked alginate gel fiber

One antibody-producing cell-containing multilayer polymer-coated crosslinked
alginate gel fiber (FB13-B-1-acl, FB13-B-2-ac2, FB13-B-3-ac2, FB13-B-4-ac2, FB13-B-5-
ac2, FB13-B-6-ac2, FB13- B-7-ac2 and FB13-B-8-ac2) obtained in (Example F13-B) was put
into a 125 mL polycarbonate Erlenmeyer flask, the GO16 culture medium (30 mL) described
in (Example F2-A) was added thereto, the gel fiber began to be cultured in an incubator at
37°C under a 5% CO2 atmosphere while being shaken at 125 rpm, the culture temperature
was changed to 30°C after five days, and the gel fiber was continuously cultured at the same
temperature. During this period, once two to three days, 1.8 mL of a culture fluid was
extracted, 1.8 mL of the G016 culture medium or 1.8 mL of a feed solution (manufactured by
Fuyjifilm Irvine Scientific, catalog No. JX F003) was added thereto, and the total amount of
the culture medium was held at 30 mL. In addition, half the amount of the culture fluid was

exchanged once a week. During the culture period, the IgG concentration of the culture fluid

was measured as a human IgG concentration with a Cedex Bio analyzer (Roche Diagnostics
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K.K.). In the culture using the antibody-producing cell-containing polymer-coated
crosslinked alginate gel fiber, the cumulative antibody concentrations and the concentrations
of the tocilizumab-producing CHO cell that was detected in the culture fluid at each

measurement day were as shown in Table 71.

[Table 71]
No. CFB-S8B | Measurement | Concentration of leaky Cumulative antibody
No. days cell in culture fluid on (IgG) concentration on
each measurement day each measurement day
(mg/L)
FI-9- | FB13-B-2- 9 Less than 1x10* cells/mL 212
1 ac2
FI-9- | FB13-B-3- 14 Less than 1x10* cells/mL 337
2 ac2
FI-9- | FB13-B-4- 14 Less than 1x10* cells/mL 340
3 ac2
FI-9- | FB13-B-5- 14 Less than 1x10* cells/mL 324
4 ac2
FI-9- | FB13-B-6- 14 Less than 1x10* cells/mL 340
5 ac2
FI-9- | FB13-B-7- 14 Less than 1x10* cells/mL 307
6 ac2
FI-9- | FB13-B-8- 14 Less than 1x10* cells/mL 385
7 ac2

[0731] (Example F14) Confirmation of coating of crosslinked alginate gel fiber with anionic
polymer and cationic polymer

3 wt% aqueous solutions (containing 0.9 wt% of sodium chloride) of the alkyne
compound 4-A2d and the azide compound 11-A2d were prepared in the same manner as in
the formulation described in (Example F2-A). Subsequently, equal volumes of the 3 wt%
alkyne and azide aqueous solutions (containing 0.9 wt% of sodium chloride) were mixed
together, thereby preparing a chemically modified alginic acid solution mixture (F14A-M1).
The solution mixture F14A-M1 and the 3 wt% alginic acid aqueous solution (containing 0.9%
sodium chloride) (ALGS2) prepared from sodium alginate (B-2) and saline for injection
(manufactured by Otsuka Pharmaceutical Factory, Inc.) (INs) were mixed together in a ratio

of F14A-M1:ALGS2 = 5:10, thereby preparing an alginic acid solution mixture (F14A-M2).
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Subsequently, equal volumes of F14A-M2 and INs were mixed together, thereby preparing a
solution mixture (F14A-M3). A Hamilton syringe was filled with the aqueous solution
F14A-M3, and a needle for luer lock syringe (KANTO CHEMICAL CO.,INC., 15/23NL-F)
was connected to the syringe and set in a syringe pump. The tip of the needle was immersed
in a beaker containing 20 mmol/L of a barium chloride aqueous solution containing 0.9%
sodium chloride, and the alginic acid solution mixture was injected into the aqueous solution
at a flow rate of 250 uL/minute for 0.8 minutes. A fibrous substance injected into the
solution was placed still for 30 minutes or longer, thereby obtaining a crosslinked alginate gel
fiber. Subsequently, the fiber was cut to approximately 20 cm, and then the same operation
as in (Example F9) (the aqueous solution used for coating was 2 mL) was performed, thereby
obtaining a cationic polymer-coated crosslinked alginate gel fiber. The composition of a
cationic polymer-containing aqueous solution used for coating was as shown in Table 72
below, and 2 mL of the aqueous solution was used for each fiber. Subsequently,
fluorescently labeled alginic acid (LA) synthesized from sodium alginate (A-2) and
fluorescein-5-thiosemicarbazide (CAS REGISTORY NO.: 76863-28-0) was dissolved in
physiological saline such that the final concentration reached 0.15 wt%, thereby preparing an
anionic polymer-containing aqueous solution (LAPS). Subsequently, the cationic polymer-
coated crosslinked alginate gel fiber was immersed in 2 mL of LAPS, shaken-stirred at 37°C
and 125 rpm for 20 minutes and coated with the anionic polymer. The fiber in the aqueous
solution was filtered and fractionated using the cell strainer and washed with 8 mL of
physiological saline once, thereby obtaining an anionic/cationic polymer crosslinked alginate
gel fiber (LCLA-G) (refer to LCLA-G No. in Table 73). The surface of the obtained fiber

was observed using a fluorescence microscope.
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The observation results are shown in Figs. 22 and 23. It was confirmed that the
surface of the gel fiber was coated with LA (the portions with a color inverted with respect to

the background of Figs. 22 and 23 are LA).

[Table 72]
No. Composition of cationic polymer-containing aqueous solution
0.1% poly(methylene-coguanidine)hydrochloride/0.9% sodium chloride/20
Fl4-cl ) .
mM barium chloride
0.1% linear polyethylene imine hydrochloride/0.9% sodium chloride/20 mM
Fl4-c2 X :
barium chloride
[Table 73]
No Cationic polymer-containing aqueous LCLA-G No.
' solution
Fl4-1 Fl4-cl FB14-c1-1
F14-2 Fl4-c2 FB14-c2-2

[0732] (Example F15-A) Production of polymer-coated crosslinked alginate gel fiber

A 3 wt% alginic acid aqueous solution (containing 0.9 wt% sodium chloride) (ALGS2)
was prepared from sodium alginate (B-2) and saline for injection (manufactured by Otsuka
Pharmaceutical Factory, Inc.) (INs). Subsequently, an alkyne aqueous solution and an azide
aqueous solution were prepared according to formulations in Table 74 below.
[Table 74]
3 wt% alkyne aqueous solution and azide aqueous solution (containing 0.9 wt% of sodium

chloride)

Prepared by mixing 3.3 wt% compound 4-A2d aqueous solution and 9.9 wt%
sodium chloride aqueous solution in ratio of 10/1
Prepared by mixing 3.3 wt% compound 11-A2d aqueous solution and 9.9 wt%
F15N1 . . .k i
sodium chloride aqueous solution in ratio of 10/1
FI15A1, F15N1 and ALGS2 were mixed together in the combination and ratio in Table

FI5A1

75 below, thereby preparing a 3 wt% alginic acid solution (FISA-M1). Subsequently, equal
volumes of F15A-M1 and INs were mixed together, thereby preparing a solution mixture
(F15A-M2). The concentration of all alginic acid that was contained in FI5A-M2 is 1.5
wt%. A Hamilton syringe was filled with the alginic acid solution mixture F15A-M2, and a

metal needle (Musashi Engineering, Inc., SNA-19G-B), a silicon tube (AS ONE Corporation,
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$1 x ¢2) and a glass capillary (NARISHIGE Group, G-1) were sequentially connected to the
syringe and set in a syringe pump. The tip of the glass capillary was immersed in a beaker
containing 100 mmol/L of a calcium chloride aqueous solution, and the alginic acid solution
mixture (F15A-M2) was injected at a flow rate of 250 pL/minute for 0.8 minute. A fibrous
substance injected into the aqueous solution was placed still for 30 minutes or longer, thereby
obtaining a crosslinked alginate gel fiber. The obtained crosslinked alginate gel fiber was
filtered and fractionated using a cell strainer, added to an aqueous solution containing 0.1%
poly-L-ornithine hydrochloride and 100 mmol/L of calcium chloride, shaking-stirred at 37°C
and 125 rpm for 30 minutes, thereby coating the crosslinked alginate gel fiber with the
cationic polymer. The amount of the aqueous solution used for the polymer coating was set
to 10 times the amount of fiber to be coated. The fiber in the aqueous solution was filtered
and fractionated using the cell strainer and washed with 7 mL of physiological saline three
times, thereby obtaining a polymer-coated crosslinked alginate gel fiber (CFB-G15A) (refer

to CFB-G15A No. in Table 75).

[Table 75]
No. Composition of F15A- Mixing ratio of alkyne CFB-G15A No.
Ml compound/azide
compound/alginic acid
F15-A-1 | F15A1/F15N1/ALGS2 1/1/4 FB15-A-1-cl
F15-A-2 ALGS2 - FB15-A-2-cl

[0733] (Example F15-B) Production of multilayer polymer-coated crosslinked alginate gel
fiber

In a composition shown in Table 76 below, F15A-M1 was diluted using INs so that the
total alginic acid concentration reached 0.15 wt%, thereby preparing an anionic polymer-
containing aqueous solution. The polymer-coated crosslinked alginate gel fiber (FB15-A-1-
cl or FB15-A-2-cl) obtained in Example F15-A was added to the anionic polymer-containing

aqueous solution, and the same coating operation as in (Example F12) was performed,
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thereby obtaining a multilayer polymer-coated crosslinked alginate gel fiber (ACFB-G15B)

(refer to ACFB-GI15B No. in Table 76).

[Table 76]
No. Composition of F15A- | Mixing ratio of alkyne | CFB-G15A | ACFB-G15B
M1 in anionic polymer- compound/azide No. No.
containing aqueous compound/alginic
solution acid
F15-B-1 ALGS2 - FBI15-A-1- FB15-B-1-
cl acl
F15-B-2 | FISA1/F15N1/ALGS2 1/1/4 FBI15-A-1- FB15-B-2-
cl acl
F15-B-3 | FISA1/F15N1/ALGS2 1/1/4 FB15-A-2- FB15-B-3-
cl acl

[0734] (Example F15-C) Tensile test of multilayer polymer-coated crosslinked alginate gel

fiber

The tensile test of the multilayer polymer-coated crosslinked alginate gel fiber (CFB-

G15B) obtained in (Example F15-B) was measured by setting the fiber in a jig in saline for
injection (manufactured by Otsuka Pharmaceutical Factory, Inc.) using a small desktop gel

strength tester EZ-SX 5 N C1 (Shimadzu Corporation, No. [308256D0592) and a load cell

SMT1-5N (S/N=913193).

Regarding measurement values, stresses and strains when the

fibers ruptured are shown in Table 77 in units of MPa and %, respectively.

[Table 77]
No. ACFB-GI15B No. Stress (MPa) Strain (%)
F15-C-1 FB15-B-1-acl 0.188 113
F15-C-2 FB15-B-2-acl 0.205 118
F15-C-3 FB15-B-3-acl 0.124 71

[0735] In Table 77, it was confirmed that Nos. F15-C-1 to F15-C-2 were multilayer polymer-
coated crosslinked alginate gel fibers showing a tensile strength of 0.1 MPa or higher and a
strain (elongation) of 100% or more.

[Industrial Applicability]

[0736] Here, a polymer-coated crosslinked alginate gel fiber in which a core layer comprising

a cell enabling production of antibodies, bioactive substances or the like and crosslinked
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alginate gel is coated with a cationic polymer (cationic polymer layer) is provided. In
addition, it is possible to provide a method for manufacturing the fiber and a method for
culturing an antibody, a bioactive substance or the like using the fiber. Furthermore, a
multilayer polymer-coated crosslinked alginate gel fiber in which a core layer comprising a
cell enabling production of antibodies, bioactive substances or the like and crosslinked
alginate gel is coated with a cationic polymer (cationic polymer layer) and an anionic polymer
(anionic polymer layer) is provided. In addition, it is possible to provide a method for
manufacturing the fiber and a method for culturing an antibody, a bioactive substance or the
like using the fiber.

[Reference Signs List]

[0737]

a Diameter of core layer of polymer-coated crosslinked alginate gel fiber or multilayer
polymer-coated crosslinked alginate gel fiber

b Thickness of cationic polymer layer of polymer-coated crosslinked alginate gel fiber

or multilayer polymer-coated crosslinked alginate gel fiber

c Outer diameter of polymer-coated crosslinked alginate gel fiber

d Outer diameter of multilayer polymer-coated crosslinked alginate gel fiber

e Thickness of anionic polymer layer of multilayer polymer-coated crosslinked alginate
gel fiber

4 Cationic polymer layer

5 Core layer

6 Cell (cell enabling production of antibodies, bioactive substances or the like)
7 Anionic polymer layer
XX  Device

YY  Extrusion tube

303



G2887

1 Introduction port

2 Discharge port

DD  Container (for example, beaker) (divalent metal ion-containing solution)
EE  Container (for example, beaker) (cationic polymer-containing solution)
FF Container (for example, beaker) (anionic polymer-containing solution)
CLA Crosslinked alginate gel fiber

CFB Polymer-coated crosslinked alginate gel fiber

ACFB Multilayer polymer-coated crosslinked alginate gel fiber
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[CLAIMS]
[Claim 1]

A multilayer polymer-coated crosslinked alginate gel fiber comprising:

a core layer comprising an antibody-producing cell or a bioactive substance-producing
cell embedded in crosslinked alginate gel that is obtained by performing a crosslinking
reaction using chemically modified alginic acid derivatives represented by Formula (I) and
Formula (I);

a cationic polymer layer coating the core layer; and

an anionic polymer layer coating the cationic polymer layer,

wherein the chemically modified alginic acid derivative represented by Formula (I) is

a chemically modified alginic acid derivative represented by Formula (I) below:

[C69]

0
.S 0
Ak \H

(ALG)

[in Formula (I), (ALG) represents alginic acid; -NHCO- represents an amide bond
through an arbitrary carboxyl group of the alginic acid; Akn-L'- (Akn represents a cyclic
alkyne group; -L!- is a divalent linker that bonds to the cyclic alkyne group (Akn)) is a group
selected from the group consisting of partial structural formulae (in each formula, the right

side of the broken line is not included) shown in the following table]
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[Table 78-1]

> H
= O\(VHK /%\/OWN\
©/ X5b ﬁ y5b 750

No. Akn-L!-
ALK-la O e} H xla=1-6
N
N x1a ™ A
O
ALK-1b 0 H x1b=1-6
N ylb=1-6
N x1b N/
o
ALK-2 @) x2=1-6
J— y2=0-6
Nl T 2=1-6
= 2
ALK-3a 0O x3a=1-6
— O\C‘))k . y3a=0-6
N 3a,~ z3a=2-6
x3a - %
H O > N/
H
ALK-3b 9] x3b=1-6
— % b y3b=0-6
- N J(Ovﬁ\f 23b=1-6
Z3b / H
ALK-4 @) x4=1-6
— 0O y4=2-6
7N N
X H H
ALK-5a 9] x5a=1-6
= . S5a=2-6
O\@)K Sa a ./ Y
53 N/G\)sko > N/ z5a=2-6
H H
ALK-5b x5b=1-6
ySb=1-6
z5b=2-6

[Table 78-2]
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No. Akn-L'-
ALK-6 ®) H H x6=1-6
X6 N Z6
@)
ALK-7a 0O o) H x7a=1-6
=.__0O 72 ez WN\ y7a=2-6
- N 6 N V78 z7a=2-6
H H v7a=1-6
ALK-7b 0 x7b=1-6
J— H 7b6=1-6
y

T ONNWN/ 620
x7b  H y7b \ Jz7b 5 " H v7b=1-6

and

the chemically modified alginic acid derivative represented by Formula (IT) is a

chemically modified alginic acid derivative represented by Formula (II) below:

[C70]

0
L2 )k
Ny~ N
H

(ALG)

(1)

[in Formula (IT), (ALG) represents alginic acid; -NHCO- represents an amide bond

through an arbitrary carboxyl group of the alginic acid; -L?- represents a linker selected from

the group consisting of partial structural formulae (in each formula, the outsides of the broken

lines at both ends are not included) shown in the following table].
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[Table 79]
No. -L%-
LN-1 o al=2-6
/MQ b1=2-6
NN T ol R
N
Z al ™
LN-2 a2=2-6
b2=1-6
LN-3 a3=1-6
b3=1-6
LN-4 ad=1-6
b4=2-6
LN-5 a5=1-6
LN-6 a6=2-6
Navi AL ©
’ 6
| /—LN N
H H
[Claim 2]

The multilayer polymer-coated crosslinked alginate gel fiber according to claim 1,

wherein the antibody-producing cell that is contained in the core layer is an antibody-
producing genetically modified animal cell in which a host cell is a cell selected from the
group consisting of a CHO cell, a CHO cell subline, a COS cell, an Sp2/0 cell, an NSO cell, an
SP2 cell, a PERC6 cell, a YB2/0 cell, a YE2/0 cell, a 1R983F cell, a Namalwa cell, a Wil-2

cell, a Jurkat cell, a Vero cell, a Molt-4 cell, an HEK293 cell, a BHK cell, an HT-1080 cell, a
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KGHS6 cell, a P3X63Ag8.653 cell, a C127 cell, a JC cell, an LA7 cell, a ZR-45-30 cell, an
hTERT cell, an NM2C5 cell and a UACC-812 cell.
[Claim 3]

The multilayer polymer-coated crosslinked alginate gel fiber according to claim 1,

wherein the bioactive substance-producing cell that is contained in the core layer is a
cell selected from the group consisting of an insulin-secreting cell, a pancreatic islet, a
pancreatic islet cell, a dopamine-secreting cell, a pituitary cell, a growth hormone-secreting
cell, a parathyroid cell, a nerve growth factor-secreting cell, a blood coagulation factor-
secreting cell, a hepatocyte, a parathyroid cell, an erythropoietin-secreting cell, a
norepinephrine-secreting cell and a bioactive substance expression vector (genetically
modified cell).
[Claim 4]

The multilayer polymer-coated crosslinked alginate gel fiber according to any one of
claims 1 to 3,

wherein a component that can be additionally contained in the core layer is a
component selected from the group consisting of an alginic acid solution, alginate gel, a
culture medium, a culture fluid, a collagen solution, methylcellulose and a sucrose solution.
[Claim 5]

The multilayer polymer-coated crosslinked alginate gel fiber according to any one of
claims 1 to 4,

wherein the cationic polymer layer is a cationic polymer selected from the group
consisting of polyamino acids, basic polysaccharides and basic polymers.
[Claim 6]

The multilayer polymer-coated crosslinked alginate gel fiber according to any one of

claims 1 to 5,
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wherein the cationic polymer layer is a cationic polymer selected from the group
consisting of poly-L-ornithine (PLO), poly-D-ornithine (PDO), poly-DL-ornithine, poly-D-
lysine (PDL), poly-L-lysine (PLL), poly-DL-lysine, poly-L-arginine (PLA), poly-D-arginine
(PDA), poly-DL-arginine, poly-L-homoarginine (PLHA), poly-D-homoarginine (PDHA),
poly-DL-homoarginine, poly-L-histidine (PLH), poly-D-histidine (PDH), poly-DL-histidine,
polymethylene-CO-guanidine (PMCG), polyallylamine (PAA), polyvinylamine (PVA),
polyethyleneimine, allylamine-diallylamine copolymers and allylamine-maleic acid
copolymers.
[Claim 7]

The multilayer polymer-coated crosslinked alginate gel fiber according to any one of
claims 1 to 6,

wherein the anionic polymer layer is an anionic polymer selected from the group
consisting of anionic polysaccharides, sulfated polysaccharides, synthetic polymers, anionic
polyamino acids, chemically modified products thereof, crosslinked products thereof and
mixtures thereof.
[Claim 8]

The multilayer polymer-coated crosslinked alginate gel fiber according to any one of
claims 1 to 7,

wherein the anionic polymer layer is an anionic polymer selected from the group
consisting of alginic acid, the chemically modified alginic acid derivative represented by
Formula (I) according to claim 1, the chemically modified alginic acid derivative represented
by Formula (II) according to claim 1, a crosslinked product that is formed of the chemically
modified alginic acid derivatives represented by Formula (I) and Formula (IT) according to
claim 1 and a mixture thereof.

[Claim 9]
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A method for manufacturing the multilayer polymer-coated crosslinked alginate gel
fiber according to any one of claims 1 to 8, the method comprising:

(1) a step of injecting a solution mixture comprising an antibody-producing cell or a
bioactive substance-producing cell and the chemically modified alginic acid derivatives
represented by Formula (I) and Formula (IT) according to claim 1 into a solution comprising a
divalent metal ion to obtain a crosslinked alginate gel fiber comprising the cell enabling
production of antibodies or bioactive substances;

(2) a step of bringing the crosslinked alginate gel fiber comprising an antibody-
producing cell or a bioactive substance-producing cell obtained in (1) into contact with a
solution comprising a cationic polymer, thereby obtaining a polymer-coated crosslinked
alginate gel fiber coated with a cationic polymer layer; and

(3) a step of bringing the polymer-coated crosslinked alginate gel fiber obtained in (2)
into contact with a solution comprising an anionic polymer, thereby obtaining a multilayer
polymer-coated crosslinked alginate gel fiber coated with an anionic polymer layer.

[Claim 10]
A method for manufacturing an antibody or a bioactive substance,
wherein the multilayer polymer-coated crosslinked alginate gel fiber according to any

one of claims 1 to & is used.
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