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Summary
[Problems to be Solved by the Present Disclosure]

The present disclosure was achieved in view of the above circumstances. An objective of the
present disclosure is to provide polypeptides whose stability has been improved by modifying amino
acids in the antibody Fc region.

In one aspect, there is provided a polypeptide comprising a modified antibody Fc region,
wherein the modified Fc region comprises an amino acid medificstion-substitution at position 234
(EU numbering) with Ile, and wherein the polypeptide has improved thermal stability measured by
melting temperature (Tm) as compared to that of a parent polypeptide.

In another aspect, there is provided a method for improving thermal stability measured by
melting temperature (Tm) of a polypeptide comprising a modified antibody Fc region as compared to
that of a parent polypeptide by introducing an amino acid medifiestion- substitution at position 234
(EU numbering) with Ile.

In another embodiment, there is provided a method for producing a polypeptide comprising
an antibody Fc region, which has at least one amino acid modification in a loop region of the Fc
region, and has improved stability as compared to that of a parent polypeptide, wherein the method
comprises the steps of: (a) introducing at least one amino acid modification to a polypeptide
comprising an antibody Fe region at a loop region of the Fc region; (b) determining the stability of
the polypeptide modified in step (a); and (c) selecting a polypeptide with improved stability as
compared to that of the parent polypeptide.

In another embodiment, there is provided a method for producing a polypeptide comprising
an antibody Fc region, which has at least one amino acid modification in a loop region of the Fc
region, and has improved stability as compared to that of a parent polypeptide, wherein the method
comprises the steps of: (a) modifying a nucleic acid encoding the polypeptide so as to improve its
stability as compared to that of the parent polypeptide; (b) introducing the modified nucleic acid into
a host cell and culturing the cell to induce expression of the nucleic acid; and (c) collecting the
polypeptide from the host cell culture.

In another aspect, there is provided a nucleic acid encoding a polypeptide comprising an
antibody Fc region, which comprises an amino acid medification-substitution at position 234 (EU
numbering) with Ile, and has improved thermal stability as compared to that of a parent polypeptide.

In another aspect, there is provided a vector comprising the nucleic acid as defined above.

In another aspect, there is provided a host cell transformed with the vector as defined above.
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CLAIMS

1. A polypeptide comprising a modified antibody Fc region, wherein the modified antibody Fc
region comprises an amino acid substitution at position 234 (EU numbering) with Ile, and
wherein the polypeptide has improved thermal stability measured by melting temperature (Tm)

as compared to that of a parent polypeptide.

2. The polypeptide of claim 1, wherein the modified antibody Fc region comprises further one
or more amino acid modification(s) at amino acid position(s) selected from the group consisting
of position 235 (EU numbering), position 236 (EU numbering), position 237 (EU numbering),
position 238 (EU numbering), position 239 (EU numbering), position 247 (EU numbering),
position 250 (EU numbering), position 265 (EU numbering), position 266 (EU numbering),
position 267 (EU numbering), position 268 (EU numbering), position 269 (EU numbering),
position 270 (EU numbering), position 271 (EU numbering), position 295 (EU numbering),
position 296 (EU numbering), position 298 (EU numbering), position 300 (EU numbering),
position 307 (EU numbering), position 309 (EU numbering), position 315 (EU numbering),
position 324 (EU numbering), position 325 (EU numbering), position 326 (EU numbering),
position 327 (EU numbering), position 329 (EU numbering), position 330 (EU numbering),
position 333 (EU numbering), position 335 (EU numbering), position 337 (EU numbering),
position 360 (EU numbering), position 385 (EU numbering), position 386 (EU numbering),
position 387 (EU numbering), position 389 (EU numbering), position 428 (EU numbering), and
position 433 (EU numbering).

3. The polypeptide of any one of claims 1 or 2, which further has FeyR-binding activity that is
maintained or enhanced as compared to that of a parent polypeptide.

4. The polypeptide of any one of claims 1 or 2, which further has FeyR-binding activity that is
decreased as compared to that of a parent polypeptide.

5. The polypeptide of any one of claims 1, 2 and 4, wherein the modified antibody Fc region
comprises further one or more amino acid modification(s) at amino acid position(s) selected
from the group consisting of position 235 (EU numbering), position 239 (EU numbering),
position 268 (EU numbering), position 270 (EU numbering), position 295 (EU numbering),
position 296 (EU numbering), position 298 (EU numbering), and position 325 (EU numbering).
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6. The polypeptide of any one of claims 1, 2 and 4, wherein the modified antibody Fc region
comprises further one or more amino acid modification(s) at amino acid position(s) selected
from the group consisting of position 235 (EU numbering), position 239 (EU numbering),
position 295 (BU numbering), position 296 (EU numbering), position 298 (EU numbering), and
position 325 (EU numbering).

7. The polypeptide of any one of claims 1, 2 and 4, wherein the modified antibody Fc region
comprises further one or more amino acid modification(s) at amino acid position(s) selected
from the group consisting of position 235 (EU numbering), position 268 (EU numbering),
position 270 (EU numbering), position 295 (EU numbering), position 296 (EU numbering),
position 298 (EU numbering), and position 325 (EU numbering).

8. The polypeptide of any one of claims 1, 2 and 4, wherein the modified antibody Fc region
comprises further one or more amino acid modification(s) at amino acid position(s) selected
from the group consisting of position 235 (EU numbering), position 295 (EU numbering),
position 296 (EU numbering), position 298 (EU numbering), and position 325 (EU numbering).

9. The polypeptide of any one of claims 1, 2 and 4, wherein the modified antibody Fc region

comprises further amino acid modification at position 235 (EU numbering).

10. The polypeptide of any one of claims 2, 4 and 5, wherein the one or more amino acid
modification(s) at amino acid position(s) selected from the group consisting of position 235 (EU
numbering), position 239 (EU numbering), position 268 (EU numbering), position 270 (EU
numbering), position 295 (EU numbering), position 296 (EU numbering), position 298 (EU
numbering), and position 325 (EU numbering) is selected from the group consisting of

a) at position 235 (EU numbering) is a substitution with Lys or Arg;

b) at position 239 (EU numbering) is a substitution with Lys;

¢) at position 268 (EU numbering) is a substitution with Lys or His;

d) at position 270 (EU numbering) is a substitution with Phe or Asp;

e) at position 295 (EU numbering) is a substitution with Met;

f) at position 296 (EU numbering) is a substitution with Gly;

g} at position 298 (EU numbering) is a substitution with Gly; and

h) at position 325 (EU numbering) is a substitution with Gly or His.

11. The polypeptide of any one of claims 2, 4 and 6, wherein the one or more amino acid

modification(s) at amino acid position(s) selected from the group consisting of position 235 (EU
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numbering), position 239 (EU numbering), position 295 (EU numbering), position 296 (EU
numbering), position 298 (EU numbering), and position 325 (EU numbering) is selected from
the group consisting of

a) at position 235 (EU numbering) is a substitution with Lys or Arg;

b) at position 239 (EU numbering) is a substitution with Lys;

¢) at position 295 (EU numbering) is a substitution with Met;

d) at position 296 (EU numbering) is a substitution with Gly;

e) at position 298 (EU numbering) is a substitution with Gly; and

f) at position 325 (EU numbering) is a substitution with Gly or His.

12. The polypeptide of any one of claims 2, 4 and 7, wherein the one or more amino acid
modification(s) at amino acid position(s) selected from the group consisting of position 235 (EU
numbering), position 268 (EU numbering), position 270 (EU numbering), position 295 (EU
numbering), position 296 (EU numbering), position 298 (EU numbering), and position 325 (EU
numbering) is selected from the group consisting of

a) at position 235 (EU numbering) is a substitution with Lys or Arg;

b) at position 268 (EU numbering) is a substitution with Lys;

¢) at position 270 (EU numbering) is a substitution with Phe;

d) at position 295 (EU numbering) is a substitution with Met;

e) at position 296 (EU numbering) is a substitution with Gly;

f) at position 298 (EU numbering) is a substitution with Gly; and

g) at position 325 (EU numbering) is a substitution with Gly or His.

13. The polypeptide of any one of claims 2, 4 and 8, wherein the one or more amino acid
modification(s) at amino acid position(s) selected from the group consisting of position 235 (EU
numbering), position 295 (EU numbering), position 296 (EU numbering), position 298 (EU
numbering), and position 325 (EU numbering) is selected from the group consisting of

a) at position 235 (EU numbering) is a substitution with Lys or Arg;

b) at position 295 (EU numbering) is a substitution with Met;

¢) at position 296 (EU numbering) is a substitution with Gly;

d) at position 298 (EU numbering) is a substitution with Gly; and

e) at position 325 (EU numbering) is a substitution with Gly or His.

14. The polypeptide of any one of claims 2, 4 and 9, wherein the one or more amino acid
modification(s) is a substitution of the amino acid at position 235 (EU numbering) with Lys or
Arg,
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15. A method for improving thermal stability measured by melting temperature (Tm) of a
polypeptide comprising a modified antibody Fc region as compared to that of a parent

polypeptide by introducing an amino acid substitution at position 234 (EU numbering) with Ile.

16. The method of claim 15, comprises introducing further one or more amino acid
modification(s) at amino acid position(s) selected from the group consisting of position 235 (EU
numbering), position 236 (EU numbering), position 237 (EU numbering), position 238 (EU
numbering), position 239 (EU numbering), position 247 (EU mumbering), position 250 (EU
numbering), position 265 (EU numbering), position 266 (EU numbering), position 267 (EU
numbering), position 268 (EU numbering), position 269 (EU numbering), position 270 (EU
numbering), position 271 (EU numbering), position 295 (EU numbering), position 296 (EU
numbering), position 298 (EU numbering), position 300 (EU numbering), position 307 (EU
numbering), position 309 (EU numbering), position 315 (EU numbering), position 324 (EU
numbering), position 325 (EU numbering), position 326 (EU numbering), position 327 (EU
numbering), position 329 (EU numbering), position 330 (EU numbering), position 333 (EU
numbering), position 335 (EU numbering), position 337 (EU numbering), position 360 (EU
numbering), position 385 (EU numbering), position 386 (EU numbering), position 387 (EU
numbering), position 389 (EU numbering), position 428 (EU numbering), and position 433 (EU

numbering).

17. The method of claim 15 or 16, wherein the method comprises the steps of:

(a) introducing at least one amino acid modification to a polypeptide comprising an antibody Fc
region at a loop region of the Fc region;

(b) determining the stability of the polypeptide modified in step (a); and

(¢) selecting a polypeptide with improved stability as compared to that of the parent polypeptide.

18. The method of any one of claims 15 to 17, wherein the method comprises the steps of:

(a) modifying a nucleic acid encoding the polypeptide so as to improve its stability as compared
to that of the parent polypeptide;

(b) introducing the modified nucleic acid into a host cell and culturing the cell to induce
expression of the nucleic acid; and

(¢) collecting the polypeptide from the host cell culture.
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19. The method of any one of claims 15 to 18, which further comprises the step of introducing a
modification to maintain or enhance FcyR-binding activity as compared to that of the parent

polypeptide.

20. The method of any one of claims 15 to 18, which further comprises the step of introducing a
modification to reduce FeyR-binding activity as compared to that of the parent polypeptide.

21. The method of any one of claims 15 to 18 and 20, comprises introducing further one or more
amino acid modification(s) at amino acid position(s) selected from the group consisting of
position 235 (EU numbering), position 239 (EU numbering), position 268 (EU numbering),
position 270 (EU numbering), position 295 (EU numbering), position 296 (EU numbering),
position 298 (EU numbering), and position 325 (EU numbering).

22. The method of any one of claims 15 to 18 and 20, comprises introducing further one or more
amino acid modification(s) at amino acid position(s) selected from the group cousisting of
position 235 (EU numbering), position 239 (EU numbering), position 295 (EU numbering),
position 296 (EU numbering), position 298 (EU numbering}, and position 325 (EU numbering).

23. The method of any one of claims 15 to 18 and 20, comprises introducing further one or more
amino acid modification(s) at amino acid position(s) selected from the group consisting of
position 235 (EU numbering), position 268 (EU numbering), position 270 (EU numbering),
position 295 (EU numbering), position 296 (EU numbering), position 298 (EU numbering), and
position 325 (EU numbering).

24. The method of any one of claims 15 to 18 and 20, comprises introducing further one or more
amino acid modification(s) at amino acid position(s) selected from the group consisting of
position 235 (EU numbering), position 295 (EU numbering), position 296 (EU numbering),
position 298 (EU numbering), and position 325 (EU numbering).

25. The method of any one of claims 15 to 18 and 20, comprises introducing further amino acid

modification at position 235 (EU numbering).

26. The method of any one of claims 15 to 18, 20 and 21, wherein the one or more amino acid
modification(s) at amino acid position(s) selected from the group consisting of position 235 (EU

numbering), position 239 (EU numbering), position 268 (EU numbering), position 270 (EU
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numbering), position 295 (EU numbering), position 296 (EU numbering), position 298 (EU
numbering), and position 325 (EU numbering) is selected from the group consisting of

a) at position 235 (EU numbering) is a substitution with Lys or Arg;

b) at position 239 (EU numbering) is a substitution with Lys;

¢) at position 268 (EU numbering) is a substitution with Lys or His;

d) at position 270 (EU numbering) is a substitution with Phe or Asp;

e) at position 295 (EU numbering) is a substitution with Met;

f) at position 296 (EU numbering) is a substitution with Gly;

g) at position 298 (EU numbering) is a substitution with Gly; and
h) at position 325 (EU numbering) is a substitution with His or Gly.

27. The method of any one of claims 15 to 18, 20 and 22, wherein the one or more amino acid
modification(s) at amino acid position(s) selected from the group consisting of position 235 (EU
numbering), position 239 (EU numbering), position 295 (EU numbering), position 296 (EU
numbering), position 298 (EU numbering), and position 325 (EU numbering) is selected from
the group consisting of

a) at position 235 (EU numbering) is a substitution with Lys or Arg;

b) at position 239 (EU numbering) is a substitution with Lys;

¢) at position 295 (EU numbering) is a substitution with Met;

d) at position 296 (EU numbering) is a substitution with Gly;

e) at position 298 (EU numbering) is a substitution with Gly; and

f) at position 325 (EU numbering) is a substitution with His or Gly.

28. The method of any one of claims 15 to 18, 20 and 23, wherein the one or more amino acid
modification(s) at amino acid position(s) selected from the group consisting of position 235 (EU
numbering), position 268 (EU numbering), position 270 (EU numbering), position 295 (EU
numbering), position 296 (EU numbering), position 298 (EU numbering), and position 325 (EU
numbering) is selected from the group consisting of

a) at position 235 (EU numbering) is a substitution with Lys or Arg;

b) at position 268 (EU numbering) is a substitution with Lys;

¢) at position 270 (EU numbering) is a substitution with Phe;

d) at position 295 (EU numbering) is a substitution with Met;

¢) at position 296 (EU numbering) is a substitution with Gly;

f) at position 298 (EU numbering) is a substitution with Gly; and

g) at position 325 (EU numbering) is a substitution with Gly or His.
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29. The method of any one of claims 15 to 18, 20 and 24, wherein the one or more amino acid
modification(s) at amino acid position(s) selected from the group consisting of position 235 (EU
numbering), position 295 (EU numbering), position 296 (EU numbering), position 298 (EU
numbering), and position 325 (EU numbering) is selected from the group consisting of

a) at position 235 (EU numbering) is a substitution with Lys or Arg;

b) at position 295 (EU numbering) is a substitution with Met;

c) at position 296 (EU numbering) is a substitution with Gly;

d) at position 298 (EU numbering) is a substitution with Gly; and

e) at position 325 (EU numbering) is a substitution with Gly or His.

30. The method of any one of claims 15 to 18, 20 and 25, wherein the one or more amino acid
modification(s) is a substitution of the amino acid at position 235 (EU numbering) with Lys or
Arg.

31. The method of any one of claims 15 to 30, wherein the amino acid modification is

modification in a polypeptide comprising an Fc region of human IgG.

32. A nucleic acid encoding a polypeptide comprising a modified antibody Fe region, which
comprises an amino acid substitution at position 234 (EU numbering) with Ile and has improved

thermal stability as compared to that of a parent polypeptide.

33. A vector comprising the nucleic acid of claim 32.

34. A host cell transformed with the vector of claim 33.

35. A pharmaceutical composition comprising the polypeptide of any one of claims 1 to 14, or a

polypeptide produced by the method of any one of claims 15 to 31.

36. An agent for treating or preventing an immune-inflammatory disease or cancer, which

comprises the pharmaceutical composition of claim 35.

37. The agent of claim 36, wherein the immune-inflammatory disease is rheumatoid arthritis,
antoimmune hepatitis, autoimmune thyroiditis, autoimmune bullous dermatosis, autoimmune
adrenocortical inflammation, autoimmune hemolytic anemia, autoimmune thrombocytopenic
purpura, megalocytic anemia, autoimmune atrophic gastritis, autoimmune neutropenia,

autoimmune orchitis, autoimmune encephalomyelitis, autoimmune receptor disease, autoimmune
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mfertility, chronic active hepatitis, glomerulonephritis, interstitial pulmonary fibrosis, multiple
sclerosis, Paget's disease, osteoporosis, multiple myeloma, uveitis, acute and chronic spondylitis,
gouty arthritis, inflammatory bowel disease, adult respiratory distress syndrome (ARDS),
psoriasis, Crohn's disease, Basedow's disease, juvenile diabetes, Addison's disease, myasthenia
gravis, lenticular uveitis, systemic lupus erythematosus, allergic rhinitis, allergic dermatitis,
ulcerative colitis, hypersensitivity, asthma, myodegeneration, cachexia, systemic scleroderma,
localized scleroderma, Sjogren's syndrome, Behcet's disease, Reiter's syndrome, type I and type
II diabetes, bone resorption disease, graft versus host reaction, ischemia reperfusion injury,
atherosclerosis, brain trauma, multiple sclerosis, cerebral malaria, sepsis, septic shock, toxic
shock syndrome, fever, malgias due to staining, aplastic anemia, hemolytic anemia, sudden
thrombocytopenia, Goodpasture's syndrome, Guillain-Barre syndrome, Hashimoto's disease,
pemphigus, IgA nephropathy, pollinosis, antiphospholipid antibody syndrome, polymyositis,

Wegener's sarcoma, arteritis nodosa, mixed connective tissue disease, or fibromyalgia.

38. The agent of claim 36, wherein the cancer is pancreatic cancer, prostate cancer, breast
cancer, skin cancer, gastrointestinal cancer, lung cancer, hepatoma, cervical cancer, endometrial
cancer, ovarian cancer, fallopian tube cancer, vaginal cancer, liver cancer, cholangioma, bladder
cancer, ureteral cancer, thyroid cancer, adrenal carcinoma, renal cancer, other glandular tissue
cancers, liposarcoma, leiomyosarcoma, rhabdomyosarcoma, synovial sarcoma, angiosarcoma,
fibrosarcoma, malignant peripheral nerve tumor, gastrointestinal stromal tumor, desmoid tumor,
Ewing's sarcoma, osteosarcoma, chondrosarcoma, leukemia, lymphoma, myeloma, or other solid

organ tumors.

39. Use of the pharmaceutical composition of claim 35 in the preparation of an agent for treating

or preventing an immune-inflammatory disease or cancer.
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CLAIMS

1. A polypeptide comprising a modified antibody Fc region, wherein the modified antibody Fc
region comprises an amino acid modification at position 234 (EU numbering), and wherein the’f
5  polypeptide has improved thermal stability measured by melting temperature (Tm) as compared

to that of a parent polypeptide. /“
2. The polypeptide of claim 1, wherein the amino acid modification at position 21,34{ (EU
numbering) is a substitution with Gly, Ala, Val, Phe, Pro, Met, Ile, Lys, Arg, fSCI Thr, Tyr, His,

10 Asn, Gln or Trp.
3. The polypeptide of claim 1 or 2, wherein the modified antibody lfﬁérregioh comprises further
one or more amino acid modification(s) at amino acid positions(s))'«"gélected from the group
consisting of position 235 (EU numbering), position 236 (EU pénbeﬁng), position 237 (EU

15 numbering), position 238 (EU numbering), position 239 (El}ff;xmnbeﬁng), position 247 (EU
numbering), position 250 (EU numbering), position ZGQfCAéU numbering), position 266 (EU
numbering), position 267 (EU numbering), position ?6'§ (EU numbering), position 269 (EU
numbering), position 270 (EU numbering), posmon 271 (EU numbering), position 295 (EU
numbering), position 296 (EU numbering), posmon 298 (EU numbering), position 300 (EU

20  numbering), position 307 (EU numbering), p sition 309 (EU numbering), position 315 (EU
numbering), position 324 (EU numbenn;,), position 325 (EU numbering), position 326 (EU
numbering), position 327 (EU numbemﬁ g), position 329 (EU numbering), position 330 (EU
numbering), position 333 (EU numbonng), position 335 (EU numbering), position 337 (EU
numbering)}, position 360 (EU r;umbenng) position 385 (EU numbering), position 386 (EU

25  numbering), position 387 (EU numbenng,), position 389 (EU numbering), position 428 (EU
numbering), and positiolz y4’§3 (BU numbering).

4. The poiypeptidg,,dff" any one of claims 1 to 3, which further has FeyR-binding activity that is
maintained or er‘;h"énced as compared to that of a parent polypeptide.
30 ya
5.-The pojsfgcptide of any one of claims 1 to 3, which further has FeyR-binding activity that is
decreag;@é as compared to that of a parent polypeptide.
/
@,w”"'The polypeptide of any one of claims 1 to 3 and 5, wherein the modified antibody Fe region
35 // éomprises further one or more amino acid modification(s) at amino acid position(s) selected
/ g from the group consisting of position 235 (BU numbering), position 239 (EU numbering),

£
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position 268 (EU numbering), position 270 (EUnumbering), position 295 (EU numbering), Py
position 296 (EU numbering), position 298 (EU numbering), and position 325 (EU numbering). / '

&
&

:’

7. The polypeptide of any one of claims 1 to 3 and 5, wherein the modified antibody Fc realon
comprises further one or more amino acid modification(s) at amino acid position(s) selected
from the group consisting position 235 (EU numbering), position 239 (EU numbermg), position
295 (EU numbering), position 296 (EU numbering), position 298 (EU numbering ) ,and position
325 (EU numbering

8. The polypeptide of any one of claims 1 to 3 and 5, wherein the modified’ gntibody Fcregion
comprises further one or more amino acid modification(s) at amino acic_L:gosition(s) selected
from the group consisting of position 235 (EU numbering), position 2"6/"8 (EU numbering),
position 270 (EU numbering), position 295 (EU numbering), posmon 296 (EU numbering),
position 298 (EU numbering), and position 325 (EU numbermg)

9. The polypeptide of any one of claims 1 to 3 and 5, Wh@féin the modified antibody Fc region
comprises further one or more amino acid modiﬁcatiog;{g) at amino acid position(s) selected
from the group consisting of position 235 (EU numbéi;ing), position 295 (EU numbering),

position 296 (EU numbering), position 298 (EU gﬁmbering), and position 325 (EU numbering).

10. The polypeptide of any one of claims Ito 3 and 5, wherein the modified antibody Fc region
comprises further amino acid modiﬁcati}pﬁ/ at position 235 (EU numbering).

11. The polypeptide of any one of .ciéims 3, 5 and 6, wherein the one or more amino acid
modification(s) at amino acid pqs"iﬁtion(s) selected from the group consisting of position 235 (EU
numbering), position 239 (EU"‘z;umbering), position 268 (EU numbering), position 270 (EU
numbering), position 295 (EU numbering), position 296 (EU numbering), position 298 (EU
numbering), and position 325 (EU numbering) is selected from the group consisting of

a) at position 235 (EU'humbering) is a substitution with Lys or Arg;

b) at position 23 93,("}?'1} numbering) is a substitution with Lys;

c) at position 268'~ (EU numbering) 1s a substitution with Lys or His;

d} at position 270 (EU numbering) is a substitution with Phe or Asp;

e} at position 295 (EU numbering) is a substitution with Met;

f) at position 296 (EU numbering) is a substitution with Gly;

g) atf”f;osition 298 (EU numbering) is a substitution with Gly; and

h) at position 325 (EU numbering) is a substitution with Gly or His.
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12. The polypeptide of any one of claims 3, 5 and 7, wherein the one or more amino acid

modification(s) at amino acid position(s) selected from the group consisting of position 235 (EU

numbering), position 239 (EU numbering), position 295 (EU numbering), position 296 (EU
numbering), position 298 (EU numbering), and position 325 (EU numbering) is selected frc}grf{
the group consisting of ‘

a) at position 235 (EU numbering) is a substitution with Lys or Arg;

b) at position 239 (EU numbering) is a substitution with Lys;

¢) at position 295 (EU numbering) is a substitution with Met; ;

d) at position 296 (EU numbering) is a substitution with Gly; ’

e) at position 298 (EU numbering) is a substitution with Gly; and i

f) at position 325 (EU numbering) is a substitution with Gly or His.

13. The polypeptide of any one of claims 3, 5 and 8, wherein the qné or more amino acid
modification(s) at amino acid position(s) selected from the groqii(consisting of position 235 (EU
numbering), position 268 (EU numbering), position 270 (EU.ﬁ;lmbering), position 295 (EU
numbering), position 296 (EU numbering), position 298 (EU numbering), and position 325 (EU
numbering) is selected from the group consisting of

a) at position 235 (EU numbering) is a substitution w1th Lys or Arg;

b) at position 268 (EU numbering) is a substitutioni with Lys;

¢) at position 270 (EU numbering) is a substimtibn with Phe;

d) at position 295 (EU nunibering) isa subsﬁ%ﬁtion with Met;

e) at position 296 (EU numbering) is a sgb”gtitution with Gly;

f) at position 298 (EU numbering) is q.:s’;ﬁbstimtion with Gly; and

g) at position 325 (EU numbering) fis"fa substitution with Gly or His.

14. The polypeptide of any or}e’vof claims 3, 5 and 9, wherein the one or more amino acid
modification(s) at amino agiﬁ position(s) selected from the group consisting of position 235 (EU
numbering), position 295(Eb numbering), position 296 (EU numbering), position 298 (EU
numbering), and posijgi€;11 325 (EU numbering) is selected from the group consisting of

a) at position 235 (Eﬁ numbering) is a substitution with Lys or Arg;

b) at position 295")(EU numbering) is a substitution with Met;

c) at positior%/i% (EU numbering) is a substitution with Gly;

d) at posit/iéﬁ 298 (EU numbering) is a substitution with Gly; and

e) at pqsftion 325 (EU numbering) is a substitution with Gly or His.
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15. The polypeptide of any one of claims 3, 5 and 10, wherein the one or more amino acid

modification(s) is a substitution of the amino acid at position 235 (EU numbering) with Lys or

Arg.

16. A method for improving thermal stability measured by melting temperature (Tm) q{ff*é
polypeptide comprising a modified antibody Fc region as compared to that of a parenj;rf
polypeptide by introducing an amino acid modification at position 234 (EU num‘t’)fgfﬁxg).

s
17. The method of claim 16, wherein the amino acid modification at position 234 (EU

numbering) is a substitution Wlﬂl Gly, Ala, Val, Phe, Pro, Met, Ile, Lys, P;pg, Ser, Thr, Tyr, His,

Asn, Gln or Trp.

/

18. The method of claim 16 or 17, comprises introducing further oi’{e or more amino acid

modification(s) at amino acid position(s) selected from the group consisting of position 235 (EU

numbering), position 236 (EU numbering), position 237 (EU numbemng) position 238 (EU
numbering), position 239 (EU numbering), position 247 (EU numbering), position 250 (EU
numbering), position 265 (EU numbering), position 266 (EU numbering), position 267 (EU
numbering), position 268 (EU numbering), posmon 269 (EU numbering), position 270 (EU
numbering), position 271 (EU numbering), posztlon 295 (EU numbering), position 296 (EU
numbering), position 298 (EU numbering), posmon 300 (EU numbering), position 307 (EU
numbering), position 309 (EU numberin g), posmon 315 (EU numbering), position 324 (EU
numbering), position 325 (EU numbenng), position 326 (EU numbering), position 327 (EU
numbering), position 329 (EU numb;;nng), position 330 (EU numbering), position 333 (EU
numbering), position 335 (EU nu@ﬁeﬁng), position 337 (EU numbering), position 360 (EU
numbering), position 385 (FU ndiﬁbcring), position 386 (EU numbering), position 387 (EU

numbering), position 389 (EU numbenng) position 428 (EU numbering), and position 433 (EU

numbering).

i

19. The method of any one of claims 16 to 18, wherein the method comprises the steps of:

(a) introducing at Jeast one amino acid modification o a polypeptide comprising an antibody Fe

region at a Joop” regxon of the Fc region;
®) detenn@p‘fng the stability of the polypeptide modified in step (a); and

(c) 'selcgti}‘lg a polypeptide with improved stability as compared to that of the parent polypeptide.

s
I
&

20‘.;;’i:he method of any one of claims 16 to 18, wherein the method comprises the steps of:

s
7
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(a) modifying a nucleic acid encoding the polypeptide so as to improve its stability as compared

to that of the parent polypeptide;

(b) introducing the modified nucleic acid into a host cell and culturing the cell to induce f"
expression of the nucleic acid; and 4 7
(c) collecting the polypeptide from the host cell culture. A ’

Vi

e
21. The method of any one of claims 16 to 20, which further comprises the step og/i’fltroduciug a

modification to maintain or enhance FeyR-binding activity as compared to that pffthe parent
polypeptide.
22, The method of any one of claims 16 to 20, which further oompzisegffixe step of introducing a
modification to reduce FeyR-binding activity as compared to that of ’tﬁ/e parent polypeptide.

/
23. The method of any one of claims 16 to 22 and 22, compri§e’§ introducing further one or more
amino acid modification(s) at amino acid position(s) selecf;;é#from the group consisting of
position 235 (EU numbering), position 239 (EU nulnber;rfg), position 268 (EU numbering),
position 270 (EU numbering), position 295 (EU num‘géiiing), position 296 (EU numbering),
position 298 (EU numbering), and position 325 (EU"/ﬁumbering).

24. The method of any one of claims 16 to ZOand 22, comprises infroducing further one or more

amino acid modification(s) at amino acid p('i;ition(s) selected from the group consisting of

position 235 (EU numbering), position\2‘f§9 (EU numbering), position 295 (EU numbering),

position 296 (EU numbering), positi__oi{ 298 (EU numbering), and position 325 (EU numbering).
/

25. The method of any one of c/:léms 16 to 20 and 22, comprises introducing further one or more

amino acid modification(s) /gtt/amino acid position(s) selected from the group consisting of

position 235 (EU nmnbe};ii{g), position 268 (EU numbering), position 270 (EU numbering),

‘position 295 (EU n'un},b’@ring), position 296 (EU numbering), position 298 (EU numbering), and

position 325 (EU nuinbering).

/s
/

/
s

26. The metpda of any one of ¢claims 16 to 20 and 22, comprises introducing further one or more
amino acidfi;iodiﬁcation(s) at amino acid position(s) selected from the group consisting of
positiogf535 (EU numbering), position 295 (EU numbering), position 296 (EU nwmbering),
posi/tié/n 298 (EU numbering), and position 325 (EU numbering).

Iy
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27. The method of any one of claims 16 to 20 and 22, comprises introducing further amino acid
modification at position 235 (EU numbering).

f’f
28. The method of any one of claims 16 to 20, 22 and 23, wherein the one or more amino acid
modification(s) at amino acid position(s) selected from the group consisting of position 236 (EU
numbering), position 239 (EU numbering), position 268 (EU numbering), position 270/(EU
numbering), position 295 (EU nambering), position 296 (EU numbering), position ./298 (EU
numbering), and position 325 (BU numbering) is selected from the group consisting of
a} at position 235 (EU numbering) is a substitution with Lys or Arg; f.ff
b) at position 239 (EU numbering) is a substitution with Lys;
¢} at position 268 (EU numbering) is a substitution with Lys or His; /“
d) at position 270 (EU numbering) is a substitution with Phe or Asp;
¢) at position 295 (BU numbering) is a substitation with Met;
f) at position 296 (EU numbering) is a substitution with Gly; g

g) at position 298 (EU numbering) is a substitution with G]y?/agld

h) at position 325 (EU numbering) is a substitution with H,ifs'imor Gly.
7

f/i
29. The method of any one of claims 16 to 20, 22 and*"24 wherein the one or more amino acid

modification(s) at amino acid position(s) selected from the group consisting of position 235 (EU
pumbering), position 239 (EU numbering), posmon 295 (EU numbering), position 296 (EU
pumbering), position 298 (EU numbenng), gmd position 325 (EU numbering) is selected from
the group consisting of P

a) at position 235 (EU numbering) is a,substltutlon with Lys or Arg;

b) at position 239 (EU numbermg) is’ ‘a substitution with Lys;

¢) at position 295 (EU numbermg) is a substitution with Met;

d) at position 296 (EU numbeing) is 2 substitution with Gly;

e) at position 298 (EU nun;b‘éring) is a substitation with Gly; and

f) at position 325 (BU n}l;fﬁbering) is a substitution with His or Gly.

30. The method ofany one of claims 16 to 20, 22 and 25, wherein the one or more amino acid
modiﬁoati011(s)=.,a':‘c~ amino acid position(s) selected from the group consisting of position 235 (EU
numbering),/p"c;sition 268 (EU numbering), position 270 (EU numbering), position 295 (EU
numberingi position 296 (EU numbering), position 298 (EU numbering), and position 325 (EU
numberiﬁg) is selected from the group consisting of

a) at, posmon 235 (EU numbering) is a substitution with Lys or Arg;

b) At position 268 (EU numbering) is a substitution with Lys;
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c) at position 270 (EU numbering) is a substitution with Phe;

d) at position 295 (EU numbering) is a substitution with Met;

e) at position 296 (EU numbering) is a substitution with Gly; Ve
f) at position 298 (EU numbering) is a substitution with Gly; and j;f') 9
g) at position 325 (EU numbering) is a substitution with Gly or His. /f’!

31. The method of any one of claims 16 to 20, 22 and 26, wherein the one or more ﬁaﬁ;ino acid
modification(s) at amino acid position(s) selected from the group consisting of Qp’éition 235 (EU
numbering), position 295 (EU numbering), position 296 (EU numbering), pogifgon 298 (EU
numbering), and position 325 (EU numbering) is selected from the group go’ﬁsisting of

a) at position 235 (EU numbering) is a substitution with Lys or Arg; /;,f/

b) at position 295 (EU numbering) is a substitution with Met; ‘

¢) at position 296 (EU numbering) is a substitution with Gly; ‘

d) at position 298 (EU numbering) is a substitution with Gly; apd/'

e) at position 325 (EU numbering) is a substitution with Gi){_,di: His.

32. The method of any one of claims 16 to 20, 22 and 27, wherein the one or more amino acid
modification(s) is a substitution of the amino acid ag,fﬁosition 235 (EU numbering) with Lys or
Arg.

J"/.*
33. The method of any one of claims 16 to 32, wherein the amino acid modification is
modification in a polypeptide comprisingfiin Fc region of human 1gG.
34. A nucleic acid encoding a poixpéptide comprising a modified antibody Fe¢ region, which
comprises an amino acid modiﬁgétion at position 234 (EU numbering) and has improved
stability as compared to that (/),.«f" a parent polypeptide.

35. A vector comprisir;g‘:'ihe nucleic acid of claim 34.
36. A host cell transformed with the vector of claim 35.

37. A pharr;ﬁéeutical composition comprising the polypeptide of any one of claims 1 to 2615,
ora poiypéptide produced by the method of any one of claims 16 to 33.

4

38. An agent for treating or preventing an immune-inflammatory disease or cancer, which
p

comprises the pharmaceutical composition of claim 37.
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39. The agent of claim 38, wherein the immune-inflammatory disease is rhenmatoid arthritis,
autoimmune hepatitis, autoimmune thyroiditis, autoimmune bullous dermatosis, autoimmune

adrenocortical inflammation, autoimmune hemolytic anemia, autoimmune thrombocytopenic /

purpura, megalocytic anemia, autoimmune atrophic gastritis, autoimmune neutropenia, .
autoimmune orchitis, autoimmune encephalomyelitis, autoimmune receptor disease, autoirf‘i}mune
infertility, chronic active hepatitis, glomerulonephritis, interstitial pulmonary fibrosis, multlple
sclerosis, Paget's disease, osteoporosis, multiple myeloma, uveitis, acute and chrom‘ spondyhtls,
gouty arthritis, inflammatory bowel disease, adult respiratory distress syndrome (ARD S),
psoriasis, Crohn's disease, Basedow's disease, juvenile diabetes, Addison's dlsease myasthenia
gravig, lenticular uveitis, systemic lupus erythematosus, allergic rhinitis, alierglc dermatitis,
ulcerative colitis, hypersensitivity, asthma, myodegeneration, cachexia, systemw scleroderma,
localized scleroderma, Sjogren's syndrome, Behcet's disease, Reiter' s syndrome, type I and type
II diabetes, bone resorption disease, graft versus host reaction, ischemla reperfusion injury,
atherosclerosis, brain trauma, multiple sclerosis, cerebral maiana, sepszs septic shock, toxic
shock syndrome, fever, malgias due to staining, aplastic anemla hemolytic anemia, sudden
thrombocytopenia, Goodpasture's syndrome, Guﬂlaln—Barre syndrome Hashimoto's disease,
pemphigus, IgA nephropathy, pollinosis, alltlphOSphol}:pld antibody syndrome, polymyositis,

Wegener's sarcoma, arteritis nodosa, mixed connective tissue disease, or fibromyalgia.

40. The agent of claim 38, wherein the cancer, i§ pancreauc cancer, prostate cancer, breast
cancer, skin cancer, gastrointestinal cancer, lung cancer, hepatoma, cervical cancer, endometrial
cancer, ovarian cancer, fallopian tube cancer, vaginal cancer, liver cancer, cholangioma, bladder
cancer, ureteral cancer, thyroid cancer;ﬁdrenal carcinoma, renal cancer, other glandular tissue
cancers, liposarcoma, leiomyosarcq;i{a, rhabdomyosarcoma, synovial sarcoma, angiosarcoma,
fibrosarcoma, malignant periphe;:éi nerve tumor, gastrointestinal stromal tumor, desmoid tumor,
Ewing's sarcoma, osteosarcoméi chondrosarcoma, leukemia, lymphoma, myeloma, or other solid

organ tumors.

41. Use of the phanna‘.’éeutical composition of claim 37 in the preparation of an agent for treating

or preventing an immune-inflammatory disease or cancer.

S




