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[Summary-of-the-tnvention|

‘[Problems to be Solved bythetnvention]

The present disclosureinventien was achieved in view of the above circumstances. An
objective of the present disclosureinvestion is to provide methods for promoting antigen uptake
into cells by using antigen-binding molecules, methods for increasing the number of times of
antigen binding by one antigen-binding molecule, methods for promoting the reduction of plasma

antigen concentration by administering antigen-binding molecules, methods for improving plasma
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retention of antigen-binding molecules, antigen-binding molecules that facilitate antigen uptake
into cells, antigen-binding molecules that have an increased number of times of antigen binding,
antigen-binding molecules capable of promoting the reduction of plasma antigen concentration
by administration, antigen-binding molecules with improved plasma retention, pharmaceutical
compositions comprising the antigen-binding molecules, and methods for producing those

described above.

[Means for Solving the Problems]

The present inventors conducted dedicated studies on methods for promoting antigen
uptake into cells by antigen-binding molecules (molecules such as polypeptides having the
antigen-binding activity), methods for increasing the number of times of antigen binding by one
antigen-binding molecule, methods for promoting the reduction of plasma antigen concentration
by administering antigen-binding molecules, and methods for improving the plasma retention of
an antigen-binding molecule. As a result, the present inventors focused on the difference in the
calcium concentration between plasma and early endosome, and then discovered that: antigen
uptake into cells by antigen-binding molecules could be promoted by using antigen-binding
molecules that have antigen-antibody reactivity in a calcium dependent manner; the number of
times of antigen binding by one antigen-binding molecule could be increased by repetitive
antigen binding of an antigen-binding molecule; the reduction of antigen concentration in plasma
could be promoted by administering antigen-binding molecules; and that the plasma retention of

antigen-binding molecule could be improved.

In one aspect, there is provided an antigen-binding molecule comprising an antigen-binding

domain and a human FeRn-binding domain. whose antigen-binding activity 1s different under

two different calcium concentration conditions and is lower under a low calcium concentration

condition than under a high calcium concentration condition. and which has binding activity to

human FcRn under a neutral pH condition.

In another aspect, there is provided an antigen-binding molecule comprising an antigen-binding

domain and a human FcRn- binding domain. whose antigen-binding activity is different between

two different calcium concentration conditions and is lower under a low calcium concentration

condition than under a hich calcium concentration condition. and wherein a light chain or heavy

chain of the antigen-binding domain comprises a calcium-binding motif derived from a human

antibody.

In another aspect, there is provided a method of producing an antigen-binding molecule having
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at Jeast one function selected from:

(1) function of promoting uptake of an antigen into cells,

(i1) function of binding to an antigen two or more times,

(iii) function of promoting the reduction of plasma antigen concentration, and

{iv) function of excellence in plasma retention,

wherein the method comprises the steps of (a) to (e) below:

(a) _determining the antigen-binding activity of an antigen-binding molecule under a low

calcium concentration condition:

b) determining the antigen-binding activity of the antigen-binding molecule under a high

calcium concentration condition:

{¢)_selecting an antigen-binding molecule that has a lower antigen-binding activity under the

low calcium concentration condition than under the high calcium concentration

condition;

(d)} obtaining a gene encoding the antigen-binding molecule selected in step (¢): and

(e) producing the antigen-binding molecule using the gene obtained in step (d).

In another aspect, there is provided a method of producing an antigen-binding molecule having

at least one function selected from:

(1) _function of promoting uptake of an anticen into cells,

(i1) function of binding to an antigen two or more times

(iii) function of promoting the reduction of plasma antigen concentration. and

(iv) function of excellence in plasma retention,

wherein the method comprises the steps of (a) to (e) below:

(a) contacting an antigen with an antigen-binding molecule or a librarv of antigen-binding

molecules under a high calcium concentration condition;

(b) placing an antigen-binding molecule that binds to the antigen in step (a) under a low

calcium concentration condition;

(c) obtaining an antigen-binding molecule that dissociates in step (b):

(d) obtaining a gene encoding the antigen-binding molecule obtained in step (¢); and

() producing the antigcen-binding molecule using the gene obtained in step (d).

In another aspect, there is provided a method of producing an antigen-binding molecule having

at least one function selected from:

(1) _function of promoting uptake of an antigen into cells,

(i) function of binding to an antigen two or more times,

(111) function of promoting the reduction of plasma antieen concentration, and
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(iv) function of excellence in plasma retention,

wherein the method comprises the steps of (a) to (f) below:

(a) contacting an antigen with an anticen-binding molecule or a library of antigen-binding

molecules under a low calcium concentration condition;

{(b) selecting an antigen-binding molecule that does not bind to the antigen in step (a);

() allowing the antigen-binding molecule selected in step (b) to bind to the antigen under a

high calcium concentration condition;

obtaining an anticen-binding molecule that bound to the antigen in ste

{e) obtaining a gene encoding the antigen-binding molecule obtained in step (d); and

{(H) producing the antieen-binding molecule using the gene obtained in step (e).

In another aspect, there is provided a pharmaceutical composition comprising:

anv one of the antigen-binding molecules described herein or an antigen-binding molecule

produced by anv one of the the production methods described herein, and a pharmaceutically

acceptable carrier.

In another aspect. there is provided a pharmaceutical composition for use in promoting antigen

uptake into cells or reduction of plasma antigen concentration, which comprises an antigen-

binding molecule comprising an anticen-binding domain and a human FeRn-binding domain

whose antigen-bindine activity is different between: two different calcium concentrations and is

lower under a low calcium concentration condition than under a high calcium concentration

condition.

In another aspect, there is provided a method of screening for an antigen-binding molecule that

has at least one function selected from:

i) function of m‘omoting uptake of an antigen into cells,

(i1) function of binding to an antigen two or more times,

{(i11) function of promoting the reduction of plasma antigen concentration, and

(iv) function of excellence in plasma retention.

wherein the method comprises the steps of (a) to (¢) below:

(a) determining the antigen-binding activity of an antigen-binding molecule under a low

calcium concentration condition:

activity of an antigen-binding molecule under a high

determining the anticen-bindin

calcium concentration condition; and

{c) selecting an anticen-binding molecule whose antigen-binding activity is lower under the
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low calcium concentration condition than under the high calcium concentration condition.

In another aspect, there is provided a method of screening for an anticen-binding molecule that

comprises at least one function selected from:

(1) function of promoting uptake of an antigen into cells,

(i1) function of binding to an antigen two or more times.

(iii) function of promoting the reduction of plasma antigen concentration, and

(iv)_function of excellence in plasma retention

wherein the method comprises the steps of (a) to (¢) below:

(a) contacting an antigen with an antigen-binding molecule or a library of antigen-binding

molecules under a high calcium concentration condition;

(b) placing an antigen-binding molecule that binds to the antigen in step (a) under a low

calcium concentration condition; and

(c) obtaining an antigen-binding molecule that dissociates in step (b).

In another aspect. there is provided a method of screening for an antiven-binding molecule that

comprises at least one function selected from:

(i) function of promoting uptake of an antigen into cells

{(i1) function of binding to an antigen two or more times,

(ii1) function of promoting the reduction of plasma antigen concentration, and

(iv) function of excellence in plasma retention,

wherein the method comprises the steps of (a) to (d) below:

{a) contacting an antigen with an antigen-binding molecule or a librarv of antigen-binding

molecules under a low calcium concentration condition:

(b) selecting an antigen-binding molecule that does not bind to the antigen in step (a);

(c) allowing the antigen-binding molecule selected in step (b) to bind to the anticen under a

high calcium concentration condition: and

(d) obtaining an antigen-binding molecule bound to the antigen in step (¢).

In another aspect, there is provided a method for increasing the number of times of antigen

binding by one antigen-binding molecule by using anv one of the antigen-binding molecules

described herein or an antigen-binding molecule produced by any one of the production methods

described herein.

In another aspect. there is provided a method for improving plasma retention of an antigen-

binding molecule by using anv one of the antigen-binding molecules described herein or an




10

15

20

25

antigen-binding molecule produced by anv one of the production methods described herein.

In another aspect, there is provided a method for increasing the number of times of antigen

binding by one antigen-binding molecule by using an antigen-binding molecule comprising an

antigen-binding domain and a human FcRn-binding domain, whose antigen-binding activity 1s

different between two different calcium concentrations and is lower under a low calcium

concentration condition than under a high calcium concentration condition.

In another aspect. there is provided a method for improving plasma retention of an antigen-

binding molecule by using an antigen-binding molecule comprising an antigen-binding domain

and a human FcRn-binding domain, whose antigen-binding activity is different between two

different calcium concentrations and is lower under a low calcium concentration condition than

under a high calcium concentration condition.

Specifically, the present disclosuresvention relates to methods for promoting antigen
uptake into cells by using antigen-binding molecules that have antigen-antibody reactivity in a
calcium dependent manner, methods for increasing the number of times of antigen binding by
one antigen-binding molecule, methods for promoting the reduction of plasma antigen
concentration by administering antigen-binding molecules, and methods for improving the
plasma retention of antigen-binding molecules, as well as antigen-binding molecules that allow
enhanced antigen uptake into cells, antigen-binding molecules with an increased number of times
of antigen binding, antigen-binding molecules that can promote the reduction of plasma antigen
concentration when administered, antigen-binding molecules with improved plasma retention,
pharmaceutical compositions comprising the above antigen-binding molecules, and methods for
producing them. More specifically, the present disclosureisvention relates to the following:
[1] an antigen-binding molecule comprising an antigen-binding domain and a human FcRn-
binding domain, whose antigen-binding activity is different under two different calcium
concentration conditions and is lower under a low calcium concentration condition than under a

high calcium concentration condition, and which has binding activity to human FcRn under a
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modification by substituting at least one amino acid with histidine, or inserting at least one
histidine into the antigen-binding molecule;
[73] the method of any of [62] to [72], wherein the antigen to which the antigen-binding
molecule binds is an antigen selected from the group consisting of IL-6R, IL-6, IgA, human
glypican 3, and IgE; and
[74] the method of any of [62] to [73], wherein the antigen-binding molecule is an antibody.
Furthermore, the present disclosuresrventios relates to kits for use in the methods of the
present disclosurewsvention, which comprise an antigen-binding molecule of the present
disclosuremvention or an antigen-binding molecule produced by production methods of the
present disclosureinvention. The present disclosureinvention also relates to agents for promoting
antigen uptake into cells by an antigen-binding molecule, agents for promoting the reduction of
plasma antigen concentration, agents for increasing the number of times of antigen binding by
one antigen-binding molecule, and agents for improving plasma retention of an antigen-binding
molecule, all of which comprise as an active ingredient an antigen-binding molecule of the
present disclosureinvention or an antigen-binding molecule produced by the production method
of the present disclosureinventien. Furthermore, the present disclosureinvention relates to the
use of an antigen-binding molecule of the present disclosuressvention or an antigen-binding
moleculeproduced by the production methods of the present disclosureinvention in the
production of agents for promoting antigen uptake into cells by an antigen-binding molecule,
agents for promoting reduction of plasma antigen concentration, agents for increasing the
number of times of antigen binding by an antigen-binding molecule, or agents for improving
plasma retention of an antigen-binding molecule. The present disclosureisvestion also relates to
antigen-binding molecules of the present disclosureisvestien or antigen-binding molecules
produced by production methods of the present disclosureisvention for use in the methods of the

present disclosureisvestion.

[Effects of the Disclosurets ]

The present disclosureinvention provides methods for promoting antigen uptake into cells by
antigen-binding molecules, methods for increasing the number of times of antigen binding by one
antigen-binding molecule, methods for promoting the reduction of plasma antigen concentration by
administering antigen-binding molecules, and methods for improving the plasma retention of an antigen-
binding molecule. Promotion of antigen uptake into cells by antigen-binding molecules enables one to
promote reduction of plasma antigen concentration by administering the antigen-binding molecules and
also to promote the plasma retention of an antigen-binding molecule. This can increase the number of

times of antigen binding by one antigen-binding molecule. Thus, such antigen-binding molecules can

produce more superior in vivo effects as compared to typical antigen-binding molecules.
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is an ionized calcium concentration of 0.1 to 30 uM.

53. The screening method of any one of claims 49 to 51, wherein the high calcium

concentration is an ionized calcium concentration of 100 uM to 10 mM.

54. The screening method of any one of claims 49 to 52, wherein the low calcium concentration

is an intraendosomal concentration of ionized calcium.

55. The screening method of any one of claims 49 to 51, or 53, wherein the high calcium

concentration is a plasma concentration of ionized calcium.

56. The screening method of any one of claims 49 to 55, wherein the antigen to which the
antigen-binding molecule binds is an antigen selected from the group consisting of IL-6R, IL-6,

IgA, human glypican 3, and IgE.

57. The screening method of any one of claims 49 to 56, wherein the antigen-binding molecule

is an antibody.
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6058. A method for increasing the number of times of antigen binding by one antigen-binding
molecule by using the antigen-binding molecule of any one of claims 1 to 24 or an

antigen-binding molecule produced by the production method of any one of claims 25 to 36.

6159. A method for improving plasma retention of an antigen-binding molecule by using the
antigen-binding molecule of any one of claims 1 to 24 or an antigen-binding molecule

produced by the production method of any one of claims 25 to 36.
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6460. A method for increasing the number of times of antigen binding by one antigen-binding
molecule by using an antigen-binding molecule comprising an antigen-binding domain and a
human FcRn-binding domain, whose antigen-binding activity is different between two different
calcium concentrations and is lower under a low calcium concentration condition than under a

high calcium concentration condition.

&6561. A method for improving plasma retention of an antigen-binding molecule by using an
antigen-binding molecule comprising an antigen-binding domain and a human FcRn-binding
domain, whose antigen-binding activity is different between two different calcium
concentrations and is lower under a low calcium concentration condition than under a high
calcium concentration condition.

£ e

6662. The method of anv-one-efelaims62t0-65claim 60 or 61, wherein the low calcium

concentration 1s an ionized calcium concentration of 0.1 to 30 uM.

6763. The method of any one of claims 62-te-6560 to 62, wherein the high calcium

concentration is an ionized calcium concentration of 100 uM to 10 mM.

6804. The method of any one of claims §2-t6-6660 to 63, wherein the low calcium

concentration is an intraendosomal concentration of ionized calcium.

6965. The method of any one of claims é2-te-65-0:-6760 to 64, wherein the high calcium

concentration is a plasma concentration of ionized calcium.

7666. The method of any one of claims 6256960 to 65, wherein an FcRn-binding domain of

the antigen-binding molecule is an Fc region.
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l #+67. The method of any one of claims 62-te-7060 to 66, wherein additionally the
antigen-binding activity of the antigen-binding molecule is lower under an acidic pH condition

than under a neutral pH condition.

} 7268. The method of claim 67, wherein the amino acid modification in the antigen-binding
molecule is modification by substituting at least one amino acid with histidine, or inserting at

least one histidine into the antigen-binding molecule.

' 7369. The method of any one of claims é2-te-7260 to 68, wherein the antigen to which the
antigen-binding molecule binds is an antigen selected from the group consisting of IL-6R, IL-6,

IgA, human glypican 3, and IgE.

’ #470. The method of any one of claims 627360 to 69, wherein the antigen-binding molecule

is an antibody.



