Abstract:

(EN)Provided herein are flu hemagglutinin polypeptides, including chimeric
influenza virus hemagglutinin polypeptides, and flu hemagglutinin polypeptides
comprising modified glycosylation sites and non-naturally glycosylation sites,
compositions comprising the same, vaccines comprising the same and methods
of their use.
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WHAT IS CLAIMED IS:

"1, A chimeric influenza virus hemaggluiinin (HA) polypeptide comprising an
HA stem domain and an HA globular head domaim, wherein the HA globular head domain 1s

heterologous to the HA stem domain.

2. A chimeric influenza virus hemagglutinin (HA) polypeptide comprising an
HA stem domain of a seasonal influenza virus strain and an HA globular head domain of a

heterologous influenza virys strain.

3. The chimeric influenza virus HA polypeptide of claim 1 or 2, wherein the HA

stem domain maintains the cysteine residues designated Ap and Aq in Figure 1.

4, The chimeric influenza virus HA polypeptide of claim 1 or 2, wherein the HA

stem domain is the HA stem domain of an influcnza virus of subtype H1.

5. The chimeric influenza virus HA polypeptide of claim 1 or 2, wherein the HA

stemn dornain is the HA stem domain of an influenza virus of subtype H3.

6. The chimeric influenza virus HA polypeptide of claim 4, whercin the HA
globular head domain is the HA globular head domain of an influenza virus of subtype H4,
Hs, 16, H7, H8, H9, H10, 11, H12, 113, H14, H15, H16, or HI7.

7. The chimeric influenza virus HA polypeptide of claim 5, wherein the HA
slobular head domain is the HA globular head domain of an influenza virus of subtype H4,
Hs, He, H7, H8, H9, H10, H11, H12, H13, H14, HI3, Hi6, or H17.

8. The chimeric influenza virus HA pelypeptide of claim 6, wherein the HA
globular head domain is the HA globular head domain of an influenza virus of subtype HS,
H6, HS, H9, H11, H12, H13, or H16.

9. The chimeric influenza virus HA polypeptide of ¢laim 7, wherein the HA
globular head domain is the HA globular head domain of an influenza virus of subtype H4,
H7, H10, H14, or H15.
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10.

11.

12.
10.

13.

14.

15.

16.

17.

18.

19.

claims ] to 9.

20.

21.

22.

23.

24.

25.

A nucleic acid encoding the polypeptide of any of claims 1 to 9.

A cell expressing the nucleic acid of claim 10.

A virus comprising a genome engineered to express the nucleic acid of claim

A virus comprising the polypeptide of any one of claims 1 to 9.

The virus of claim 12, wherein the virus is an influenza virus,

The virus of claim 13, wherein the virus is an influenza virus.

The virus of claim 14, which is inactivated or split.

The virus of claim 15, which is inactivated or split.

A virus-like particle comprising the polypeptide of any one of claimms 1t0 9.

An immunogenic composition comprising the polypeptide of any one of

An immunogenic composition comprising the virus of claim 12.

An immunogenic composition comprising the virus of claim 13.

An immunogenic composition comprising the virus of claim 14.

An immunogenic composition comprising the virus of claim 15.

An immunogenic composition comprising the virus-like particle of claim 18.

A method of immunizing a subject comprising administering to the subject an

effactive amount of the immunogenic composition of claim 19.
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26, A meihod of immunizing a subject comprising administering to the subject an

effective amount of the immunogenic composition of claim 20.

27 A method of immunizing a subject comprising administering to the subject an

effective amount of the immunogenic composition of claim 21.

28 A method of immunizing a subject comprising administering to the subject an

effective amount of the immunogenic composition of claim 22.

29, A method of immunizing a subject comprising administering to the subject an

effective amount of the immunogenic composition of claim 23.

30. A method of immunizing a subject comprising administering to the subject an

effective amount of the immunogenic composition of claim 24.
31. The method of claim 25, wherein the subject is a human.
32, The method of claim 26, wherein the subject is a human.
33, The method of claim 27, wherein the subject is a human.
34 The method of claim 28, wherein the subject is a human.
35 The method of claim 29, wherein the subject is a human.
36, The method of claim 30, wherein the subject is a human.

37 The method of claim 25, wherein the immunogenic composition is

administered intramuscularly or iniranagally to the subject.

38. A method of preventing an influenza virus discase comprising administering

to a subject an effective amount of the immunogenic composition of claim 25.
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39. A method of treating an influenza virus infection or an influenza virus disease
comprising administering to a subject an effective amount of the immunogenic composition

of claim 25.

40. A method of preventing an influenza virus disease comprising administering

to a subject an effective amount of the immunogenic composition of claim 25.

41, A method of preventing an influenza virus disease comprising administering

to a subject an effective amount of the immunogenic composition of ¢laim 25.

42, The method of claim 26, wherein the immunogenic composition 1s

administered intramuscularty or intranasally to the subject.

43. A method of preventing an influenza virus disease comprising administering

to a subject an effective amount of the immunogenic composition of claim 26.

44. A method of treating an influenza virus infection or an influenza virus discase
comprising administering to a subject an effective amount of the immunogenic composition

of claim 26.

45, A method of preventing an influenza virus disease comprising administering

to a subject an effective amount of the immunogenic composition of claim 26.

46. A method of preventing an influenza virus disease comprising administering

to a subject an effective amount of the immunogenic composition of claim 26.

47. A method of preventing an influenza virus disease or infection in a subject,
comprising administering to said subject an influenza virus hemagg!lutinin polypeptide to

which the subject is naive.

48. The method of claim 47, wherein the influenza virus hemagglutinin
polypeptide is from an influenza virus of subtype H2, H4, H3, H6, H7, H8, H9, H10, H11,
Hi12, H13, H14, H15, H16, and/or H17.
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49.  The method of claim 48, comprising administering to said subject a second
influenza virus hemagglutinin polypeptide to which the subject is naive, wherein the second
influenza virus hemagglutinin polypeptide is from an influenza virus of subtype 2, 4, H5,
16, 117, H8, HO, H10, H11, H12, H13, H14, H15, H16, and/or H17, and wherein the
influenza virus hemagglutinin polypeptides of the first and second administrations are from

different influenza virus subtypes.

50.  The method of claim 49, comprising administering to said subject a third
influenza virus hemagglutinin polypeptide to which the subject is naive, wherein the third
influenza virus hemagglutinin polypeptide is from an influenza virus of subtype H2, H4, HS,
H6, H7, H8, H9, H10, H11, H12, H13, Hi4, HI5, H16, and/or H17, and wherein the
influenza virus hemagglutinin polypeptides of the first, second, and third administrations are

from different influenza virus subtypes.

51. A method of preventing an influenza virus disease or infection in a subject,
comprising administering to said subject an influenza virus, wherein said influenza virus

comprises a hemagglutinin polypeptide to which the subject is naive.

52.  The method of claim 51, wherein the influenza virus hemagglutinin
polypeptide is from an influenza virus of subtype H2, H4, H5, H6, H7, HE, H9, H10, H11,
H12, H13, H14, H15, H16, and/or H17.

53.  The method of claim 52, comprising administering to said subject a second
influenza virus, wherein said second influenza virus comprises a hemagglutinin polypeptide
to which the subject is naive; wherein the hemagglutinin polypeptide of the second influenza
virus is from an influenza virus of subtype H2, H4, HS, H6, H7, H8, H9, H10, H11, H12,
H13, H14, H15, H16, and/or H17; and wherein the influenza virus hemagglutinin
polypeptides of the first and second administrations are from different influenza virus

subtypes.

54,  The method of claim 53, comprising administering to said subject a third
influenza virus, wherein said third influenza virus comprises a hemagglutinin polypeptide to
which the subject is naive; wherein the hemagglutinin polypeptide of the third influenza virus
is from an influenza virus of subtype H2, H4, H5, H6, H7, HE, HS, H10, H11, H12, H13,
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H14, H15, H16, and/or H17; and wherein the influenza virus hemagglutinin polypeptides of

the first, second, and third administrations are from different influenza virus subtypes.

55. A chimeric influenza virus hemagglutinin (HA) polypeptide comprising an
HA stem domain and an HA globular head domain, wherein the HA globular head domain is
heterologous to the HA stem domain, whercin the HA stem domain comprises at lcast one
modified glycosylation site, wherein the modified glycosylation site comprises a modification
of a naturally occurring glycosylation site having an amino acid sequence Asn-Xaa-
Ser/Thr/Cys, and wherein the modification disrupts the ability of a gtycan fo attach to the

modified glycosylation site, and wherein Xaa is any amino acid.

56.  The chimeric influenza virus HA polypeptide of claim 55, wherein the
modification comprises one or more amino acid substitutions of the naturally occurring

glycosylation site.

57.  The chimeric influenza virus HA polypeptide of claim 535, wherein the
modified glycosylation site is located at amino acid positions selected from the group
consisting of amino acid positions 20-22 21-23, 33-35, 46-48, 289-291, 290-292, 296-298
and 481 483, according to the H3 numbering system, wherein the HA stem domain is an HA
stem domain from an influenza virus of subtype H1, H2, HS5, 116, H8, H9, H11, H12, H13,
and H16.

58.  The chimeric influenza virus HA polypeptide of claim 55, wherein the
modified glycosylation site is located at amino acid positions selected from the group
consisting of amino acid positions §-10, 22-24, 38-40, 46-48, 296-298, 410-412,and 481-483,
according to the H3 numbering system, wherein the HA stem domain is an HA stem domain

from an influenza virus of subtype H3, H4, H7, H10, H14, or H15.

59,  The chimeric influenza virus HA polypeptide of any one of claims 53-58,
wherein the HA globular head domain further comprises one or more non-naturally
occurring glycosylation sites having an amino acid sequence Asn-Xaa-Ser/Thr/Cys, wherein

Xaa i8 any amino acid.
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60.  The chimeric influenza virus hemagglutinin polypeptide of claim 59, wherein
the HA globular head domain is the HA globular head domain of an influenza virus HI
subtype and wherein the non-naturally occurring glycosylation site is located in an Sa, Sb.
Ca, or Cb antigenic site; or wherein the HA globular head domain is an influenza virus H3
subtype and wherein the non-naturally occurring glycosylation site is located in an A, B, C,

or D antigenic site.

61.  The chimeric influenza virus hemagglutinin (HA) polypeptide of claim 59,
wherein the non-naturally occurring glycosylation site is at hemagglutinin amino acid

positions 59-61, 129-131, 158-160 or 165-167, according to H3 numbering.

62. A chimeric influenza virus hemagglutinin (HA) polypeptide comprising an
HA stem domain and an HA globular head domain, wherein the HA globular head domain is
heterologous to the HA stem domain, and wherein the HA globular head domain compriscs
one or more non-haturally occurring glycosylation sites having an amino acid sequence Asn-

Xaa-Ser/Thr/Cys, and wherein Xaa is any amino acid.

63. A non-chimeric influenza virus hemagglutinin (HA) polypeptide comprising
an HA stem domain and an HA globular head domain, wherein the HA globular head domain
is homologous to the HA stem domain, wherein the HA stem domain COmpILSEs ONe O more
modified glycosylation sites, wherein the modified glycosylation site comprises a
modification of a naturally occurring glycosylation site having an amino acid sequence Asn-
Xaa-Ser/Thr/Cys, and wherein the modification disrupts the ability of a glycan to attach to

the modified glycosylation site, wherein Xaa is any amino acid.

64, The non-chimeric influenza virus HA polypeptide of claim 63, wherein the
HA globular head domain further comprises one or more non-naturally occurring
glycosylation site having an amino acid sequence Asn-Xaa-Ser/Thr/Cys, wherein Xaa is any

amino acid.

65.  The non-chimeric influenza virus hemagglutinin polypeptide of claim 64,
wherein the HA globular head domain is the HA globular head domain of an influenza virus
H1 subtype and wherein the non-naturally occurring glycosylation site is located in an Sa, Sb,

Ca, or Cb antigenic site; or wherein the HA globular head domain is an influenza virus H3
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subtype and wherein the non-naturally occurring glycosylation site is located iman A, B, C,

or D antigenic site.

66. The non-chimeric influenza virus hemagglutinin (HA) polypeptide of claim 64
or 65, wherein the non-naturally occurring glycosylation site is at hemagglutinin amino acid
position 59-61, 81-83, 129-131, 143-145, 158-160 and/or 165-167, 170-172, 187-189, 193-
195, 197-199, 208-210, according to H3 numbering.

67. An influenza virus hemagglutinin (HA) stem domain polypeptide comprising:
a. an influenza hemagglutinin HA1 domain that comprises an HAT N-
terminal stem segment covalently linked to a linker of 1 to 50 heterologous residues that is in
turn covalently linked to an HA1 C-terminal short stem segment; said HA1 domain in tertiary
or quaternary association with
b. an influenza hemagglutinin HA2 domain,
wherein the influenza virus HA stem domain polypeptide domain further comprises
one or more modified glycosylation sites, wherein the modified glycosylation site comprises
a modification of a naturally occurring glycosylation site having an amine acid sequence
Asn-Xaa-Ser/Thr/Cys, where the modification disrupts the ability of a glycan to aftach to the

modified glycosylation site, and wherein Xaa is any amino acid.

68. An influenza virus hemagglutinin (HA) stem domain polypeptide comprising:
a. an influenza hemagglutinin HA 1 domain that comprises an HAT N-
terminal long stem segment covalently linked to a linker of 1 to 50 heterologous residues that
is in turn covalently linked to an HA1 C-terminal long stem segment; said HA1 domain in
tertiary or quaternary association with
b. an influenza hemagglutinin HA2 domain,
wherein the influenza virus HA stem domain polypeptide domain further comprises
one or more modified glycosylation site, wherein the modified glycosylation site comprises a
modification of a naturally occurring glycosylation site having an amino acid sequence Asn-
Xaa-Ser/Thr/Cys, where the modification disrupts the ability of a glycan to attach to the

modified glycosylation site, and wherein Xaa is any amino acid.

69.  An influenza virus hemagglutinin (HHA) stem domain polypeptide comprising:
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a. an influenza hemagglutinin HA1 domain that comprises an HA1 N-
terminal stem segment covalently linked to a linker of 1 to 50 heterologous residues that 1sin
turn covalently linked to an HA1 C-terminal stem segment; said HA] domain in tertiary or
quaternary association with

b. an influenza hemagglutinin HA2 domain,

wherein the influenza virus HA stem domain polypeptide domain further comprises
one or more modified glycosylation site, wherein the modified glycosylation site comprises a
modification of a naturally occurring glycosylation site having an amino acid sequence Asn-
Xaa-Ser/Thr/Cys, where the modification disrupts the ability of a glycan to attach to the

modified glycosylation site, and wherein Xaa is any amino acid.

70.  An influenza virus hemagglutinin (HA) stem domain polypeptide comprising:
a, an influenza hemagglutinin HA1 domain that comprises, linked 1n the
following order; an HHA1 N-terminal stem segment, a first linker of 1 to 50 heterologous
residues, an HA1 intermediate stem segment, a second linker of 1 to 50 heterologous residues
and an HA1 C-terminal stem segment; said HAl domain in tertiary or quaternary association
with
b. an influenza hemagglhutinin HA2 domain,
wherein the influenza virus hemagglutinin (HA) stem domain polypeptide domain
further comprises one or more modified glycosylation site, wherein the modified
glycosylation site comprises a modification of a naturally occurring glycosylation site having
an amino acid sequence Asn-Xaa-Ser/Thr/Cys, where the modification disrupts the ability of

a glycan to attach to the modificd glycosylation site, and wherein Xaa is any amino acid.

71.  The influenza virus hemagglutinin (HA) stem domain polypeptide of any one
of claims 68 to 71, wherein the modified glycosylation site is located at amino acid positions
selected from the group consisting of amino acid positions 20-22, 21-23, 33-35, 46-48, 289-
291, 290-292, 296-298 and 481-483, according to the H3 numbering system, wherein the HA
stem domain is an HA stem domain from an influenza virus of subtype H1, H2, HS, H6, 118,
H9, H11, H12, H13, and H16.

72 The influenza virus hemagglutinin (HA) stem domain polypeptide of any one
of claims 68 to 71, wherein the modified glycosylation site is located at amino acid positions

selected from the group consisting of amino acid positions 8-10, 22-24, 38-40, 46-48, 296-

NY1-4474817v1 402




WO 2013/043729 POT/USZO12/056122

298, 410-412, and 481-483, according to the H3 numbering system, wherein the HA stem
domain is an HA stem domain from an influenza virus of subtype H3, H4, H7, H10, H14,
H15.

73.  The HA polypeptide of any one of claims 1-9 or 55-72, wherein said
polypeptide is soluble.

74. A nucleic acid encoding the polypeptide of any of claims 55-62.
75. A nucleic acid encoding the polypeptide of any of claims 63-66.
76. A cell expressing the nucleic acid of claim 74.
77. A cell expressing the nucleic acid of claim 73,

78. A virus comprising the chimeric influenza virus hemagghutinin (HA)

polypeptide of any one of claims 55-62.

79. A virus comprising the chimeric influenza virus hemagglutinin (HA)

polypeptide of any one of claims 63-60.

80. - An immunogenic composition comprising the chimeric influenza virus

hemagglutinin (HA)) polypeptide of any one of claims 55-62.

81.  Animmunogenic composition comprising the chimeric influenza virus

hemagglutinin (HA) polypeptide of any one of claims 63-66.

82. A method of immunizing a subject comprising administering to the subject an

effective amount of the immunogenic composition of claim 80.

83. A method of immunizing a subject comprising administering to the subject an

effective amount of the immunogenic composition of claim 81.

84.  The method of claim 82, wherein the subject is human.
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85.  The method of claim 83, wherein the subject is human.

Dated this 19 day of March 2014

Arindam Paul
REG.NQ:IN/PA-174

of Depenning & Depenning
Agent for the Applicants
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