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NOVEL HA BINDING AGENTS

CROSS REFERENCE TO RELATED APPLICATIONS
This application is a continuation of U.S. Application Serial No. 13/830,367,
filed on March 14, 2013, and also claims priority to U.S. Application Serial No.
61/645,554, filed on May 10, 2012, and U.S, Application Serial No. 61/716,447, filed
on October 19, 2012. The disclosures of the prior applications are considered part of

{and are incorporated by reference in) the disclosure of this application.

FIELD OF INVENTION

This disclosure relates to novel binding agents, e.g., peptide agents, e.g., antibody

molecules, e.g., antibodies, and antigen-binding fragments thereof, that bind
hemagglutinin protein of influenza viruses, and in embodiments neutralize the viras, and

methods of their use.

BACKGROUND
Influenza is an infectious disease caused by RNA viruses of the family
-Orthomyxoviridae (the influenza viruses). Influenza viruses are classified based on core
prolein into three genera A, B and C that are further divided into subtypes determined by the
viral.enveiope glycoproteins haemagglutinin (HA) and neuraminidase (NA). Influenza A
viruses infect a range of mamnﬁalian and avian species, whereas type B and C infections are
largely restricted to humans. Only types A and B cause human disease of any concern.

High mutation rates and frequent genetic reagsortments of the influenza viruses
contribute to great variability of the HA and NA antigens. Minor point mutations causing
sinaif changes (“antigenic drift”) occor relatively often. Antigenic drift enables the virus
evade immune recognition, resulting in repeated influenza outbreaks during interpandemic
years. Major changes in the HA antigen (“antigenic shift™) are caused by reassortment of
genetic material from different influenza A subtypes. Antigenic shifts resulting in new
pandemic strains are rare events, occurring through reassortment between animal and human
subtypes, for example in co-infected pigs.

influenza A spreads around the world in seasonal epidemics, resulting in the deaths of

between 250,000 and 500,000 people every year, and up 1o mitlions in some pandemic years.
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On average 41,400 people died each year in the United States between 1979 and 2001 from

influenza.

SUMMARY

The disclosure is based, at least in part, on the discovery of human anti-HA antibodies
comprising functional and structural properties disclosed herein, e.g., antibodies that bind a
conserved region or epitope on influenza virus and uses thereof.

Accordingly, the disclosure features binding agents, e.g., antibody molecules, or
preparations, or isolated preparations thercof, that bind hemagglutinin (HA) from influenza
viruses. In an embodiment, a binding agent, e.g., an antibody molecule, is broad spectrum, and
binds more than one HA, e.g., an HA from one or both of Group 1 or Group 2 strains of
influenza A viruses and/or one or more strains of influenza B viruses. Therefore, in some
embodiments, a binding agent, ¢.g., an antibody molecule, featured in the disclosure can treat or
prevent infection by a Group 1 influenza virus and a Group 2 influenza virus. In other
embodiments, a binding agent, e.g., an antibody molecule, featured in the disclosure can treat or
prevent infection by an influenza A virus and an influenza B virus. The binding agents, e.g,
antibody molecules, share sufficient structural similarity with antibodies or variable regions
disclosed herein such that they possess functional attributes of the antibodies disclosed herein.
In embodiments the structural similarity can be in terms of three dimensional structure or lmear
amino acid sequence or both.

In an aspect, the disclosure features an isolated antibody molecule comprising: (a) a
heavy chain immunoglobulin variable region segment comprising: a CDR1 comprising the
sequence S-Y-A-M-H (SEQ ID NO:68); a CDR2 comprising the sequence V-V-S8-Y-D-G-N-Y-
K-Y-Y-A-D-8-V-Q-G (SEQ ID NO:69); and a CDR3 comprising the sequence D-5-R-L-R-5-L-
L-Y-F-BE-W-L-S-Q-G-Y-F-N-P (SEQ ID NO:70); and (b) a light chain immunoglobulin variable
region segment comprising a CDR1 comprising the sequence Q-S-I-T-F-D-Y-K-N-Y-L-A (SEQ
ID NO:145); a CDR2 comprising the sequence W-G-S-Y-L-E-S (SEQ ID NO:72); and a CDR3
comprising the sequence Q-Q-H-Y-R-T-P-P-S (SEQ ID NO:73).

In another aspect, the disclosure features the use of the antibody molecule featured in the
disclosure for the manufacture of a medicament for preventing or treating an influenza virus

infection in a human subject.



In one embodiment, the disclosure features an anti-hemagglutinin (anti-HA) binding
agent, e.g., a specific binding agent, e.g., an antibody molecule, or preparation, or isolated
preparation thereof, comprising one or more or all of the following properties:

(a) it fails to produce any escape mutants as determined by the failure of a viral fiter to
recover following at least 10, 9, 8, 7, 6, or 5 rounds of serial infections in cell culture with a
mixture of the antibody molecule and an influenza A virus, e.g., a Group 1 strain, e.g., an HIN1
strain, e.g., A/South Carolina/1/1918, A/Puerto Rico/08/1934, or A/California/04/2009, or an
HS5NT1 strain, e.g., A/Indonesia/5/2005 or A/Vietnam/1203/2004,
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(b) it produces fewer escape mutants than does a reference anti-ITA antibody
molecule, e.g., Ab 67-11, Fi6, 128, C179, F10, CR9114, or CR6261, c.g., when
tested by the method described in (a);

(c) it prevents infection by at least 1, 2, 3, 4 or 5 influenza subtypes of
(roup 1, and by at least L. 2, 3, 4 or 5 influenza subtypes of Group 2;

{d) 1t inhibits fusogenic activity of the targeted HA;

{e) it treats or prevents infection by a Group 1 virus, such as where the virus is
an HI, HS, or HY virus; and it treats or prevents infection by a Group 2 virus, such as
where the virus is an H3 or H7 virus;

{f) it treats or prevents infection by influenza A strains HINT and H3N2:

(g} it is effective for prevention or treatment. of infection, e.g., in humans or
mice, with HINT and H3N2 when administered at 50 mg/kg, 25 mg/kg, 10 mg/ke, 6
mgfkg, 5 mg/kg, 4 mg/ke, 3 mg/kg, 2 mg/kg, or I mglkg;

(k) it weats or prevents infection by influenza A TSNT strains;

(i} itis effective for prevention or treatment of infection, e.g., in humans or
mice, with HSNT when administered at 50 mg/kg, 25 mg/kg, 10 ma/kg, 6 ma/ke, 5
meg/ke. 4 mefkg, 3 mefke, 2 me/ke, or 1 me/ke,

(j) the concentration of antibody molecule required for 5(% neutralization of

mifluenza A virus is less than 10 pg/ml;

(k) it treats or prevents infection by an inlluenza B virus, e.g.,
B/Wisconsin/1/2010;

(1) it 15 effective for prevention or treatment of infection, e.g., in humans or _
mice, with an influenza B virus, e.g., B/Wisconsin/1/2010, when administered at 10
mg/ke, 6 me/ke, 4 madke, 3 mg/ks, 2 medkg, or 1 mg/ke;

{m) the concentration of antibody molecule required for 30% neuntralization of
influenza B virus, e.g.. B/Wisconsin/1/2010, viros is less than 10 pg/mL;

(n) it prevents or minimizes secondary infection (e.g., secondury bacterial
infection) or effects thereof on a subject;

(o} it is effective for preventing or minimizing secendary infection (e.g.,
secondary bacterial infection) or effects thereof on a subject when administered at 50
mg/kg, 25 mg/kg, 10 mp/ke, 6 me/ke, 5 mg/ke, 4 mg/kg, 3 mg/kg, 2 medke, or
1 mg/kg;

PCT/US2913/040534
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(p) it binds an epitope which comprises or consists of the hemagelutinin trimer
interface; and

(q) it binds an epitope other than that bound by a reference anti-ITA antibody
molecule, e.g., Ab 67-11, FI6, FiZ8, C179, Fi0, CRO1 14, or CR6261, e.z., as
determined by structural analysis, e.g., by X-ray crystallography or NMR
spectroscopy;

(r) in an embodiment it binds to an epitope, e.g., it has an epitope that overlaps
with or is the same as, of an antibody disclosed herein, e.g.. as determined by

mutational analysis or crystal structure analysis

in one embodiment. the binding agent, e.g., an anti-HA antibody molecule,
has one or more of the following characteristics: the anti-HA. antibody molecule
prevents infection by at least 1, 2, 3, 4 or 5 influenza subtypes of Group 1, and by at
least 1, 2, 3, 4 or 5 influenza subtypes of Group 2; the concentration of the anti-HA
antibady molecate reguired {for 50% neutralization of influenza A virus is less than 10
ug/ml,; or the anti-HA antibody molecule binds an epitope that comprises or consists

of the hemagglutinin trimer interface.

In one embodiment, the binding agent, e.g., an anti-HA antibody molecule,
featured in the disclosure treats or prevents infection by a Group 1 virus, such as
where the virus is an I11, H2, II5, H6, HE, HY9, H12, }11, 1113, Hi6, or FI17 virus;
and treats or prevents infection by a Group 2 virus, such as where the virus is an H3,

114, H7, H10 or H15 virus,

In one embodiment, the binding agent, e.g., an anti-HA antibody molecule,
featured in the disclosure prevents infection by at least 1,2, 3,4,5,6,7,8,9, 10or 11
influenza subtypes of Group 1, and by at least 1, 2, 3, 4, 5 or 6 influenza subtypes of

Group 2.

In one embodiment, the binding agent, e.g., an anti-HA antibody molecule,

featured in the disclosure treats or prevents infection by one or more of HIN1, HZN2,
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HSNI, and H9NZ, and also treats or prevents infection by one or more of H3N2 and

HINT.

In an embodiment, a binding agent, e.g., antibody molecule, binds, and in

embodiments, neutralizes:

at Jeast one strain from the Group 1 H1, e.g., H1 a or H1b, cluster and at least one

strain from the Group 2 FI3 or H7 cluster.

In an embodiment, a binding agent, e.g., antibody molecule, hinds, and in

embodiments, neatralizes:

at least one strain from the Group 1 HI, e.g., H1 a or F1b, cluster and at least one

influenza B strain, e.g., B/Wisconsin/1/2010.

In an emhodiment, a binding agent, e.g., antihody molecule, binds, and in
embodiments, neutralizes:
at least ope strain from the Group 2 H3 or H7 cluster and at least one influenza B

strain, e.2., B/Wisconsin/1/2010.

In an embodiment, a binding agent, e.g., antibody molecule, binds, and in
embodiments, neutralizes:

at Jeast one strain from the Group 1 H1, e.g., HI a or H1b, cluster, at least one
strain from the Group 2 H3 or 17 cluster, and at least one influenza B strain, e.g.,

B/Wisconsin/1/2010.

In one embodiment, the binding agent, e.g., an anti-ITA antibody molecule,
featured in the disclosure treats or prevents infection by one or more of influenza B

viruses, e.g., B/Wisconsin/1/2010.

In one embodiment, the anii-HA antibody molecule is not an anti-HA antibody
molecule previously described in the art. Tor example, the anti-HA antibody
molecule 15 other than one or more or all of Ab 67-11 (1.8, Provisional Application
No. 51/645,433), FI6 (FI6, as used herein, refers to any specifically disclosed Flg
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sequence in 1.5, Published Application No. 2010/0080813, US published application
No. 20110274702, WO2013/011347 or Corti et al., Science 333:850-856, 2011,
published online July 28, 2011; FIGs. 12A to 12C), FI28 (U.S. Published Application
No, 2010/0080813), C179 (Ckuno et al., J. Virol. 67:2332-1558, 19%3), P10 (Sui et
al., Nat. Stroet. Mol. Biol. 16:265, 2009), CR9114 (Drevius et al., Science. 2012:
337(6100):1343-1348; published online August 9, 2012), or CR6261 (Ekiert et al.,
Science 324:246-251, 2009; published online February 26, 2009).

In one embodiment, the binding agent, e.g., an anti-HA antibody molecule,
neutralizes infection with H1NT and FI3NZ in vitro. In another embodiment, binding
agent, e.g., an anti-HA antibody molecule, neutralizes infection with H1N1 and H3N2
in vivo.

In one embodiment, the binding agent, e.g., an anti-HA antibody molecule,
neutralizes infection with HSNT in vitro. In another embodiment, binding agent, e.g.,

an anti-HA antibody molecule, neutralizes infection with HANT in vive.

in one embodiment, the binding agent, e.g., an anti-HA antibody molecule,
neuiralizes infection with an influenza B virus, e.g., B/Wisconsin/1/2010, in vitro. In
another embodiment, the binding agent, e.g., an anti-HA antibody molecule

neutralizes infection with an infloenza B virus, e.g., B/Wisconsin/1/2010), in vivo.

In another embodiment, the concentration of the binding agent, e.g., an anti-
HA antibody molecuie, required for 50% neutralization of influenza A virus is 10
pg/mL or less, such as 9 ug/mb or less, 8 ug/mL or less, 7 ug/mL or less, 6 ug/mL or

less, or 5 ug/mb or less.

In another embodiment, the concentration of the binding agent, e.g., an anti-
HA antibody molecule, required for 60% neutralization of influenza A virus, 50%
neutralization of influenza A virus, or 40% neutralization of mfluenza A virus is 10
pg/mL or less, such as 9 pg/ml. or less, 8 pp/ml or less, 7 pg/mi or less, 6 pg/ml. or

less, or 5 ug/mL or less.
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In yet another embodiment, the binding agent, e.g., an anti-TIA antibody
molecule, is effective for prevention or treatment of infection, e.g., in humans or mice,
with HINT and H3N2, such as when administered at 50 mg/kg, 25 mg/ke, 10 mg/kg,
6.0 mg/ke, 5.0 mg/kg, 4.0 mg/kg, 3.0 mg/kg, 2.0 mg/kg, 1.0 mg/ke or less.

In still another embodiment, the binding agent, e.g., an the anti-HA antibody
molecule, is effective for prevention or treatment of infection, e.g., in humans or mice,
with H5N1, such as when administered at 50 mg/kg, 25 mg/kg, 10 mg/ikg, 6.0 mg/ky,
5.0 mg/kg, 4.0 mg/kg, 3.0 mg/kg, 2.0 me/kg, 1.0 mg/kg or less.

In another embodiment, a binding agent, e.g., an anti-HA antibody molecule,
is effective for the treatment or prevention of a Group 1 virus, where the Group 1
viras is H1, HS3, or HY, and in another embodiment, the binding agent, e.g., an anti-
HA antibody molecule, is effective for the treatment or prevention of a Group 2 virus,

where the Group 2 viras is H3 or H7.

In another embodiment, the concentration of the binding agent, e.g., an antj-
HA antibody molecule, required for 50% neutralization of influenza B virus, e.g.,
B/Wisconsin/1/2010, is 10 pg/ml or less, such as 9 pg/mL or less, 8 pg/mL or less, 7
pg/mL or less, 6 pg/ml or less, or 5 pg/mL or less.

In another embodiment, the concentration of the binding agent, e.g., an anti-
HA antibody molecule, required for 60% neutralization of influenza B virus, e.g.,
B/Wisconsin/1/2010, 50% neutralization of influenza B virus, e.g.,
B/Wisconsin/1/2010, or 40% neutralization of influenza B virus, e.g.,
B/Wisconsin/1/2010, is 10 ug/mL or less, such as 9 pg/mL or less, § pg/ml. or less, 7
ug/mlL or less, 6 pg/ml. or less, or 5 pg/ml or Jess,

In another embodiment, the binding agent, e.g., an anti-HA antibody molecule,
is a full length tetrameric antibody, a single chain antibody (sc¢Pv), a F(ab’), fragment,
a Fab fragment, or an I'd fragment. In another embodiment, the heavy chain of the
antibody molecule is a y1 heavy chain, and in yet another embodiment, the Hght chain

of the antibody molecule is a x light chain or a A light chain. In yet another
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embodiment, the anti-IA antibody molecule featured in the disclosure is an IgG1

antibody.

In an embodiment, the antibody molecule binds an epitope that has
one, two, three, four, five, or all of, the following properties a-f:

a}) it includes one, two, or all of, H3 HAT residues N3§, 1278,
and 13291,

by it includes H3 HAZ residue N12;

¢) it does not include one, two or all of, H3 HA 1 residues
(0327, T328, and R329;

d} it does not inciude one, two, three, four, or all of, H3 HA2
residues (31, 1.2, F3, G4, and D46

e} it includes one, two, or all of, H3 HA1 residues T318, R321,
and V323 or

fHiitincludes 1,2, 3,4,5,6,7, 8.9, 10, 11, 12, 13, 14, 15, 16,
17, or all of, H3 HAZ residues A7, E11, 118, D19, G20,
W21, 138, K39, T4, Q42, A43, 145, 148, N49, L.52,
W53, I56.and E57.

In an embodiment the antibody molecule hés properties; a; and b.
In an embodiment the antibody molecule has properties: ¢; and d.
In an embodiment the antibody molecule has properties: a; and ¢ or d.
In an embodiment the antibody molecule has properties: b; and c or d.
In an embodiment the antibody molecule has properties: ¢; and a or b.
In an embodiment the antibody molecuie has properties: d; and a or b.

In an embodiment the antibody moiecule has properties: a, b, ¢ and d.
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In an embodiment the antibody molecale has properties: a, b, ¢, d, e,

and £.

In an embodiment, the antibody molecule has a Ky for H3 of equal to
or less than 10’6, wherein said Kp s increased by at teast 2, 5,10, or 100 fold, by a
mutation or mutations in any of;

@) H3 HA1 residues N38, 1278, or D201;

bh) H3 HAZ residue N12;

c) H3 HAT residues T318, R321, or V323, or

dy H3 HAZ residees A7, E11, 118, D19, G20, W21, L38, K39,

T41, Q42, A43, 145, 148, N49, 1.52, N53, 156, or E57.

In an embodiment, the antibody molecule has a Ky for H3 of equai to
or less than 107, wherein said Ky, is increased by no more than 2, or 5 fold, by a
Aation or mutations in any of;

ci H3 HAL residues 327, T328, or R329: or

) H3 HAZ residues G1, L2, F3, G4, or D46,

In an embodiment, the antibody molecule bingds an epitope that has

one, two, three, four, five, or all of, the following properties a-f;

aa) it includes one, two, or all of, 111 AT sesidues H31, N279,
and $292;

bb) it includes H1 HA2 residue (G12;

ce) it does not include one or both of 1 HAL residues Q328
and 5329;

dd) it does not include one, two, three, Tour, or all of, H1 HA2
residues G1, L2, F3, G4, and D46;

ee) itincludes one, two, or all of, II1 HA1 residues T319,
R322, and [324 are bound by both Ab 044 and FI&; or
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ee, and ff.
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fiyitincludes 1,2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17, or all of, H1 A2 residues A7, E11L, 118, D19, G20, W21, Q38, K39, T41, Q42,
Nd43, 145, 48, T49, V32, N33, 156, and E57

In an embodiment the antibody molecule has properties:

In an embodiment the antibody molecule has properties

In an embodiment the antibody molecule has properties:

In an embodiment the antibody molecule has properties:

In an embodiment the antibody molecule has properties:

In an embodiment the antibody molecule has properties:

In an embodiment the antibody molecule has properties:

In an embodiment the antibody molecule has properties:

aa; and bb.

: ¢cc; and dd.

aa; and cc or

bh; and cc or

cc; and aa or

dd:; and aa or

aa, bb, cc and

aa, bb, cc, dd,

In an embodiment, the antibody molecule has a Kp for H1 of equal (o

or less than 10‘6, wherein said Kp is increased by at jeast 2, 5,10, or 100 fold, by a

mutation or nutations in any of:

aay H1 HAT residues H31, N279, and §292;
By H1 HAZ residue G12;

16
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ccy Hi HAT residues T319, R322, and 1324 ; or
ey 1L HAZ residues A7, E11, 118, D19, G20, W21, Q38, K39,
T41, Q42, N43, 145, 148, T49, V52, N33, 156, and E57.

5 In an embodiment, the antibody molecuie has a Kp for H1 of equal to
or less than 10°°, wherein said Kp 18 increased by no more than 2, or 5 fold, by a
mutation or mutations in any of:

cc) H1 HAL residues Q328 and 5329 ; or
ddy H1 HAZ residues G1, L2, F3, (34, and D46,
10
In an embodiment the antibody molecule has one, two, three or all of
the following properties:
a and aa;
b and bb;
15 ¢ and ce:
d and dd.
In an embodiment the molecule has properties ¢, ¢c, d, and dd.
20

In an embodiment the binding agent, e.g.. a specific binding agent, e.g., an
antibody molecule, comprises one or both of: _

a heavy chain variable region comprising at least, or more than, 60, 65, 70,
75, 80, 85, §7, 90, 95, 98 or 99 percent homology with a heavy chain variable region

25 from Table 3, Table 44, Table 48, Fig.2, Fig 13 or Fig.17; and

a light chain variable region comprising at least, or more than, 60, 65, 70, 75,
80, 85, &7, 90, 95, 98 or 99 percent homology with light chain variabie region from
Table 3, Table 4A, Table 4R, Fig.3, Fig. 14 or Fig 17.

30 In an embodiment, the antibody molecule comprises a heavy chain variable region

25 (SEQ 1D NO:25), or a structurally or functionally related variable heavy chain region

as described herein.

11
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_ In an embodiment. the antibody molecule comprises a light chain variable region
52 (SEQ ID NO:52), 155 (SEQ ID NO:155), or 45 (SEQ ID NO:45), or a structurally or
functionally related variable light chain region as described herein.

In an embodiment, the antibody molecule comprises:

a heavy chain variable region 25 {(§EQ II> NO:25), or a structurally or
functionally related variable heavy chain region as described herein; and

a light chain variable region 52 (SEQ ID NO:52), 155 (SEQ ID NO: 155, or 45
{SEQ ID NO:45), or a structurally or functionally related variable light chain region as

described herein.

In an embodiment, the antibody molecule comprises a heavy chain variable region
comprising one, two, or ali of CDR1, CDR2, and CDR3, from heavy chain variable
region 25 (SEQ I NO:25}, or a structurally or functionally related variable heavy chain
region as described herein.

In an embodiment, the antibody molecule comprises a light chain variable region
comprising one, two, or all of CDR1, CDR2, and CDR3, from light chain variable region
52 (SEQ ID NO:52), 155 (SEQ H) NO:155), or 45 (SEQ ID NO:45), or a structurally or

functionally related sequence as described herein.

In an embodiment, the antibody molecule comprises:

a heavy chain variable region comprising one, two, or all of CDR1, CDR2, and
CDR3, from heavy chain variable region 25 (SEQ 11 NO:25), or a structurally or
functionally related varizble heavy chain region as described herein; and

a light chain variable regién comprising one, two, or all of CDR1, CDR2, and
CDR3, from light chain variable region 52 (SEQ ID NO:32), 133 (SEQ ID NO:155), or
45 (SEQ 1D N(:45), or a structurally or functionally related variable light chain region as

described herein.
in an embodiment the antibody molecule comprises a heavy chain variable region

from Tig 2 or Fig 13 or a structurally or functionally related variable heavy chain region

as described herein.

12
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In an embodiment the antibody molecule comprises a light chain variable region
from Fig 3 or Fig 14 or a structurally or functionally related variable light chain region as

described herein.

In an embodiment the antibody malecule comprises one, two, or all of, a CDRI,
CDRZ, and CDR3 from a heavy chain variable region from Fig 2 or Fig 13, ora

structarally or functionally related sequences as described herein.

In an embodiment the antibody molecule comprises one, iwo, or all of, a CDR1,
CDR2, and CDR3 from a light chain variable region from Fig 3 or Fig 14, ora

structurally or functionally related sequences as described herein.

In an embodiment the antibody molecule comprises one, two or all of, HC CDR1,
HC CDR2, and HC CDR3 and one, two or all of, LC CDHR1, 1L.C CDR2, and LC CDR3
from an antibody disclosed in Table 3, or 2 structurally or functionally related sequences

as described herein.

In another embodiment, the antibody molecule comprises the light chain LC45
(SEQ ID NO: 45). In yet another embodiment, the antibody comprises the light chain
LC45, and the heavy chain HC25 (SEQ ID NO: 255 or 24 (SEQ ID NO: 24). In one
embodiment, the antibody molecule comprises the light chain Ab032(SEQ II NO: 43)
and the heavy chain 25 (SEQ ID NO: 25). In yet another embodiment, the antibody
moiecule comprises light chain LC32(SEQ ID NO: 52) and heavy chain HC25 (SEQ 1D
NGO 25).

In an embodiment the antibody molecule comprises one or both of;

a) one or more framework regions (FRs} from heavy chain disclosed herein. E.g.,
the antibody molecule comprises one or more or all of FR1, FR2, FR3, or R4, or FR
sequences that differ individually, or collectively, by no more than 1, 2, 3, 4, of 5 amino
acid residues, e.g., conservative residues, from a heavy chain disclosed herein; and

b) one or more framework regions (FRs) from light chain disclosed herein, E.g.,

the antibody molecule comprises one or more or all of FR1, FR2, FR3, or FR4, or FR

13
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sequences that differ individually, or collectively, by no more than 1, 2, 3, 4, of 5 amino acid

residues, €.g., conservative residues, from light chain disclosed herein.

In one embodiment, an anti-HA antibody molecule featured in the disclosure, or
preparation, or isolated preparation thereof, comprises

() a heavy chain immunoglobulin variable domain comprising a sequence at least 60, 70,
80, 85, 87, 90, 95, 97, 98, or 99, e.g., 90%, homologous, to a heavy chain consensus sequence
provided herein, e.g., the heavy chain consensus sequence provided in Fig. 2 or Fig 13, e.g., the
heavy chain consensus sequence provided in Fig. 2, SEQ ID NO:161; and

(b) a light chain immunoglobulin variable domain comprising a sequence at least 60, 70,
80, 85, 87, 90, 95, 97, 98, or 99, e.g., 95%, homologous, to a light chain consensus sequence
provided herein, e.g., the light chain consensus sequence provided in Fig. 3 or Fig 14, e.g., the

light chain consensus sequence provided in Fig. 3, SEQ ID NO:62.

For example, in one embodiment, the anti-HA antibody molecule featured in the
disclosure comprises one or both of:

(a) a heavy chain immunoglobulin variable domain comprising the sequence of SEQ ID

'NO:161, or a sequence at least 87% identical to SEQ 1D NO:161; and

- (b} a light chain immunoglobulin variable domain comprising the sequence SEQ ID

NO:62, or a sequence at least 95% identical to SEQ 1D NO:62.

In another embodiment the antibody molecule comprises:

(a) a heavy chain immunoglobulin variable domain comprising the sequence of SEQ ID
NO:161, or a sequence at least 87% identical to SEQ ID NO:161; and

{(b) alight chain immunoglobulin variable domain comprising the sequence SEQ ID
NO:62, or a sequence at least 95% identical to SEQ ID NO:62, wherein said antibody molecule:

(i) fails to produce any escape mutants as determined by the failure of a viral titer to
recover following at least 10, 9, 8, 7, 6, or 5 rounds of serial infections in cell culture with a

mixture of the antibody molecule and an influenza virus (e.g., an
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mfluenza A virus, e.g., a Group 1 strain, e.g., an HiN1 strain, e.g., A/South
Carolina/1/1918, A/Puerto Rico/08/1934, or A/California/04/2009, or an FISN1 strain,
e.0., A/fIndonesia/5/2005 or A/Vietnam/1203/2004. or an influenza B virus, e.g.,
B/Wisconsin/1/2010); and

(i1} produces fewer escape mutants than does a reference anti-HA antibody
molecule, e.g., Ab &7-11, FI6, FIZ8, C179, F10, CR9114, or CR6261, such as when
tested by the method described in (i)

In an embodiment, the disclosure features an antibody molecule comprising
one or both of:

{a) a heavy chain immunoglobulin variable region comprising the sequence of
SEQ ID NO:161, or a sequence that differs from SEQ I NO:161 by not more than 1,
2,3,4,5,0,8,10,11, 12, 13, 14, 15 or 16, e.g., by no more than 2, 3, 4, or 5 amino
acids, e.g., conservative amine acids; and

(b) a hght chain immunoglobulin variable domain comprising the sequence
SEQ 1D NO:62, or a sequence that differs from SEQ ID NO:62 that differs by no

more than 1, 2, 3, 4 or 5 amino acids, e.g., conservative amino acids.

In one embodiment, the 1, 2, 3, 4, 5, 6, 8, 10, 11, 12, 13, 14, 15 or 16 amino
acid differences, e.g., conservative amino acid differences, in the heavy chain
imnmmoglobulin variable region are in the FR regions of the heavy chain
immunoglobulin variable domain. In another embodiment, the 1, 2, 3, 4 or 5 amino
acid differences, e.g., conservative amino acid differences, in the light chain
immunoglobulin variable domain are in the FR regions of the light chain
immunoglobulin variable domain. In one embodiment, the amino acid differences in
the heavy chain immunoglobulin variable region, or in the light chain

immunoglobulin variable region, are conservative amino acid changes.

In an embodiment the binding agent, e.g., an antibody molecule, binds to an
epitope, e.g., it has an epitope that overlaps with or is the same as, of an antibody
disclosed herein, e.g., as determined by mutational analysis or crystal structure

analysis.
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In an embodiment the antibody molecule comprises one or both of:

a) one or more framework regions (FRs) from heavy chain consensus sequence disclosed
herein. e.g., the antibody molecule comprises one or more or all of FR1, FR2, FR3, or FR4, or
sequences that differ individually, or collectively, by no more than 1, 2, 3, 4, of 5 amino acid
residues, e.g., conservative residues, from heavy chain consensus sequence disclosed herein; and

b) one or more framework regions (FRs) from light chain consensus sequence disclosed
herein. e.g., the antibody molecule comprises one or more or all of FR1, FR2, FR3, or FR4, or
sequences that differ individually, or collectively, by no more than 1, 2, 3, 4, of 5 amino acid

residues, e.g., conservative residues, from light chain consensus disclosed herein.

In an embodiment the binding agent, e.g., an antibody molecule, specifically binds the
HA antigen.

In another embodiment, the disclosure features, a binding agent, e.g., an antibody
molecule, or preparation, or isolated preparation thereof, comprising a structural or functional

property of Ab 044,

In an embodiment, the antibody molecule competes with a reference antibody molecule,
e.g., an antibody molecule described herein, for binding to a substrate, e.g., an HA. The
reference antibody molecule can be:
a) an antibody molecule comprising:
i} a heavy chain immunoglobulin variable region segment comprising
a CDR1 comprising the sequence S-Y-A-M-H (SEGQ 1D NO:68);
a CDR2Z comprising the sequence V-V-8-Y-D-G-N-Y-K-Y-Y-A-D-8-V-
Q-G
(SEQ ID NO:69); and
a CDR3 comprising the sequence D-5-R-L-R-8-L-L-Y-F-E-W-L-5-Q-G-
Y-F-N-P (SEQ ID NO:70); and

i) a light chain variable region segment comprising:
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a CDR1 comprising the sequence Q-5-I-T-F-D-Y-K-N-Y-L-A
(SEQ ID NQ: 1453
a CDR2 comprising the sequence W-G-5-Y-L-E-S (SEQ ID
NO:72); and
a CDR3 comprising the sequence Q-Q-H-Y-R-T-P-P-S (SEQ
D NO:73).
b} an antibody molecule comprises one or both of: (i) a heavy chain
immunoglobulin variable region segment comprising SEQ D NO: 25; and (ii)
a light chain variable region segment comprising SEQ 1D NG:52; or
c} Ab 044
The HA can be from a Group 1 strain, e.g., an HINT strain, e.g., A/South
Carolina/1/1918, A/Puerto Rico/08/1934, or A/Californiaf04/2009, or an HSN1 strain,
e.g.. AfIndonesia/5/2005 or AfVietmnam/1203/2004. Compeétition between the
antibody molecule and a reference antibody moiecule can be determined by
evaluating the ability of one of the antibody molecules or the reference antibody
molecule to decrease binding of the other to a substrate, e.g., HA, e.g., HA1 or HAS,
e.g. from an HINI strain, e.g., A/South Carolina/i/1918, A/Puerto Rico/08/1934, or
A/California/04/2009, or an HSN1 strain, e.g., A/lndonesia/5/20035 or
AfVietnam/1203/2004. Reduction of the ability 1o bind can be evaluated by methods
in the arL Reduction of the ability {0 bind can be evaluated, e.g., by one or more of;
a) BlAcore analysis;
b} ELISA assay; and
¢) flow cytometry.
The antibody molecule can compete with the reference antibody such that
binding of the reference antibody is decreased by 50% or more.
In an eroboediment the antibody molecule binds to the same epitope, ora
portion thereof, which the reference antibedy molecule binds. In an embodiment the
antibody molecuie does not bind io the same epitope, or a portion thereof, which the

reference antibody molecule binds.
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In an embodiment the antibody molecule binds to the same epitope, or
a portion thereof, on HA, as does a reference antibody molecule, e.g. an antibody
molecule disclosed herein. The reference antibody molecule can be:

a} an antibody molecule comprising:

i} a heavy chain immunoglobulin variable region segment comprising
a CDR1 comprising the sequence S-Y-A-M-H (SEQ ID
NO:68);

a CDR2 comprising the sequence V-V-8-Y-D-G-N-Y-K-Y-Y-
A-D-5-V-Q-G

(SEQ ID NO:69); and

a CDR3 comprising the sequence D-5-R-L-R-S-L-L-Y-F-E-W-
L-8-Q-G-Y-F-N-P (SEQ ID NO:70); and

i} a Iight chain variable region segment comprising:

a CDR1 comprising the sequence Q-S-I-T-F-D-Y-K-N-Y-L-A
(SEQ ID NO:145):;

a CDXR2 comprising the sequence W-G-S-Y-L-E-§ {§EQ 1D
NO:72); and

a CDR3 comprising the sequence Q-Q-H-Y-R-T-P-P-S (SEQ
ID NO:73).

b) an antibody molecule comprises one or both of: (i) a heavy chain

immunogiobulin variable region segment comprising SEQ ID NO: 25; and (ii)

a Jight chain variabie region segment comprising SEQ 1D NO:52; or

¢) Ab Gd4,

The HA can be HAL or HAS, e.g., from an HINI strain, e.g., A/South
Carolina/1/1918, AfPuerto Ricof08/1934, or A/Califorpia/04/2009, or an H3N1T strain,
e.g.. Allndonesia/5/2005 or A/Vietnam/1203/2004Binding to the same epitope, or a
portion thereof, can be shown by one or more of:

a) mutational analysis, e.g., binding to HA, or binding affinity for HA,

is decreased or abolished if a residue is mutated;

b) analysis, e.g., comparison, of the crystal structure of the antibody

molecule and HA and the crystal structure of a reference antibody and HA, e.g., to

determine the toach points of each;

i%



10

15

20

30

WO 2613/176139 PCT/US2013/040534

¢) competition of the two antibodies for binding 1o HA, e.z., HAL or
HAS, from, e.g., an HINI strain, e.g., A/South Carolina/1/1918, A/Puerto
Rico/08/1934, or A/California/04/2009, or an H5N1 strain, e.g., A/Indonesia/5/2005
or A/Vietnam/1203/2004; and

d) {¢) and one or both of (a) and (b).

Competition between the antibody molecule and a reference antibody
molecule can be determined by evaluating the ability of one of the antibody molecule
or the reference antibody molecule to decrease binding of the other to a substrate, e.g.,
HA, e.g.. HAT or HAS, from. e.g., an HINT strain, e.g., A/South Carolina/1/1918,
AfPuerto Rico/38/1934, or A/California/04/2009, or an H5NI strain, e.g.,
Afindonesia/5/2005 or AfVietnam/1203/2004.

Reduciion of the ability to bind can be evaluated by methods in the art.
Reduction of the ability to bind can be evaluated, e.g., by one or more of:

a} BIAcore analysis;
b) ELISA assay; or
c¢) flow cytometry.
The antibody molecule can compete with the reference antibody such that

binding of the reference antibody is decreased by 50% or more.

In an embodiment the hinding ageni, ¢.g., an antibody molecule, comprises
one or both of:

a heavy chain variable region comprising at least 60, 70, 80, 85, 90, 93, 98 or
99 percent homology with SEQ ID NO: 25;

and a lght chain variable region comprising at least 60, 70, 80, 83, 90, 95, 98
or 99 percent homology with SEQ ID NO: 52,

In an embodiment the binding agent, e.g., an antibody molecule, comprises
one or both of:

a heavy chain variable region comprising at least 60, 70, 80, 85, 90, 95, 98 or
99 percent homology with SEQ ID N 25,

and a light chain variable region compiising at least 60, 70, 80, 85, 90, 95,98
or 99 percent homelogy with SEQ 1D NO: 52,
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wherein, each HC CDR differs by no more than 1, 2, 3, 4 or 5 amino acids,
e.g., 1 or 2, e.g., conservative amino acids, from the corresponding CDR of SEQ 1D
NO: 25 and each LC CDR differs by no more than 1, 2, 3, 4 or 5 amine acids, e.g., 1

or 2, e.g., conservative amino acids, from the corresponding CDR of SEQ TD NO: 52,

In an embodiment the binding agent, e.g., an antibody molecule, comprises
one or both of:
a heavy chain variable region comprising at least 60, 70, 80, 85, 90, 95, 98 or
99 percent homology with SEQ HY N(O: 25;
and a light chain variable region comprising at least 60, 70, 8G, 85, 90, 93, 98
or 99 percent homology with SHQ D NO: 52,
wherein the antibody molecule comprises 1, 2, 3,4, 5, or all of:
(i) a HC CDR] comprising: S at the 1st position and A at the 3rd
position in HC CDRI1;
(ii) a HC CDR2 comprising one or both, e.g., one of: V at the 2™
position; or N at the 7™ position and Q at the 16™ position in HC CDR2;
{1i1) a HC CDR3 comprising: R at the 3rd position (and optionaily, L.
at the 3" position);
{iv) a LC CDR1 comprising one or both of, e.g., one of: I at the 3rd
positieng or D at the 6th position in L.C CDR1I;
{v) a LC CDR2 comprising one, wo, or three of, e.g., one of: ( at the
2™ position; Y at the 4™ position; or L at the 5% position in LC CDR2;
(vi) a LC CDR3 comprsing: S at the 9" position in LC CDR3;

In an embodiment, the binding agent, e.g., an antibody molecule, comprises:

{a} « heavy chain immunoglobulin variable region segment comprising SEQ
I NO:25 {or a sequence that differs by no more than 1, 2, 3, 4 or 5 amino acids, e.g.,
conservative amino acids, therefromy}; and

(b} a light chain variabie region segment comprising SEQ ID NO:52 (or a
sequence that differs by no more than 1, 2, 3, 4 or 5 amino acids, e.g., conservative

amino acids, therefrom).
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In an embodiment, the binding agent, e.g., an antibody molecule, comprises
one or both of;
() a heavy chain immunoglobulin variable region segment comprising
a CDR1 comprising the sequence $-Y-A-M-H (SEQ ID NUO:68) (ora
§  sequence that differs by no more than, 1, 2, 3, 4, or 5, e.g., 1 or 2 amino acids, e.g.,
conservative amino acids, therefrom);
a CDR2 comprising the sequence V-V-8-Y-D-G-N-Y-K-¥-Y-A-D-§-
V-Q-G (SEQ ID NO:69) {or a sequence that differs by no more than, 1, 2, 3,4, or 3,
e.g., 1 or 2 amine acids, e.g., conservative amino acids, therefrom);

16 a CDR3 comprising the sequence D-8-R-L-R-8-1-1-Y-F-E-W-1.-§-Q-
G-Y-F-N-F (8EQ ID NO:70) (or a sequence that differs by no more than, 1,2, 3, 4, or
5.e.g., 1 or 2 amino acids, e.g., conservative amino acids, therefrom}; and

(b} a light chain variable region segment comprising
a CDR1 comprising the sequence:

15 Q-S-I-T-F-D-Y-K-N-Y-L-A (SEQ ID N(O:145) (or a sequence
that differs by no more than, 1,2, 3, 4, or 5, e.g., ! or 2 amino acids, e.g., conservative
amino acids, therefrom);

a CDR2 comprising the sequence W-G-$-Y-L-E-§ (SEQ ID NO:72)
{or a sequence that differs by no more than, 1, 2, 3,4, or 5, e.g., 1 or 2 amino acids,

20 e.g., conservative amino acids, therefrom);

a CDR3 comyrising the sequence Q-Q-I-Y-R-T-P-P-§ (SEQ ID
NO:73) (or a sequence that differs by no more than, 1,2, 3, 4, or 5, ¢.g., I or 2 amino

acids, e.g., conservative amino acids, therefrom).

25 In an embodiment the binding agent, e.g., an antibody molecule, comprises
one of both of;
a) LC CDR1-3, that collectively, differ from the AB 044 LC CDR1-3 by no
more than, 1,2, 3,4,5,6,7,8, 9, 0r 10, e.g., 1, 2, 3, or 4, amino acids, e.g.,
conservative amino acids; and
30 b) HC CDR1-3, that collectively, differ from the AB 044 HC CDR1-3 by no
more than, 1,2, 3,4,5,6,7,8, 9, 0r 10, e.g., 1, 2, 3, or 4, amino acids, e.g.,

conservative amino acids.
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In one embodiment, the antibody molecule comprises one or both of;
() 2 heavy chain immunoglobulin variable region segment comprising SEQ

ID NO: 25; and (b) a light chain variable region segment comprising SEQ ID N(:52,

In an embodiment, the binding agent is an antibody molecule comprising one
or both of:
(a) a heavy chain immunoglobulin variable region segment comprising
a CDR1 comprising the sequence $-Y-A-M-H (SBQ Iy NO:68) (ora
sequence that differs by no more than, 1, 2, or 3, e.g., 1 or 2, amino acids, e.g.,
conservafive amino acids, there from, optionally provided that at least 1 or 2 of the
highlighted residue are not changed, e.g.. both § and A are not changed);
a CDR2 comprising the sequence V-V-S-Y-D-G-N-Y-K-Y-Y-A-D-$-
V-0-G (SEQ ID NO:69) (or 4 sequence that differs by no more than, 1,2, 3, 4, or 5,
e.g.. 1 or 2 amino acids, e.g., conservative amino acids, therefrom, optionally
provided that at least 1, 2, or 3 of the highlighted residues are not changed, e.g., ¥ or
both N and  or all three of ¥, N, and 3 are not changed);
a CDR3 comprising the sequence D-S-R-L-R-S-L-L-Y-F-E-W-L-§-Q-
G-Y-F-N-P (SEQ ID NO:70) (or a sequence that differs by no more than, 1, 2, 3,4, or
S, e.g., 1 or 2 amino acids, e.g., conservative amino acids, therefrom, optionalty
provided that R is not changed); and
(b} a light chain variable region segment comprising
a CDR1 comprising the sequence:
Q-S-ET-E-D-Y-K-N-Y-L-A (SEQ ID NO:145) (or a sequence
that differs by no more than, 1.2, 3, 4, or 5, e.g., 1 or 2, amino acids, e.g.,
comservative amino acids, therefrom, optionally provided that at least Lor 2 of the
highlighted residues are not changed, e.g., I or D is not changed);
a CDR2 comprising the sequence W-G-S-Y-L-E-8 (SEQ ID N(:72)
{or a sequence that differs by no more than, 1,2, 3,4, 0r 3, e.g., 1 or 2, amino acids,
e.g., conservative amino acids, therefrom, optionally provided thatat least 1, 2 or 3 of
the highlighted residues are not changed, e.g., 1, 2 or all of G, ¥, and L are not
changed);
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a CDR3 comprising the sequence Q-Q-H-Y-R-T-P-P-§ (SEQ ID
NO:73) (or a sequence that differs by no more than, 1, 2, 3,4, or 5, e.g., 1 or 2, amino
acids, e.g., conservative amino acids, therefrom, optionally provided that at least | or

both of the highlighted residues are not changed, e.g., § is not changed).

In an embodiment a CR of the light or heavy chain includes one of the
highlighted residues. or one of the highlighted combinations of residues, for that
CDR, (i.e., while other residues in that CDR might be changed, the highlighted
residue or combination of residues, are not changed). E.g., in an embodiment, ¥ or
both ¥ and §, for heavy chain CDR2 are not changed.

In an embodiment a CDR of the light and a CDR of the heavy chain each
inclades one of the highlighted residues, or one of the highlighted combinations of
residues, for that CDR.

In an embodiment each of two CDRs in the antibody molecule includes one of
the highlighted residues, or one of the highlighted combinations of residues, for that
CDR. In embodiments both are in the light chain. In embodiments both are in the
heavy chain.

In an embodiment each of the three CDRs in the heavy chain includes one of
the highlighted residues, or one of the highlighted combinations of residues, for that
CDR. |

In an embodiment each of the three CDRs in the light chain includes one of
the highlighted residues, or one of the highlighted combinasions of residues, for that
CDR.

In an embodiment each of the six CDRs in the heavy and light chain includes
one of the highlighted residues, or one of the highlighted combinations of residues,

for that CDR.

In one embodiment, the binding agent is an antibody molecule that comprises
one or more or alt of the following properties:

A{a)both § and A in HC CDRI are unchanged;

(b} ¥ or both N and @ or all three of ¥, N, and © in HC CDR2 are

unichanged;
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{c} Rin IC CDR3 is unchanged;

(d) One or both of | and P in LC CDR] are unchanged.
{ey1,2or30f G, ¥, and L in LC CDR2 are unchanged; OR
{) § in LC CDR3 is unchanged.

In an embodiment the antibody molecule comprises 1, 2, 3, 4, 5, orall 6

properties selected from (a) to (£).

In an embodiment, the antibody molecule comprises a heavy chain having a
one or more properties selected from (a), (b), and (¢) and a light chain having one or

more properties selected from (d), {e), and (f}.

In one embodiment, the binding agent, e.g., an antibody molecule, comprises
one or hoth of;
(a} a heavy chain immunogiobulin variable region segment comprising:
a CDR1 comprising the sequence S-Y-A-M-H (SEQ 1D NO:68);
a CDR2 comprising the sequence V-V-8-Y-D-G-N-Y-K-Y-Y-A-D-S-
V-Q-G (SEQ ID NO:693,
a CDR3 comprising the sequence D-S-R-1-R-S-1L-L-Y-F-E-W-L-8-0O-
G-Y-E-N-P (SEQ 1D NO:70); and
(b} a light chain variable region segment comprising
a CDRI comprising the sequence Q-S-I-T-F-D-Y-K-N-Y-L-A {(SEQ
15 NG:145);
4 CDR2 comprising the sequence W-G-8-Y-L-E-§ (SEQ ID NO:72); and
4 CDR3 comprising the sequence Q-Q-I-Y-R-T-P-P-§ (SEQ ID N(O:73).

In some embodiments, the antibody melecule comprises one or more or all of
the following properties: (i) it fails ro produce any escape mutants as determined by
the failure of a viral titer to recover following at teast 10, 9, &, 7, 6, or 5 rounds of
serial infections in cell culture with a mixture of the antibody molecule and an
influenza virus (e.g., an influenza A virus, e.g., a Group 1 strain, e.g., an HINT strain,

e.g., A/South Carolina/1/1918, A/Puerto Rico/D8/1934, or A/California/04/2009, or an
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H5NT1 strain, e.g., Aflndonesia/5/2003 or A/Vietnam/1203/2004, or an influenza B
virus, e.g., B/Wisconsin/1/2010); and (ii} it produces fewer escape mutants than does
a reference anti-HA antibody molecule, such as Ab 67-11, Fi6, FI28, C179, Fl0,
CR9114, or CR6261, such as when tested by the method described in (1),

In an embodiment the antibody molecule comprises one or both of:

a) one or more framework regions (FRs) from SEQ 1D NO: 25 e.g., the antibody
molecule comprises one or more or all of FR1, FRZ, PR3, or FR4, or sequences that
differ individually, or collectively, by no more than 1, 2, 3, 4, of 5 amino acid residues,
e.g., conservative residues, from SEQ T NO: 25; and

b) one or more framework regions (FRs) from SEQ ID NO: 52 E.g., the antibody
molecule comprises one or more or all of FR1, FR2, PR3, or FR4, or sequences that
differ individnally, or coliectively, by no more than 1, 2, 3, 4, of 5 amino acid residues,

e.g., conservative residues, from SEQ ID NO: 52.

In one embodiment, the antibody molecule comprises:

{(a) a heavy chain immunoglobulin variable region segment that further
comprises one or more or all of:

an FR1 comprising the sequence Q-V-Q-L-L-E-T-G-G-G-L-V-K-P-G-Q-S-L-
K-L-S-C-A-A-5-G-F-T-F-T (SEQ ID NO:74) (or a sequence that differs by no more
than, I, 2,3,4,0r 5 e.g.. | or 2, amino acids, e.g., conservative amino actds,
therefrom, optionaily provided that ¥ is not changed);

an FR2 comprising the sequence W-V-R-Q-P-P-G-K-G-L-E-W.V-.A (SEQ ID
NO:T75) (or a sequence that differs by no more than, 1,2, 3, 4, or 5, e.g., 1 or 2, amino
acids, e.g., conservative amino acids, therefrom, optionally provided that W is not
changed, or that if changed, is other than RJ;

an FR3 comprising the sequence R-F-T-4-8-B-D-N-5-K-N-T-L-Y-L-Q-M-N-
S-L-R-A-E-D-T-A-V-Y-Y-C-A-K (SEQ ID NO:76) (or a sequence that differs by no
maorethan, 1,2, 3, 4, 0r 5, e.g., 1 or 2, amino acids, e.g., conservalive amino acids,
Eherefrorﬁ, optionally provided that one, two or three of §, K, or £, is not changed, or
that if [ is changed it is other than (3, if B is changed it is other than P, or if [ is

changed it is other than A); and

PCTAIS2013/040534
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an FR4 comprising the sequence W-G-Q-G-T-T-L-T-V-8-5 (SEQ ID NO:77)
(or a sequence that differs by no more than, 1, 2, 3,4, or 5, e.g., 1 or 2, amino acids,
e.g., conservative amino acids, therefrom) or W-G-Q-G-T-T-V-T-V-8-8(SEQ ID
NO:171) (or a sequence that differs by no more than, 1, 2, 3,4, 0r 5, e.g., 1 or 2,
amino acids, e.g., conservative amino acids, therefrom); and

(b} a light chain immunoglobulin variable region segment comprising one or
more or all of:

an FR1 comprising the sequence D-I-Q-M-T-Q-8-P-5-5-1-8-A-5-V-G-D-R-
V-T-1-T-C-R-5-5 (SEQ T NO78) (or a sequence that differs by no more than, 1, 2,
3,4, 0r5, e.g., | or 2, amino acids, e.g., conservative amino acids, therefrom,
optionally provided that R is not changed);

an FR2 comprising the sequence W-Y-Q-G-K-P-G-K-A-P-K-L-L-I-Y (SEQ
ID NO:79) (or a sequence that differs by no morethan, 1,2, 3.4, or 5, e.g., 1or 2
amino acids, ¢.2., conservative amino acids, therefrom);

an FR3 comprising the sequence G—V—P—S-R-F—S—G-S—G-S—G—'I‘—D»F»«'I‘~L~'I‘~Im
Se8-L-Q-P-E-D-F-A-T-Y-Y-C (SEQ ID NO:80) (or a sequence that differs by no
more than, 1,2, 3,4, 0r 5, e.g., 1 or 2 amino acids, e.g., conservative amino acids,
therefrom, optionally provided that € is not changed, or if changed, is other than P);
and

an FR4 comprising the sequence F-G-Q-G-T-K-V-E-[-K (8EQ ID NO:81) (or
a sequence that differs by no more than, 1, 2, 3, 4, or 5, e.g., 1 or 2 amino acids, e.g.,

conservative amino acids, therefrom).

in an embodiment a FR of the light or heavy chain includes one of the
highlighted residues, or one of the highlighted combinations of residues, for that FR,
(i.e., while other residues in that FR might be changed, the highlighted residue or
combination of residues, are not changed). E.g., in an embodiment, one, two or three
of I, B, or L, for heavy chain FR3 is not changed.

In an embodiment a FR of the light and a FR of the heavy chain each inciudes
one of the highlighted residues, or one of the highlighted combinations of residues,

for that FR.
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In an embodiment each of two FRs in the antibody molecule includes one of
the highlighted residues, or one of the highlighted combinations of residues, for that
FR. In embodiments both are in the light chain, In embodiments both are in the
heavy chain.

In an embodiment each of FR2 and FR3 in the heavy chain includes one of the
highlighied residues, or one of the highlighted combinations of residues, for that FR,

In an embodiment each of F'R1 and FR2 in the heavy and light chain includes
one of the h ighlighted residues for that FR.

In an embodiment all of the highlighted residues in heavy chain FR1-4 are
unchanged.

In an embodiment all of the highlighted residues in light chain FR1-4 are
unchanged.

In an embodiment all of the highlighted residues in both heavy and light chain

FR1-4 are unchanged.

In an embodiment, sequence of FR1 of the heavy chain variable region
segment is Q-V-Q-L-L-E-T-G-G-G-L-V-K-P-G-Q-8-L-K-L-S-C-A-A-§-G-F.T-F-T
(SEQ ID NO:74),

In an embodiment, sequence of FR1 of the heavy chain variable region
segment is I-V-Q-L-L-E-§-G-G-G-L-V-K-P-G-Q-8-L-K-L-S-C-A-A-S-G-F-T-F-T
(SEQ M NO:173).

In another embodiment, the binding agent, e.g., an antibody molecule,
comprises one or more or all of the following properties: (a) it fails to produce any
escape mutants as determined by the failure of a viral titer to recover following at
least 10, 9, 8, 7, 6, or 5 rounds of serial infections in cell culture with a mixture of the
antibody molecule and an influenza virus (e.g., an influenza A virus, e.g., a Group 1
strain, e.g., an HINY strain, e.g., A/South Carolina/1/1918, A/Puerio Rico/G8/1934, or
A/California/04/2009, or an HAN1 strain, e.g., Afindonesia/5/2005 or
AfVietnam/1203/2004, or an influenza B virus, e.g., B/Wisconsin/1/2010); (b) it

produces fewer escape mutants than does a reference anti-HA antibody molecule, e.g.,
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Ab 67-11, FI6, FI28, C179, or CR6261, e.g., when tested by the method described in
{a); (c) it binds with high affinity (o a hemagglutinin (TIA) of at least 1,2, 3,4 or 5
influenza subtypes of Gronp 1 and at least 1, 2, 3. 4 or 5 influenza subtypes of

Group 2, (d) it treats or prevents infection by at least 1, 2, 3, 4 or 5 influenza subiypes
of Group 1, and by at least 1, 2. 3, 4 or 5 influenza subtypes of Group 2; (e) it inhibits
fusogenic activity of the targeted HA; (f) it treats or prevents infection by a Group 1
virus, wherein the virus is an H1, H5, or HY virus; and treats or prevents infection by
a Uroup 2 virus, wherein the virus is an H3 or H7 virus; (g) it treats or prevents
infection by influenza A strains HINT and H3N2; (h) it is effective for prevention or
treatment of infection, e.g., in humans or mice, with HINT and H3N2 when
administered at 50 mg/kg, 25 mg/kg, 10 mgikg, 6 me/kg, 5 mg/kg, 4 mgikg, 3 mg/lkg,
2 mg/kg or 1 mg/kg; (i) it reats or prevents infection by influenza A strains H5N1; ()
it 1s effective for prevention or treatment of infection, e.g., in humans or mice, with
H5N1 when administered at 530 mg/kg, 25 mg/kg, 10 mg/kg, 6 mg/ke, 5 mg/ke, 4
mg/kg, 3 mg/ke, 2 mglke or 1 mg/kg; (k) it binds with high affinity to a
hemagglutinin (HA} of an influenza B virus, e.g., B/Wisconsin/1/2010; (}) it treats or
prevents infection by an inflzenza B virus, e.g., B/Wisconsin/1/2010; (m) it is
effective for prevention or treatment of infection, €.g., in bumans or mice, with an
influenza B virus, e.g., B/Wisconsin/1/2010 when administered at 50 mg/kg, 25
mglkg, 10 mg/ke, 6 melke, 5 mgikg, 4 me/kg, 3 mg/kg, 2 mefke or T mg/ke; (n) the
concentration of antibody molecule required for 50% neutralization of influenza A
virus is less than 10 pg/mk; (o) the concentration of antibody molecule required for
50% neutralization of influenza B virus, e.g., B/Wisconsin/1/2010, is less than 18
pg/mL; (p) it prevents or minimizes secondary infection (e.g., secondary bacterial
infection) or effects thereof on a subject; (q) it is effective for preventing or
minirnizing secondary infection {e.g., secondary bacterial infection) or effects thereof
on a subject when administered at 50 mg/kg, 25 mg/kg, 10 mg/kg. 6 mg/kg, 5 mg/ke,
4 mg/kg, 3 mglkg, 2 mg/ke or | mg/lg; (1) it binds an epitope which comprises or
consists of the hemagglutinin trimer interface; and (s) it binds an epitope other than
that bound by a reference anel-HA antibody molecule, e.g., Ab 67-11, FI6, FI28,
C179, F10, CR9114, or CR6261, e.g., when tested by a method disclosed herein, e.g.,

by competition in an ELISA assay.
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In an embodiment the binding agent, e.g.. an antibody molecule, specifically

binds the 1A antigen.

In an embodiment, the antibody molecuie binds an epitope that has
one, two, three, four, five, or all of, the following properties a-f;

ay it inciudes one, two, or all of, H3 HA1 residues N38, 1278,
and D291;

b} it includes H3 HAZ residue N12;

¢} it does not include one, two or all of, H3 HA1 residues

327, T328, and R329;

d} it does not include one, two, three, four, or all of, H3 HA2
residues GG1, L2, F3, (34, and D44

e) it includes one, two, or all of, H3 HA1 residues T318, R321,
and V323; or

Ditincludes 1, 2,3,4,5,6,7,8,9, 10,11, 12, 13, 14, 15, 16,
17, or all of, H3 HA2 residues A7, F11, 118, D19, G20,
W21, 138, K39, T41, Q42, Ad3, 145, 148, N49, 1.52,
N53,I36,and E57.

In an embodiment the aniibody molecule has properties: a; and b.

In an embodiment the antibody molecule has properties: ¢; and d.

In an embodiment the antibody molecule has properties: a; and ¢ or d.

In an embodiment the antibody molecule has properties: b; and ¢ or d.

In an embodiment the antibody molecule has properties: ¢; and a or b.

In an embodiment the antibody molecule has properties: d; and a or b.
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In an embodiment the antibody molecule has properties: a, b, ¢ and d.

In an embodiment the antibody molecule has properties: a, b, ¢, d, e,
and f.

In an embodiment, the antibody molecule has a Ky for H3 of equal to
or less than 1(}'5, wherein said Ky, is increased by at least 2, 5,10, or 100 fold, by a
mutation or mutations in any of;

a) H3 HA residues N38, 1278, or D291 ;

by H3 HAZ residue Ni2;

¢) H3 HA residues T318, R321, 0r V323 or

dy H3 HA2 residues A7, E11, [18, D19, G20, W21, 1.38, K39,

T41, 042, A43, 145, 148, N49, 152, N353, 156, or ES7.

in an embodiment, the antibhody molecule has a Ky, for H3 of equal to
or less than 10, wherein said Kp is increased by no more than 2, or 5 fold, by a
mutation or mutations in any of;

¢} H3 HA1 residues Q327, T328, or R329; or

d) H3 HAZ residues G1, L2, F3, G4, or D46.

In an embodiment, the antibody molecule binds an epitope that has

ong, two, three, four, five, or all of, the following properties a-f:

aa) it includes one, two, or all of, H1 A1 residues H31, N279,
and 5292;

bb} it includes H1 HAZ2 residue G12;

cc) it does not include one or both of H HA residues Q328
and 5329,

dd) it does not include one, two, three, four, or all of, H1 HA2
residues (61, L2, F3, G4, and D46;

ee) it includes one, two, or all of, Hl HAT residues T319,
R322, and 1324 are bound by both Ab 044 and ¥I6; or

3
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fiyttincludes 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16,
17, or all of, H1 IAZ residoes A7, E11, [18, D19, G20, W21, Q38, K39, 141, 42,
N43, 145, 148, T49, V32, N53, 156, and E57.
In an embodiment the antibody molecule has properties: aa; and bb.

In an embaodiment the antibody molecule has properties: cc; and dd.

In an embodiment the antthody molecule has properties: aa; and cc or

dd.

In an embodiment the antibody molecule has properties; bb; and co or
dd.

in an embodiment the antibody molecule has properties: cc; and aa or
bb,

In an embodiment the antibody molecule has properties: dd; and aa or
bb.

In an embodiment the antibody molecule has properties: aa, bb, cc and
ddh.

In an embodiment the antibody molecule has properties: aa, bb, cc, dd,
ee, and ff,

In an embodiment, the antibody molecule has 2 Kp for HI of equal to
or less than 10, wherein said Kp is increased by at least 2, 5,10, or 1{) fold, by a
mutation or mutations in any of:
aa) H1 HAI residues H31, N279, and 5292;
bby H1 HA2 residue G12;
cc)y H1 HAT residues T319, R322, and 1324 : or
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dd) H1 HA2 residues A7, B11, 118, D19, G20, W21, 038, K39, T41, Q42,
N43, 145, 148, T49, V52, N53, 156, and ES7.

In an embodiment, the antibody molecule has a Ky for Hi of equal to or less than
10", wherein said Kp is increased by no more than 2, or 5 fold, by a mutation or mutations in
any of:
cc)y HI HAT residues (3328 and 5329 ; or
ddy H1 HAZ residues G1, L2, I3, G4, and D46;

In an.-embodiment the antibody molecule has one, two, three or all of the
following properties:

a and aa;

b and bb;

cand cc;

d and d4d.

In an embodiment the molecule has properties ¢, cc, d, and dd.

In another embodiment, the disclosure features, a binding agent, e.g., an antibody
molecule, or preparation, or iselated preparation thereof, comprising a structural or functional

property of Ab 069.

In an embodiment, the antibody molecule competes with a reference antibody molecule,
e.g., an antibody molecnle described herein, for binding to a substrate, e.g., an HA. The
reference antibody molecule can be:
a) an antibody molecule comprising:
i) a heavy chain immunoglobulin variable region segment comprising

a CDR1 comprising the sequence S-Y-A-M-H (SEQ ID NO:68);

32



10

20

[
L

WO 2013/176139 _ PCT/US2013/040534

a CDR2 comprising the sequence V-V-5-Y-D-G-N-Y-K-Y-Y-
A-D-5-V-Q-G

(SEQ ID NO:69); and

a CDR3 comprising the sequence 13-5-R-L-R-§-L-L-Y-F-B-W-
L-§-Q-G-Y-F-N-P (S8EQ ID NO:70); and

it} a Hght chain variable region segment comprising:

a CDR1 comprising the sequence Q-S-I-T-F-B- Y. K-N-Y-1-A
(SEQ ID NG:172);;

a CDDR2 comprising the sequence W-G-8-Y-L-E-§ (SEQ ID
NO:72); and

2 CDR3 comprising the sequence Q-Q-H-Y-R-T-P-P-$ (SEQ
D NG:73).

b} an antibody molecule comprises one or both of: (i) a heavy chain
immunogiobulin variable region segment comprising SEQ ID NO: 25; and (ii)
a light chain variable region segment comprising SEQ ID NO:155; or

¢y Ab 069.

The HA can be HAL or HAS, e.g. from an HINI sirzin, e.g., A/South
Carolina/1/1918, A/Puerto Rico/08/1934, or A/California/04/2009, or an H5N1 strain,
e.g., A/lndonesia/5/2005 or A/Vietnam/1203/2004. Competition between the antibody
moiecuie and a reference antibody molecule can be determined by evaluating the
ability of one of the antibody molecule or the reference antibody molecule to decrease
binding of the other to a substrate, e.g., HA, e.g., HA1 or HAS, e.g. from an HIN1
strain, e.g., A/South Carolina/1/1918, A/Puerto Rico/08/1934, or
A/California/04/2009, or an H5N1 strain, e.g., A/lIndonesia/5/2005 or
AfVietnam/1263/2004. Reduction of the ability to bind can be evaluated by methods
in the art. Reduction of the ability to bind can be evaluated, e.g.. by one or more of:

a) BIAcore anatysis;
by ELISA assay;
c) flow cytometry.
The antibody molecule can compete with the reference aniibody such (hat

binding of the reference antibody is decreased by 50% or more. Tn an embodiment
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the antibody molecule binds to the same epitope, or a portion thereof, which the
reference antibody molecule binds. In an embodiment the antibody molecule does not
bind to the saime epitope, or a portion thereof, which the reference antibody molecule
binds.

In an embodiment the antibody molecule binds to the same epitope, or
a portion thereof, on HA, as does a refercnce antibody molecule, e.g. an antibody
molecule disclosed herein. The reference antibady molecule can be;
) an antibody molecule comprising:
10 1) a heavy chain imnunoglobulin variable region seginent comprising
a CDR1 comprising the sequence 5-Y-A-M-H (SEQ 1D
NO:68),
a CDR2Z comprising the sequence V-V-8-¥Y-D-G-N-Y-K-Y-Y-
A-D-S-V-(-G
15 (SEQ ID NO:69); and
a CDR3 comprising the sequence D-5-R-L-R-8§-L-L-Y-F-E-W-
L-5-Q-G-Y-F-N-P (SEQ ID N3:70); and
ii) a light chain variable reg‘ion segnﬁen& comprising:
a CDR1 comprising the sequence Q-8-I-T-F-B-Y-K-N-Y-L-A
20 (SEQ ID NO:172);;
a CDRZ comprising the sequence W-G-5-Y-L-E-8 (SEQ D
NO:72); and
a CDR3 comprising the sequence Q-0Q-H-Y-R-T-P-P-§ (SEQ
ID NO:73).
25 b} an antibody molecule comprises one or both of: (i) a heavy chain
immunoglobulin variable region segment comprising SEQ ID NO: 235, and (ii)
a light chain variable region segment comprising SEQ 1D NO:155; or
c) Ab 069,
The HA can be HAL or HAS, e.g. from air HIN] strain, e.g., AfSouth
30 Carolina/1/1918, AfPuerto Rico/08/1934, or A/California/04/2009, or an H5N1 strain,
e.g., Afindonesia/5/2005 or A/Viemam/1203/2004. Binding to the same epitope, or a

portion thereof, can be shown by one or more of:
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a) mutational anajysis, e.g., binding or lack thereof to mutant HA, e.g.,
if aresidue is mutated;

b) analysis, e.g., comparison, of the crystal structure of the antibody
molecule and HA and the crystal structure of a reference antibody and HA, e.g., 1o
determine the touch points of each;

¢} competition of the two antibodies for hinding o HA, e.g., HAT or
HAS, from, e.g., an HINI strain, e.g., A/South Carolina/1/1918, A/Puerto
Ricof08/1934, or A/California/04/2009, or an HENT strain, e.g., A/indonesia/S/2005
or AfVietnam/1203/2004; or

d) {¢) and one or both of (a) and {b);

Competition between the antibody motecule and a reference antibody
molecule can be determined by evaluating the ability of one of the antthody molecule
or the reference antibody molecule (o decrease binding of the other o a substrate, e.g.,
HA, e.g., HAI or HAS, e.g. from an HINT strain, e.g., A/South Carolina/i/1918,
AfPuerto Rico/08/1934, or A/California/04/2009. or an HINT strain, e.g.,
Alindonesia/3/2005 or AfVietanmy/ 1203/2004. .Reduction of the ability to bind can be
evaluated by methods in the art. Reduction of the ability to bind can be evaluated,
e.g., by one or more of:

a) BIAcore analysis;

b} ELISA assay;

c) flow cytometry. The antibody molecule can compete with the
reference antibody such thatl binding of the reference antibody is decreased by 50% or

more,

In an embodiment the binding agent, e.g.. an antibody molecule, comprises
one or both of;

2 heavy chain variable region comprising at least 60, 70, 80, 83, 90, 95, 98 or
96 percent homology with SEQ ID NO: 25;

and a light chain variable region comprising at Jeast 60, 70, 80, 83, 90, 95, 98
or 99 percent homology with SEQ ID NO: 135,
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In an embodiment the binding agent, e.g., an antibody molecule, comprises
one or both of:

a heavy chain variable region comprising at least 60, 70, 80, 85, 90, 95, 98 or
99 percent homology with SEQ ID NO: 25,

and a light chain variable region comprising at least 69, 70, 80, 85, 90, 95, 98
or 99 percent homology with SEQ 1D NO: 155,

wherein each HC CDR differs by no more than 1, 2, 3, 4 or 5 amino acids,
e.g., 1 or2, e.g, conservative amine acids, from the corresponding CDR of SEQ ID
NO: 25 and each L.C CDR differs by no more than 1, 2, 3, 4 or 5 amino acids, e.g., |
or 2, e.g., conservative amino acids, from the corresponding CDR of SEQ ID NO:
155,

In an embodiment the binding agent, e.g., an antibody molecule, comprises
one or both of:
a heavy chain variable region comprising at least 60, 70, 80, 85, 90, 95, 98 or
9% percent homology with SEQ ID NO: 25;
and a light chain variable region comprising at least 60, 70, 80, 85, 90, 95, 98
or 99 percent homology with SEQ TD NO: 155, '
wherein the antibody molecule comprises 1, 2, 3, 4, 5, or all of:
(i) a HC CDRI comprising: § at the 1st position and A at the 3zd
position in HC CDRI;
(i) a HC CDR2 comprising one or both, e.g., one of: V at the 2nd
position; or N at the 7" position and Q at the 16¥ position in HC CDR2;
(iii) a HC CDR3 comprising: R at the 3rd position (and opticnally, L
at the 3™ position);
(iv) a LC CDRI comprising one or both of, e.g., one of: ; I at the 3rd
position; or E at the 6th position in LC CDRI;
(v) a LC CDR2 comprising one, two or three of, e.g., one of® G al the
2nd position; Y at the 4" position; or L at the 5" posttion inp LC CDR2;
(vi) a LC CDR3 comprising: § at the 9 position in LC CDR3;
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In an embodiment, the binding agent, e.g.. an antibody molecule, comprises
one or both of:
(a) a heavy chain immunoglobulin variable region segment comprising SEQ
1D NO:ZS (or a sequence that differs by no more than 1, 2, 3, 4 or 5 amino acids, e.g..
5 conservative anino acids, therefrom); and
{b) a light chain variable region segment comprising SEQ ID NO:155 {or a
sequence that differs by no more than 1, 2, 3, 4 or 5 amino acids, e.g., conservative

amino acids, therefrom).

10 In one embodiment, the antibody molecule comprises one or both of;
() a heavy chain immunoglobulin variable region segment comprising SEQ

D NO: 25; and

(b} a light chain variable region segment comprising SEQ ID NO:155.

15 In an embodiment, the binding agent, e.g., an antibody molecule, comprises
one or both of:
(a) a heavy chain immunoglobulin variable region segment comprising
a CDR1 comprising the sequence $-Y-A-M-H (SEQ ID NO:68) (or a

sequence that differs by no more than, 1,2, 3, 4, or 5, e.g., 1 or 2 amino acids, e.g.,

20 conservalive amino acids, therefrom);
a CDR2 comprising the sequence V-V-S-Y-D-G-N-Y-K-Y-Y-A-D-§-
V-Q-G (SEQ ID NO:69) (or a sequence that differs by no more (han, 1,2, 2,4, or 5,
e.g.. 1 or 2 amino acids, e.g., conservative amino acids, therefrom?;
a CDR3 comprising the sequence D-§-R-[-R-§-L-L-Y-F-E-W-L-§-Q-
25 G-Y-P-N-P (SEQ ID NO:70) (or a sequence that differs by no more than, 1,2, 3, 4, or
5, e.g., L or 2 amino acids, e.g., conservative amino acids, therefrom); and
(b} a light chain variable region segment comprising
a CDR1 comprising the sequence:
Q-5-1-T-F-E-Y-K-N-Y-L-A (SEQ ID NO: 172) or a sequence
30 that differs by no more than, 1, 2, 3,4, or 5, e.g., 1 or 2 amino acids, e.g., conservative

amino acids, therefrom):
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a CDR2 comprising the sequence W-(G-S-Y-L-E-8 (SEQ ID NO:72)
{or a sequence that differs by no more than, 1, 2, 3,4, or 5, e.g., 1 or 2 amino acids,
€.g.. conservative amino acids, therefrom);

a CDR3 comprising the sequence Q-Q-H-Y-R-T-P-P-§ (SEQ ID
NO:73) (or a sequence that differs by no more than, 1, 2, 3,4, 0r 5, ez, [ or 2 amino

acids, e.g., conservative amino acids, therefrom).

In an embodiment the binding agent, ¢.g., an antihody molecule, comprises
one or both of!

a) LC CDR1-3, that collectively, differ from the AB 069 LC CDR1-3 by no
more than, 1,2,3,4,5,6,7, 8,9, 0110, e.g., 1,2, 3, or 4, amino acids, e.g.,
conservative amine acids; and

by HC CDR1-3, that collectively, differ from the AR 069 HC CDR1-3 by no
more than, 1,2,3,4,5,6,7,8,9,0r 10, eg., 1,2 3, ord, amino acids, e.g.,

conservative amino acids.

in an embodiment, the binding agent is an antibody molecule comprising one
or both of:
{a) a heavy chain immunoglobulin variable region segment comprising
a CDR1 comprising the sequence 8-Y-A-M-H (SEQ [ NO:68) (ot a
sequence that differs by no more than, 1, 2, or 3, e.g., 1 or 2 amino acids, e.g.,
conservative amino acids, therefrom, optionaily provided that at ieast 1 or 2 of the
highlighted residues are not changed, e.g., both § and A are not changed);
# CDR2 comprising the sequence V-¥-5-Y-D-G-N-Y-K-Y-Y-A-D-5-
V-0-G (SEQ 1D NO:69) (or a sequence that differs by no more than, 1,2, 3, 4, or 3,
e.g.. L or 2 amino acids, e.g., conservative amino acids, therefrom , opticnally
provided that at least 1, 2, or 3 of the highlighted residues are not changed, e.g., ¥ or
both i and Q or all three of ¥, N, and £ are not changed);
a CDR3 comprising the sequence D-S-R-L-R-8-L-L-Y - F-BE-W-L-§-Q-
G-Y-P-N-F (8EQ ID NO:70) (or 2 sequence that differs by no more than, 1,2, 3, 4, or
5,e.8., 1 or 2 amino acids, e.g., conservative amino acids, therefrom optionally

provided that, R is not changed); and
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{b} a light chain variable region segment comprising
a CDR1 comprising the sequence:

Q-8-I-T-F-E-Y-K-N-Y-L-A (SEQ ID NO: 172) or a sequence
that differs by no more than, 1, 2,3, 4, or 5, e.g., | or 2 amino acids, e.g., conservative
amino acids, therefrom, optionally provided that at least 1 or 2 of the highlighted
residues are not changed, e.g., [ or E is not changed);

a CDR2 comprising the sequence W-G-8-Y.L-B-8 (SEQ ID NO:72)
(or a sequence that differs by no more than, 1,2, 3, 4, or 5, e.g., 1 or 2 amino acids,
e.g., conservative amino acids, therefrom, optionally provided thatat least 1, 2, or 3 of
the highlighted residues are not changed, e.g.. 1, 2or all of G, ¥, and L are not
changed);

a CLR3 comprising the sequence Q-Q-H-Y-R-T-P-P-5 (SEQ ID
MNO:73) (or a sequence that differs by no more than, 1, 2, 3,4, or 5, e.g., 1 or 2 amino
acids, e.2., conservative amino acids, therefrom, optionally provided that, at least one

or both of the highlighted residues are not changed, e.g., § is not changed).

In an embodiment a CDR of the light or heavy chain includes one of the
hightighted residues, or one of the highlighted combinations of residues, for that
CDR, (i.e., while other residues in that CDR might be changed, the highlighted
residue or combination of residues, are not changed).

in an embodiment a CDR of the light and & CDR of the heavy chain each
includes one of the highlighted residues, or one of the highlighted combinations of
residues, for that CDR.

In an embodiment each of two CDRs in the antibody molecule includes one of
the highlighted residues, or one of the highlighted combinations of residues, for that
CDR. In embodiments both are in the light chain. In embodiments both are in the
heavy chain.

In an embodiment each of the three CIDRs in the heavy chain includes one of
the highlighted residues, or one of the highlighted combinations of residues, for that

CDR.
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In an embodiment each of the three CDDRs in the light chain includes one of
the highlighted residues, or one of the highlighted combinations of residues, for that
CDR.

In an embodiment each of the six CDRs in the heavy and light chain includes
one of the highlighted residues, or one of the highlighted combinations of'residues,
for that CDR.

In one embodiment, the binding agent is an antibody molecule that comprises
one or more or all of the following properties:

(a} both § and A in HC CDRI are unchanged.

(b) Y or both N and £ or all three of ¥V, N, and Q in HC CDR2 are
unchanged.

(c) Rin HC CDR3 is unchanged.

(d) one or both of § and E in LC CDR1 are unchanged.

(e)1,2or30of G ¥, and L in 1.C CDR2 are unchanged,

({3 Sin LC CDR3 is unchanged.

In an embodiment the antibody molecule comprises 1,2, 3,4, 5, orall 6

properties selected from (a) to (£).

In an embodiment, the antibody molecule comprises a heavy chain having a
one ar more properues selected from (a), (b), and (c) and a light chain having one or

more properties selected from (d), (e), and (f).

In one embodiment, the antibody molecule comprises one or both of:
(a} a heavy chain immuneglobulin variable region segment comprising:
a CDRI comprising the sequence $-Y-A-M-H (SEQ ID NO:68);
a CDR2 comprising the sequence V-V-8-Y-D-G-N-Y-K-Y-Y-A-D-§-
V-Q-G (SEQ ID NO:69%);
a CDR3 comprising the sequence D-8-R-L-R-§-L-L- Y. F-1-W-1-8-0-
G-Y-F-N-P (SEQ ID N(O:70); and

(b) 2 light chain variable region segment comprising
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a CDRI comprising the sequence Q-S-1-T-F-E-Y-K-N-Y-L-A (SEQ

ID NO:172%

4 CDR2 comprising the sequence W-G-8-Y.-L-E-§ (SEQ ID NO:72);
and

a CDR3 comprising the sequence Q-Q-H-Y-R-T-P-P-S (SEQ ID
NO:73).

In some embodiments, the antibody molecule comprises one or more or all of
the following properties: (i) it fails to produce any escape mutants as determined by
the failure of a viral titer to recover following at least 10, 9, 8, 7, 6, or 5 roands of
serial infections in cell cultre with a mixture of the antibody molecule and an
influenza virus {e.g., an inflaenza A virus, e.g., a Group 1 strain, e.g., an H1N1 strain,
e.g., A/South Carolina/1/1918, A/Puerto Rico/08/1934, or A/California/04/2009, or an
HENI strain, e.g., Afindonesia/3/2005 or A/Vietnam/1203/2004, or an influenza B
virus, e.g., B/Wisconsin/1/2010}):; and (it) it produces fewer escape mutants than does
a reference anti-HA antibody molecule, such as Ab 67-11, FI6, Fi28, C179, F10,
CRO114, or CR6261, such as when tested by the method described in (i).

In an embodiment the antibody molecule comprises one or both of;

a) one or more framework regions (FRs) from SEQ ID NO: 25. Eg., the
antibody molecule comprises one or more or all of FR1, FR2, FR3, or FR4, or sequences
that differ individually, or collectively, by no more than 1, 2, 3, 4, of 5 amino acid
residues, e.g., conservative residues, from SEQ D NO: 25; and

b) one or more framework regions (FRs) from SEQ ID NO: 135, E.g., the
antibody molecule comprises one or more or all of FR1, FR2, FR3, or FR4, or sequences
that differ individually, or coliectively, by no more than 1, 2, 3, 4, of 5 amino acid

residues, e.g., conservative residues, from SEQ ID NO: 155,

In one embaodiment, the antibody molecule comprises:
(a) & heavy chain immunogiobulin variable region segment that further

comprises one or more or all of:
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an FR1 comprising the sequence Q-V-Q-L-L-E-T-G-G-G-L-V-K-P-G-Q-§-1-
E-L-5-C-A-A-5-G-F-T-F-F (5EQ 1D NO:74) {or a sequence that differs by no more
than, 1,2, 3,4, 0or 5, e.g., 1 or 2, amino acids, e.g., conservative amino acids,
therefrom, optionally provided that T is not changed);

5 an FR2 comprising the sequence W-V-R-Q-P-P-G-K-G-L-BE-W-V-A (SEQ ID
NO:75) (or a sequence that differs by no more than, 1, 2, 3, 4, or 5, e.g., 1 or 2, amino
acids, e.g., conservative aming acids, therefrom, optionally provided that W is not
changed, or that if changed, ts other than R);

an FR3 comprising the sequence R-F-T-[-S-B-TN-8-K-N-T-L-Y-L-Q-M-N-
10 5-L-R-A-L-D-T-A-V-Y-Y-C-A-K (§EQ ID NO:76) {or a sequence that differs by no
more than, 1, 2, 3, 4, or 5, e.g., 1 or 2, amino acids, e.g., conservative amino acids,
therefrom, optionally provided that one, two or three of £, B, or L, is not changed, or
that if f is changed it is other than G, if R is changed it is other than P. or if L is
changed it is other than A)and
15 {b) the light chain immunoglobulin variable region segment comprises one or
more or all of
an FR1 comprising the sequence D-1-Q-M-T-(3-8-P-8-5-L-§-A-8-V-G-D-R-
V-T-1-T-C-R-8-8 (SEQ ID NO:78) (or a sequence that differs by no more than, 1, 2,
3,4,0r5,e.g., 1 or 2 amino acids, e.g., conservative ammino acids, therefrom,
20 optionally provided that X is not changed); _
an FR2 comprsing the sequence W-Y-Q-Q-K-P-G-K-A-P-K-L-L-1-Y (SEQ
I NO:79) (or a sequence that differs by no more than, 1,2,3,4, 0r5,e.g., 1or2
amino acids, e.g., conservative aming acids, therefrom); .
an FR3 comprising the sequence G-V-P-§-R-F-§-G-8-G-§-G-T-D-F-T-L-T-I-
25 85-5-L-Q-P-E-D-F-A-T-Y-Y-£ (S8EQ ID NO:BD) (or a sequence that differs by no
more than, 1, 2, 3, 4, or 5, e.g., 1 or 2 amino acids, e.g., conservative amino acids,
therefrom, optionally provided that € is not changed, or if changed, is other than P);
and
an R4 comprising the sequence F-G-Q-G-T-K-V-E-I-K (§EQ ID NO:B1) (or
30 asequence that diffeis by nomore than, 1, 2, 3, 4, 0r 5, e.g., 1 or 2 amine acids, e.g.,

conservative amino acids, therefrom).
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in an embodiment a FR of the light or heavy chain includes one of the
highlighted residues, or one of the highlighted combinations of residues, for that FR,
(i.e., while other residues in that FR might be changed, the highlighted residue or
combination of residues, are not changed). E.g., in an embodiment, one, two or three
of I, B, or L for heavy chain FR3 is not changed. ’

In an embodiment a FR of the light and a FR of the heavy chain each includes
one of the highlighted residues, or one of the highlighted combinations of residues,
for that FR.

In an embodiment each of two FRs in the antibody molecule includes one of
the highlighted residues, or one of the highlighted combinations of residues, for that
FR. In embodiments both are in the Hight chain. In embodiments both are in the
heavy chain.

In an embodiment each of FR2 and FR3 in the heavy chain includes one of the
highiighted residues, or one of the highlighted combinations of residues, for that FR.

In an embodiment each of FR1 and FR2 in the heavy and light chain includes
one of the h ighlighted residues for that FR.

in an embodiment all of the highlighted residues in heavy chain FR1-4 arc
unchanged.

In an embodiment all of the highlighted residues in light chain FR1-4 are
unchanged. |

In an embodiment all of the highlighted residues in both heavy and iight chain

FR1-4 are unchanged.

In another embodiment, the binding agent, e.2., an antibody molecule,
comprises one or more or all of the following properties: (a) it fails to produce any
escape mutants as determined by the fatlure of a viral titer to recover following at
least 10, 9, 8, 7, 6, or § rounds of serial infections in cell culture with a mixture of the
antibody molecule and an influenza virus (e.g., an influenza A virus, e.g., a Group 1
strain, e.g., an HINI strain, e.g., A/South Carolina/1/1918, A/Puerto Ricof08/1934, or
A/Californiaf04/2009, or an H5NT strain, e.g., A/lndonesia/3/2005 or
AfVietnam/1203/2004, or an influenza B virus, e.g., B/Wisconsin/1/2010); (b) it

produces fewer escape mulants than does a reference anti-HA antibody molecule, e.g.,
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Ab 67-11, FI6, FI28, C179, or CR6261, e.g., when tested by the method described in
{a); (c) it binds with high affinity t0 a hemagelotinin (FIA) of at least 1,2, 3,4 0r 3
influenza subtypes of Group 1 and at least 1, 2, 3, 4 or 5 influenza subtypes of

Group 2; (d) it treats or prevents infection by at least 1, 2, 3, 4 or 5 influenza
subtypes of Group 1, and by at least 1, 2, 3, 4 or § influenza subtypes of Group 2; (&)
it inhibits fusogenic activity of the targeted HA; (f) it treats or prevents infection by a
Ciroup 1 virus, wherein the virus is an I11, HS or HY virus; and treats or prevents
infection by a Group 2 viras, wherein the virus is an H3 or H7 virus; (g) it treats or
prevents infection by influenza A strains H1NT and H3N2; (h) it is effective for
prevention or treatment of infection, e.g., in humans or mice, with HIN] and H3N2
when administered at 50 mg/kg, 25 mg/ke, 10 mg/kg, 6 markg, 5 mg/kg, 4 mg/ke, 3
mgfkg, 2 mg/kg or 1 mg/kg; (i) it treats or prevents infection by influenza A strains
H5NIL: (5 itis effective for prevention or treatment of infection, e.g., in humans or
mice, with HSN1 when adminisiered at 50 mg/kg, 25 mg/kg, 10 mg/kg, 6 mg/ke, 5
mg/kg, 4 mgikg, 3 mgikye, 2 mefke or 1 mg/ke; (k) it binds with high affinity to a
hemagglutinin (HA) of an influenza B virus, e.g., B/Wisconsin/1/2010; (1) it treats or
prevents infection by an influenza B virus, e.g., B/Wisconsin/1/2010; (m) it is
effective for prevention or treatment of infection, e.g., in humans or mice, with an
influenza B virus, e.g., B/Wisconsin/1/2010 when administered at 50 mg/kg, 25
mg/kg, 10 mg/kg, 6 mg/kg, 5 mg/kg, 4 mgikg, 3 mg/kg, 2 mg/kg or I mg/kg; (n) the
concentration of antibody molecule required for 50% neutralization of influenza A
virus is less than 10 pg/ml; (0) the concentration of antibody moelecule reguired for
30% neutralization of influenza B virus, e.g., B/Wisconsin/1/2010, is less than 10
ug/ml; (P} it prevents or minirizes secondary infection (e.g., secondary bacterial
infection} or effects thereof on a subject; (g) it is effective for preventing or
nunimizing secondary infection {e.g., secondary bacterial infection) or effects thercof
on a subject when administered at 50 mg/kg, 25 mg/kg, 10 mg/kg, 6 mglke, 3 mg/ke,
4 meg/ke, 3 medfke, 2 mg/kg or 1 mg/ke: (1) it binds an epitope which comprises or
consisis of the hemagglutinin trimer interface; and (s) it binds an epitope other than
that bound by a reference anti-HA antibody molecule, e.g., Ab 67-11, Fli6, FI28,
C179, F14, CR:F)U_ZL or CRA261, e.g., when tested by a method disclosed herein, e.g.,

by competition in an ELISA assay.
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In an embodiment the binding agent, e.g., an antibody molecule, specifically
binds the HA antigen.

In an embodiment, the antibody molecule binds an epitope that has
one, two, three, four, five, or all of, the following properties a-f:

a) it includes one, two, or all of, H3 HAI residues N38, 1278,
and D291;

by it includes H3 HAZ2 residue N12;

¢} it does not include one, two or all of, I3 TTA 1 residues
(3327, T328, and R329;

d} it does not include one, two, three, four, or all of, H3 HA2
residues 1, L2, F3, G4, and D46;

) it includes one, two, or all of, H3 HA1 residues T318, R321,
and V323: or

Ditincludes 1, 2, 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17, or all of, H3 HAZ residues A7, ELL, 118, D19, G20,
WZL, L38, K39, T41, Q42, A43, 145, 148, N49, L.52,
N53,156,and E37.

In an embodiment the antibody molecule has properties: a; and b.
In an embodiment the antibody molecule has properties: ¢; and d.
In an embodiment the antibody molecule has properties: a; and ¢ or d.
In an embodiment the antibody molecule has properties: b; and ¢ or d.
in an embodiment the antibody molecule has properties: ¢; and a or b,
In an embodiment the antibody molecule has properties: d; and a or b.

in an embodiment the antibody molecule has properties: a, b, ¢ and d.
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In an embodiment the antibody molecule has properties: a, b, ¢, d, e,

and f,

In an embodiment, the antibody molecule has a Ky, for H3 of equal to
or less than 10, wherein said Ky, is increased by at least 2, 5,10, or 100 fold, by a
mutation or mutations in any of:

a) H3 HAT residues N3&, 1278, or D291,

by H3 HA2 residue N12;

cy H3 HA Y residues T318, R32%, or V323: or

dy H3 HAZ residues A7, H11, 118, D19, G26, W21, 138, K39,

T41, 42, A43, 145, 148, N49, 1.52, N53, 156, or E57.

In an embodiment, the antibody molecule has a Kp for H3 of equal to
or less than 1(]'6, wherein said Ky, is increased by no more than 2, or 5 fold, by a
mutation or mutations in any of;

c) H3 HAT residues 327, T328, or R329; or

oy H3 HAZ2 residues G1, L2, F3, G4, or D46.

In an embodiment. the antibody molecule binds an epitope that has

one, two, three, four, {ive, or all of, the following properties a-f:

aa} it includes one, two, or all of, H1 HA1 residues H31, N279,
and 5292,

bb} it includes H1 HAZ residue G12:

ce) it does pot include one or both of T11 HA1 residues Q328
and 8329;

dd} it does not inchade one, two, three, four, or all of, 31 HA2

residues (i1, L2, F3, (G4, and D46,

ee) it includes one, two, or ali of, H1 HAI residues T319,
R322, and 1324 are bound by both Ab 044 and FI6; or
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fiyitinctudes 1,2, 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17, or all of, H1 HAZ2 residues A7, E11, 118, D19, G20, W21, Q38, K39, T41, (42,
N43, 145, 148, T49, V32, N53, 156, and E57.
In an embodiment the antibody molecule has properties: aa; and bb.

Ir an embodiment the antibody molecule has properties: cc; and dd.

In an embodiment the antibody molecule has properties: aa; and cc or

dd.

Iri an embodiment the antibody molecule has properties: bb; and cc or
dd.

In an embodiment the antibody molecule has properties: c¢; and aa or
bb.

In an embodiment the antibody molecule has properties: dd; and aa or
bih.

In an embodiment the antibody molecule has properties: aa, bb, cc and
dd.

In an embodiment the antibody molecule has properties: aa, bb, cc, dd,
ee, and {f,

In an embodiment, the antibody molecule has a Ky for H1 of equal to
or less than 10, wherein said Kp, is increased by at least 2, 5,10, or 100 foid, by a
mutation or mutations in any of:
aq) H1 HAI residues H31, N279, and 5292;
bby H1 HAZ residue G12;
ccyH1 HAT residues T319, R322, and 1324; or
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dd) H1 HAZ2 residues A7, E11, 118, D19, G20, W21, Q38, K39, T41, Q42,
IN43, 145, 148, T49, V52, N53, 156, and E57.

In an embodiment, the antibody molecule has a Kp for H1 of equal to or less than
10, wherein said Kp is increased by no more than 2, or 5 fold, by a mutation or mutations in
any of:
cc) H1 HAT residues Q328 and S329 ; or
ddy H1 HA2 residues G1, L2, F3, G4, and D46;

In an embodiment the antibody molecule has one, two, three or all of the
following properties:
. aand aa;
b and bb;
¢ and cc;

d and dd.
In an embodiment the molecule has properties ¢, ce, d, and dd.

In an embodiment the molecule has properties ¢, cc, d, and dd.
In another embodiment, the disclosure features, a binding agent, e.g., an antibody
molecule, or preparation, or isolated preparation thereof, comprising a structural or functional

property of Ab 032.

In an embodiment, the antibody molecule competes with a reference antibody molecule,
e.g., an antibody molecule described herein, for binding to a substrate, e.g., an HA. The
reference antibody molecule can be:
a) an antibody molecule comprising:
i) a heavy chain immunoglobulin variable region segment comprising
a CDR1 comprising the sequence S-Y-A-M-H (SEQ 1D NO:68);
a CDR2 comprising the sequence V-V-5-Y-D-G-N-Y-K-Y-Y-A-D-5-V-
Q-G
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(SEQ I NO:6%Y; and
a CDR3 comprising the sequence D-S-R-L-R-$-L-L-Y-F-E-W-
L-5-Q-G-Y-E-N-P (§EQ I NO:70Y; and

ii) a light chain variable region segment comprising;
a CDR1 comprising the sequence Q-5-1-T-F-N-Y.K-N-Y-L-A
(SEQ D NO: 71);
a CDR2 comprising the sequence W-G-S-Y-L-E-S (SEQ ID
NO:72); and
a CDR3 comprising the sequence Q-Q-H-Y-R-T-P-P-§ (SEQ
iD NO:T3)

b} an antibody molecule comprises one or both of: (i) a heavy chain

immunoglobulin variable region segment comprising SEQ ID NO: 25; and (ii)

a light chain variable region segment comprising SEQ 1Y NO:45; or

) Ab 032.

The HA can be HA1 or HAS, e.g. from an HINT strain, e.g., A/South
Carolina/1/1918, A/Puerto Rico/08/1934, or A/California/04/2609, or an H5N1 strain,
e.g., A/lndonesia/5/2005 or A/Vietnam/1203/2004. Competition between the
antibody molecule and a reference antibody molecule can be determined by
evaluating the ability of one of the antibody molecule or the reference antibody
molecule to decrease binding of the other to a substrate, e.g., HA, e.g., HAT or HAS,
e.g. from an HIN1 strain, e.g., A/South Carolina/1/1918, A/Puerio Rico/(8/1934, O_I'
AfCalifornia/i4/2009, or an SN strain, e.g., Aflndonesia/5/2005 or
A/Vietnam/1203/2004. Reduction of the ability to bind can be evaluated by methods
in the art. Reduction of the ability o bind can be evaluated, e.g., by one or more of:

&) BlAcore analysis;
b} ELISA assay; and
c} flow cytometry.

The aptibody melecule can compete with the reference antibody such that
binding of the reference antibody is decreased by 50% or more.

In an embodiment the antibody_ molecule binds to the same epitope, ora

portion thereof, which the reference antibody molecule binds. In an embodiment the
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antibody molecule does not bind to the same epitope, or a portion thereof, which the

reference antibody molecule binds.

In an embodiment the antibody molecule binds to the same epitope, or

n

a portion thereof, on HA, as does a reference antibody molecule, e.g. an antibody
molecule disclosed herein. The reference antibody molecule can be:
a) an antibody molecule comprising:
i) a heavy chain immunoglobulin variable region segment comprising
a CDR1 comprising the sequence 5-Y-A-M-H (SEQ 1D
10 NO:68);
a CDR2 comprising the sequence V-V-5-Y-D-G-N-Y-K-Y-Y-
A-D-5-V-Q3-G
{(SEQ ID NO:69); and
a CDR3 comprising the sequence D-S-R-L-R-8-L-L-Y-F-E-W-
15 L-S-Q-G-Y-F-N-P {S8EQ ID NG:703; and
i} a light chain variable region segment comprising:
a CDR1 comprising the sequence Q-S-F-T-F-N-Y-K-N-Y-L-A
GEQIDNOG: 71y,
_ a CDRﬁ comprising the sequence W-G-S-Y-L-E-§ (SEQ ID
20 NO:T72); and
a CDR3Z comprising the sequence Q-Q-H-Y-R-T-P-P-S (SEQ
2 NO:73).
b) an antibody molecule comprises one or both of: (i) a heavy chain
mrmmoglobulin variable region segment comprising SEQ 1D NO: 25: and (i)
25 a light chain variable region segment comprising SEQ ID NO:45; or
c) Ab 32
The HA can be HAT or HAS, e.g. from an HIN1 strain, e.g., A/South
Carolina/1/1918, A/Puerto Rico/08/1934, or A/California/04/2008, or ap H5N1 strain,
e.g., Aflndonesia/5/2005 or A/Vietnam/1203/2004. Binding to the saime epitope, ora
30 poriion thereof, can be shown by one or mare of;
a) mutational analysis, e.g., binding to HA, or hinding affinity for HA,

is decreased or abolished if a residue is mutated;
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b) analysis, e.g., comparison, of the crystal stracture of the antibody
molecule and HA and the crystal structure of a reference antibody and HA, e.g., to
determine the touch points of each;

¢} competition of the two antibodies for binding to HA, e.g., A or
HAS, from, e.g., an H1N1 strain, e.g., A/South Carolina/1/1918, A/Puerto
Rico/08/ }:934, ar A/California/04/2009, or an H5N1 strain, e.g., A/Indonesia/5/2005
or AfVietnam/1203/2004; and

d) (¢} and one or both of (a) and (b);

Competition between the antibody molecule and a reference antibody
molecule can be determined by evaluating the ability of one of the antibody molecule
or the reference antibody molecuie to decrease binding of the other to a substrate, e.g.,
HA, e.g., HAl or HAS, from, e.g., an HIN]1 strain, e.g., A/South Carolina/1/1918,
AfPuerto Rico/H8/1934, or A/California/04/2009, or an H5NT sirain, e.g.,
Alindonesia/S/2005 or A/Vietnam/ 12032004, Reduction of the ability to bind can
be evalvated by methods in the art. Reduction of the ability to bind can be evaluvated,
¢.g., by one or more of:

a) BlAcore analysis;

by ELISA assay; and

¢} flow cytometry.

The antibody melecule can compete with the reference antibody such that

binding of the reference antibody is decreased by 50% or more.

In an embodiment the binding agent. e.g., an antibody molecule, comprises
ong or both of:

a heavy chain variable region comprising least 60, 70, 80, 85, 90, 95, 98 or 99
percent homology with SEQ ID NO: 25;

and a light chain variable region comprising least 60, 70, 80, 85, 90, 95, 98 or
99 percent homology with SEQ ID NG: 45,

In an embodiment the binding agent, e.g., an aniibody molecule, comprises

one or hoth of;
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a heavy chain variable region comprising least 60, 70, 80, 83, 94, 95, 08 or 99
percent homology with SEQ 1D NQO: 25;

and a light chain variable region comprising least 60, 70, 80, 85, 90, 95, 98 or
99 percent homology with SEQ I NO: 45,

wherein each HC CDR differs by no more than 1, 2, 3, 4 or 5 amino acids,
e.g., 1 or 2, e.g., conservative amino acids, from the corresponding CDR of SEQ ID
NO: 25 and each LC CDR differs by no more thar 1, 2. 3, 4 or 5 amino acids, e.g., |

or 2, e.g., conservative amino acids, from the corresponding CDR of SEQ TD NG: 45,

in an embodiment the binding agent, e.g., an antibody molecule, comprises
one or both of;
a heavy chain variable region comprising least 60, 70, 80, 83, 90, 95, 98 or 99
percent homology with SEQ ID NQ: 25;
and a light chain variable region comprising least 60, 70, 80, 85, 90, 95, 98 or
99 percent homology with SEQ 1D NO: 45,
wherein the antibody molecule comprises 1, 2, 3,4, 5, or all of;
(i) a HC CDR] comprising: S atthe Ist position and A at the 3rd
position in HC CDRI;
(ii) a HC CDR2 comprising one or both, e.g., one of; V at the 2%
position; or N at the 7% position and Q at the 16® position in HC CDR2;
_ (iiiy a HC CDR3 comprising: R at the 3rd position (and optionally, L
at the 3™ position);
{iv) a LC CDRI comprising: ;1 at the 3rd position;;
(v) 2 LC CDR2 comprising one, two, or three of, e.g., one of: ( at the
2™ position; Y at the 4™ position; or L at the 5% position in LC CDR2;
{vij a LC CDR3 comprising: § at the gt position in LC CDR3;

In an embodiment, the binding agent, ¢.g.. an antibody molecule, comprises

one or both of’
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(a) a heavy chain immunoglobulin variable region segment comprising SEQ
ID NO:25 (or a sequence that differs by no more than 1, 2, 3, 4 or 5 amino acids, e.g.,
conservalive amino acids, therefrom); and

(b} a light chain variable region segment comprising SEQ ID NO:155 (ora
sequence that differs by no more than 1, 2, 3, 4 or 5 amino acids, e.g., conservative

amino acids, therefrom).

In one embodiment, the antibody molecule comprises one or both of:
{a} a heavy cham immunoglobalin variable region segment comprising SEQ
D NO: 25; and

(b) a light chain variable region segment comprising SEQ 1D N(:155.

In an embodiment, the binding agent, e.g.. an antibody molecule, comprises
one or both of;
(a) & heavy chain immunoglobulin variable region seginent comprising
a CDRI1 comprising the sequence S-Y-A-M-H (SEQ D N(O:88) (or a
sequence that differs by no more than, 1, 2, 3, 4, or 3, e.g., I or 2 aminc acids, e.g.,
conservative amino acids, therefrom);
a CDRZ2 comprising the sequence V-V-8-Y-D-G-N-YV-K-Y-Y-A-[>-S-
V-Q-G (SEQ ID NO:6%) {or a sequence that differs by no more than, I, 2, 3,4, or 5,
e.g.. 1 or 2 amino acids, e.g., conservative amino acids, therefrom);
a CDR3 comprising the sequence D-§-R-1-R-5-L-L-Y-F-E-W-L-5-Q-
G-Y-F-N-P (SEQ ID NO:70) (or a sequence that differs by no more than, 1,2, 3, 4, or
5, e.g., 1 or 2 amino acids, e.g., conservative amino acids, therefrom); and
{b) a light chain variable region segment comprising
a CDRI comprising the sequence:

Q-5-I-T-F N-Y-K-N-Y-L-A (SEQ ID NO:71) (or a sequence
that differs by no more than, 1, 2,3, 4, or 5, e.g.. I or 2 amino acids, e.g., conservative
amino acids, therefrom);

a CDR2 comprising the sequence W-G-S-Y-1-E-S (SEQ ID N(O.72)
{or & sequence that differs by no more than, 1, 2, 3,4, or 5, e.g., I or 2 amino acids,

£.2., conservative amino acids, therefrom);
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a CDR3 comprising the sequence Q-Q-IL-Y-R-T-P-P-S (SEQ ID
NO:73) (or a sequence that differs by no more than, 1,2, 3, 4, or 3, e.g., 1 or 2 amino

acids, e.g., conservative amino acids, therefrom).

In an embodiment the binding agent, e.g., an antibody molecule, comprises
one or both of:

a) LC CDR1-3, that collectively, differ from the AB (032 1.C CDR1-3 by no
more than, 1,2, 3,4,.5,6.7, 8,9, 0r 10, e.g., 1.2, 3, or 4, amino acids, e.g.,
conservalive amino acids; and

b) HC CDR1-3, that collectively, differ from the AB 032 HC CDR1-3 by no
more than, 1,2, 3,4,5,6,7,.8,9,0r 10, e.g., 1, 2, 3, or 4, amino acids, e.g.,

conservative aming acids.

In ap embodiment, the binding agent is an antibody molecule comprising one
or both of:
{(a) a heavy chain immunoglobulin variable region segment comprising
a CDR1 comprising the sequence §-Y-A-M-H (SEQ ID NO:68) (or a
sequence that differs by no more than, 1,2, or 3, e.g., [ or 2 amino acids, e.g.,
consérva{ive anino acids, thf;};efrom, optionally provided that at least 1 or 2 of the
highlighted residues are not changed, e.g., both § and A are not changed); .
a CDR2 comprising the sequence V-Y-S-Y-D-G-N-Y-K-Y-Y-A-D-S§-
V-03-G (SEQ ID NO:69) (or a sequence that differs by no more than, 1,2, 3,4, or 5,
e.g., 1 or 2 amino acids, e.g., conservative amino acids, therefrom, provided that, e,g.,
at least 1,2, or 3 of the highlighted residues are not changed, e.g., ¥ or both N and
or all three of ¥, I, and § are not changed); _
a CDR3 comprising the sequence D-3-R-1L-R-8-L-L-Y.-FL.E-W-1.-8§-0-
G-Y-F-N-P (SEQ ID NO:70) (or a sequence that differs by no more than, 1, 2, 3, 4, or
3, e.g.. 1 or 2 amino acids, e.g., conservative amino acids, therefrom, optionally
provided that B is not changed); and
{b} a light chain variable region segment comprising
a CDR1 comprising the seguence: Q-S-I-T-F-N-Y-K-N-Y.L-A (SEQ
ID NG: 71) or a sequence that differs by no more than, 1,2, 3,4, or 5, e.g., 1 or2
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amino acids, e.g., conservative amino acids, therefrom, optionally provided thatat
least T or 2 of the highlighted residues are not changed, e.g., I is not changed);

a CDR2 comprising the sequence W-G-S-Y-L-E-S (SEQ ID NO:72)
(or a sequence that differs by no more than, 1, 2, 3, 4, or 5, e.g., 1 or 2 amino acids,
e.g., conservative amino acids, therefrom, optionally provided that at least 1, 2, or 3 of
the highiighted residues are not changed, e.g.. 1, 2or allof G, ¥, and L are not
changed);

a CDR3 comprising the sequence Q-Q-H-Y-R-T-P-P-8 (SEQ ID
MNO:73) (or a sequence that differs by no more than, 1, 2,3, 4, or 5, e.g., 1or2amino
acids, e.g., conservative amino acids, therefrom, optionally provided that at Jeast one

or both of the highlighted residues are not changed, e.g., § is not changed).

I an embodiment a CDR of the light or heavy chain includes one of the
highlighted residues, or ore of the highlighted combinations of residues, for that
CDR, (i.e., while other residues in that CDR might be changed. the highlighted
residue or combination of residues, are not changed).

' In an embodiment a CDR of the light and a CDR of the heavy chain each
includes one of the highlighted residues, or one of the highfighted combinations of
residues, for that CDR.

In an embodiment each of two CDRs in the antibody molecule includes one of
the highlighted residues, or one of the highlighted combinations of residues, for that
CPR. In embodiments both are in the light chain. In embodiments both are in the
heavy chain.

In an embodiment each of the three CDRs i the heavy chain includes one of
the bighlighted residues, or one of the highlighted combinations of residues, for that
CDER,

In an embodiment each of the three CDRs in the light chain includes one of
the highlighted residues, or one of the highlighted combinations of residues, for that
CDR.

in an embodiment each of the six CDRs in the heavy and light chain includes
one of the highlighted residues, or one of the highlighted combinations of residues,

for that CDR.
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In one embodiment, the binding agent is an antibody molecule that comprises
one or mote of all of the following properties:

(a) both § and A in HC CDRI are unchanged.

(b) ¥ or both M and § or all three of ¥, N, and { in HC CDR2 are
unchanged.

(cy B in HC CDR3 is unchanged.

(d) f in LC CDR] is unchanged.

(e}1.2o0r30f G, Y, and L in LC CDR2 are unchanged;

(fy 8 in LC CDR3 is unchanged.

In an embodiment the antibody molecule comprises £, 2, 3.4, 5, orali 6

properties selected from (a) to (f).

In an embodiment, the antibody molecule comprises a heavy chain having a
one or more properties selected from (a), (b), and (c) and a Hght chain having one or

more properties selected from (d), {e), and (f).

In one embodiment, the antibody molecule comprises one or both of:
(a) a heavy chain immunoglobulin variable region segment comprising;
a CDR1 comprising the sequence S-Y-A-M-IT (8EQ ID NO:68Y;
a CDR2 comprising the sequence V-V-§-Y-D-G-N-Y-K-Y-Y-A-D-§-
V-Q-G (SEQ ID NG:69);
4 CDR3 comprising the sequence D-S-R-L-R-8-L-L-Y-F-E-W-L-S-Q-
G-Y-F-N-P (SEQ 1D NG:70); and
(b} a light chain variable region segmemn comprising

a CDRI comprising the sequence Q-S-I-T-F-N-Y-K-N-Y-L-A (SEQ

NG 71);

a CDR2Z comprising the sequence W-G-8-Y-L-E-8 (SEQ ID NO:72);
and

a CDR3 comprising the sequence Q-Q-H-Y-R-T-P-P-§ (SEQ ID
NO:73).



10

15

20

3G

WO 2013/170139 PUTAIS2013/640534

In some embodiments, the antibody molecule comprises one or more or all of
the following properties: (i) it fails to produce any escape mutants as determined by
the faiture of a viral titer to recover following at least 10,9, §, 7, 6, or 5 rounds of
serial infections in cell culture with a mixture of the antibody molecule and an
influenza virus (e.g., an influenza A virus, e.g., 2 Group 1 strain, e.e., an HINT strain,
e.g., A/South Carolina/1/1918, AfPuerto Rico/08/1934, or A/California/04/2009, or an
H5NI stramn, e.g., A/Indonesia/5/2005 or A/Vieinam/1203/2004, or an influenza B
virus, e.g., B/Wisconsin/1/2010); and (i) it produces fewer escape mutants than does
a reference anti-HLA antibody molecule, such as Ab 67-11, FI6, FI28, C179, P10,
CRB114, or CR6261, such as when (esied by the method described in (i}

In an embodiment the antihody molecule comprises one or both of;

a) onc or more framework regions (FRs) from SEQ ID NO: 25, E.g., the

antibody molecule comprises one or more or all of FR1, FR2, FR3, or FR4, or sequences

that differ individually, or collectively, by no more than 1, 2, 3, 4, of 5 amino acid
residucs, e.g., conservative residues, from SEQ 1D NO: 25; and

b) one or more framework regions (FRs) from SEQ ID NO: 45, E.g., the

antibody molecule comprises one or more or all of FR1, FR2, FR3, or FR4, or sequences

that differ individually, or collectively, by ne more than 1, 2, 3, 4, of 5 amino acid

residues, e.g., conservative residues, from SEQ ID NO: 45.

in one embodiment, the antibody molecule comprises:

{a) a heavy chain immunoglobulin variable region segment that further
conprises one or more or all of:

an FR1 comprising the sequence Q-V-Q-L-L-BE-T-G-G-G-L-V-K-P-G-Q-§-L-
K-L-5-C-A-A-§-G-I-T-I- T (SEQ ID NO:74) (or a sequence that differs by no more
than, 1,2, 3,4, 0r 5, e.g.. 1 or 2, amine acids, e.g., conservative aming acids,
therefrom, opticnally provided that T is not changed);

an FR2 comprising the sequence W-V-R-Q-P-P-G-K-G-L-E-W-V-A (SEQ ID

WNO:T5) (or a sequence that differs by no more than, 1, 2, 3,4, or 5, e.g., 1 or 2, amino
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acids, e.g., conservative amino acids, therefromm, bptionally provided that W is not
changed, or that if changed, is other than R);

an FR3 comprising the sequence R-F-T-J-8-B-D-N-8§-K-N-T-L-Y-L-Q-M-N-
S-L-R-A-E-D-T-A-V-Y-Y-C-A-K (SEQ ID NO:76) (or 4 sequence that differs by no
more than, 1, 2, 3, 4, 0r 5, e.g., 1 or 2, amino acids, e.g., conservative amino acids,
therefrom, optionally provided that one, two or three of [, &, or L, is not changed, or
that if I is changed it is other than G, if R is changed it is other than P. or if L is
changed it is other than A); and

an FR4 comprising the sequence W-G-Q-G-T-T-L-T-V-§-§ (SEQ ID

NO:77) (or a sequence that differs by no more than, 1, 2, 3,4, or 5, e.g., | or 2 amino
acids, e.g., conservative amino acids, therefrom)or W-G-Q-G-T-T-V-T-V-§-8 (SEQ
ID NOG:171) {or a sequence that differs by no more than, 1,2, 3, 4, or 5, eg.lor2
amino acids, e.g., conservative amino acids, therefrom); and

(b) the light chain immunoglobulin variable region segment comprises one or
more or all of

an FR1 comprising the sequence D-1-Q-M-T-(3-5-P-8-8-L-5-A-S-V-G-D-R-
VoARET-C-R-8-8 (SEQ 1D N(G:78) (or a sequence that differs by no more than, 1, 2,
3.4, 0r5,e.g., | or 2 amino acids, e.g., conservative ammino acids, therefrom,
optionally provided that & is not changed);

an FR2 comprising the sequence W-Y-Q-Q-K-P-G-K-A-P-K-L-L-I.Y (SEQ
I NO:79) {or a sequence that differs by no more than, 1,2, 3,4, 0or5,e.g., 1 or 2
amino acids, e.g., conservative amino acids, therefrom);

an PR3 comprising the sequence G-V-P-§-R-F-8-G-8-G-8-G-T-D-F-T-L-T-I-
5-5-L-Q-P-E-D-F-A-T-Y-Y-£ (SEQ ID NO:80) {or a sequence that differs by no
more than, 1, 2, 3,4, or 5, e.g,, 1 or 2 amino acids, e.g., conservative amino acids,
therefrom, optionally provided that ( is not changed, or if changed, is other than P);
and

an FR4 comprising the sequence F-G-Q-G-T-K-V-E-I-K (SEQ ID NO:8 1) (or
a sequence that differs by no more than, 1, 2, 3, 4, 0r 5, e.g., T or 2 amino acids, e.g.,

conservaiive amino acids, therefrom).
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In an embodiment a FR of the light or heavy chain includes one of the
highlighted residues, or one of the highlighted combinations of residues, for that FR,
{i.e., while other residues in that FR might be changed, the highlighted residue or
combination of residues, are not changed). Il.g., in an embodiment, one, two or three
of 1, &, or L for heavy chain FR3 is not changed.

In an embodiment a PR of the light and a FR of the heavy chain each includes
one of the highlighted residues, or one of the highlighted combinations of residues,
for that FR.

In an embodiment each of two FRs in the antibody molecule inchudes one of
the highlighted residues, or one of the highlighted combinations of residues, for that
FR. In embodiments both are in the light chain. In embadiments both are in the
heavy chain.

In an embodiment each of FR2 and FR3 in the heavy chain includes one of the
highlighted residues, or one of the highlighted combinations of residues, for that FR,

In an embodiment each of FR1 and FR2 in the heavy and light chain includes
one of the h ighlighted residues for that FR.

In an embodiment all of the highlighted residucs in heavy chain FRI-4 are
unchanged.

In an embodiment all of the highlighted residues in light chain FR1-4 are
unchanged.

In an embodiment all of the highlighted residues in both heavy and light chain
FR1-4 are unchanged.

In another embodiment, the binding agent, e.g., an antibody molecule,
comprises one or mose or all of the following properties: (a) it fails to produce any
escape mutants as determined by the failure of a viral titer {o recover following at
least 10, 9, §, 7, 6, or 5 rounds of serial infections in cell culture with & mixtare of the
antibody molecule and an influenza virus (e.g., an infleenza A virus, e.g., a Group 1
stramm, e.g., an HINT strain, e.g., A/South Carolina/1/1918, A/Puerto Rico/08/1934, or
A/California/04/2009, or an H5N| strain, e.g., Aflndonesia/S/2005 or
AfVietnam/1203/2004, or an influenza B virus, e.g., B/Wisconsin/1/2010);(b} it

produces fewer escape mutants than does a reference anti-HA antibody molecule, e.g.,
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Ab §7-11, FI6, FIZ8, C179, or CR6261, e.g., when tested by the method described in
(a); (¢)itbinds with high affinity to a hemagglutinin (HA) of at least 1,2, 3,4 or 5
influenza subtypes of Group 1 and at least 1, 2, 3, 4 or 3 influenza subtypes of
Group 2; (d) if treats or prevents infection by at least 1, 2, 3, 4 or 5 influenza
5 subtypes of Group I, and by at least 1, 2, 3, 4 or 5 influenza subtypes of Group 2; (e)

it inhibits fusogenic activity of the targeted HA; (f) it treats or prevents infection by a
Group 1 virus, wherein the virus is an HL, HS, or 9 virus: and treats or prevents
infection by a Group 2 virus, wherein the virus is an H3 or 17 virus; (g} it treats or
prevents infection by influenza A strains HINT and H3N2; (h) it is effective for

10 prevention of treatment of infection, e.g., in homans or mice, with HIN] and H3N2
when administered at 50 mg/kg, 25 mg/kg, 10 mg/kg, 6 mg/kg, 5 mg/ke, 4 mg/ke, 3
mglke, 2 me/kg or 1 me/ke: (i} it treats or prevents infection by influenza A strains
H5N1; (§) it is effective for prevention or treatment of infection, e.g., in humans or
mice, with HSN1 when administered at 50 mg/kg, 25 mg/kg, 10 mg/kg, 6 mgike, 5

15 me/kg, 4 mg/kg, 3 mg/kg, 2 mg/ke or 1 mg/ke; (k) it binds with high affinity to a
hemaggiutinin (HA) of an infleenza B virus, e.g., B/Wisconsin/1/201¢; (1) it treats or
prevenis infection by an influenza B virus, e.g., B/Wisconsin/1/2010; (m) it is
effective for preveniion or treatment of infection, e.g., in humans or mice, with an
influenza B virus, e.g., B/Wisconsin/1/2010 when administered at 50 mg/kg, 25

20 mg/kg, 10 mg/ke, 6 mgkg. 5 mg/ke, 4 mg/ke, 3 mg/kg, 2 mg/kg or 1 mg/ke: (n) the
concentration of antibody molecule required for 50% neutralization of influenza A
virus is less than 10 pg/mL; (o) the concentration of antibody molecule required for
509% newtralization of influenza B virus, e.g., B/Wisconsin/1/2010, is less than 10
pg/ml; (p} it prevents or minimizes secondary infection (e.g., secondary bacterial

25 infection) or effects thereof on a subject; (q) it is effective for preventing or
minimizing secondary infection (e.g., secondary bacterial infection} or effects thereof
on a subject when administered at 50 mg/kg, 25 mg/kg, 10 mgrkg, 6 mg/ke, 5 mg/ky,
4 mg/kg, 3 mg/kg, 2 mgfkg or I me/kg; (x) it binds an epitope which comprises or
consists of the hemagglutinin trimer interface; and (s) it binds an epitope other than

30 that bound by a reference anti-HA antibody molecule, e.g., Ab 67-11, Fi6, FI28,
C179, T'10, CR9114, or CR6261, e.g., when tested by a method disclosed herein, e.g.,

by competition in an ELISA assay.
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In an embodiment the binding agent, e.g., an antibody molecuie, specifically

binds the HA antigen.

In an embodiment, the antibody molecule binds an epitope that has

one, two, three, four, five, or all of, the following properties a-f;

) it inclades one, two, or all of, FI3 HA residues N3§, I278,

and D291;
b} it includes FI3 HA2 residue N12;

¢) it does not include one, two or all of, H3 FA1 residues

Q327, T328, and R329;

d) it does not include one, two, three, four, or all of, H3 FIAZ

residues G1, 1.2, F3, G4, and D46;

) it includes one, two, or all of, H3 HA | residues T318, R321,

and V323; or

fyitimcludes },2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16,
17, or all of, H3 HA2 residues A7, E11, 118, D19, G20,
W21, 13K, K39, T41, Q42, Ad3, 145, 148, N49, 152,

N353, I56,and E57.

In an embodiment the antibady molecule has properties:

In an embodiment the antibody molecule has properties:

In an embodiment the antibody molecule has properties:

In an embodiment the antibody molecule has properties

In an embodiment the antibody molecule has properties:

In an embodiment the antibody malecule has properties:

In an embodiment the antibody molecule has properties:
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In an embodiment the antibody molecule has properties: a, b, ¢, d, e,

and 1.

In an embodiment, the antibody molecule has a K, for H3 of equal to
or less than 10, wherein said Ky, is increased by at least 2, 5,10, or 100 fold, by a
mutation or nmtations in any of:

@) H3 HAL residues N38, 1278, or D291,

by H3 HAZ residue N12;

¢) H3 HAT residues T318, R321, or V323, or

d) H3 HAZ residues A7, E11, [18, D19, G20, W21, 1.38, K39,

141,042, A43, 145, 148, N49, 1.52, N33, 156, or E57.

in an embodiment, the antibody molecule has a Kp for H3 of equal to
or less than 1{}"6, whersein said Ky is increased by no more than 2, o7 5 fold, bya
mufation or mutations in any of;

¢y H3 HA1 residues 327, T328, or R329; or

d) H3 HAZ residues G1, L2, F3, G4, or D46.

In an embodiment, the antibody molecule binds an epitope that has

one, two, three, four, live, or all of, the following properties a-f:

aa) it includes one, two, or alt of, H1 HA1 fesidues H31, N279,
and §292;

bb) it includes H1 HA2 residue G12;

cc) it does not include one or both of 111 HA1 residues (0328
and S329;

dd) it does not include one, two, three, four, or all of, H1 HAZ

residues (G1, L2, I3, G4, and D46,

ee) it includes one, two, or all of, H1 HA1 residues T319,
R322, and 1324 are bound by both Ab 044 and FI6; or
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fiyitincludes 1,2, 3,4,5.6,7,8,9, 10, 11,12, 13, 14, 15, 16,
17, or all of, 111 HAZ residues A7, E11, 118, D19, G20, W21, Q38, K39, T41, 42,

N43, 145, 48, T49, V52, N33, I56, and ES7.

In an embodiment the antibody molecule has properties:

In an embodiment the antibody molecule has properties:

In an embodiment the antibody molecede has properties:

dd.

In an embodiment the antibody molecule has properties:
dd.

In an embodiment the antibody molecule has properties:
bh.

In an embodiment the antibody molecule has properties:
bhb.

In an embodiment the antibody molecule has properties:
dd.

In an embodiment the anttbody molecule has properties:
ee, and 1.

aa; and bb.

cc; and dd.

aa; and cc or

bh; and cc or

¢e; and aa or

dd; and aa or

aa, bb, cc and

aa, bbh, ¢¢,dd,

In an embodiment, the antibody molecule has a Kp for H1 of equal to

or less than 10"(’, wherein said K, is increased by at least 2, 5,10, or 100 fold, by a

mutation or marations in any of:
aa) Hi HA1 residues H31, N279, and S292;
bb) H1 HAZ residue (312;
cc) HY HAI residues T319, R322, and I324; or

&3
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dd) H1 HA2 residues A7, E11, 118, D19, G20, W21, Q38, K39, T41, Q42,
N43, 145, 148, T49, V52, N53, 156, and E57.

In an embodiment, the antibody molecule has a Ky for H1 of equal to or less than
10'6, wherein said Kp is increased by no more than 2, or 5 fold, by a mutation or mutations in
any of’
ccy H1 HAT residues 3328 and S329; or
ddy Hl HAZ residues G1, L2, F3, G4, and D46;

In an embodiment the antibody molecule has one, two, three or all of the
following properties:

a and aa;

b and bb;

¢ and ¢c;

d and dd.

In an embodiment the molecule has properties ¢, cc, d, and dd.
In another embodiment, the disclosure features, a binding agent, e.g., an antibody
molecule, or preparation, or isolated preparation thereof, comprising a structural or functional

property of Ab 031.

In an embodiment, the antibody molecule competes with a reference antibody molecule,
e.g., an antibody molecule described herein, for binding to a substrate, ¢.g., an HA. The
reference antibody molecule can be:
a) an antibody molecule comprising:
i} a heavy chain immunoglobulin variable region segment comprising
a CDR1 comprising the sequence S-Y-A-M-H (SEQ ID NO:68);
a CDR2 comprising the sequence V-V-8-Y-D-G-N-Y-K.-Y-Y-A-D-5-V-
Q-G
(SEQ ID NO:69); and
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a CBR3 comprising the sequence D-S-R-1L-R-8-1-L-Y-F-E-W-
L-5-Q-G-Y-F-N-P (SEQ ID NO:70); and

i1} a light chain variable region segment comprising:
a CDR1 comprising the sequence Q-S-I-T-F-N-Y-K-N-Y-L-A
(SEQ ID NG:71y;
a CDR2 comprising the sequence W-(-§-Y.L.-E-§ (SEQ ID
NO:72); and
a CDR3 comprising the sequence Q-Q-H-Y-R-T-P-P-§ (STQ
D NO:73).

by an antibody molecule comprises one or both of: (i) 2 heavy chain

immunoglobulin vartable region segment comprising SEQ 1D NO: 24; and (it)
a light chair variable region segment comprising SEQ ID'N(:45; or
¢) Ab 031,

The HA can be HAL or HAS, e.g. from an HIN1 strain, e.g., A/South
Carolina/1/1918, A/Puerto Rico/08/1934, or A/California/04/2009, or an H3N1 strain,
e.g., Afindonesia/5/2005 or A/Viemam/1203/2004. Competition between the
antibody molecule and a reference antibody molecule can be determined by
evaluating the ability of ore of the antibady molecule or the reference antibody
molecule to decrease binding of the other to a substrate, e.g., HA, e.z., HAL or HAS,
e.g. from an HINI strain, e.g., A/South Carclina/1/1918, A/Puerto Rico/08/1934, or
A/California/04/2009, or an HSN1 strain, e.g., A/lndonesia/5/2005 or
AfVietmam/1203/2004. Reduciion of the ability to bind can be evaluated by methods
in the art. Reduction of the ability to bind can be evaluated, e.g., by one or more of:

a) BIAcore analysis;
by ELISA assay; and
¢) flow cytometry.

The antibody molecule can compete with the reference antibody such that
binding of the reference antibody is decreased by 50% or more.

In an embodiment the antibody molecule binds to the same epitope, or a
portion thereof, which the reference antibody molecule binds,

In an embodiment the antibody molecule does not bind to the same epitope, or

a portion thereof, which the reference antibody molecule binds.

=N
]
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In an embodiment the antibody molecule binds to the same epitope, or
a portion thereof, on HA, as does a reference antibody molecule, e.g. an antibody
molecule disclosed herein. The reference antibody molecule can be:
4) an antibody molecule comprising:
i) a heavy chain immunoglobulin variable region segment comprising
a CDRI1 comprising the seguence 8-Y-A-M-H (SEQ ID
NO:68),
a CDRZ comprising the sequence V-V-8-Y-D-G-N-Y-K-Y-Y-
A-D-S-V-Q-G
(SHQ I NO:69); and
a CDR3 comprising the sequence D-8-R-1L-R-§-L-1-Y-F-E-W-
1-5-Q-G-Y-T-N-P (8EQ ID NO:7(); and
i1) a light cham variable region segment comprising:
a CDRI comprising the sequence Q-S-I-T-F-N-Y-K-N-Y-L-A
(SEQ ID NO7T1);
a CDR2 comprising the sequence W-(G-8-Y-L-FE-§ (SEQID
NO:72); and
a CDR3 comprising the sequence (-Q-H-Y-R-T-P-P-§ (SEQ
I NOT33.
.b') an antibody molecule comprises one or both of: (i) a heavy chain
immunoglobuolin variable region segment comprising SEQ ID NO: 24; and (i)
a light chain variable region segment comprising SEQ I NO:45; or
¢) Ab 031
The HA can be HAT or HAS, e.g. from an HIN1 strain, €.g., A/South
Carolina/1/1918, A/Puerto Rico/08/1934, or A/California/04/2009, or an H5N1 strain,
e.g., A/llndonesia/5/2005 or A/Vietnam/1203/2004. Binding to the same epitope, or a
portion thereof, can be shown by one or more of:
a) mutational analysis, e.g., binding to HA, or binding affinity for HA,
is decreased or abolished if a residue is mutated;
b) analysis, e.g., comparison, of the crystal structure of the antibody
molecule and HA and the crystal stracture of a reference antibody and HA, e.g., ©

determine the touch points of each:
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¢) competition of the two antibodies for binding to HA, e.g., HIAT or
HAS, from, e.g.. an HIN1 strain, ¢.g., A/South Carolina/1/1918, A/Puerto
Rico/08/1934, or A/California/04/2009, or an H5NT strain, e.g., A/Indonesia/3/2005
or AfVietnam/1203/2004;

d} (¢} and one or both of (a) and (b).

Competition between the antibody molecule and a reference antibody
molecuie can be determined by evaluating the ability of one of the antibody molecule
or ihe reference antibody molecnle to decrease binding of the other to a substrate, 2. £,
HA, e.g., HA1 or HAS, from, e.g., an HINT strain, e.g., A/South Carolina/1/1918,
AlPuerto Rico/08/1934, or A/California/04/2009, or an HSN1 strain, e.g.,
Afindonesia/5/2005 or AfVietnam/1203/20G4.  Reduction of the ability to bind can
be evaluated by methods in the art. Reduction of the abikity to bind can be evaluated,
e.g., by one or more of:

a) BlAcore analysis;
b) ELISA assay; and
c) flow cytometry.
‘The antibody molecule can compete with the reference antibody such that

binding of the reference antibody is decreased by 50% or more.

In an embodiment the binding agent, e.g., an antibody molecule, comprises
one ot both of:

a heavy chain variable region comprising least 60, 70, 80, 85, 90, 95, 98 or 99
percent homology with SEQ [D NO: 24;

and a light chain variable region comprising least 60, 74, 80, 85, 90, 95, 98 or
9% percent homology with SEQ ID NO: 45,

In an embediment the binding agent, e.g., an antibody molecule, comprises
ope or both of:

a heavy chain variable region comprising least 60, 70, 86, 85, 90, 95, 98 or 99
percent homology with SEQ ID NG, 24;

and a light chain variable region comprising least 60, 70, 80, 85, 90, 95, 98 or
GG percent homology with SEQ ID NO: 45,
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wherein, optionally, each HC CDR differs by no more than 1,2, 3, 4 or 5
amino acids, e.g., 1 or 2, e.g., conservative amino acids, from the corresponding CDR
of SEQ ID NO: 24 and each L.C CDR differs by no more than 1, 2, 3, 4 or 5 amino
acids, e.g., 1 or 2, e.g., conservative amino acids, from the corresponding CDR of

SEQ ID NO: 45,

In an embodiment the binding agent, e.g., an antibody molecule, comprises
one or hoth of:
a heavy chain variable region comprising least 60, 70, 80, 85, 90, 95, 98 or 99
percent homology with SEQ 1D NO: 25,
and a light chain variable region comprising least 60, 70, 80, 85, 90, 93, 98 or
99 percent homology with SEQ ID NO: 45, '
" wherein the antibody molecule comprises 1, 2, 3, 4, 3, or all of:
(i) a HC CDR1 comprising: S at the 1st position and A at the 3rd
position in HC CDRI;
(ii) a HC CDRZ2 comprising one or both, e.g., one of: V at the 2nd
position; or N at the 7* position and  at the 16® position in HC CDR2;
(iii) a HC CDR3 comprising: R at the 3rd position (and optionally, L
at the 3" position); | '
(iv) a LC CDR1 comprising: ;I at the 3rd position::
(v) a LC CDR2 comprising one, two, or three of, e.g., one of: G at the
2nd position; Y at the 4% position; or L at the 5 position in LC CDR2;
(vi) a LC CDR3 comprising: S at the 9% position in LC CDR3;

Inn an embodiment, the binding agent comprises an antibedy molecule
comprising:

{a} a heavy chain immunoglobulin variable region segment comprising SEQ
ID NO:24(or a sequence that differs by no more thar 1, 2, 3, 4 or 5 amino acids, e.g.,
conservative amino acids, therefrom); and

(b) a light chain variable region segment comprising SEQ ID NO:45 (or a
sequence that differs by no more than 1, 2, 3, 4 or 5 amino acids, e.g., conservative

amino acids, therefrom).
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in one embodiment, the antibody molecule comprises one or both of:

(4) a heavy chain immunoglobulin variable region segment comprising SEQ
ID NO: 24; and

(b) a light chain variable region segment comprising SEQ ID N(:45.

In an embodiment, the binding agent, e.g., an antibody molecule, comprises
one or both of:
(a) a heavy chain immunoglobulin variable region segment comprising
2 CDRI1 comprising the sequence S-Y-A-M-H (SEQ [ NO:68) (or a
sequence that differs by no more than, 1, 2, 3, 4, or 5, e.g., 1 o7 2 amino acids, e.g.,
conservative amino acids, therefrom};
a CDR2 comprising the sequence V-V-8-Y-D-G-N-Y-K-Y-Y-A-D-§-
V-Q-G (SEQ ID NO:69} {or a sequence that differs by no more than, 1, 2, 3, 4, or 5,
e.g., 1 or 2 amino acids, e.g., conservative amino acids, therefrom); and
a CDR3 comprising the sequence D-S-R-L-R-S-L-L-Y-F-E-W-L-§5-(-
“G-Y-F-N-P (SEQ ID NO:70; (or a sequence that differs by no more than, 1,2, 3, 4, or
3.e.g., 1 or 2 amino acids, e.g., conservative amino acids, therefrom); and
(b) a light chain variable region segment comprising
a CDR1 comprising the sequence Q-S-[-T-F-N-Y-K-N-Y-L-A {§EQ
ID NO:71) (or a sequence that differs by no more than, 1,2, 3,4,0r3,e... 1 or 2
amino acids, e.g., conservative amino acids, therefrom);
a CDR2 comprising the sequence W-G-5-Y-L-E-§ (SEQ ID NO: 72)
(or a sequence that differs by no more than, 1, 2. 3, 4, or 5, e.g., 1 or 2 amino acids,
e.g., conservative amino acids, therefrom); and
a CDR3 comprising the seguence Q-Q-H-Y-R-T-P-P-S (SEQ ID
MO:73) (or a sequence that differs by no more than, 1, 2, 3,4, or 5, e.g., | or 2 amino

acids, e.g., conservative amino acids, therefrom).

In an embodunent the binding agent, e.g., an antibody molecule, comprises

one or both of:
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a} LC CDR1-3, that collectively, differ from the AB 031 LC CDR1-3 by no
more than, 1,2,3,4,5,6,7,8,9,0r 10, e.g.. 1,2, 3, or 4, amino acids, e.g.,
conservative amino acids; and

b) HC CDRI-3, that collectively, differ from the AB (031 HC CDR1-3 by no
more than, 1,2, 3,4,5,6,7, 8,9, or 10, e.g., 1. 2, 3, or 4, amino acids, e.g.,

conservative amino acids.

In an embodiment, the binding agent, e.g., an antibody molecule, comprises

one of hoth of:

() a heavy chain immunoglobulin variable region segment comprising

a CDR1 comprising the sequence §-Y-A-M-H (SEQ ID NO:68) {or a
sequence that differs by no more than, 1, 2, or 3, e.g., 1 or 2 amino acids, e.g.,
conservative antino acids, therefrom, optionally provided thatat least 1 or 2 of the
highlighted residues are not changed, e.g., both § and A are not changed);

a CDR2Z comprising the sequence V-¥-8-Y-D-G-N-Y-K-Y-Y-A-D-S-
V-0Q-G (SEQ I NO:69) (or a sequence that differs by no more than, 1, 2, 3, 4, or 5,
.., 1 or 2 amino acids, e.g., conservative amino acids, therefrom , provided that, €,
at least 1, 2, or 3 of the highlighted residues are not changed, e.g., ¥ or both N and O
or all three of ¥V, N, and {} are not changed};

a CDR3 comprising the sequence D-§-R-L-R-S-L-L-Y-F-E-W-1-§-Q-
G-Y-F-N-P (8EQ ID NO:70) (or a sequence that differs by no more than, 1, 2, 3,4, or
3, e.g., 1 or 2 amino acids, e.g., conservative amino acids, therefrom optionally
provided that, e.g., K is not changed); and

(b a light chain variable region segment comprising

a CDR1 comprising the sequence Q-8-1-T-F-N-Y-K-N-Y-L-A (SEQ
ID NO: 71) or a sequence that differs by no more than, 1,2,3,4, or 5, e.2., Loz 2
amino acids, e.g., conservative amino acids, therefrom, optionally provided thatat
least 1 or 2 of the highlighted residues are not changed, e.g., [ is not changed);

a CDK2 comprising the sequence W-G-8-Y-L-E-5 (SEQ ID NO:72)
{or a sequence that differs by no more than, 1, 2, 3, 4, or 5, e.g., I or 2 amino acids,

e.g., conservative amino acids, therefrom, optionally provided thas at least 1, 2, or 3 of
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the highlighted residues aré not changed, e.g., 1, 2 or all of G, ¥, and L are not
changed);

a CDR3 comprising the sequence Q-Q-H-Y-R-T-P-P-§ (SEQ ID
N(:73) (or a sequence that differs by no more than, 1, 2, 3, 4, or 5, e.g., 1 or 2 amino
acids, e.g., conservative amino acids, therefrom, optionally provided that at least one

or both of the highlighted residues are not changed, e.g., § is not changed).

In an embodiment a CDR of the light or heavy chain includes one of the
highlighted residues, or one of the highlighted combinations of residues, for that
CDR, (i.e., while other residues in that CDR might be changed, the highlighted
residoe or combination of residues, are not changed).

In an embodiment a CDR of the light and a CDR of the heavy chain each
includes one of the highlighted residues, or one of the highlighted combinations of
residues, for that CDR.

In an embodiment each of two CDRs in the aptibody molecule includes one of
the highiighted residues, or one of the highlighted combinations of residues, for that
CDR. Inembodimenis both are in the Hght chain. In embodiments both are in the
heavy chain.

In an embodiment each of the three CDRs in the heavy chain includes one of
the highlighted residues, or one of the highlighted combinations of residues, for that
CDR. _

In an embodiment each of the three CDRs in the light chain includes one of
the highlighted residues, or one of the highlighted combinations of residues, for that
CDR.

In an embodiment each of the six CDRs in the heavy and light chain includes
one of the highlighted residues, or one of the highlighted combinations of residues,

for that CDR.

In one embodiment, the binding agent is an antibody molecule that comprises
one or more or alf of the following properties;

{a) both § and A in HC CDR1 are vachanged.
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(b) ¥ or both N and @ or all three of ¥, N, and @ in HC CDR2 are
unchanged.

(¢} Rin HC CDR3 is unchanged.

(d) Iin LC CDR] is unchanged.

(e l,20r30f G Y, and L in LC CDR2 are unchanged;

(f) §in L.C CPR3 is unchanged.

In ap embodiment the antibody molecule comprises 1,2, 3, 4, 5, orall 6

properties selected from {a) to ().

In an embodiment, the antibody molecule comprises & heavy chain having a
one 01 more properties selected from (a), (b}, and (¢} and a light chain having one or

more properties selected from (d}, {e), and (f}.

In the embodiment, the antibody molecule comprises one or both of:
{a) a heavy chain immunoglobulin variabie'region segiuent comprising
a CDR1 comprising the sequence S-Y-A-M-H (SEQ ID NO:68);
a CDR2 comprising the sequence V-V-8-Y.D-G-N-Y-K-Y-Y-A-D-5-
V-Q-G (SEQ ID NO:69); and
& CDR3 comprising the sequence D-S—R-L-R—S-L-L-Y—F—EW«L-S-Q;
G-Y-F-N-P (SEQ ID NO:70); and
(b) a light chain variable region segment comprising

a CDR1 comprising the sequence Q-S-I-T-F-N-Y-K-N-Y-L-A (SEQ

ID NO:T;

a CDR2 comprising the sequence W-G-5-Y-L-E-§ (SEQ ID NO:72);
and

a CDR3 comprising the sequence Q-Q-H-Y-R-T-P-P-§ (SEQ.ID
NO:T3).

In some embodiments, the antibody molecule comprises one or more or ail of

the following properties: (i) it fails to produce any escape mutants as determined by
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ihe failure of a viral titer to recover following at least 10, ¢, 8, 7, 6, or 3 rounds of
serial infections in cell culture with a mixture of the antibody molecule and an
influenza virus (e.g., an influenza A viras, e.g., a Group [ strain, e.g., an ITIN1 strain,
e.g.. A/South Carolina/1/1918, A/Puerto Rico/08/1934, or A/California/04/2009, or an
H5N1 strain, e.g..-A/Indonesia/5/2005 or A/Vietnam/120372004, or an influenza B
viras, e.g., B/Wisconsin/1/2010); and (i) it produces fewer escape mutanis than does
a reference anti-HA antibody molecule, e.g., Ab67-11, FI6, FI28, C179, F10,
CRO114, or CRG261, e.g., when tested by the method described in (1).

In an embodiment the antibody molecule comprises one or both of:

a) one or mare framework regions (FRs) from SEQ ID NO; 24, E.g.. the antibody
molecule comprises one or more or all of FR1, FR2, FR3. or FR4, or sequences thai
differ individually, or collectively, by no more than 1, 2, 3, 4, of 5 amino acid residues,
e.g., conservative residoes, from SEQ 1D NO: 24; and

b} one or more framework regions (FRs) from SEQ ID NO: 45, E.g., the
antibody molecute comprises one or more or alt of FR1, FR2, FR3, or FR4, or sequences
that &iffcr individually, or collectively, by no more than 1, 2, 3, 4, of 5 amino acid

residues, e.g., conservative residues, from SEQ [D NO: 45,

In one embodiment, the antibody molecule comprises:

{a) 4 heavy chain immunoglobulin variable region segment that further
comprises one or more or all of:

an FR1 comprising the sequence E-V-Q-L-L-E-§-G-G-G-L-V-K-P-G-Q-§-L-
K-L-5-C-A-A-5-G-F-T-F-T (SEQ 1D NO:82) (or a sequence that differs by no more
than, 1,2, 3,4, 0r 5, e.g., [ or 2 amino acids, e.g., conservative amino acids,
therelrom, optionally provided that T is not changed);

an FR2 comprising the sequence W-V-R-Q-P-P-G-K-G-L-E-W-V-A (§EQ ID
NO:75} {or 3 seqpuence that differs hy no more than, 1,2, 3,4, or 5, e.g., 1 or 2 amino
acids, e.g., conservative amino acids, therefrom, optionally provided that W is not
changed, or that if changed, is other than R);

an FR3 comprising the sequence R-F-T-[-5-F-D-N-§-K-N-T-L-Y-L-Q-M-N-
S-L-R-A-E-D-T-A-V-Y-Y-C-A-K (S8EQ ID NO:76) {or a sequence that differs by no
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more than, 1, 2,3, 4, 0or5, eg, lor2 amino_ acids, e.g., conservative amino acids,
therefrom, optionally provided that one, two or three of I, R, ot L is not changed, or
that if F is changed it is other than G, if R is changed it is other than P. or if £ is
changed it is other than A); and

an R4 comprising the sequence W-G-Q-G-T-T-L-T-V-8-§ (SEQ ID NO:77)
{or a sequence that differs by no more than, 1,2, 3,4, or 5, e.g., 1 or 2 amino acids,
e.g., conservative amino acids, therefromjor W-G-Q-G-T-T-V-T-V-S-S (SEQ ID
NO:171) (or a sequence that differs by no more than, 1, 2, 3,4, or 5, e.g., 1 or 2 amino
acids, e.g., conservative amino acids, therefrom); and

{a} a light chain immunoglobulin variable region segment further comprises
one or more of all of;

an FR1 comprising the sequence D-I-Q-M-T-Q-5-P-5-5-1-§-A-8-V-G-D-R-
V-T-I-T-C-R-S-5 (5BQ 1) NO:78) (or a sequence that differs by no more than, 1, 2,
3. 4,0r5, eg.. 1 or2 amine acids, e.g., conservative amino acids, therefrom, ,
optionally provided that B is not changed);

an FR2 comprising the sequence W-Y-Q-Q-K-P-G-K-A-P-K-L-L-1-Y (SEQ
1D NO:T79; (or a sequence that differs by no more than, 1, 2,3,4,0r5,e.g., 1or2
amino acids, e.g., conservative amino acids, therefrom}:

an FR3 comprising the sequence G-V-P-8-R-F-5-(-8-G-5-G-T-D-F-T-L-T-I-
S-S—L—Q-P-E-D-F-A-TY—Y-Q (SEQ ID NO:80) (or a sequence that differs by no
more than, 1, 2, 3,4, or 5, e.g., 1 or 2 amine acids, e.g., conservative amino acids,
therefrom, optionally provided that € is not changed, or if changed, is other than P);
and

an PR4 comprising the sequence F-G-Q-G-T-K-V-E-I-K (SEQ ID NO:&1) (or
a sequence that differs by no more than, 1, 2, 3,4, or 5, e.g., 1 or 2 amino acids, e.g.,

conservative amino acids, therefrom).

In an embodiment a FR of the light or heavy chain includes one of the
highlighted residues, or one of the highlighted combinations of residues, for that FR,
{i.e., while other residues in that FR might be changed, the highlighted residue or
combination of residues, are not changed). E.g., in an embodiment, one, two or three

of [, R. or £, for heavy chain FR3 is not changed.
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In an embodiment a FR of the light and a FR of the heavy chain each includes
one of the highlighted residues, or one of the highlighted combinations of residues,
for that FR.

In an embodiment each of two FRs in the antibody molecule includes one of
the highlighted residues, or one of the highlighted combinations of residues, for that
FR. In embodiments both are in the light chain. In embodiments both are in the
heavy chain.

In an embodiment each of FRZ and FR3 in the heavy chain includes one of the
hi gﬁlightﬁd residues, or one of the highlighted combinations of residues, for that FR.

In an embodiment each of FR1 and FR2 in the heavy and light chain inciudes
one of the h ighlighted residues for that FR.

In an embodiment all of the highlighted residues in heavy chain FR1-4 are
unchanged.

In an embodiment all of the highlighted residues in light chain FR1-4 are
unchanged.

In an embodiment all of the highlighted residues in both heavy and light chain
I'R1-4 are unchanged.

In one embodiment, the antibody molecule comprises:
{a} the heavy chain immunoglobulin variable region segment comprises one or
more or ail of
an PR1 comprising the sequence E-V-Q.L-L-E-8-G-G-G-L-V-K-P-G-
Q-5-L-K-1-5-C-A-A-§-G-F-T-F-T (SEQ ID NO:82);
an FR2 comprising the sequence W-V-R-Q-P-P-G-K-G-1-E-W-V-A
(SEQ D NO:75);
an PR3 comprising the sequence R-F-T-]-8-R-D-N-S-K-N-T-L-Y-L.-
Q-M-N-§-L-R-A-E-D-T-A-V-Y-Y-C-A-K (SEQ ID NO:76); and
an R4 comprising the sequence W-G-Q-G-T-T-L-T-V-8-8 (SEQ ID
NO7T) or W-G-Q-G-T-T-V-T-¥-8-§ (SEQ ID NO:171); and
{b) the Iight chain immunoglobulin variable region segment comprising one or

more or all of
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an FR1 comprising the sequence D-I-Q-M-T-Q-8-P-5-8-1.-5-A-S-V-
G-D-R-V-T-1-T-C-R-8-8 (SEQ ID NG:78); '

an FRZ comprising the sequence W-Y-Q-Q-K-P-G-K-A-P-K-L-L-1-Y
(SEQ ID NO:79; .

an FR3 comprising the sequence G-V-P-§-R-F-5-G-8-G-§-G-T-D-T-
T-L-T-I.§-8-L-Q-P-E-D-F-A-T-Y-Y-C (SEQ ID NO:80); and

an FR4 comprising the sequence F-G-Q-G-T-K-V-E-L-K (SEQ ID
NO:81).

In another embodiment, the antibody moleculé comprises one or more or ali of
the following properties: (a) it fails io produce any escape mutants as determined by
the failare of a viral titer to recover following at least 16, 9, 8, 7, 6, or 5 rounds of
serial infections in cell culture with a mixture of the antibody molecule and an
influenza virus (e.g., an influenza A virus, ¢.g., a Group 1 strain, e.g., an HINT strain,
e.g., AfSouth Carolina/1/1918, A/Puerto Rico/08/1934, or A/California/04/2009, or an
H5NT strain, e.g., Aflndonesia/5/2005 or A/ Vietnam/1203/2004, or an influenza B
virus, e.g., B/Wisconsin/1/2010}; (b) it produces foewer escape mutants than does a
reference anti-HA antitbody molecule, e.g., Ab67-11, Fi6, FI28, C179, F10, CR9114, ‘
or CR6261, e.g., when tested by the method described in {a); (c) it binds with high
affiniiy o a helﬁagglutinin {(Ha) ol atleast 1, 2, 3,4 or 5 influenza subtypes of Group
1 and atleast 1, 2, 3, 4 or 5 influenza subtypes of Group 2; (d) it treats o1 prevents
mfection by at least 1, 2, 3, 4 or 5 influenza subtypes of Group 1, and by at leasi 1, 2,
3, 4 or 5 influenza subtypes of Group 2; (e) it inhibits fusogenic activity of the
targeted HA; () it treats or prevents infection by a Group | virus, wherein the virus is

an H1, H5, or HQ virus; and treats or prevents infection by a Group 2 virus, wherein

the virus is an H3 or H7 virus; (g) it treats or prevents infection by influenza A strains

HINI and H3N2; (h) it 1s effective for prevention or treatment of infection, e.g., in
humans or mice, with HiN1 and H3N2 when administered at 50 mg/kg, 25 mgikg, 10
mg/kg, 6 mg/ke, 5 mg/kg, 4 mg/ke, 3 mg/ke, 2 meg/ke, or 1 mg/ikg, (i) it treais or
prevents infection by influenza A straing H5N1; (§) it is effective for prevention or
treatment of infection, e.g., in humans or mice, with H3N1 when administered at 50

mg/kg, 25 me/kg, 10 mg/kg, 6 mg/lke, 5 mg/kg, 4 mg/kg, 3 mg/kg, 2 mg/kg, or
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1 mg/kg; (k) it binds with high affinity to a hemagglutinin (HA) of an influenza B virus, e.g.,
B/Wisconsin/1/2010; (1) it treats or prevents infection by an influenza B virus, e.g.,
B/Wisconsin/1/2010; (m) it is effective for prevention or treatment of infection, e.g., in humans
or mice, with an influenza B virus, e.g., B/Wisconsin/1/2010 when administered at 50 mg/kg, 25
mg/ke, 10 mgkg, 6 mgke, S mg/kg, 4 mg/kg, 3 mg/kg, 2 mg/kg, or 1 mg/kg; (n) the
concentration of antibody molecule required for 50% neutralization of influenza A virus is less
than 10 pg/mL; (o) the concentration of antibody molecule required for 50% neutralization of
influenza B virus, e.g., B/Wisconsin/ 1/2010, is less than 10 pg/mL; (p) it prevents or minimizes
secondary infection (e.g., secondary bacterial infection) or effects thereof on a subject; (q) it is
effective for preventing or minimizing secondary infection {e.g., secondary bacterial infection) or
effects thereof on a subject when administered at 50 mg/kg, 25 mg/kg, 10 mg/kg, 6 mg/kg, 5
mg/kg, 4 mgkg, 3 mg/kg, 2 mg/kg, or 1 mg/kg; (r) it binds an epitope which comprises or
consists of the hemagglutinin frimer interface; and (s) it binds an epitope other than that bound
by a reference anti-HA antibody molecule, e.g., Ab 67-11, Fi6, FI28, C179, F10, CR9114, or
CR6261, e.g., when tested by a method disclosed herein, e.g., by competition in an ELISA assay.

In another embodiment, the disclosure features an antibody molecule comprising: (a) a
heavy chain immunoglobulin variable region segment comprising SEQ ID NO:24 (or a sequence
that differs by no more than 1, 2, 3, 4 or 5 amino acids, €.g., conservative amino acids,
therefrom); and (b) a light chain variable region segment comprising SEQ ID NO:45 (or a
sequence that differs by no more than 1, 2, 3, 4 or 5 amino acids, e.g., conservative amino acids,
therefrom). In some embodiments, the antibody molecule comprises one or more or all of the
following properties: (i) it fails to produce any escape mutants as determined by the failure of a
viral titer to recover following at least 10, 9, 8, 7, 6, or 5 rounds of serial infections in cell culture
with a mixture of the antibody molecule and an influenza a virus, e.g., a Group 1 strain, e.g., an
HINT strain, e.g., A/South Carolina/1/1918, A/Puerto Rico/08/1934, or A/California/04/2009, or
an H5N1 strain, e.g., A/indonesia/5/2005 or A/Vietnam/1203/2004; and (ii) it produces fewer

escape mutants than does a
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reference anti-I1A antibody molecule, such as Ab 67-11, FI6, FI28, C179, F10,
CRO114, or CR6261, such as when tested by the method described in ().

In an embodiment the binding agent, e.g., an antibody molecule, specifically
binds the HA antigen.

In an embodiment, the antibody molecule binds an epitope that has
one, twe, three, four, five, or all of, the following properties a-T:

a) it inciudes one, two, or all of, FI3 FHA1 residues N38§, 1278,
and D291,

b) it includes H3 HAZ residue N12;

¢) it does not inclhude one, two or all of, H3 HA1 residues
(2327, T328, and R329;

d) it does not include one, two, three, four, or all of, H3 HAZ2
residues G1, L2, F3, (G4, and D46

e) it includes one, two, or all of, H3 HA? residues T318, R321,
and V323; or

Ditincludes 1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17, or all of, H3 HAZ residues A7, E11, 118, D19, G20,
W21, 138, K39, T41, Q42, Ad3, 143, 148, N49, 1.52,
N53, [56,and B57.

In an embodiment the antibody molecule has properites: a; and b.
In an embodiment the antibody molecule has properties: ¢; and d.
In an embodiment the antibody molecule has properties: a; and c or .
In an embodiment the antibody molecule has properiies: b; and ¢ or d.
In an embodiment the aniibody molecule has properties: ¢; and a or b,

in an embodiment the antibody molecule has properties: d; and a or b,
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In an embodiment the antibody molecule has properties: a, b, ¢ and d.

In an embodiment the antibody molecule has properties: a, b, ¢, d, e,

and f.

In an embodiment, the antibody molecule has a Kp for H3 of equal to
or less than 10, wherein said Ky is increased by at least 2, 5,10, or 100 fold. by a
mutation or mutations in any of:

a} H3 HA residues N38, 1278, or D291,

b) H3 HA2 residue N12;

¢y H3 HAI residues T318, R321, or V323; or

d) H3 HAZ residues A7, E1E, 118, D19, G20, W21, L3§, K39,

T41, 42, A43,145, 148, N49, 1.52, N53, 156, or B57.

In an embodiment, the aniibody molecule has a Ky, for H3 of equal o
or less than 1()“(’, wherein said Kpy is increased by no more than 2, or 5 fold, by a
mutation or mutations in any of: .

oy H3 HAT residues Q327, T328, or R32%; or

d) H3 HAZ residues G1, L2, F3, G4, or D46,

In an embodiment, the antibody molecule binds an epitope that has.

one, twa, three, four, five, or all of, the foliowing properties a-f:

aa) it includes one, two, or all of, 111 HAI residoes 1131, N279,
and 5Z92;

bb} it includes H1 HAZ residue G12;

cc) it does not include one or both of H1 HA1 residues Q328
and §329;

dd} it does not include one, two, three, four, or all of, H1 HA?2
residues (G1, L2, F3, (G4, and D44,
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ee) it includes one, two, or all of, H1 HAI residues T319,

k322, and ¥324 are bound by both Ab 044 and FI&; or

tf) itincludes 1, 2, 3, 4, 5,6,7,8, 9, 10, 11, 12, 13, 14, 15, 16,
17, or ali of, H1 HA2 residues A7, E11, [18, D19, G20, W21, Q38, K39, T41, (342,

N3, 145, 148, T49, V52, N53, I56, and E57.

In an embodiment the antibody molecule has properties:

In an embodiment the antibody molecule has properties:

in an embodiment the antibody molecule has properties:
dd.

In an embodiment the antibody molecule has properties:
dd.

In an embodiment the antibody molecule has properties:
bb.

Int an ershodiment the antibody molecule has properties:
bb.

In an embodiment the antibody molecule has properties:
dd.

In an embodiment the antibody molecule has properties:
ee, and ff.

aa; and bb,

¢cc; and dd.

aa; and cc or

bb; and cc or

cc, and aa or

dd; and aa or

aa, bb, ¢c and

aa, bb, cc, dd,

In an embodiment, the antibody moiecule has a K for HY of equal to

or less than 10°°, wherein said K, is increased by at least 2, 5,10, or 100 fold, by a

mutation or mutations in any of:

&0
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aa) H1 HAT residues H31, N279, and 5292;

bb) H1 HAZ2 residue G12;

ce) H1 HAT residues T319, R322, and 1324 ; or

dd) H1 HA2 residues A7, E11, 118, D19, G20, W21, 38, K39, T41, Q42,
N43, 145, 148, T49, V52, N53, 156, and E57.

In an embodiment, the antibody molecule has a Kp for H1 of equal to or less than
107, wherein said Kp, is increased by no more than 2, or 5 fold, by a mutation or mutations in
any of:
ccy H1 HAT residues Q328 and $329; or
dd) H1 HAZ residues G1, L2, F3, G4, and D46;

In an embodiment the antibody molecule has one, two, three or all of the
following properties:

a and aa;

b and bb;

¢ and cc;

d and dd.

In an embodiment the molecule has properties ¢, ¢c, d, and dd.

In another embodiment, the disclosure features, a binding agent, e.g., an antibody
molecule, or preparation, or isolated preparation thereof, comprising a structural or functional
property of one or both a heavy chain variable region and a light chain variable region disclosed

herein.

In an embodiment, the antibody molecule competes with a reference antibody molecule,
e.g., an antibody molecule described herein, for binding to a substrate, e.g., an HA. The
reference antibody molecule can be:

a) an antibody molecule comprising the heavy and light CDRs from :

a heavy chain variable region from Table 3, Table 4A, Table 4B, Fig.2, Fig 13, or Fig.
17; and
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a light chain variable region from Table 3, Table 4A, Table 4B, Fig.3, Fig 14,
or Fig 17.

b) an anitbody molecule that comprises: (i) 2 heavy chain immunoglobulin

variable region segment from Table 3, Table 4A, Table 4B, Fig.2, Fig 13, or

Tig. 17; and (ii) a light chain variable region segment from Table 3, Table 4A,

Table 4B, Fig.3, Fig 14, or Fig 17; or

¢} an antibody disclosed herein.

The HA can be HAL or HAS, e.g. from an HINT strain, e.g., A/South
Carolina/1/1918, A/Puerto Rico/08/1934, or A/Cakifornia/04/2009, or an H5N1 strain,
e.g., Affndonesia/5/2005 or A/Vietnam/1203/2004. Competition between the
antibody molecule and a reference antibody molecule can be determined by
evaluating the ability of one of the antibody molecule or the reference antibody
molecule to decrease binding of the other to a substrate, e.g., HA, e.g., HAT or HAS,
e.g. from an FIN1 strain, e.g., A/South Carolina/1/1918, A/Puerto Rico/08/1934, or
AJCaliforniaf04/2009, or an H3NI strain, e.g., A/indonesia/5/2005 or
AfVietnam/1203/2004. Reduction of the ability to bind can be evaluated by methods
in the art, Reduction of the ability to bind can be evaluared, e.g., by one or more of:

a} BIAcore analysis;

b} ELISA assay; and

c) flow cytometry. The antibody molecule can compete with the
reference antibody such that binding of the reference antibody is decreased by 56% or
more. In an embodiment the antibody molecule binds 1o the same epitope, or a
portion thereof, which the reference antibody molecule binds. In an embodiment the
aniibody molecule does not bind to the same epitope, or a portion thereof, which the

reference antibody molecule binds,

In an embodiment the antibody molecule binds to the same epitope, or
a portion thereof, on HA, as does a reference antibody molecule, ¢.g. an antibody
molecule disclosed herein. ‘The reference antibody molecule can be;
aj an antibody molecule comprising the heavy and light CDRs from ;
a heavy chain variable region from Table 3, Table 4A, Table 4B, Fig.2, Fig 13,
or Fig. 17; and
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a light chain variable region from Table 3, Table 4A, Table 4B, Fig.3, Fig 14,
or Fig 17.

by an antibody molecule that comprises: (1) a hea\}y chain immunoglobulin

variable region segment from .Table 3, Table 4A, Table 4B, Fig.2, Fig 13, or

Fig. 17; and (ii} a light chain variable region segment from Table 3, Table 4A,

Table 4B, Fig.3, Fig 14, or Fig 17; or

¢) an antibody disclosed herein.

The HA can be HA1 or HAS, e.g. from an HIN1 strain, e.g., A/South
Carolina/1/1918, A/Puerto Ricof08/1934, or A/California/04/2009, or an H5N1 strain,
e.2.. Aflndonesia/5/2005 or A/Vietnam/1203/2004. Binding to the same epitope, or a
portion thereof, can be shown by one or more of:

a) mutational analysis, e.g., binding to HA, or binding affinity for HA,
is decreased or abolished if a residue is mutated;

b) analysis, e.g., comparison, of the crystal structure of the antibody
molecule and HA and the crystal structure of a reference antibady and HA, e.g., to
determine the touch points of each;

¢) competition of the two antibodies for binding to HA, e.g., HAl or
HAS, e.g. from an HINI strain, e.g., A/South Carolina/1/1918, A/Puerto
Rico/08/1934,0r A/California/04/2009, or an HSNT strain, e.g., A/lndonesia/5/2003
or A/Vietnan/1203/2004; and

d) {c) and one or both of {a) and {(b),

Competition between the antibody molecule and a reference antibody
molecule can be determined by evalvating the ability of one of the antibody molecule
or the reference antibody molecule o decrease binding of the other to a substrate, e.g..
HA, e, HAL or HAS, from, e.g., an HIN1 strain, e.g., A/South Carolina/1/1918,
AfPuerto Ricof08/1934, or A/California/04/2009, or an TISNT strain, e.g.,
Afindonesia/5/2005 or AfVietnam/1203/2004. Reduction of the ability to bind can be
evaluated by methods in the art, Reduction of the ability to bind can be evaluated,
e.g., by one or more of:

a) BlAcore analysis;

b) BLISA assay; and
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¢} flow cytometry. The antibody molecule can compete with the
reference antibody such that binding of the reference antibody is decreased by 50% or
more.

d) competition of the two antibodies for binding to HA, e.z., HAT or
HAS, from, e.g., an HIN] sirain, e.g., A/South Carolina/1/1918, A/Puerio
Rico/08/1934, or A/California/04/2009, or an H5N1 strain, e.g., A/fndonesia/5/2005
or AfVietnam/1203/2004; and

e) (¢) and one or both of (a) and (b).

kel

Competition between the antibody molecule and a reference antibody
10 molecule can be determined by evaluating the ability of one of the antibody molecule
or the reference antibody molecule to decrease binding of the other to a substrate, e.g.,
HA, e.g., HAT or HAS, from, e.g., an HIN1 strain, e.g., A/South Carolina/1/1918,
AJ/Puerio Rico/08/1934, or A/California/04/2009, or an FSN1 strain, e.g.,
Allndonesia/5/2005 or A/Vietnam/1203/2004. Reduction of the ability to bind can be

15 evaluated by methods in the art.

In an embodiment the binding agent, e.g., an antibody molecule, comprises
onie or both of:
a heavy chain variable region comprising least 60, 74, 80, 85, 90, 95, 98 or 99
20 percent homology with a reference heavy chain from Table 3, Table 4A, Table 4B,
Fig.2, Fig 13 or Fig.17,; and
a light chain variable region comprising least 60, 70, 80, 85, 90, 95, 98 or 99
percent bomology with reference light chain from Table 3, Table 4A, Table 4B, Fig.3,
Fig. 14 or Fig 17,
25 wherein, optionally, each HC CDR differs by no more than 1,2, 3, 4 or 5
aino acids, e.g., 1 or 2, e.g., conservative amino acids, from the corresponding HC
CDR from its reference heavy chain and each LC CDR differs by no more than 1, 2,
3,4 or 5 amino acids, e.g., | or 2, e.g., conservative amino acids, from the
carresponding CDR in its reference light chain,
30
In an embodiment the binding agent, e.g., an antibody molecute, comprises: a
heavy chain variable region comprising least 60, 70, 80, 85, 90, 95, 98 or 99 percent

homology with a heavy chain from Table 3 and a lght chain variable region
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comprising least 60, 70, 80, 85, 90, 93, 98 or 99 percent homology with the

corresponding light chain from Tabie 3.

In an embodiment the binding agent, e.g., an antibody molecule, comprises: a
heavy chain variable region comprising least 60, 70, 80, 85, 90, 95, 98 or 99 percent
homology with a heavy chain from Table 4A and a light chain variable region
comprising least 60, 70, 80, 85, 90, 95, 98 or 99 percent homology with the

corresponding light chain from Table 4A.

In an embodiment the binding agent, e.g., an antibody molecule, comprises: a
heavy chain variable region comprising least 60, 70, 80, 85, 90, 95, 98 or 99 percent
homology with a heavy chain from Table 4B and a light chain variable region
comprising least 60, 70, 80, 83, 90, 95, 98 or 99 percent homology with the

corresponding light chain from Table 4B.

In-an embodiment the binding agent, e.g., an antibmd§ mojecule, comprises
one-g¢ hoth of! _ L |

aHeivy chain variable fegion it #4516 3, Table 4A. Table 4B, Fig.2, Fig 13,
or Pig. 17; and

a light chain variable region from Table 3, Table 4A, Table 41%, FigS, Fig 141
or Fig 17.

In an embodiment the binding agent, e.g., an antibody moleéule, comprises:

a heavy chain variable region from Table 3 and the corresponding light chain
from Table 3; |

a heavy chain from Table 4A and the corresponding light chain from Table
4A; or

a heavy chain from Table 4B and the corresponding light chain from Table
4B,

In an embodiment, the binding agent, e.g., an antibody molecule, comprises

one or both of:
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(a) a heavy chain immunoglobulin variable region segment comprising a
CDR1, a CDR2 and a CDR3 from a heavy chain sequence of Table 3, Table 4A,
Table 4B, FIG. 2, FIG. 13, or FIG. 17 (or CDRs that, individually or collectively,
differ therefrom by no more than, 1,2, 3,4, or 5, e.g., 1 or 2 amino acids, e.g.,
conservalive amino acids)); and

(b} a light chain immunoglobulin variable region segment comprising a
CDR1, a CDR2 and a CIDR3 from a light chain sequence of Table 3, Table 4A, Table
48, FIG. 3, FIG. 14, or FIG. 17 {or CDRs that, individually or collectively, differ
therefrom by no more than, 1, 2, 3. 4, or 5, e.g., 1 or 2 amino acids, e.g., conservative

amino acids).

In an embodiment the binding agent, e.g., an antibody molecule, comprises
one or both of;
CDRs from a heavy chain of Table 3 and the light chain CIJRs from the

corresponding light chain from Table 3.

In an embodiment the binding agent, c.g., an antibody molecule, comprises
one or hoth of;
CDRs from a heavy chain of Table 4A and the light chain CDRs from the

corresponding light chain from Table 4A.

In an embodiment the binding agent, e.g., an antibody molecule, comprises
one or both of:
CDRs from 4 heavy chain of Table 4B and the light chain CDRs from the

corresponding light chain from Table 4B.

In some embodiments, the binding agent, e.g., an antibody molecule,
comprises one or more or all of the following properties: {i} it fails to produce any
escape mutants 4s determined by the failure of a viral titer 10 recover following at
least 10,9, 8, 7, 6, or 5 rounds of serial infections in cell culture with a mixture of the
antibody molecule and an influenza virus (e.g.. an influenza A virus, e.g., a Group 1

strain, e.g., an HIN1 strain, e.g,, A/South Carolina/1/1518, A/Puerio Rico/08/1934, or
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A/California/04/2009, or an H5N1 strain, e.g., A/lndonesia/5/2008 or
AfVietnam/1263/2004, or an influenza B virus, e.g., B/Wisconsin/1/20103; (i) 1t
produces fewer escape mutants than does a reference anti-HA antibody molecule, e.g.,
Ab 67-11, FI6, FI28, (7179, F10, CR9114, or CR6261, e.g.. when tested by the
method described in (1); and (iii) it is other than Ab 67-11 and FI6.

in cne embodiment, the antibody molecule comprises one or both of:

{a) a heavy chain immunoglobulin variable region segment comprising a
CDR1, 2 CDR2; and a CDR3 from a heavy chain sequence of FIG. 2, FIG. 13, or
FIG. 17; and

(b) a light chain immunoglobulin variable region segment comprising 4
CDR1, a CDR2 and a CDRS3 from a light chain sequence of FIG. 3, FIG. 14, or FIG.
17.

In one embodiment, the antibody molecule comprises:

(a) a heavy chain immunoglobulin variable region segment from FIG. 2 or
FIG. 17; and

{b) a light chain immunoglobulin variable region segment from FIG. 3 or FIG.
17.

In one embodiment, the heavy chain immunoglobulin variable region further
cozﬁprisés an Isoleucine-Aspariate (He-Azsp) dipeptide at the N-terminus. In another
embodiment, the light chain immunoglobulin variable region further comprises an Ile-
Asp dipeptide at the N-terminus. In yet another embodiment, both the heavy chain
immunogiobulin variable region and the light chain immunoglobulin variable region
or an antibody featured in the disclosure further comprises an He-Asp dipeptide at the
N-terminus. In other embodiment the Ile-Asp dipeptide is absent from one or both the

heavy and light chaig.

In one embodiment, the binding agent, e.g., an antibody molecule, further
comprises one or more or all of the following: (a) it treafs or prevents infection by at
least 1, 2, 3, 4 or 5 influenza subtypes of Group 1, and by at least 1,2, 3,4 0r 5
influenza subtypes of Group 2; (b) it inhibits fusogenic activity of the targeted HA,;

{c) it treats or prevents infection by a Group I virus, wherein the virus is an H1, H5,
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or HY virus; and treats or prevents infection by a Group 2 virus, wherein the virus is
an H3 or H7 virus; (d} it treats or prevents infection by influenza A strains HIN] and
H3N2; (e} itis effective for prevention or freatment of infection, e.g., in huwmans or
mice, with HINT and H3N2 when administered at 50 mg/kg, 25 mg/kg, 10 mg/kg, 6

5 mg/kg, 5 mg/kg, 4 mg/kg, 3 meskg, 2 mg/kg, or 1 mg/ke; (f) it treats or prevents
infection by influenza A strains HSN1; (g} it is effective for prevention or treatment
of infection, e.g., in humans or mice, with HSN1 when administered at 50 mg/kg, 25
mg/kg, 10 mg/kg, 6 mglke, 5 meike, 4 mg/kg, 3 mg/kg, 2 me/ke, or 1 me/fke; ¢h) it
binds with high affinity to a hemagglhutinin (HA)} of an influenza B virus, e.g.,

10 B/Wisconsin/1/2010; (i} it treats or prevents infection by an influenza B virus, e.g.,
B/Wisconsin/1/2010; (j}) it is effective for prevention or treatment of infection, e.g., in
humans or mice, with an influenza B virus, e.g., B/fWisconsin/1/201( when
administered at 50 mg/kg, 25 mg/ke, 10 mg/ke, 6 mg/ke, 5 mgikg, 4 mgikg, 3 mg/ke,
2 mg/kg, or  mg/kg; (k) the concentration of antibody molecule required for 50%

15 neuiralization of influenza A virus is less than 10 pg/mL; (1) the concentraticn of
antibody molecule required for 50% neutralization of influenza B virus, e.g2.,
B/Wisconsin/1/2010, is Jess than 10 pg/mil; (m) it prevents or minimizes secondary
infection (e.g., secondary bacterial infection) or effects thereof on a subject; (n) it is
effective for preventing or minimizing secondary infection (e.g., secondary bacterial

20 infection) or effects thereof on a subject wher administered at 50 mg/kg, 25 mglkg,

10 mg/kg, 6 mg/kg, 5 mg/kg, 4 mg/kg, 3 mp/kg. 2 mglkg, or 1 mg/dkg; {0) it binds an

epitope which comprises or consists of the hemagglutinin trimer inerface; and (p) it

binds an epitope other than that bound by a reference anii-HA antibody molecule, e.g.,

Ab 67-11, FI6, FI23, C179, F10, CR9114, or CR6261, e.g., when tested by a method
25  disclosed herein, e.g.. by competition in an ELISA assay.

In an embodiment the antibody molecule comprises one or both of:
4) one or more framework regrons (FRs) from heavy chain disclosed herein. F.g.,
the antibody molecule comprises one or more oy all of FR1, FR2, FR3, or FR4, or
3¢ sequences that differ individually, or collectively, by no more than 1, 2, 3, 4, of 5 amino
acid residues, e.g., conservative residues, from heavy chain disclosed herein; and

b) ene or more framework regions (FRs) from light chain disclosed herein. E.g.,
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the antibody molecule comprises one or more or all of FRT; FR2, FR3, or FR4, or
sequences that differ individoally, or collectively, by no more than 1, 2, 3, 4, of 5 amino

acid residues, e.g., conservative residues, from light chain disclosed herein.

In an embodiment the binding agent, e.g., an antibody molecule, specifically
binds the HA antigen.

In an embodiment, the antibody molecule binds an epitope that has
one, two, three, four, five, or all of, the following properties a-f:

a} it inciudes one, two, or all of, H3 HA 1 residues N38§, 1278,
and D291;

b} it includes H3 HAZ2 residue N12;

¢) it does not include one, two or all of, H3 HA1 residues
0327, T328, and R329;

d) it does not include one, two, three, four, or all of, H3 A2
residues G1, 1.2, F3, G4, and D46

¢) it includes one, two, or all of, H3 HA1 residues T318, R321,
and V323 or

Ditincludes 1,2, 3,4, 5,6,7, 8 9.10, 11, 12, 13, 14, 15, 16,
17, or all of, H3 HAZ residues A7, E11, 18, D19, G20,
W21, L38, K39, T41, Q42, A43, 145, 148, N49, 52,
N33, I56,and E57.

In an embodiment the antibody molecule has properties: a; and b,

In ar embodiment the antibody molecule has properties: ¢; and d.

In an embodiment the antibody molecule has properties: a; and ¢ or d.
In an embodiment the aatibody molecule has properties: b; and c or d.
In an embodiment the antibody molecule has properties: ¢; and a or b.
In an embodiment the antibody molecule has properties: d; and a or b,
In am embodiment the antibody molecule has properties: a, b, ¢ and 4.
In an embodiment the antibody molecule has properties: &, b, ¢, d, e,

and f.
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In an embodiment, the antibody molecule has a Kp for H3 of equal to
or less than 10, wherein said Ko is increased by at least 2, 5,10, or 100 fold, by &
mutation of natations in any of’

a) H3 HAT residues N3§, 1278, or D291,

b) H3 HA2 residue N12;

¢) H3 HA1 residues T318, R321, or V323: or

d) H3 HAZ2 residues A7, E11, 118, D19, G20, W21, 138, K39,

T41, 42, A43, 145, 148, N49, 1L.52, N53, 156, or E57.

In an embodiment, the antibody molecule has a Ky, for H3 of equat to
or less than 10°°, wherein said Kp is increased by no more than 2, or 5 fold, by a
mutation or nutations in any of!

¢) H3 HAT residues (3327, T328, or R329; or

d) H3 HAZ residues G1, L2, F3, G4, or D46,

in an embodiment, the antibody moelecule binds an epitope that has

one, two, three, four, five, or all of, the foliowing properties a-f:

aay it includes one, two, (;r all of, HI HAI residues H31, N279,
and 5292;

bb) it includes 111 HA2 residue G12;

ce) it does not include one or both of T11 HA1 residues (3328
and 5329;

dd} it does not inclade one, two, three, four, or all of, H1 HAZ
residues GG1, L2, ¥3, G4, and D46,

- ee)itincludes one, two, or all of, H1 HA1 residues 1319,
R322, and 1324 are bound by both Ab 044 and FI6; or
yiincludes 1,2,3, 4.5, 6.7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17, or all of, H1 HA2 residues A7, EL1, I18, D19, G20, W21, Q38, K39, T41, (42,
N43, 145, 148, T49, V52, N53, 156, and ES7.
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In an embodiment the antibody molecule has properties: aa; and bb.

In an embodiment the antibody molecule has properties: ¢¢; and dd.

In an embodiment the antibody molecule has properties: aa; and cc or

dd.

In an embodiment the antibody molecule has properiies: bb; and cc or
dd.

in an embodiment the antibody molecule has properties: cc; and aa or
bb.

In an embodiment the anitbody molecule has properties: dd; and aa or
bb.

In an embodiment-the antibody molecule has properties: aa, bh, cc and
dd.

In an embodiment the antibody molecule has properties; aa, bb, cc, dd,
ee, and ff.

In an embodiment, the antibody molecule has a Kpy for H1 of equal to

or less than 10, wherein said Kp is increased by atleast 2, 5,10, or 100 fold, by a
mutation or mutations in any of:

aa) H1 HA1 residues 31, N279. and $292;

bb) H1 HAZ residue G12;

coYHI HAL residues T319, R322, and 1324; or

dd) H1 HAZ residues A7, E11, 118, D19, G20, W21, Q38, K39,
141, Q42, N43, 145, 148, 'T49, V52, N53, 156, and E57.
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In an embodiment, the antibody molecule has a Ky for H1 of equal to or less than
10'6, wherein said Kp is increased by no more than 2, or 5 fold, by a mutation or mutations in
any of:
ccy H1 HAT residues Q328 and S329; or
ddy HI HA2 residues G1, L2, F3, G4, and D46;

In an embodiment the antibody molecule has one, two, three or all of the
following properties:

a and aa;

b and bb;

¢ and cc;

d and dd.

In an embodiment the molecule has properties c, cc, d, and dd.

In one embodiment, the disclosure features an anti-hemagglutinin (anti-HA) binding
agent, e.g., antibody molecule, or preparation, or isolated preparation thereof, comprising:

(a) a heavy chain immunoglobulin variable region segment comprising one or more or all -
of a

CDR1 comprising the sequence G-F-T-F-[S/TI-[S/T]-Y-[A/G]-M-H (SEQ ID
NO:1), or a sequence that differs from SEQ ID NO:1 by no more than 1 or 2 residues;

a CDR2 comprising the sequence V-[I/V/L]-S-[Y/F]-D-G-[S/N]-{Y/N]-JK/R]}-Y-Y-A-D-
S-V-Q-G (SEQ ID NO:2) or a sequence that differs from SEQ ID NO:2Z by no more than 1 or 2
residues; and

a CDR3 comprising the sequence D-{S/T]-[R/K/Q]-L-R-[S/T]-L-L-Y-F-E-W-L-8-[Q/S]-
G-[Y/L/V]-[F/L}-[N/D}-[P/Y] (SEQ ID NG:3), or a sequence that differs from SEQ ID NO:3 by
no more than 1 or 2 residues; and
(b) a light chain variable region segment comprising one or more or all of a CDR1 comprising
the sequence [K/R]-S-S-Q-[S/T]-[V/A/-[T/S]-[Y/F/WI-[N/S/DI-Y-K-N-Y-L-A (SEQ ID NO:4)
or a sequence that differs from SEQ ID NO:4 by no more than 1 or 2 residues, or comprising the

sequence [K/R]-S-85-Q-[S/T]-
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[VILI-[T/ST-DY/FIW ]-[NIS/D/Q/RJ’E]-Y-K-N—Y-L—A (SEQID NO:170)ora
sequence that differs from SEQ 1D NO: 170 by no more than 1 or 2 residues or [K/R]-
8-S-Q-IS/TVAM-T/S-TY/EW-IN/S/D/EY-K-N-Y-L-A (SEQ ID NO:4) or a
sequence that differs from SEQ ID NO: 170 by no more than | or 2 residues;

a CDR2 comprising the sequence W-[A/GI-S-[T/A/Y/H/K/M-R/ABEIS/T]
(SEG 1D NG:5) or a sequence that differs from SEQ 112 N(:5 by no more than 1 or 2
residues;

a CDR3 comprising the sequence Q-Q-[Y/H]-Y-R-T-P-P-[T/S] (SEQ ID
N(:6) or a sequence that differs from SEQ ID NO:6 by no more than 1 or 2 residues;

optionally, provided that,

i the light chain variable region segment comprises: a CDR 1 comprising the
sequence K-8-8-Q-5-V-T-Y-N-Y-K-N-Y-1L-A (SEQ ID NG:83); a CDR2 comprising
the sequence W-A-S-T-R-E-S (SEQ ID N(G:84); and a CDR3 comprising the
sequence Q-Q-Y-Y-R-T-P-P-T (SEQ 1D NO:85);

then the heavy chain variable region scgment comprises one or more of the
following: (a) CDRs other than the following: a CDR1 comprising the sequence S-
Y-G-M-H (SEQ ID NO:86); a CDR2 comprising the sequence V-[-S-Y-D-G-§-Y-X-
Y-Y-A-D-5-V-Q-G (SEQ ID NO:87); or a CDR3 comprising the sequenée D-S-E-L-
R-5-L-1-Y-F-E-W-L-S-0Q-G-Y-F-N-P (SEQ ID N(:88); or (b} FRs other than the
following: an FR1 other than E-V-Q-L-L-E-5-G-G-G-L-V-K-P-G-(-§-L-K-L-5-C-
A-A-5-G-F-T-F-T (SEQ ID NO:82),; an FR2 other than W-V-R-Q-P-P-G-E-G-L-E-
W-V-A (SEQ I NO:75); an FR3 other than R-F-T-L-8-R-D-N-S-K-N-T-L-Y-L-(-
M-N-5-L-R-A-E-D-T-A-V-Y-Y-C-A-K (SEQ ID NO:76); or an FR4 other than W-G-
A-G-T-T-L-T-V-8-8 (SEQ ID N(O:89); (¢) a CDRI where the amino residue at
position 5 of SEQ 1D NO:1is an S, the amino acid residue at position 6 of SEQ ID
MN(:1lis a T, or the amino acid residue at position 8 of SEQID NO:Tisan A; (d) 2
CDRZ wherein the amino residue at position 2 of SEQ ID N(O:2 is a V or an L, the
amino acid at position 4 is an F, the amino acid at position 7 is an N, the amino acid at
position & is a Y, or the amino acid at position 913 2 R; (g) a CDR3 wherein the
amino residue at position 2 of SEQ ID NO:3 is a T, the amino acid residue at position
3of SEQIDNG:3isan R, a K, or a Q, the amino acid residue at position & of SEQ
I NG:3 is a T, the amino acid residue at position 15 of SEQ D NO:3is an §, the
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amino acid residue at position 17 of SEQ ID NO:3is an L, ora V, the amino acid
residue at position 18 of SEQ ID N(O:3 is an L, the amino acid residue at position 19
of SEQ ID N(O:3 is a D, or the amino acid residue at position 20 of SEQ ID NO:3 is a
Y; {fy an FR1 wherein the amino residue at position 11 of SEQ ID NO:7is 2 Q, or
5 the amino acid residue at position 7 of SEQID NG 7isa T; (g} an FR4 wherein the
amino residue at position 3 of SEQ ID NO:10is 2 Q, the amino acid residue at
position 5 of SEQ ID NO:10 is ar A; the amino acid residue at position 6 of SEQ ID
N(O:10 1s an M, or the amino acid residue at position 7 of SEQ ID NO:10isa V; or
(h) it produces fewer escape mutants than does a reference anti-HA émtibody
10 molecule, e.g., AbG7-11, FI6, F128, C179, F106, CRO9114, or CR&261, e.g., when
tested by a method disclosed herein, and also provided that, if the heavy chain
immunoglobulin variable region segment comprises: a CDR1 comprising the
sequence 5-Y-G-M-H (SEQ ID NO:86); a CDR2 comprising the sequence V-I-5-Y-
D-G-8-Y-K-Y-Y-A-D-5-V-Q-G (SEQ [D NO:87); and a CDR3 comprising the
15 sequence D-5-F-L-R-§-L-L-Y-F-E-W-1-5-Q-G-Y-F-N-P (5EQ 1D NO:88), then the
light chain variable region segment comprises one of more of the following: (a)
CDRs other than the following: CDR1 KSSQSVIYNYKNYLA (SEQ ID NO:83);
CDR2 WASTRES (SEQ ID NO:84); or CBR3 QQYYRTPPT (SEQ ID N(O:85);
{b) FRs other than the following: FRI1 comprising the sequence
20 BIVMTQSPDSLAVSLGERATINC (SEQ ID NG:90)Y;, FR2 comprising the sequence
WYQOQKPGQPPKLLIY (SEQ ID NO:91); FR3 comprising the sequence
GVPDRPSGSGSGTDFTLTiS SLOAEDVAVYYC (SEQ ID NO:92); or
FR4 comprising the sequence FGGGTKLIDIK (SEQ ID NO:93); (¢) aCDRI1
wherein the amino residue at position 1 of SEQ ID NO:4 is an R, the amino residue at
25 position 3 of SEQ ID NO:4 is a T, the amino residue at position 6 of SEQ ID N4 is
an L or an I, the amino residue at position 7 of SEQ ID NG:4 is an §, the amino
residue at position 8 of SEQ ID N4 is an ¥ or a W, or the amino residue at position
Sof SEQ ID NO:disan 5 or a B; (d) a CDR2 wherein the amino residue at position
2 of SEQ BD NO:5 is a G, the amino residue at position 4 of SEQIDNO:5isan A, a
30 Y,anH, a K, ora D, the amino residue at position 5 of SEQ ID NO:5isan L, the
amine residoe at position 7 of SEQ I N(:5 s a T; () a CDR3 wherein the amino

residue at position 3 of SEQ 11> NO:6 s an H: the amino acid residue at position 9 of
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SEQ ID NO:6is an §; (f) an FR1 wherein the amino residue at position 1 of SEQ ID
NO:11 is a I; the amino residue at position 3 of SEQ [D NO:11 is a Q, the amino
residue at position 9 of SEQ ID NO:11 is an S, the amino residue at position 10 of
SEQ ID NO:11is a T, the amino residue at position 11 of SEQID NO:11is a V, the
amino residue at position 12 of SEQ ID NO:11 is an §, the amino residue at position
13 of SEQ ID NO:1L ds an A, the amino residue at position 14 of SEQID NO:11is a
T, the amino residue at position 15 of SEQ ID NO:11 is a V or an R, the amino
residue at position 17 of SEQ ID NO:11 is a I, the amino residue at position 20 of
SEQID NO:11 is an S, the amino residue at position 22 of SEQ ID NO:11isa T, a Q,
al),orank; (g) an FR2 wherein the amino residue at position 8 of SEQ ID NO:12 is
a K, or the amino residue at position 9 of SEQ ID NG 12isan A; (h) an FR3
wherein the amino residue at position 4 of SEQ ID NQO: 13 is an E or an §; the amino
residue at position 24 of SEQ IIX NO: 13 is a P, the amino residue at position 27 of
SEQID NO: 13isan K, a K, or a D, the amino residue at position 29 of SEQ ID NO:
13isaT; (i) an FR4 wherein the amine residue at position 3 of SEQ IDNO:14 is a
Q,aT,an 5, or an N, the amine residue at position 7 of SEQ ID NO:14 is a V, or the
amino residue at posifion 8 of SEQ 1D NO:14 is an E; or (j) it produces fewer escape
mutants than does a reference anti-HA antibody molecule, e.g., Ab 67-11, FI6, TFI28,
C179, F10, CR9114, or CR6261, e.g., when tested by 2 method disclosed herein; and
further provided that if the light chain variable region segment comprises: a CDR 1
comprising the sequence K-5-5-Q-$-V-T-I-N-Y-K-N-Y-L-A {SEQ ID NO:146); a
CDR?Z comprising the sequence W-A-5-A-R-E-§ (SEQ ID NO:147); and a CDR3
comprising the sequence Q-Q-H-Y-R-T-P-P-T (SEQ 1D NO:148); then the heavy
chain variable region segment comprises one or more of the following: CDRs other
than the CDR’s described at FIG. 12B; or FRs other than the FRs described at FIG.
12C.

In one embodiment, the heavy chain CDR sequences, collectively, differ from
the recited sequences by no more than 5, 4, 3, 2 or 1 amino acid residues; and the light
chain CDR sequences, collectively, differ from the recited sequences by no more than

5,4,3, 2 or [ amino acid residues.

PCEMUS2013/640534



10

15

20

25

30

In one embodiment, the disclosure features an isolated nucleic acid molecule comprising
a nucleotide sequence that encodes a heavy chain immunoglobulin variable region segment

featured in the disclosure.

In another embodiment, the disclosure features an isolated nucleic acid molecule that
comprises a nucleotide sequence encoding a light chain immunoglobulin variable region segment

featured in the disclosure.

In vet another embodiment, the disclosure features an isolated nucleic acid molecule that
comprises a nucleotide sequence that encodes a heavy chain immunoglobulin variable region
segment featured in the disclosure and a light chain immunoglobulin variable region segment

featured in the disclosure.

In vet another embodiment, the disclosure features a recombinant vector, such as an
expression vector, that comprises a nucleic acid molecule that comprises a nucleotide seguence
that encodes a heavy chain immunoglobulin variable region segment or nucleotide sequence that

encodes a light chain immunoglobulin variable region segment featured in the disclosure.

In one embodiment, the disclosure features a recombinant vector, such as an expression
vector, that comprises a nucleotide sequence that encodes a heavy chain immunoglobulin
variable region segment and a nucleotide sequence that encodes a light chain immunoglobulin

variable region segment featured in the disclosure.

In one embodiment, the nucleic acid molecules in the recombinant vector include a nucleotide
sequence encoding (a) a heavy chain immunoglobulin variable region segment comprising the
amino acid sequence oft S-Y-A-M-H (SEQ ID NO:68) in CDRI1; V-V-5-Y-D-G-N-Y-K-Y-Y-
A-D-S-V-Q-G (SEQ ID N(O:69) in CDR2; and D-S-R-L-R-8-L-L-Y-F-E-W-L-5-Q-G-Y-F-N-P
(SEQ ID NO:70) in CDR3; and (b) a light chain immunoglobulin variable region segment
comprising the amino acid sequence of: Q-S-I-T-F-D-Y-K-N-Y-L-A (SEQ ID NO:145) in
CDR1;
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W-G-S-Y-L-E-S (SEQ ID NO:72) in CDR2; and Q-Q-H-Y-R-T-P-P-S (SEQ ID NO:73) in
CDR3.

In one embodiment, the disclosure features a cell containing a recombinant vector
featured in the disclosure, such as a recombinant vector comprising a nucleic acid sequence that
encodes a heavy chain immunoglobulin variable region, or a recombinant vector comprising a
nucleic acid sequence that encodes a light chain immunoglobulin variable region. In one
embodiment, the cell contains a recombinant vector comprising a nucleic acid sequence that
encodes a heavy chain immunoglobulin variable region, and a recombinant vector comprising a
nucleic acid sequence that encodes a light chain immunoglobulin variable region. In yet another
embodiment, the cell contains a recombinant vector comprising a nucleic acid sequence that
encodes a heavy chain immunoglobulin variable region, and a nucleic acid sequence that encodes

a Hight chain immunoglobulin variable region.

In one embodiment, the disclosure features a method of making an antibody molecule
featured in the disclosure, such as by providing a host cell comprising a nucleic acid sequence
expressing a heavy chain segment and a nucleic acid sequence expressing a light chain segment,
and expressing the nucleic acids in the host cell.

In one embodiment, the nucleic acid sequence expressing the heavy chain segment and
the nucleic acid sequence expressing the light chain segment are on the same recombinant
expression vector. In another embodiment, the nucleic acid sequence expressing the heavy chain
segment and the nucleic acid sequence expressing the light chain segment are on separate

recombinant expression vectors.

In one aspect, the disclosure features a pharmaceutical composition containing an

antibody molecule featured in the disclosure, and a pharmaceutically acceptable carrier.
In another embodiment, the disclosure features a method of treating or preventing infection with

an influenza virus (e.g., an influenza A virus, e.g., a Group 1 strain, e.g., an HIN1 strain, e.g.,

A/South Carolina/1/1918, A/Puerto Rico/08/1934, or
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ASCalifornia/04/2009, or an HSNT strain, e.g., A/lndonesia/5/2005 or
AfVietnam/1203/2004, or an influenza B virus, e.g., B/Wisconsin/1/2010), in a
subject, e.g., a human subject, that comprises;

administering a binding agent, e.g., an antibody molecuie, featured in the

disclosure to a subject, e.g., human subject, in need thereof,

In one embodiment, the influenza A virus is an H1, H5, H9, H3 or H7 strain,

such as an HINI strain, an H3N2 strain, or an H5N1 strain of influenza A virus.

In an embodiment the administration results in, or correlates with, one or more
of a reduction in the incidence or severity of a symptom or manifestation of an
influenza infection, or the delay or onset of & symptom or manifestation of an

influenza infection.

In an embodiment the administration resulis in, or correlates with, one or more
of a reduction in the incidence or severity of a symptom or manifestation of a
secondary infection, or the delay or onset of a symptom or manifestation of a

secondary infection.
In embodiments the subject, e.g., a human subject, has been administered, or
the method comprises, administering, or recommending the administration of, a

second or additional therapy.

In embodiments the antibody molecule is administered in combination with a

second or additional agent or therapy.

In embodiments the second or additional therapy comprises administration of

& vaccine or an anti-viral therapy, e.g., an anti-NA or an anti-M?2 therapy.

In an embodiment the second or additional therapy comprises a administration

of a vaccine, e.g., a vaccine described herein or a mixture {a.k.a. a cocktail) of
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influenza peptides to stimulate the patient’s immune system to prevent infection with

particular strains of influenza A.

in an embodiment the second or additional agent comprises administesing an
anti-viral agent, a pain reliever, an anti-inflammatory, an antibiotic, a steroidal agent,
a second therapeutic antibody molecule (e.g., an anti-HA antibody), an adjuvant, a

protease or glycosidase (e.g., stalidase).

In an embodiment the second or additional agent comprises, acyclovir,
ribavirin, amantadine, reraantidine, a neuraminidase inhibitor (e.g., zanamivir

{Relenza®), oseltamivir (Tamiflu®}, laninamivir, peramivir), or imantadine.

In an embodiment the second or additional agent comprises a second antibody
molecule, e.g., Ab67-11 (U.S. Provisional application number 61/645,453, FI6 (U.S.
Published Application No. 2010/06080813), FI28 (1.5, Published Application No.
2010/0080813), C179 (Okuno et al., J. Virol. £67;2552-8, 1993), F10 (Sui et al., Nat.
Struct. Mol. Biol. 16:263, 2009), CR9114 (Dreyfus et al., Science 337:1343, 2012),
or CR6261 (see, e.g., Ekiert et al., Science 324:246, 2009). Thuos, Ab 044 can be

used in combination of any of those antibodies.

In an embodiment the second or additional agent comprises a second or
additional binding agent, e.g., antibody molecule, e.g., an anti-HA antibody, e.g., an
disclosed herein. L.g., two or more of Ab (044, Ab 069, Ab 032, and Ab 031 can be
administered. F.g., Ab 044 can be administered in combination with Ab (69 or Ab
(32

In the case of combinations, two agents can be administered as part of the
same dosage unit or administered separately. Other exemplary agents useful for
treating the symptoms associated with influenza mfection are acetaminophen,

ibuprofen, aspirin, and naproxen.

In an embodiment the binding agent, e.g., an antibody molecule, is
administered to a human subject suffering from or susceptible to an influenza

infection.
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In an embodiment the binding agent, ¢.g., an antibody molecule, is administered prior to

known exposure to influenza, or to particular influenza substypes or strains.

In an embodiment the binding agent, e.g., an antibody molecule, 1s administered prior to
manifestation of effects or symptoms of influenza infection, or to one or more particular effects

manifestation of effects or symptoms of influenza infection.

In an embodiment the binding agent, e.g., an antibody molecule, is administered after

known exposure to influenza, or to particular influenza substypes or strains.

In an embodiment the binding agent, e.g., an antibody molecule, is administered after
manifestation of effects or symptoms of influenza infection, or after observation of one or more

particular effects manifestation of effects or symptoms of influenza infection.

In an embodiment the binding agent, e.g., an antibody molecule, is administered in
response to, or to treat or prevent, a manifestation of an effect or a symptom of influenza
infection, e.g., inflammation, fever, nausea, weight loss, loss of appetite, rapid breathing,
increase heart rate, high blood pressure, body aches, muscle pain, eye pain, fatigue, malaise, dry

cough, runny nose, and/or sore throat.

In an embodiment, the method further comprises, testing the human subject for the
influenza virus, e.g., with a method disclosed herein. In embodiments, the administration is

responsive to a positive test for influenza.

In yet another embodiment, the disclosure features a method of treating a subject, e.g., a human
subject, infected with an influenza virus (e.g., an influenza A virus, e.g., a Group 1 strain, ¢.g., an
HINI strain, e.g., A/South Carolina/1/1918, A/Puerto Rico/08/1934, or A/California/04/2009, or
an H5N1 strain, e.g., A/Indonesia/5/2005
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or A/Vietnam/1203/2004, or an influenza B virus, e.g., B/Wisconsin/1/2010) by administering a
binding agent, e.g., an antibody molecule, featured in the disclosure. For example, the influenza
A virus is an H1, H5, H9, H3 or H7 strain, such as an HIN1 strain, an H3N2 strain, or an H5N1

strain of influenza A virus,

In one embodiment, a binding agent, e.g., an anti-HA antibody, described herein 1s
administered instead of a vaccine for prevention of influenza. In another embodiment, the binding
agent, e.g., anti-HA antibody molecule, is administered in combination with (simultaneously or

sequentially with) a vaccine for prevention of the flu.

In yet another embodiment, the disclosure features a method of detecting influenza (e.g.,
influenza A or influenza B) virions in a biological sample, such as by contacting the sample with
a binding agent, e.g., an antibody molecule, featured in the disclosure, and then detecting the
binding of the antibody molecule to the sample. In one embodiment, the method of detecting the

influenza virus (e.g., influenza A or influenza B virus) is performed in vitro.

. In one embodiment, the disclosure features a method of (a) providing a sample from a patient;

(b) contacting the sample with a binding agent, e.g., an antibody molecule, featured in the
disclosure, and {c) determining whether the binding agent, e.g., an antibody molecule, featured in
the disclosure binds a polypeptide in the sample, where if the binding agent, e.g., an antibody
molecule, binds a polypeptide in the sample, then the patient is determined to be infected with an
influenza virus (e.g., an influenza A virus, e.g., a Group 1 strain, e.g., an HIN1 strain, ¢.g,,
A/South Carolina/1/1918, A/Puerto Rico/08/1934, or A/California/04/2009, or an H5N1 strain,
e.g., A/Indonesia/5/2005 or A/Vietnam/1203/2004, or an influenza B virus, e.g., e.g.,
B/Wisconsin/1/2010). In one embodiment, the patient is determined to be infected with an
influenza virus (e.g., an influenza A virus, e.g., a Group 1 strain, e.g., an HINI strain, e.g.,
A/South Carolina/1/1918, A/Puerto Rico/08/1934, or A/California/04/2009, or an H5N1 strain,
e.g., A/Indonesia/5/2005 or A/Vietnam/1203/2004, or an influenza B virus, e.g.,
B/Wisconsin/1/2010), and the patient is further administered a binding agent, e.g., an antibody

molecule, disclosed
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herein, e.g., the binding agent, e.g., an antibody molecule, with which the test was performed.

In another embodiment, the disclosure features, a method of inducing immunity to
one or more influenza strains, or preventing, delaying or reducing infection with an influenza
strain, or symptom thereof, in a vertebrate, e.g., a human. The method comprises administering
to the vertebrate, e.g., a human, a broad range vaceine, or broad range immunogen, described

herein.

In an embodiment the broad range vaccine, or broad range immunogen, induces

an immune response against, or confers protection against, one or more influenza strains.

In an embodiment the broad range vaccine, or broad range immunogen, induces

an immune response against, or confers protection against, two influenza strains.

In an embodiment the broad range vaccine, or broad range immunogen, induces

an immune response against, or confers protection against, two Group ! influenza strains.

In an embodiment the broad range vaccine induces, or broad range immunogen,
an immune response against, or confers protection against, at least one Group 1 strain, and a

second strain from Group 1, Group2 or an influenza B strain.

In one embodiment, the influenza A virus is an H1, H5, H9, H3 or H7 strain, such as an

HINI strain, an H3N2 strain, or an FI5N1 strain of influenza A virus,

In an embodiment the administration results in, or correlates with, one or more of : a
reduction in the chance of an infection, a reduction in the incidence or severity of a symptom or
manifestation of an influenza infection, or the delay or onset of a symptom or manifestation of an

influenza infection.
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In an embodiment the administration results in, or correlates 'with, one or more
of: a reduction in the incidence or severity of a symptom or manifestation of a
secondary infection. or the delay or onset of 2 symptom or manifestation of a

5  secondary infection.

In embodiments the subject, e.g., a2 human subject, has been administered, or
the method comprises, administering, or recommending the administration of, a
second or additional therapy.
10
In embodiments the broad range vaccine is administered in combination with a

second or additional agent or therapy.

In embodiments the second or additional agent comprises administration of

15 another vaccine or another anti-viral therapy, e.g., an anti-NA or an anti-M?2 therapy.

In an embodiment the second or additional agent comprises administration of
a vaccine comprising a mixture (a.k.a. a cocktail) of influenza peptides to stimulate
the patient’s immune system to prevent infection with particular strains of influenza

20 A

in an embodiment the second or additional agent comprises administering an
anti-viral agent, a pain reliever, an anti-inflammatory, an antibiotic, a steroidal agent,
a secont therapentic antibody molecule (e.g., an anti-HA antibody), an adjuvant, a

profease or glycosidase (e.g., sialidase).

5
In an embodiment the second or additional agent comprises, acyelovir,
ribavirin, amanfadine, remantiding, a neuraminidase inhibitor (e.g., zanamivir
(Relenza®), oseltamivir (Lamiflu®), laninamivir, peramivir), or rimantadine,
30 In an embodiment the second or additional agent comprises an antibody

molecule, e.g., Ab 67-11 (LS. Provisional application number 61/645,453, FI6 (1).S.

163



WO 2013/170139 PCTAIR2013/040534

Published Application No. 2016/0080813}, IFI28 (U.S. Published Application No.
2010/G080813), C179 (Okuno et al., 1. Virol. §7:2552-8, 1993}, F10 (Sui et al., Nat.
Struct. Mol. Biol, 16:265, 2009), CRO114 (Dreyfus et al., Science 337:1343, 2012),
or CR6261 (see, e.g., Ekiert et al., Science 324:246, 2009).

5 In an embodiment the second or additional agent comprises an antibody
molecule disclosed herein, e.g., an antibody molecule selected from Ab-044, Ab 069,
Ab (32, and Ab (31 antibody molecules.

In the case of combinations, two agents can be administered as part of the

10 same dosage unil or administered separately.

Other exemplary second or additional agents useful for treating the symptoms

associated with influenza infection are acetaminophen, ibuprofen, aspirin, and

naproxet.
15
In an embodiment the broad range vaccine, or broad range immunogen, is
administered to 2 human subject suffering from or susceptible to an influenza
infection.
20 In an embodiment the broad range vaceine, or broad range immunogen, is

administered prior to known exposure to influenza, or to particular influenza

substypes or strains.

In an embodiment the broad range vaccine, or broad range immunogen, is
25 administered prior to manifestation of effects or symptoms of influenza infection, or
to one or more particular effects manifestation of effects or symptoms of influenza

infection,
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In an embodiment the broad range vaceine, or broad range immunogen, is administered

after known exposure to influenza, or to particular influenza substypes or strains.

In an embodiment the broad range vaccine is administered afier manifestation of effects
or symptoms of influenza infection, or after observation of one or more particular effects

manifestation of effects or symptoms of influenza infection.

In an embodiment the broad range vaccine, or broad range immunogen, is administered
in response to, or to treat or prevent, a manifestation of an effect or a symptom of influenza
infection, e.g., inflammation, fever, nausea, weight loss, loss of appetite, rapid breathing,
increase heart rate, high blood pressure, body aches, muscle pain, eye pain, fatigne, malaise, dry

cough, runny nose, and/or sore throat.

In an embodiment, the method further comprises, testing the human subject for the
influenza virus, e.g., with a method disclosed herein. In embodiments, the administration is

responsive to a positive test for influenza.

In yet another embodiment, the disclosure features a method of treating a subject; e.g., a
human subject, infected with an influenza virus (e.g., an influenza A virus, e.g., a Group 1 strain,
e.g., an HINT strain, e.g., A/South Carolina/1/1918, A/Puerto Rico/08/1934, or
A/California/04/2009, or an H5N1 strain, e.g., A/Indonesia/5/2005 or A/Vietnam/1203/2004, or
an influenza B virus, e.g., B/Wisconsin/1/2010) by administering a broad range vaccine featured
in the disclosure. For example, the influenza A virus is an H1, H5, HS9, H3 or H7 strain, su.ch as

an HIN1 strain, an H3N2 strain, or an H5N1 strain of influenza A virus.

In another embodiment, the disclosure features, a method of reducing the severity
of influenza in a population. The method includes administering a broad range vaccine, or broad
range immunogen, to sufficient individuals in the population to prevent or decrease the chance of

influenza virus transmission to another individual in the population.
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In another embodiment, the disclosure features, a kit comprising one or more
containers having disposed therein a broad range immunogen, a nucleic acid encoding the broad
range epitope, or a broad range vaccine described herein. In an embodiment the kit includes a
container having adjuvant disposed therein. In an embodiment the kit comprises a delivery
device, e.g., an injection device or inhaler. In an embodiment the broad range epitope described
herein, or a nucleic acid encoding the broad range epitope or broad reange vaccine, s disposed in
a delivery device.

In an embodiment the kit comprises a delivery device, e.g., an injection device or inhaler.
In an embodiment the vaccine is disposed in a delivery device.

In another aspect, the disclosure features a kit comprising the antibody molecule featured
in the disclosure; and a pharmaceutically acceptable delivery vehicle or buffer, a delivery device,
or both.

In another embodiment, the. disclosure features, a composition, e.g., a vaccine,
comprising a broad range epitope described herein, packaged in a hermetically sealed container
such as an ampoule. In an embodiment, the composition a liquid. In an embodiment, the

composition is Hquid a dry sterilized lyophilized powder or water free concentrate.

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although methods and materials similar or equivalent to those described herein can be
used in the practice or festing of the invention, suitable methods and materials are described
below. All publications, patent applications, patents, and other references mentioned herein are
incorporated by reference in their entirety. In case of conflict, the present specification,
including definitions, will control. In addition, the materials, methods, and examples are
iHlustrative only and not intended to be limiting.

The details of one or more embodiments featured in the disclosure are set forth in the
accompanying drawings and the description below, Other features, objects, and advantages
featured in the disclosure will be apparent from the description and drawings, and from the

claims.
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BRIEYF DESCRIPTION OF DRAWINGS

FIG. 1 is the heavy and light chain amino acid sequences (SEQ ID NOs:94
and 95, respectively) of the anti-HA antibody AI8. The constant domain seguence is
indicated by italics. The CDRs are indicated by underlining.

FI(5. 2 is the variable heavy chain domain sequence of exemplary anti-HA
antibodies. The SEQ ID NOs. for sequences shown are as follows: VH15 is SEQ ID
NO: 15; VHI6 is SEQ ID NO: 16; VH17 is SEQ ID NO: 17; VHI18 is SEQ ID NO:
18: VH19 is SEQ ID NO: 19; VH21 is SEQ D NO: 21; VH22 is SEQ ID NO: 22;
VH20 is SEQ ID NO: 20; VH23 is SEQ ID NO: 23 VH24 is SEQ 1D NO: 24; VH25
is SEQ ID NQ: 25; VH26 is SEQ 1D NG: 26; VH27 is SEG ID N(O: 27; and VH161 is
SEQ ID NO: 161.

FIG. 3 is the variable light chain domain sequence of exemplary anti-HA
antibodies. The SEQ ID NOs. for sequences shown are as follows: VL28 is SEQ ID
NO: 28; VL29 is SEQ ID NG: 29; VL30 is SEQ 1D NQO: 30; VL33 is SEQ ID NO: 35;
VL31is SEQ ID NO: 31; VL321is SEQ ID NO: 32; VL33 is SEQ ID NO: 33; VL34-
1D 1s SEQ 1D NO: 34; VL36 1s SEQ ID NO: 36; V145 is SEQ ID NO: 45; V046G is
SEQ ID NO: 46; VL37 is SEQ ID NG: 37, VL38 is SEQ ID NO: 38; VL39 is SEQ ID
NO: 39; VLA40 is SEQ ID NO: 40; VL41 is SEQ ID NO: 41; VIA42 is SEQ ID NO: 42;
VIAS is SEQ ID NG: 43, VL44 is SEQ ID NO: 44; VILA47 is SEQ ID NQ: 47; V1A is
SEQ ID NO: 48; VLA49 is SEQ ID NO: 49; VL50 is SEQ ID NO: 50; VL51 is SEQ ID
NO: 51; VL52 is SEQ ID NO: 52; VL53 is SEQ ID NO: 33; VL54 is SEQ 1D NO: 54,
V155 is SEQ ID NG 55; VL36 1s SEQ ID NO: 536; VI.57 is SEQ ID NQO: 57; VL3& is
SEQ ID NO: 58; VL59 is SEQID NO: 59; VL.60 is SEQ 1D NO: 60; V1AL is SEQ ID
NG: 61; VL153 is SEQ ID NG: 153; VL154 is SEQ ID NO: 154; VL1535 is SEQ ID
NO: 155, VL1536 is SEQ ID NO: 156; and VL62 is SEQ ID NO: 62.

FIG. 4 is a graph depicting neutralization of the H3N2 strain X-31 by Al8
antibodies. In contrast, strain X-31 was not neutralized by ABI antibodies.

FIG. 5is a graph of BLISA results depicting stronger binding of AL8 to H3
Brisbane/(7, and much weaker binding to H3 Wyoming/03.
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HG. 6 is a graph of ELISA results depicting binding of A18 to H3 Bris07 HA,
H3N2 Bris07 virus, and weak binding to the negative control, BSA (bovine serum
albyumin),

FIGs. 7A and 7B are graphs depicting the ability of the A18 antibody to protect
infected mice from weight loss. The mice were infected either with HIN1 (PIG. 7A) or
with H3N2 (FIG. 7B) influenza sirains.

FIGs. 8A and 8B are graphs depicting percent survival of mice infected with
HINT (FIG. 8A) or H3N2 (FIG. 8B), and treated 48 hours later with either Ab (028, Ab
031, or Ab 032 antibodies.

FIGs. 9A, 9B and 9C are graphs depicting percent survival of mice infected with
HINT (A/Puerto Rico/8/34) (FI1(G3. 9A), HIN2 (A/Victoriaf03/75) (FIG. 9B) or HIN1
(A/California/04/09} (FIG. 9C). Mice were treated with various dosages of Ab (032
antibody.

FIGs. 10A to 10D are graphs of ELISA results depicting the broad specificity of
antibodies Ab 0i4 and Alr028. Both antibodies are shown to bind to influenza subtypes
from Group 1 (subtypes HI, HS, and H9) and from Group 2 (subtypes H3 and H7).

- FIG. 11 is a graph depicting the inability of the influenza strain PRS (H1N1) to
overcome neutralization by AB1 after 5 rounds (R5) of propagation in the presence of
AB1. On the other hand, PR8 does develop resistance to the control neutralizing antibody
€179 seen by titer recovery after 4 round of selection in the presence of C179.

FIG. 12 shows the amino acid sequences of the heavy chain variable regions of
FI6 (SEQ ID NO: 175), FI370 (SEQ ID NO: i76), FI6 variant 1 (SEQID NO: 177)., Fi6
variant 3 (SEQ ID NO: 178), FI6/370 (SEQ ID NO: 179) and the amino acid sequence of
kappa light chain variable region of FI6 (SEQ ID NO: 180).

FIG. 13 is the variabie heavy chain domain sequence of exemplary anti-JTA
antibodies as shown in FIG. 2 and including an N-terminal ID dipeptide, The SEQ ID
NOs. for sequences shown are as follows: VHI5-ID is SEQ ID NO: 96;: VH16-ID is
SEQ ID NO: 97; VH17-ID is SEQ ID NO: 98; VHI18-ID is SEQ ID NO: 99; VH19-

I is SEQ ID NO: 100; VH21-ID is SEQ ID NO: 101; VH22-[D is SEQ 1D NO: 102
VH20-1ID is SEQ Hx NO: 103; VH23-ID is SEQ ID NO: 104; VH24-ID is SEQ ID
NO: 105; VH23-ID is SEQ ID NO: 106; VH26-1D is SEQ ID NQO: 107; VH27-ID is
SEQ ID NO: 108; and VHI161-ID is SEQ ID NO: 109,
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FIG. 14 is the variable light chain domain sequence of exemplary anti-IA
antibodies as shown in FIG. 3 and including an N-terminal ID dipeptide. The SEQ ID
NOs. for sequences shown are as follows: VL28-ID is SEQ ID NO: 116; VL29-ID is
SEQ ID NO: 111; VL30-ID is SEGQ ID NO: 112; VL35-ID is SEQ D NO: 113;
5 VL31-IDis SEQ ID NO: 114; VL32-ID s SEQ ID NQ: 115; VL33-ID is SEQ ID
NO: 116; VL34-1D is SEQ ID NO: 117; VL.36-TD is SEQ ID NO: 118; Vi.45-1D is
SEQ ID NO: 119; VIA46-ID is SEG ID NO: 124; VL3710 is STQ ID NO: 121
VL38-1D 15 SEQ 1D NO: 122; VL39-1D is SEQ ID NO: 123; VL49-1D is SEQ ID
NO: 124; VI41-IT is SEQ ID NO: 125; VL42-ID is SEQ D) NO: 126; VL43-ID is
10 SEQID NO: 127; VL44-1D is SEQ T NO: 128; VLA7-ID is SEQ ID NG: 129;
VEAS-TD is SEQ 1D NO: 130; VIA49-1D is SEQ ID NO: 131; VL30-1ID is SEQ 1D
NO: 132; VL51-TD is SEQ ID NO: 133; VL52-1 is SEQ ID NO: 134; VLS3-ID is
SEQ ID NO: 135; VL54-ID is SEQ ID NO: 136; VE35-ID is SEQ ID NO: 137;
VL56-1ID is SEQ 1D NO: 138; VL57-1D is SEQ ID NO: 139; VL38-1D is SEQ ID
15 NO: 140; VE59-ID is SEQ D NO: 141; VL60-ID is SEQ ID NO: 142; VL61-1D is
SEQ ID NO: 143; VLIS3-ID is SEQ [D NO: 157; VL.154-1D is SEQ ID NO: 158;
VLI55-1D is SEQ ID NO: 159; VL156-1ID is SEQ [ NQ: 160; and VLA2-1D is SEQ
1D NO: 144,
FIG. 15 is & graph depicting the number of syncytia observed afier treatiment of
20 HA infected HEK293 cells with Ab 032 antibody. “Pre” and “Post” indicates treatment
of the celis with antibody before induction of fusion conditions by low pH (5.0}, or after
induction by low pH.
FIG. 16 is a graph depicting percent survival of mice infected with HIN] and
subsequently infected with the bacteria S, pneumaococcus. Mice were treated with
2% antibiotic or anti-IA antibody.
FIG. 17 shows the variable light and heavy chain sequences of additional
exemplary anti-HA antibodies. The SEQ ID NOs. for sequences shown are as
folows: VL165 is SEQ ID NO: 165; VL166 is SEQ ID N(: 166; VL.167 is SEQ ID
NO: 167, V0168 is SEG ID NG: 168; VL169 is SEQ ID NO: 169; VHI64 is SEQ D
30 NO: 164; VHIOZ is SEG ID NG: 162; VHIES is SEGQ D NG: 163.
HIG. 18 is a graph depicting the number of syncytia observed after treatment of
HA infected HEK293 cells with Ab 044 antibody. Left bar = pH 5.0; right bar = pH 7.0.
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FEG. 19A shows the weight changes of mice after challenge with HIN1 strain
PRE and administration of vehicle, ribavirin, Ab 044 prophyiaxis at 10 mg/kg, Ab 044
prophylaxis at 2.5 mg/ke, or Ab 044 prophylaxis at 0.6 mg/ke.

FIG:. 19B shows the weight change of mice after challenge with HIN1 strain PRS
and administration of Ab 044 therapy two days post infection at 10 mg/kg, 2.5 mg/kg, or
0.6 mg/kg; or Ab 044 therapy three days post infection at 20 mg/kg.

FIG. 20A shows the weight changes of mice after challenge with H3N2 strain
Victoria and administration of vehicle, ribavirin, or AB 044 prophylaxis at 10 mg/kg.

FIG. 20B shows the weight changes of mice after challenge with H3N2 and
administration of Ab 044 therapy two days post infection at 10 mg/kg, 2.5 mg/kg, or 0.6
mg/kg; or Ab 044 therapy three days post infection at 20 mg/kg.

FIG. 21A shows lung viral Joad in mice four days after viral challenge with
HINI, as measured by plague assay. Infected mice were treated with vehicle, ribavitin,
Ah 044 prophylaxis at 10 mg/kg, Ab 044 prophylaxis at 2.3 mg/kg, Ab 044 prophylaxis
at 0.6 mg/kg, Ab 044 therapy at 10 mg/kg, Ab 044 therapy at 2.5 mg/kg, Ab 044 therapy
at 0.6 mg/kg, or Ab 044 therapy at 72 h.

FIG. 21B shows lung viral load in mice four days after viral challenge with
H3N2. Infected mice were treated with vehicle, ribavirin, Ab 044 prophylaxis at 10
mg/kg, Ab 044 therapy at 10 mg/kg, Ab 044 therapy at 2.5 mgfkg, Ab 044 therapy at 0.6
mgfkg, or Ab 044 therapy at 72 h. Asterisk, p<0.05.

HIG. 22A shows the survival curves of mice after HIN1 challenge and
administration of vehicle, ribavirin, Ab 044 prophylaxis at 10 mg/kg, 2.5 me/kg, or 0.6
mg/kg.

FIG. 22B shows the survival curves of mice after HIN1 challenge and
administration of vehicle, Ab 044 therapy at 48 h at 10 mg/kg, at 2.5 mg/kg, at (.6
mg/kg, or Ab 044 therapy at 72 h at 20 mg/kg.

G, 23A shows the survival curves of mice after H3N2 challenge and
administration of vehicle, ribavirin, or Ab 044 prophylaxis at 10 mg/ke .

FIG. 23B shows the sarvival curves of mice after H3N2 challenge and
administration of vehicle, Ab (044 therapy at 48 h post infection at 10 mg/kg , at 2.5
mg/kg, at 0.6 mg/kg, or Ab (44 therapy at 72 h post infection at 20 mg/kg.
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FIG. 24 depicts the effects of prophylactic and therapeutic administration of Ab
044 on the weight of BALB/c mice infected with influenza A/Vietnam/1203/2004 H5N1
virus,

FIG. 25 depicts the effects of prophylactic and therapeutic administration of Ab
044 on survival of BALB/c mice infected with influenza A/Vietnam/1203/2004 H3N1
virus.

FIG. 26 is a three dimensional representation of H3 HA with the amino acids
residues that are predicted to be part of Ab(44 epitope but not part of FI6's epitope
highlighted. That is, the highlighted amino acids are unigue to Ab044’s epitope.

FIG. 27 is a three dimensional representation of H3 HA with the amino acid

residues that are part of FI6's epitope but not predicted to be part of Ab044’s epitope
highlighted,

DETAIEED DESCRIPTION

The disclosure is based, at Jeast in part, on the design and synthesis of antibody
molecules that can bind an epitope that is conserved across multipie hemagglotinin
subtypeé ol influenza viruses (e.g., influenza A and influenza B viruses). For example,
the antibody molecules described herein are useful as broad spectram therapy against
disease caused by af least one influenza A sirain belonging to Group 1 and one influenza
A strain belonging to Group 2 10 neutralize infectivity of vifuses belonging ic both Group
1 and Group 2 (at least one subtype of each).

The antibody molecules were designed by a rational stmcture-based approach to
target a region on the virus that is not fully accessible to the human immune system and,
therefore, not amenable to antibody selection through more classical screening
approaches. This rational-based approach to the design and development of
broad-gpectiian antibody molecules allows for the development of more efficacious
vaccines for pandermic and seasonal influenza. This approach aiso allows for the advance
preparation of pandemic vaccines so that they are ready to be employed against specific

viras subtypes {e.g., avian virus subtypes) that may mutate to become human-adapted and

131



10

20

30

WO 2013/170139 PCT/USZ013/040534

highly transmissible. Vaccines (e.g., seasonal vaccines) that utilize the antibody
molecules described herein can generate a more potent immune response without the use

of adjuvants and provide broad protection against viral strain variation.

Definitions
As used herein, the term “antibody molecule” refers to a polypeptide

that comprises sufficient sequence from an immunoglobulin heavy chain variable
region andfor sufficient sequence from an immunoglobulin light chain variable region,
to provide antigen specific binding. It comprises full length antibodies as well ag
fragments thereof, e.g., Fab fragments, that support antigen binding. Typically an
antibody molecule will comprise heavy chain CDR1, CDR2, and CDR3 and light
chain CDR1, CDR2, and CDR3 sequence. Antibody molecules inclade human,
humanized, CDR-grafted antibodies and antigen binding fragments thereof. In
embodiments an antibody molecule comprises a protein that comprises at least one
immunoglobulin variable region segment, e.g., an amino acid sequence that provides
an immunoglobulin variable domain or immunoglobulin variable domain sequence.

The VI or VL chain of the antibody molecule can further include all or part of
4 heavy or light chain constant region, to thereby form a heavy or light
immunoglobulin chain, respectively. In one embodiment, the antibody molecule is a

tetramer of two heavy immunogllobulin chains and two light immunoglobulin chains.

An antibody molecule can comprise one or both of a heavy (or light) chain
immunoglobulin variable region segment. As used herein, the term “heavy (or light)
chain immunoglobulin variable region segment,” refers to an entire heavy (or light)
chain immunoglobulin variable region, or a fragment thereof, that is capable of
binding antigen. The ability of a heavy or light chain segment to bind antigen is
measured with the segment paired with a light or heavy chain, respectively, In some
embodiment, a heavy or light chain segiment that is less than a full length variable
region will, when paired with the appropriate chain, bind with an affinity that is at
least 26, 30, 40, 50, 60, 70, 80, 90, or 95% of what is seen when the full length chain

is paired with a light chain or heavy chain, respectively.

An immunoglobulin variable region segment may differ from a reference or

consensus sequence. As used herein, to “differ,” means that a vesidue in the reference
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sequence or consensus sequence is replaced with either a different residue or an

absent or inserted residuae.

An antibody molecule can comprise a heavy (H) chain variable region
(abbreviated herein as VH}, and a light (L) chain variable region (abbreviated herein
as VL), In another example, an antibody comprises two heavy (H) chain variable
regions and two light (I.) chain variable regions or antibody binding fragments
thereof. The light chains of the immunoglobulin may be of types kappa or lambda. In
one embodiment, the antibody molecule is glycosylated. An antibody molecule can
be functional for antibody dependent cytotoxicity and/or complement-mediated
cytotoxicity, or may be non-functional for one or both of these activities. An antibody

molecule can be an intact antibody or an antigen-binding fragment thereof,

Antibody molecuies include “antigen-binding fragments™ of a full length
antibody, e.g., one or more fragments of a full-length antibody that retain the ability to
specifically bind to an HA target of interest. Examples of binding fragments
encompassed within the term “antigen-binding fragment” of a full length antibody
include (i) a Fab fragment, a monovalent fragment consisting of the VL, VH, CL and
{CH1 domains; (i) a F(ab') or F(ab'); fragment, a bivalent fragment including two Fab
fragments linked by a disulfide bridge at the hinge region; (iif) an Pd fragment consisting
of the VH and CH1 domains; (iv) an By fragment consisting of the VL and VII domains
of a single arm of an antibody, (v) a dAb fragment (Ward et al., {1989) Nature 341:544-
546), which consists of a4 VH domain; and (vi) an isolated complementarity determining
region (CDIR} that retains functionality. Furthermore, although the two domains of the
Fv fragment, VL and VH, are coded for by separate genes, they can be joined, using
recombinant methods, by a synthetic linker that enabies them to be made as a single
protein chain in which the VL and VH regions pair o form monovalent molecules known
as single chain Fv (scBv). See e.g., Bird et al. (1988) Science 242:423-426; and Huston
et al. {1988} Proc. Natl. Acad. Sci. USA 85:5879-5883. Antibody molecules include
diahodies.

As used herein, an antibody refers to a polypeptide, e.g., a tetrameric or single
chain polypeptide, comprising the structural and functional characteristics,

particularly the antigen binding characteristics, of an immunoglobulin.  Typically, a
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human antibody comprises two identical light chains and two identical heavy chains.

Each chain comprises a variable region.

The variable heavy (VH) and variable light (VL) regions can be further
subdivided into regions of hypervariability, termed “complementarity determining
regions” (“CDR”), interspersed with regions that are more conserved, termed
“ramework regions™ (FR). Human antibodies have three VH CDRs and three VI,
CDRs, separated by framework regions FR1.FR4. ‘The extent of the FRs and CDRs

has been precisely defined (see, Kabat, E.A., et al, (1991) Sequences of Proteins of

Immunological Interest, Fifth Bdition, U.S. Department of Health and Human
Services, NIH Publication No. 81-3242; and Chothia, C. et al. (1987) 1. Mol. Biol.
196:901-917). Kabat definitions are used herein. Each VH and VL is typicaily
composed of three CDRs and four FRs, arranged from amino-terminuas to
carboxyl-terminus in the following order: FR1, CDRI, FR2, CDR2, FR3, CDR3,
FRrR4.

The heavy and light immunoglobulin chains can be connected by disulfide
bonds. The heavy chain constant region typically comprises three constant domains,
CH1, CH2 and CH3. The light chain constant region typically comprises a CL
domain. The variable region of the heavy and light chains contains a binding domain
that interacts with an antigen. The constant regions of the antibodies typically
mediate the binding of the antibody to host tissues or factors, including various cells
of the immune system (e.g., effector cells) and the first component (Cly) of the

classical complement system.

The term “immunoglobulin® comprises various broad classes of polypeptides
that can be distinguished biochemically. Those skilled in the art will appreciate that
heavy chains are classified as gamma, mu, alpha, delta, or epsilon (v, u, o, §, €) with
some subclasses among them {e.g., v1- y4). It is the nature of this chain tﬁat
determines the “class” of the antibody as IgG, IgM, IgA IgD, or IgE, respectively.
The immunoglobulin subclasses (isotypes) e.g., lgGi, Ig(2, 1e(33, IgG4, IgAl, ete.

- are well characterized and are known to confer functional specialization. Modified

versions of each of these classes and isotypes are readily discernable 1o the skilled

artisan in view of the instant disclosure and, accordingly, are within the scope of the
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nstant disclosure. All immunoglobulin classes are clearly within the scope of the
present disclosure. Light chains are ciassified as either kappa or lambda (x, A). Each

heavy chain class may be bound with either a kappa or lambda light chain.

Suitable antibodies include, but are not limited to, monocional, monospecific,
polycional, polyspecific, human antibodies, primatized antibodies, chimeric antibodies,
hi-specific antibodies, humanized antibodies, conjugated antibodies (i.e., antibodies
conjugated or fused to other proteins, radiolabels, cytotoxing), Small Modular
ImmunoPharmaceuticals (“SMIPSW”), single chain antibodies, cameloid antibodies, and
aniibody fragments.

In embodiments, an antibody is a humanized antibody. A humanized antibody
refers (o an immunoglobulin comprising a human framework region and one or more
CDR's from a non-human, ¢.g., mouse or rat, immunoglobulin, The immunoglobulin
providing the CDR's is often referred to as the “donor” and the human
immunoglobulin providing the framework often called the “acceptor, ” though in
embaodiments, ro source or no process limitation is implied. Typically a humanized
antibody compriseé a humanized light chain and 2 humanized heavy chain
immunogiobulin.

An “immunoglobulin domain™ refers to a domain from the variable or constant
domain of immunoglobulin molecules. Immunoglobulin domains typically contain
two B-sheets formed of about seven B-strands, and a conserved disulphide bond (see,

e.g., A. I. Williams and A. N. Barclay (1988} Ann. Rev. Immunol. §:381-405).

As used herein, an “immunoglobulin variable domain sequence” refers to an
amino acid sequence that can form the structure of an immunoglobulin variable
domain. For example, the sequence may include all or part of the amino acid
sequence of a naturally-occurring variable domain. For example, the sequence may
omit one, two or more N- or C-terminal amino acids, infernal amino acids, may
include one or more insertions or additional terminal aminoe acids, or may inchade
other alterations. In one embodiment, a polypeptide that comprises an
mmmunoglobulin variable domain sequence can associate with another
immunoglobulin variable domain sequence to form a target binding stracture {or

“antigen binding site”), e.g., a structure that interacts with the target antigen.
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As used herein, the term antibodies comprises intact monocional antibodies,
polyclonal antibodies, single domain antibodies (e.g., shark single domain antibodies

{e.g., [gNAR or fragments thereof)), multispecific antibodies (e.g., bi-specific antibodies)

formed from at least two intact antibodies, and antibody fragments so long as they exhibit

the desired biological activity. Antibodies for use herein may be of any type (e.g., IgA,
IgDh, IgE, Ig(3, IgM).

The antibody or antibody molecule can be derived from a mammal, e. £., a rodent,
e.g., & mouse Or rat, horse, pig, or goat. In embodiments, an antibody or antibody
molecule is produced using a recombinant cell. In some embodiments an antibody or
antibody molecule is a chimeric antibody, for example, from mouse, rat, horse, pig, or
other species, bearing human constant and/or variable regions domains.

A binding agent, as used herein, is an agent that bind, e.g., specifically
binds, a target antigen, e.g., HA. Binding agents of the invention share sufficient
structural relationship with anti-HA antibody molecules disclosed herein to support
specific binding to HA, and in embodiments, other functional properties of an anti-
HA antibedy molecule disciosed hercin. In embodiments a binding agent will exhibit
a binding affinity at of at least 10, 20, 30, 40, 50, 60, 70, 80, or 0 % of an antibody
molecule disclosed herein, e g.. an antibody molecule with which it shares, significant
structural homology, e.g., CDR sequences. Binding agents can be naturally
occurring, e.g., as are some antibodies, or synthetic. In an embodiment a binding
agents is a polypeptide, e.g., an antibody molecule, e.g., an antibody. While some
binding agents are antibody molecules, other molecules, e.g., other polypeptides, can
dlso function as binding agents. Polypeptide binding agents can be monomeric or
multimeric, e.g., dimeric, trimeric, or tetrameric and can be stabilized by intra- or
interchain bonds, e.g., disulfide bonds. They can contain patural or non-naturally
occurring amino acid residues. In embodiments, binding agents are aniibody
molecules, or other polypeptides, that present one or more CDRs of antibody
molecules disclosed herein or that otherwise mimic the structure of an antibody
molecule disclosed herein. Binding agents can also comprise aptomers, nucleic acids
or other molecular entities. A binding agent can be developed in a variety of ways,
e.g., by inmurnization, by rational design, screening of random structures, or a

combination of those or other approaches. Typically a binding agent will act by
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naking contact with substantislly the same epitope as an antibody molecule disclosed
herein, e.g., an antibody molecule with which it shares, significant structural
homology, e.g., CDR sequences. A binding agent can interact with amino acids,
saccharides, or combinations thereof. Polypeptides other than antibodies can be used
as a scaffold to present sequence, ¢.g., one or more, or a complete set of heavy chain
and/or light chain CDRs, disclosed herein. Exemplary scaffolds include adnectin,
zinc finger DNA-binding proteins. protein A, lipoclins, ankryin consensus repeat
domain, thioredoxin, anticalins, centyrin, avimer domains, ubiquitin,
peptidomimetics, stapled peptides, cystine-knot miniproteins, and IgNARS. In some
embodiments, a binding agent is or comprises a nucleic acid, e.g., DNA, RNA or
mixtures thereof. In embodiments a binding agent, ¢.g., a nucleic acid, shows
secondary, testiary, or quaternary structure. In some embodiments a binding agent,
e.g., & nucleic acid, forms a strocture that imics the structure of an antibody

molecule disclosed herein,

A broad spectrumn binding agent, e.g., antibody motecule, as used herein, binds, a
plurality of different HA molecules, and optionally neutralizes viruses comprising the
different HA molecules. In an embodiment it binds a first HA and binds a second HA
from influenza A Group 1, and optionally neatralizes viruses comprising the first or
second HA mwolecules. In an embodiments it binds a first HA from an influenza A Group
1 viras, and binds a second HA from an influenza A Group 2 virus, and optionally
neutralizes viruses comprisiag the different HA molecules. In an embodiment it binds 2
first HA from an inflaenza A Group 1 or 2 virus and binds a HA from an influenza B
virus, and optionaifly neutralizes viruses comprising the different HA molecules. In an
embodiments it binds, and in embodiments neutralizes, at least two different clades or
clusters of virus, e.g., from different Groups. In embodiments it binds, and in
embodiments neuiralizes, all or substantially ali strains of Group | an/or Group 2
disclosed herein. In an embodiment, a binding agent, e.g., antibody molecule, binds, and
in embodiments, neutralizes: at least one strain from the Group 1 M1, e.g., Hla or Hib,
cluster and at least one strain from the Group 2 H3 or H7 cluster. In an embodiment, &
binding agent, e.g., antibody molecule, binds, and in embodiments, neutralizes: at least
one strain from the Group 1 H1, e.g., H1a or H1b, cluster and at least one influenza B

sirain. In an embodiment, a binding agent, e.g., antibody molecule, binds, and in
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embodiments, neutralizes; at least one styain from the Group 2 H3 or H7 cluster and at
least one influenza B strain. In an embodiment, a binding agent, e.g., antibody molecule,
binds, and in embodiments, neutralizes: at least one strain from the Group 1 H1, e.g., Hia
or H1b, cluster, at least one strain from the Group 2 H3 or H7 cluster, and at least one
5  influenza B strain. In some embodiments, binding agent, e.g., antibody molecule, binds,
and optionally neutralizes or mediate infection of particular hosts, e.g., avian, camel,
canine, cat, civet, equine, human, mouse, swine, tiger, or other mammal or bird.
The term “combination therapy”, as used herein, refers to administration of a
plurality of agents, e.g., wherein at least one binding agent, e.g., antibody molecule,
10 disclosed herein is administered to a subject, e.g., a human subject. The introduction
of the agents into the subject can be at different times. In embodiments the agents are
administered in overlapping regimens, or such that the subject is simulianeously
exposed 10 both agents, or such that the response of the subject is better than would be
seen with either agent administered alone,
i3 As used herein, an “escape mutant” is a mutated influenza strain that is resistant
to neutralization by an anti-HA antibody molecule described herein. In embodiments an
escape mutant is resistant to neutralization with a binding agent, e.g., antibody molecule,
but its parent strain is neutralized by the binding agent, e.g., antibody molecule.
As used herein, “pandemic influenza” refers to a new viral strain that arises due to
% human adaptation of an influenza strain by mutation or by emergence of a strain by
reassoriment of different strains of influenza A. The resulting pandemic strain is
significantly different from previous sirains and most people will have Tittle or no pre-
existing immunity. Symptoms and complications may be more severe and more frequent
than those typical of seasonal influenza. Examples of past pandemic flu viruses include,
25 e.g., the 2009 HIN1 ‘swine flu,” the 1957-58 H2N2 “Asian flu’ and the 1968 HI3N2
influenza strains.
The terms "purified” and "isolated” as used herein in the context of an antibody
molecﬁlee e.g., a antibody, a immunogen, or generally a polypeptide, obtained from a
natural source, tefers to & molecule which is substantially free of contaminating materials
3¢ from the nawral source, e.g., cellular materials from the natural source, e.g., cell debris,
membranes, organelles, the bulk of the nucleic acids, or proteins, present in cells. Thus, a

polypeptide, e.g., an antibody molecule, that is isolated includes preparations of a

1318



10

30

WO 2013/170139 PCTAISZ013/040534

polypeptide having less thar about 30%, 20%, 10%, 5%, 2%, or 1% (by dry weight} of .
cellular materials and/or contaminating materials. The terms "purified" and "isolated”

when used in the context of a chemically synthesized species, e.g., an antibody molecule,
or immunogen, refers to the species which is substantially free of chemical precursors or

other chemicals which are involved in the syntheses of the molecuie.

A preparation of binding agents, e.g.. antibody molecules, as used herein,
comprises a plurality of molecules of a binding agent, e.g., antibody molecule, described
herein. In embodiments that binding agent, e.g., antibody molecule, makes up at least 60,
70, 80, 90, 95, 98, 99, 99.5 or 99,9 %, of the preparation, or of the active ingredients of
the preparation, by weight or number. In embodiments that binding agent is an antibody
molecule which makes up at least. 60, 70, 80, 90, 95, 98, 99, 99.5 0r 99.9 %, of the
preparation, or of the active ingredients, or polypeptide ingredients, or antibody
molecules, of the preparation, by weight or number. In embodiments the binding agent is
an antibody molecule and the preparation contains no more than 30, 20, 10,5,2, 1, or
0.5%, by weight or number, of a contaminant, e.g., & reactant, solvent, precursor or other
species, from the source, or used in the preparation, of the antibody molecule, e.g., a
species [rom a cell, reaction mixture, or other system used Lo produce the antibody
molecule.

As used herein, the term “prevent infection” means that a sabject (e.g., 2 human)
is less likely to'be infected by influenza if the subject receives the antibody prior to (e.g.,
1 day, 2 days, 1 week, 2 weeks, 3 weeks, or I month of more) before being exposed o
influenza.

As used herein, “seasonal influenza™ is a strain that is identical or closely related
to strains that have been circulating in the human population in recent years and therefore
most people are at least partially immune to it. Such 4 strain is not likely to cause severe
disease. Symptoms can inchide fever, cough, runny nose, and muscle pain, and in rare
cases, death can resuli from complications, such as pneumonia. Outbreaks follow
predictable seasonal patterns, annually, and usually in fall and winter and in temperate
climates. nfection due 10 seasonal influenza is commonly referred to as the fiu.

As used herein, specific binding, means that a binding agent, e.g., an antibody

molecule, binds its antigen with a Kp of equal to or less than 107, n embodiments, the
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antibody binds it's antigen with a Kp of equal to or less than 10‘6, 10”7, 10°% 10'9, IO'}G,
10™M, or 1072,

As used herein, the texm “therapeutically effective amount” refers to an
amount of a therapeutic agemn, e.g., a binding agent, e.g., an antibody molecule, which
results in a positive outcome for the subject. In embodiments, it can be statistically
correlated with therapeutic effect or benefit, e.g.. the lessening or prevention of a
manifestation of an effect or a symptom, when administered to a population of
subjects. In embodiments it is an amount that also provides a preselected, or
reasonable, benefit/risk ratio. In embodiments it is an amount effective to reduce the
incidence and/or severity of and/or to delay onset of one or more features, symptoms,
or characteristics of a disease, disorder, or condition. A therapeutically effective
amount is can be administered in a dosing regimen that may comprise one or multiple
unit doses.

As used herein, the term “treat infection” means that a subject {e.g., a human)
who has been infecied with an influenza and experiences symptoms of the influenza (e.g.,
the flu}, will in embodiments, suffer less severe symptoms and/or will recover faster
when the antibody molecule is administered than if the antibody is never administered.
In embodiments, when an infection is treated, an assay to detect virus in the subject will
detect less virus after effective treatment for the infection. For example, a diagnostic
assay using an antibody molecule, such as an antibody molecule described herein, will
detect less or no virus in a biological sample of a patient after administration of an
antibody molecule for the effective treatment of the viral infection. Other assays, such as
PCR {(e.g.. gPCR) can also be used to monitor treatment in a patient, to detect the
presence, e.g., decreased presence (or absence) after treatment of viral infection in the
patient. Treatment can, e.g., partiaily or completely aileviate, ameliorate, relive, inhibit,
reduce the severity of, and/or reduces incidence and optionally, delay onset of, one or
more manifestations of the effects or symptoms, features, and/or causes of a particular
disease, disorder, and/or condition (e.g., influenza. In embodiments treatment is of a
subject who does not exhibit signs of the relevant disease, disorder and/or condition
and/or of a subject who exhibits only early signs of the disease, disorder, and/or
condition. In embodiments treatment is of a subject who exhibits one or more established

signs of the relevant disease, disorder and/or condition. In embodiments, treatment is of a
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subject diagnosed as suffering from influenza.

Calculations of “homology” or “sequence identity”™ or “identity” between two sequences
(the terms are vsed interchangeably herein) can be performed as follows. The sequences
are aligned for optimal comparison purposes (e.g., gaps can be introduced in one or both
of a first and a second amino acid or nucleic acid sequence for optimal alignment and
non-homologous sequences can be disregarded for comparison purposes). The optimal
alignment s determined as the best score using the GAP program in the GCG software
package with & Blossum 62 scoring matrix with a gap penalty of 12, a gap extend penalty
of 4, and a frameshift gap penalty of 5. The amino acid residues or nucleotides at
corresponding amino acid positions or nucleotide positions are then compared. When a
position in the first sequence is occupied by the same amino acid residue or nucleotide as
the corresponding position in the second sequence, then the molecules are identical at that
position {as used herein amino acid or nucleic acid “identity” is equivalent to-amino acid
or nucleic acid “homology™). The percent identity between the two sequences is a

function of the number of identical positions shared by the sequences.

Hemagglutinin (HA) Polypeptides and Influenza

Influenza virnses are negative sense, single-stranded, segmented RNA envelope
virnses. Two glycoproteins, a hemagglutinin (HA} polypeptide and a newraminidase
{NA) polypeptide, are displayed on the outer surface of the viral envelope. There are
several Influenza A subtypes, labeled according to an H number (for the type of
hemaggiutinin) and an N number (for the type of neuraminidase). There ave 17 different
H antigens.(I--Il to H17) and nine different N antigens (N1 to N9). Influenza strains are
identified by a nomenclature based on the number of the strain’s HA polypeptide and NA
polvpeptide subtypes, for example, HINT, HINZ, HIN3, HIN4, HINS, and the like.

HA is the major viral surface glycoprotein that mediates binding and entry of the
virus into host cells and is a primary target of neutralizing antibody responses. HA is a
trimer of three identical monomers. Each monomer is synthesized as a precursor, HAg,
that is proteolytically processed into two disulfide-bonded polypeptide chains, HA; and
HA;. The ectodomain of this protein has (i) a globular head domain possessing receptor
binding activity and major antigenic determinants, (ii) a hinge region, and (1i1) 2 stem

region where a sequence critical for fusion, the fusion peptide, is located. The viral
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replication cycle is initiated when the virion attaches via its surface hemagglutinin
proteins to sialylated giycan receptors on the host cell and enters the cell by endocytosis.
The acidic environment in the endosome induces conformational changes in HA that
expose the fusion peptide hidden within the stem region of the trimer. The exposed fusion
peptide mediates the fusion of the viral and target cell membranes resulting in the release
of the viral ribonucleoprotein into the celi cytoplasn.

Influenza A hemagglutinin subtypes have been divided into two main groups and
four smaller clades, and these are farther divided into clusters. Group I influenza A
strains are divided into 3 clades:; (i) HR, H9 and H12 (“the HY cluster™); (ii) Hi, 12, 13,
H6 and H17 (“the Hla claster™); and (ix) ¥11, H13 and H16 (“the H1b cluster™). Group
2 strains are divided into 2 clades: (i) H3, H4 and H14 (“the 13 cluster’); and (i) H7,
H10 and H15 (“the H7 cluster”). The H1b and the H1a clusters are classified together as
the H1 cluster. The different HA subtypes do not necessarily share strong amino acid
sequence identity, but their overall 3D structores are similar.

Of the 17 HA polypeptide subtypes, only 3 (HL, H2 and H3) have adapted for
human infection. These subtypes have in common an ability to bind alpha 2.6 sialylated
glycans. In contrast, their avian counterparts preferentially bind to alpha 2,3 siaiylated
glycans. HA polypeptides that have adapted to infect humans (e.g., of HA polypeptides
from the panderric HIN1 (1918) and H3N2 (1967-68) influenza subtypes) have been
characterized by an ability (o preferentially bind {0 02,6 stalylated glycans in comparison
with their avian progenitors that preferentially bind 0 02,3 sialylated glycans (see, e.g.,
Skehel & Wiley, Annu Rev Biochem, 69:531, 2000; Rogers, & Paulson, Virology,
127:361, 1983; Rogers et al., Nature, 304:76, 1983; Sauter et al., Biochemistry, 31:9609,
1992

Further, HA polypeptides that mediate infection of humans preferentially bind to
umbrella topology glycans over cone topology glycans (see, e.g., U.S. 2011/0201547).
Without wishing to be bound by any particular theory, it has been proposed that the
ability to infect human hosts correlates less with binding to glycans of a particular
linkage, and more with binding to glycans of a particular topology, even though cone-
topology glycans may be 12,6 sialylated glycans. In has been demonstrated that HA
polypeptides that mediate infection of humans bind to umbrella topology glycans, often

showing preference for umbrella topology glycans over cone topology glycans {See, for
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example, USSN 12/348,266 filed January 2, 2009, USSN 12/301,126, filed November
17, 2008, USSN 61/018,783, filed January 3, 2008, USSN 11/969,040, filed January 3,
2008, USSN 11/893,171, filed August 14, 2007, USSN 60/837,868, filed on August 14,
2006, USSN 60/837.869, filed on August 14, and to PCT application PCT/US(7/18160,
filed Augost 14, 2007,

Mature HA polypeptides include three domains, (i) 2 globular domain (a.k.a., the
head domain) consists mainly of the HAT peptide and contains the receptor (sialylated
glycoproteins J-binding region, (ii) a stalk domain (A1 and HA2} where the membrane
fusion peptide resides, and (iil) a transmembrane domain (HAZ2) that anchors
hemagglutinin to the viral envelope. A set of amino acids in the interface of the HAT and
HAZ peptides is highly conserved across all influenza subtypes. The HA1/HAZ
membrane proximal region (MPER}, including a canonical alpha-helix, is also highly
conserved across infivenza subtypes.

HA polypeptides interact with the surface of cells by binding 1o a glycoprotein
receptor, known as the HA receptbr. Binding of an HA polypeptide to an HA receptor is
predominantly mediated by N-linked glycans on the HA receptors. HA polypeptides on
the surlace of [lu virus particles recognize sialylated glycans that are associated with HA
receptors on the surface of the cellular host. Following replication of viral proteins and
genome by the cellular machinery, new viral particles bud from the host to infect

neighboring cells.

Currently, vaccines are administered to subjects, e.g., humans, to prevent the fu,
e.g., to prevent infection or to mintmize the effects of an infection with influenza virus.
Traditional vaccines contain a cocktail of antigens from various strains of influenza and
are administered to humans to prevent the human from getting infected with the virus,
HA is the main target of influenza A-neutralizing antibodies, and HA andergoes
continuous evolution driven by the selective pressure of the antibody response, which is
primarily directed against the membrane-distal receptor-binding subdomain of the HA
polypeptide. The subject, however, is protected only from strains that are identical to, or
closely related to, the strains from which the antigens in the cocktail were derived. The

human is still most vulnerable to infection by other strains of the flu that were not
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included in the cocktail. One of the advantages of the antibodies provided herein is their
ability to bind an epitope of HA that is conserved across muliiple strains of influenza A,
and in embodiments influenza B. Thus, administration of an anti-HA antibody described
herein will be more effective to protect an individual from infection from a broader
spectrum of influenza (e.g., influenza A and, in embodiments, influenza B) and
conditions associate thereof (e.g.., secondary infections, e.g., secondary bacterial
infections). Further, the antibodies are effective in treating a subject after infection has

occurred.

Anti-HA Antibody Molecules

Binding agents, and in particular, the antibody molecules described herein, can
bind to influenza A viruses from both Group | and Group 2, and in embodiments aiso
bind influenza B viruses. For example, the antibody molecules described herein can bind
to an HA polypeptide on at least 1, 2, 3,4, 5, 6, 7, 8, 9, 10 or 11 strains from Group 1,
and can also bind to an HA polypeptide on atleast 1, 2, 3, 4, 5, or 6 strains from Group 2.
In another example, the antibody molecules described herein can bind to an HA
poiypeptide on an influenza strain from at least 1, 2 or 3 clades from Group 1, and can
also bind to an HA polypeptide on an influenza strain from one or both clades of
Group 2. The antibody molecules described herein inhibit cell entry and thus targeting an
early step in the infection process.

The binding agents, and in particular, the antibody molecules featured in the
disclosure, can be effective to treat or prevent infection by seasonal or pandemic
influenza strains. The binding agents, and in particular the antibody molecules described
herein, can be characterized by their ability o prevent or treat a Group 1 or a Group 2
strain of influenza A viruses or, in embodiments, & strain of influenza B viruses. The
binding agents, and in particolar the antibody molecules featured in the disclosure, are
effective to prevent or treat infection by one or more strains of Group 1, one or more
strains of (Group 2, and also one or more strains of inflacnza B viruses.

The binding agents, and in particular the antibody molecules can be effective to

treat the infection when administered the same day as the subject is exposed, or when
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administered, e.g., | day, 2 days, 3 days, 4 days or later after infection, or upon a first

symptom experienced by the patient.

Strains
The antibody molecules described herein are effective fo ireat one or more
influenza strains of Group 1, one or more influenza strains of Group 2, and also one or
more influenza B strains, and specific isolates within these strains. Certain antibody
molecules may be more effective for treatment of certain isolates than other isolates.
Exemplary influenza strains and isolates are described in the below Table 1.

Table 1. Exemplary influenza strains and Isolates

Type Group HA type Isolate
A 1 HIN1 A/PR/B/34 {aka PR-8)
A/Solomon Islands/03/06
A/Solomon Istands/20/199%
ACalifornia/(07/200%
A/New Caledonia/20/99
A/Bangkok/10/83
AfYamagata/120/86
A/Osakalo30/88
A/Suital/1/89
AfCalifornia/04/2009
A 1 H2ZN2 AfOkudal/s7
A/Adachif2/57
A/Kumamoto/1/65
A/Kaizuka/2/65
AfTzumi/5/65
AfChicken/PA/2004
A 1 H5N1 AfVietnam/1203/04
A/Duck/Singapore/3/97
A/Duck/MN/1525/81
A I HON2 A/Hong Kong/1073/2004
AfSwine/Hong Kong/9/98
A/CGuinea fowl/HK/WF10/99
A 1 HI16MN3 A/black headed gull/Mongolia/1756/2004
A H3N2 X-31
AlVictoria/3/75
AfWyoming/03/2003
A/Wisconsin/67/2005
A/Brisbane/10/2007
AJCalifornia/7/2004
Af/New Yoark/55/2004

b2
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Type Group HA type Isofate

A/Moscow/10/1999
AJAIch/2/68
A/Beijing/32/92/X-117
A/Vukuoka/C29/85
ASSichuan/2/87
A/lharaki/1/90
A/Suitas1/90
AlPerth/16/2009
AlUroguay/716/2007
AfFajian/411/2003
A/Panama/2007/99
AfShangdong/19/93

A 2 HTN7 A/Nctherlands/219/2003

B B/Wisconsin/1/2010

Affinity can also be in reference to a particular isolate of a giver Group 1 or

Group 2 strain for influenza A viruses or a strain for influenza B viruses. Exemplary

isolates are as provided in the above Table 1.
Mechanisms of Inhibition

While not being limited by a specific mechanism, HA specific antbadies can
inhibit infection by numerous methods, such as by blocking viral attachment to sialic acid
residues on surface proteins on host cells, by interfering with the stractural ransition of
HA that triggers fusion activity in the endosome, or by simultaneously inhibiting
attachment and virus-cell fusion.

in embodiments, antibody molecales featured herein bind an epitope at the HA
trimer interface. Stroctural changes at the trimer interface are important for fusion of the
viral membrane and the endocytic membrane, and the antibody molecules described
herein interfere with this critical step of infection. Assays to measure fusogenic activity
of HA are known in the art. For example, one [usion assay measures syncylia formation,
which occurs in cell-cell fusion events. Cells that express and display an influenza viral
strain HA can be used in the assay. Membrane-anchored hemaggliutinin in these cells is
induced to convert 1o the fusion conformation by a brief (e.g., 3 minute) exposure to low
pil (e.g., pH 5). A 2-3-hour incubation period follows to allow the cells o recover and
fuse to form syncytia. A nuclear stain can be used to aid in the visualization of these

fusion products, and their count is used as a gauge of {usion activity. A candidate anti-
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HA antibody can be added either before or after the low pll treatment to determine at
which stage of the fusion process the antibody interferes.

Another type of fusion assay monitors content mixing. To measure content
mixing, host cells (e.g., erythrocytes) are loaded with a dye (e.g., Lucifer yellow) to
determine whether the contents of HA-bound host cells could be delivered io HA-
expressing cells after exposure to fusion-inducing conditions (e.g., low pH, such as pH
less than 6 or pH less than 3). If the dye fails to mix with the contents of the host cells,
then the conclusion can be made that fusion is inhibited. See, e.g., Kembie et al., I. Virol,
66:4940-4950, 1992.

In another example, a fusion assay is performed by monitoring lipid mixing., The
lipid mixing assay can be performed by labeling host cells (e.g., erythrocytes) with a
fluorescent dye (e.g., R18 (octadecylrhodamine)) or dye pairs (e.g., CPT-PC/DABS-PC)
(for fluorescence resonance energy transfer), exposing the host cefls and HA-expressing
cells to fusion-inducing conditions, and assaying for fluorescence dequenching (FDQ).
Lipid mixing leads to dilution of the iabel into the viral envelope and a consequent
dequenching. A lag in dequenching or the absence of dequenching is indicative of
membrane fusion inhibition. See, e.g., Kemble et al., I. Virol. 66:4940-4950), 1992; and
Carr et al., Proc. Natl. Acad. Sci. 94:14306-14313, 1997,

Escape Muianis

In embodiments, infiuenza strains will rarely if ever produce escape mutanis when
contacied with the featured antibody molecules.

Escape mulants can be identified by methods known in the art. For example, an
antibody featured in the disclosure will not produce an escape mutant when the cells are
infected with the virus under prolonged or repeated exposure to anti-HA antibodies
featured in the disclosure,

One exemplary method includes infection of cells (e.g. MIDXCK cells) with a fixed
amount of influenza A viral particles in the presence of the antibody at a concentration
known to atienuate infection rates by 50%. Viral progeny collected after each passaging
is used to infect a fresh cell culture in the presence of the same or greater concentration of
the antibody. After multiple cycles of infection, e.g., after 15 cycles, 12 cyeles,

11 cycles, 10 cycles, 9 cyeles, 8 cycles, 7 cycles, 6 cyeles, or 5 cycies, of infection under
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these conditions, the I1A nucleotide sequence extracted from 20 viral plaque picks is
evaluated for enrichment for mutations that renders the viral isolate resistant to
neutralization by the antibody (an escape mutant). If no mutants with reduced sensitivity
to the antibody are detected after the multiple rounds of selection, e.g., after 11 rounds,
10 rounds, or 9 rounds of selection, the antibody is determined 1o be resistant to escape
mutations (see, e.g., Throshy et al. (2008) PLoS One, volume 3, e3942).

In another example, an assay that measures minimum inhibitory concentration
(MIC) of the neutralizing antibody can be used to identify escape mutants. The MIC of
an antibody moiecule is the lowest concentration of an antibody molecule that can be
mixed with virus {o prevent infection of cell culture with influenza. If escape mutants
arise within a viral population, then the MIC of a particular antibody will be observed to
increase with increased rounds of propagation under the antibody selective pressure, as
the proportion of the viral particles that carry the resistance mutation within the
population increased. Influenza escape mutants rarely if ever evolve in response to an
anti-HA antibody molecule described herein, and therefore the MIC will stay the same
over time.

Another assay suitable for monitoring for the development of escape mutants is a
Cytopathic Effect {CPE) assay. A CPE assay monitors the ability of an antibody to
nevtralize (i.e., prevent infection by} an influenza strain. A CPE assay provides the
minimal concentration of antibody required in cell culture to neutralize the virus, If
escape mulants arise, than the CPE of a particular antibody will increase over time, as the
antibody becomes less effective at neutralizing the virus. Viral strains rarely if ever
produce escape mutants in response (o an anti-HA antibody molecule described herein,
and therefore the CPE will stay essentially the same over time.

Quantitative polymerase chain reaction (gPCR) can also be used to monitor for
the development of escape mutants. gPCR is useful to monitor the ability of an antibody
to neutralize (i.e., prevent infection by) an influenza strain. If an antibody effectively
neutralizes a vires, then qPCR performed on cell calture samples will not detect presence
of viral genomic nucleic acid. If escape mutants arise, than over time, gPCR will amplify
more and more viral genomic nucleic acid. Hscape mutants rarely if ever develop in
response 1o an apti-HA antibody molecule described herein, and therefore gPCR will

rarely if ever detect viral genomic nucleic acid, even after the passage of time.
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Binding and Affinity
In embodiments, the binding agents, particularly antibody molecules, featured
herein bind to two or more of the following:
at least one HA polypeptide from a Group 1 influenza strain (e.g., an H1, H2, HS,
H6, HE, HY H12, H11, H13, H16 or H17 polypeptide);
at least one HA polypeptide from a Group 2 influenza strain {e.g., an H3, H4,
HI4, H7, H10, or H15 polypeptide); and

at feast one HA polypeptide from a influenza B strain.

In an embodiment, a binding agent, e.g., an antibody molecule, will have a Kp for
an A from a Group 1 influenza strain (e.g.. an FIL, 2, H3, H6, H8, HY H12, Hil, H13,
H16 or H17 polypeptide) of equal to or less than 10°°, 107, 10°, 107, 107, 109, or 10712

ip an embodiment, & binding agent, e.g., an antibody molecule, will have a Kp, for
an HA from a Group 2 influenza strain (e.g., an 3, Hd, H14, H7, H10, or HI5
potypeptide) of equal to or less than 107, 107, 107, 10®, 107, 107", or 1072,

In an embodiment, a binding agent, e.g., an antibody molecule, will have a Kp, for
an influenza B HA of equal to or less than 16, 107, 10,16, 107, 10", or 1072,

In an embodiment, 2 binding agent, e.g., an antibody molecule, will have;

a) a first Ky, (representing an affinity for an HA from a Group 1 influenza
strain,e.g., an M1, H2, HS, H6, H8, HS H12, H11, H13, H16 or H17 polypeptide); and

b} a second Ky (representing an affinity for an HA from & Group 2 influenza
strain, e.g., an H3, H4, H14, H7, H10, or H15 polypeptide), '

wherein the first and second Ky are one or both of:

both equal to or less than 107; and

within 10 or 100 fold of each other:

In an embodiment, a binding agent, e.g., an antibody molecule, will have
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a} a first Kp (representing an affinity for an Hi, e.g., the B1 from an an HIN1
strain, e.g., A/South Carolina/1/1918, A/Puerte Rico/08/1934, or A/California/04/2009,
or an IESNT strain, e.g., A/lndonesia/5/2005 or A/Vietnam/1203/2004); and

b) a second Kp (representing an affinity for an H3 polypeptide, e.g., the H3 from

5 an H3N2 styain, e.g., A/Brisbane/59/2007),

wherein the first and second Ky, are one or both of:

both equal to or less than 10%; and

within 10 or 100 fold of each other;

10 in an embodiment, a binding agent, e.g., an antibody molecule, will have
a) a first Kp (representing an affinity for an F1, e.g., the H1 from an an HI1N1
straif, e.g., A/South Carolina/1/1918, A/Puerio Rico/(8/1934, or A/California/04/20009,
or an H3N1 strain, e.g., A/Indonesia/3/2005 or A/Vietnam/1203/2004); and
b) a second Kp (representing an affinity for an H3 polypeptide, e.g., the H3 from
15 an H3NZ2 strain, e.g., A/Brisbane/59/2007),
wherein the first and second Kp are one or both of:
hoth equal to or less than 10°%; and

within 10 or 100 fold of each other.

20 In an embodiment, a binding agent, e.g., an antibody molecuie, wili have:
a) a furst Kp; (representing an affinity for an HA from a Group 1 influenza strain,
e.g., an Ht, H2, H5, H6, H8, 119 1112, Ht1, H13, 116 or H17 polypeptide and/or an
affinity for an HA from a Group 2 influenza strain, e.g., an 3, H4, H14, H7, H10, or
HI15 polypeptide); and

o]
th

b) a second Kp (representing an affinity for an influenza B HA, e.g., from
B/Wisconsin/1/2010);

wherein the first and second K are one or both of’

both equal to or less than 10°; and

within 10 or 100 fold of each other.
30

in an embodiment, a binding agent, e.g., an antibody molecule, will have:

136



15

20

30

WO 2013/170139 PCT/US2013/046534

a) a first Kp (representing an affinity for an HA from a Group 1 influenza strain,
e.g., an an H1, e.g., the 1 from an an HIN1 strain, e.g., A/South Carolina/1/1918,
AfPuerto Rico/08/1934, or A/California/04/2009, or an I153N1 strain, e.g.,
Afindonesia/5/2005 or A/Vietnam/1203/2064, and/or an affinity for an HA from a Group
2 influenza strain, e.g., an H3 polypeptide, from an H3N2 strain, e.g., from
A/Bﬁsbaﬁe/59/2€}07); and

b} a second Ky (an affinity for an influenza B HA);

wheréin the first and second Kyp are: one or both of:

both equal to or less than 107, and

within 10 or 100 fold of each other.

In one embodiment, the antibody molecule binds to at least one HA polypeptide
from a Group 1 influenrza strain with a higher affinity than a reference anti-HA antibody,
and to at least one HA polypeptide from a Group 2 influenza strain with a higher affinity
than a reference anti-HA antibody. In another embodiment, the antibody molecule binds
to at least one HA polypeptide from an influenza A strain with a higher affinity than a
reference anti-HA antibody, and fo at least one HA polypeptide from an influenza B
strain with a higher affinity thar a reference anti-HA antibody. Exemplary reference HA
antibodies include Ab 67-11 (U.S. Provisional application mumber 61/643,453, filed on
the same date as the present application), FI6 (FI6, as used herein, refers to any
specifically disclosed Fi6 sequence in U.S. Published Application No. 2G10/0080813, US
published application No. 2011/0274702, W(2613/011347 or Corti et al., Science
333:850-836, 2011, published online July 28, 2011; FIGs. 12A to 12C), FI28 {U.5.
Published Appiication No. 2016/0080813), and C179 (Okuno et al,, I. Virol. 67:2552-
1558, 1993), F10 (Sui et ai., Nat. Stroct. Mol. Biol. 16:265, 2009), CR9114 (Dreyfus et
al., Science. 2012; 337(6100):1343-1348; published oniine August 9, 2012), and CR6261
(Ekiert et al., Science 324:246-251, 2009; published online Febroary 26, 2009).

Affinity, or relative affinity or aviditiy, can be measured by methods known in the
art, such as by FLISA assay {BEnzyme Linked Immunosorbent Assay), Surface Plasmon
Resonance (SPR, ez, bya Biacore™ Assay), or KinExA® assay (Sapidyvne, Inc.).

Relative binding affinity is expressed herein according to FLISA assay. As used herein,
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an anti-IA antibody that binds with “high affinity” to a Group 1 HA, to 2 Group 2 HA,
and to a influenza B HA, can bind a Group 1 HA with a Kd less than or equal to 200 pM,
¢.2., less than or equal to 100 pM, as measured by ELISA, can bind a Group 2 HA with &
Kd less than or equat to 200 pM, e.g., less than or equal to 100 pM, as measured by
ELISA, and can bind an influenza B HA with a Kd less than or equal to 200 pM, e.g., less
than or equal to 100 pM, as measured by ELISA.

Exemplary Anti-HA Antibody Molecules
Provided herein are antibodies thal have one or more CDR sequences and one or

more framework (FR) sequences as shown in Table 2.

Table 2. Heavy and Light Chain CDR and FR Sequences for Anti-HA Antibodies.

Region o
HC CDR1 | [S/TIY[A/GIMH
HC CDR2 | VII/V/LIS[Y/EIDG]S/NIY/NI[K/RIYYADSVQG

HC CDR3 | DI5/THR/K/QILR[S/TILLYFEWLS[Q/SIGIY/L/VI /LI N/DIP/Y]

LC CDRL ; QIS/TIV/LAIT/SIIY/F/WIIN/S/D]YKNYLA

LC COR1 | QIS/TIIV/L/IT/SIY/F/WIIN/S/D/Q/RJETYKNYLA

LCCDR2 | WIA/GISIT/A/Y/H/K/DIR/LIE[S/T]

LC CDR3 | QQ{Y/H]YRTPP[T/S]

HCFR1 | [E/QIVQLLE[S/T]GGGLVKPGQSE KLSCAASGFTFIS/T!

HCFRZ | WVRQPPGKGLEWVA

HCFR3 | RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAK

HCFR4 | WGIA/QIG[T/AI[T/M]IL/VITVSS

LCFRI | [E/DNV/QIMTQSPID/SHS/TIL/VILA/SIIV/ALLS/ TI[L/V/RIGIE/D]R]A/V]
[T/SHIN/T/Q/D/R/ICIK/R]SS

LCFRZ WYQQKPG[Q/K][P/A]PKLLIY 12
LCFR3 GVP[D/E/SIRFSGSGSGTDFTLTISSLOA/PIED IV/F/K/DIAIV/TIYYC 13
LCFR4 FG[G/Q/T/S/NIGTKIL/V]IID/EK 14

In one embodiment, the anti-HA antibody comprises a heavy chain and/or a light
chain as defined in Table 3 below. The amino acid sequences of the variable heavy and

light chains of Table 3 are provided in FIGs. 2, 3, respectively, or in FIG. 17.
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Table 3. Heavy and Light Chain Amino Acid Sequence Designations for Anti-HA

Antibodies
. SEQ 1D SEQID
Antibody HC 1\%: e N%:
1. Ab A18 15 15 28 28
2. Ab 014 16 1% ) 25
3. CAbO28 16 16 3G 30
4. Ab 001 17 17 31 31
5 AD G0 is 18 7] 31
6. Ab 003 19 9 3 EY]
7. Ab 009 17 17 32 3z
g Ab 010 18 18 3 3
g, Ab 011 19 19 3 3
10. Ab 017 17 17 33 33
11. AbBI8 18 18 33 33
12. Ab 019 15 19 13 33
13. Ab 025 17 7 ) 3
14. Ab 025 18 13 34 34
15. Ab 027 19 19 34 34
16. Ab D86 20 20 3 34
17. Ab 154 21 21 29 29
i8. Ab 155 21 21 30 30
19, Ab 157 22 22 5 25
20, Ab 159 22 22 35 35
21. Ab 160 17 17 36 36
22. AD 186 17 17 37 37
23, Ah 187 17 17 I8 38
24. AD 188 17 17 30 D)
25, Ab 189 17 17 40 40
26. AL 190 17 17 41 )
27. AD 191 17 7 ) 5
28. Ab 192 17 17 i3 45
29, Ab 153 17 17 44 44
20, Ab 194 15 19 37 37
31 Ab 195 19 9 38 ]
‘32, Ab 156 i9 19 39 35
33, Ab 197 i) 19 40 40
34, Ab 198 19 19 41 41
35, Abh 199 19 19 42 42
36. Ab 200 19 1% 43 43
37. Ab 202 17 17 45 13
38, Ab 203 18 18 45 45
39. A 204 19 19 45 5
10. Ab 210 23 73 43 45
41, Ab 211 17 17 46 46
42. Ab 212 18 18 46 46
43, Ab 213 15 19 a6 46
44, Ab 215 23 23 46 46
45, Ab AQD1 24 24 47 47
6. Ab AOC2 24 54 a8 a3
47, Ab A0G3 24 24 49 49
48, Ab 004 25 25 47 47
49, Ab D05 2 25 48 48
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50. Ab 006 25 23 49 49
51 Ab 007 26 26 47 47
52, Ab GOB 26 26 48 48
53. Ab ADOY 26 20 49 49
54 Ab AG10 24 24 30 50
33, Ab A1 24 24 51 51
56. Ab 012 23 25 30 50
57. Ab 013 25 25 31 51
58. Ab A4 26 26 50 30
59, Ab 015 26 26 51 51
60. Ab 016 27 27 47 47
Gl Ab AD17 27 27 48 48
62, AbCl18 27 27 49 45
63. Ab ADIO 27 27 50 30
64. Ab 031 24 24 45 45
65. Ab 032 25 25 45 45
66, Ab 033 26 26 45 45
67. Ab 034 27 27 45 45
68. Ab 037 24 24 46 46
69, Ab 038 25 235 46 46
70, Ab 039 26 26 46 46
71 Ab 040 27 27 46 46
72 Ab 043 25 25 60 60
73. Ab 044 23 25 52 52
74, Ab 045 25 25 57 57
75, Ab 046 25 25 39 59
76. Ab 047 25 25 35 33
77. Ab 048 25 23 58 58
78. Ab 049 25 25 34 54
79, Ab 050 25 25 56 56
80. Ab 051 25 25 53 53
81, Ab 052 23 235 61 61
BZ. Ab 067 25 25 153 153
83. Ab 68 25 23 154 154
84, Ab 069 25 23 155 155
B5. Ab 070 25 23 156 156
B6. Ab 071 162 162 52 52
87. Ab {72 163 163 52 52
88, Ab Q73 25 25 165 165
89. Ab 074 23 25 166 166
20. Ab (75 25 25 167 167
91. Ab 076 25 25 168 168
92, Ab 077 25 25 169 169
93. Ab 078 . 164 164 52 52
94 Ab 079 164 164 155 155
85, Ab 08O 164 164 166 166
o6, Ab 081 164 164 169 169

Table 4A below, andfor a lHeht chain as defined in Table 4A below.
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In one embodiment, the anti-HA antibody comprises a heavy chain as defined in
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Table 4A, Heavy and L

ight Chain Amino Acid Seguence Designations

. SEQID . SEQT
HC NO: LC NO:
15 15 28 28
16 16 29 29
17 17 30 30
18 18 35 35
19 19 31 31
21 21 32, 32
22 22 33 33
20 20 34 34
23 23 36 36
24 24 45 45
25 25 46 46
28 26 37 37
27 27 38 38

He consensus

(HC161) 161 38 39
162 162 40 40
163 163 41 41
164 164 42 42
43 43

44 44

47 47

48 48

49 49

50 50

51 31

52 52

53 53

54 54

55 55

56 56

57 57

58 58

59 59

60 60

61 41

153 153

154 154

155 155
156 156

LC
COnSEensus 62
(1LL62)

165 165
166 166

167 167

168 168
169 169
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In one embodiment, an antibody featured in the disclosure compriges a heavy
chain sequence as defined in Table 4A and a light chain sequence as defined in

Table 4A.

In one embodiment, an antibody featured in the disclosure comprises a heavy
chain sequence as defined herein, e.g., in Table 4A, where a dipeptide is fused to the
N-terminus. Typically, the dipeptide is isoleucine-aspartic acid (Ille-Asp). In another
embodiment, an antibody featured in the disclosuze comprises a light chain sequence
as defined herein, e.g., in Table 4A, where a dipeptide is fused to the N-terminus.
Typically, the dipeptide is Ile-Asp. In yet another embodiment, an antibody featured
in the disclosure comprises a heavy chain comprising an N-terminal He-Asp dipeptide
and a light chain comprising an Ie-Asp dipeptide. In the propeptide sequence of the
heavy chain or light chain polypeptide, the He-Asp dipeptide occurs between the
signal sequence and FR1. Heavy chain and light chain variable sequences comprising

an {le-Asp dipeptide at the N-terminus are identified in Table 4B.

Table 4B. Heavy and Light Chain Amino Acid Sequence Desipnations, where the

Seguence Includes an N-terminal fle- Asp Digegtide

HC SEQ ID NO: LC SEQIDNG:
15-1D 96 28-1D 110
16-1D 97 29-1T) 111
1711 98 30-1D 112
18-1D 99 35.1D 113
19-1D 100 31-1D 114
211D 101 32-1D 115
22-1D 102 33-1D 116
20-1D 103 34-1D 117
23-1D 104 306-ID 118
24-11 105 45-1D 115
251D 106 46-1D 120
26-ID 107 37-1D 121
27-1D 108 38-1D 122

Hc consensus [D
(161-1D) 109 39-1ID 123
40-1D 124
411D 123
42-T1D 126
43-1D 127
44-11 128
473D 129
48-1D 130
49-1D 131
50-1D 132
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51-1D 133
52-1D 134
53-1D 135
54-TD 136
55-1D 137
56-1D 138
57-1D 139
58-1D 140
59-1D 141
60-1D 142
611D 143
153-10 157
154-1D 158
155-1D 159
156-ID 160
LC consensus ID
(62-110 144

In another embodiment, an antibody featured in the disclosure is other than an
antibody known in the art. For example, the antibody is not Ab 67-11 (1.8,
Provisional application number 61/645,453) FI6 (P16, as used herein, refers to any
specifically disclosed Fl6 sequence in U.S. Published Application No. 2010/0080813,
US published application No. 2011/0274702, W(Q2013/011347 or Corti et al., Science
333:850-856, 2011, published online July 28, 2011; FIGs. 124 1o 12C) FI28 (U.S.
Published Application No. 2010/0080813), C179 (Okuno et al., J. Virol. 67:2552,
1993), F16 (Sui el al., Nat. Struct. Mol. Biol. 16:265, 2009), CR9114 (Dreyius et al.,
Science 337:1343, 2012), or CR6261 (Ekiert et al., Science 324:246, 2009),

In one embodiment, an antibody featured in the disclosure is other than Ab 67-
11 (U.S. Provisional application number 61/645,453, filed on the same date as the

present application).

Variants

In an embodiment, an antibody molecule, e.g., an antibody featured in the
disclosure has a variable heavy chain immunoglobulin domain that is at Jeast 85%,
87%, 88%, 89%, 90%, 92%, 94%, 95%. 6%, 97%, 98%, or 99% homologous, Or at
least 85%, 87%, 88%, 8%, 90%, ¥2%, 94%. 95%., 36%, Y1%, 98%, or 95%
identical, t0 a heavy chain disclosed herein, e.g., from Table 3, Table 4A, Tabie 4R,
Fig.2, Fig 13 or Fig. 17, e.g. consensus sequence of SEQ ID NO:161, and has a
variable Hght chain immunoglobulin domain that is at least 83%, 87%, 88%, 89%,
80%, 92%, 94%, 95%, 96%, 97%, 98%, or 99% homologous, or at least 85%, §7%,
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88%, 89%, 0%, 2%, 94%, 95%, 96%, 97%, 98%, or 99% identical, to a light chain
disclosed herein, e.g., from Table 3, Table 4A, Table 4B, Fig.3, Fig. 14 or Fig 17, e.g.,
the consensus sequence of SEQ 1D N(:62. The consensus sequences were
determined through the analysis of biochemical and biophysical properties of several
hundred computationally designed VH/VL combinations. The consensus sequences
represent the amino acid sequences in which each amino acid is the one that occurs
most frequently at that site when multiple sequences comprising desirable
biochemical and biophysical data are aligned.

An exemplary anti-HA binding antibody has one or more CDRs, e.g., all three
HC CDRs and/or all three LC CDRs of a particular antibody disclosed herein, or
CDRs that are, in sum, at least 85%, 87%, 88%, 89%. 90%, 92%, 94%, 95%, 96%,
7%, 98%, or 99% homologous, or at least 85%, 87%, 88%, 89%, 90%, 92%, 94%.,
05%, 96%, 97%, 98%. or Y9% identical, to such an antibody.

In one embodiment, the H1 and H2 hypervariable loops have the same
canonical structure as those of an antibody described herein. In one embodiment, the
L1 and L2 hypervariable Joops have the same canonical structure as those of an
antibody described herein.

In one embodiment, the amine acid sequence of the HC and/or LC variable
domain sequence is al least 85%, 87%, 88%, 89%, 90%, 92%, 94%, 93%, 96%, 97%,
8%, or 99% homologous, or al least 85%, 87%, 88%., 80%., 90%, 92%, 94%, 95%,
96%, 97%, 98%, or 99% identical, to the amino acid sequence of the HC and/or 1.C
variable domain of an antibody described herein. The amino acid sequence of the HC
andfor L.C variable domain sequence can differ by at least one amino acid, but no
more than ten, eight, six, five, four, three, or two amino acids from the corresponding
sequence of an antibody described herein. For example, the differences may be

primarily or entirely in the framework regions.

In certain embodiments, the amino acid differences are conservative amino acid

differences (e.g., conservative amino acid substitutions). A “conservative” amino acid

PCT/US2013/040534

substitution is one in which the amino acid residue is replaced with an amino acid residue
comprising a similar side chain. Families of amino acid residues comprising similar side
chains have been defined in the art. These families include, e.g., amino acids with basic side

chams {g.g., lysine, arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid),
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uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine,

cysteine), nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, proline,

phenylalanine, methionine, tryptophan), beta-branched side chains (e.g., threonine, valine,

soleucine) and aromatic side chains {e.g., tyrosine, phenylalanine, tryptophan, histidine).
The amino acid sequences of the HC and LC variable domain sequences can

be encoded by a nucleic acid sequence that hybridizes under high stringency

conditions to a nucleic acid sequence described herein or one that encodes a variable

domain or an amino acid sequence described herein. In one embodiment, the amino

acid sequences of one or more framework regions (e.g., FR1, FR2, TR3, and/or FR4)

of the HC and/or L.C variable domain are at least 85%, 87%, %8%, 89%, 90%, 2%,

94%, ¥5%, 96%, 97%. 98%, or 9% homologous, or at least 85%, 87%, 88%, 89%,

90%, 92%, 94%, 95%, 96%, 97%, 98%. or 99% identical, to corresponding

framework regions of the HC and L.C variable domains of an antibody described

herein. In one embodiment, one or more heavy or light chain framework regions

{e.g., HC PRI, FR2, and FR3) are at least 85%, 87%, 88%, 89%, 90%, 92%, 94%,

95%, 90%, 97%, 98%, or 99% hamologous, or at least 85%, 87%, 88%, 89%, 90%,

92%, 94%, 95%, 90%, 91%, 98%, or 99% identical, to the sequence of corresponding

framework regions from a human germline antibody.

Validation of Epitopes

in one embodiment, the antibodies featured in the disclosure are useful for
véﬁdatiﬁg a vaccine based on a particular epitope. For example, an epﬁope that 1s the
target of an antibody featured in the disclosure can be assessed by computation methods
to identify a peptide framework suitable for supporting the epitope conformation, sach as
10 stabilize an epitope that is transient or minimally accessible in nature. Computational
abstraction of the epitope and framework properties allows automated screening of
databases 0 identify candidate acceptor peptide scaffolds. The acceptor scaffold can
have a particular fertiary structure that includes, for example, one or more of a beta sheet,
a beta sandwich, a loop, or an ajpha or beta helix. The candidate epitope-scaffold
antigens can be assayed in vitro, such as to identify binding properties with an antibody
featured in the disclosure, e.g., binding affinity or structure analysis of the epitope-
scaffold/antibody complex, or in viiro neutralization. The ability of the epitope-scaffold

10 generate an immune response {e.g., to generate antibodies) can be tested by
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administering the epitope-scaffold to an animal (e.g., in a mammal, such as a rat, a
mouse, a guinea pig, or a rabbit), and then testing sera for the presence of anti-epitope-
scaffold antibodies, e.g., by ELISA assay. The ability of the epitope-scaffold to elicit
protection against infection by an influenza A Group | or Group 2 strain, or by both types
of influenza strains, or an influenza B strain, can be assessed in vivo, such as in an animal
(e.g.. in a mammal). Thus, an aatibody featured in the disclosure can provide validation
that the epitope is functionally important and that targeting the epitope will provide
protection from infection with a Group [ or Group 2 infiuenza strain, or both types of

strains, or an influenza B strain.

Production of Antibody Molecules

The nucleic acids (e.g., the genes) encoding an antibody molecule generated
by a method described herein can be sequenced, and all or part of the nucleic acids
can be cloned into a vector that expresses all or part of the nucleic acids. For
example, the nucleic acids can include a fragment of the gene encoding the antibody,
such as a single chain antibody (scFv), a F(ab’)}, fragment, a Fab fragment, or an Fd
fragment.

‘The disclosure also provides host cells comprising the nucleic acids encoding
an antibody or fragment thereof as described herein. The host cells can be, for
example, prokaryotic or eukaryotic cells, e.g., mammmalian cells, or veast cells, e.g.,
Pichia (see, e.g., Powers et al. (2001} J. Immunol. Methods 251:123-35), Hanseula, or
Saccharoniyces.

Antibody molecules, particularly full length antibody molecules, e.g., 1gGs,
can be produced in mammalian cells. Exemplary mammalian host cells for
recombinant expression include Chinese Hamster Gvary (CHO) celis (including dhfr
CHO celis, described in Urlaub and Chasin (1980) Proc. Natl, Acad. Sci. USA
17:4216-4220, used with a DHEFR selectable marker, e.g., as described in Kaufman
and Sharp {1982} Mol. Biol. 159:601-621), lymphocytic cell lines, e.g., NSO
myeloma cells and SP2 cells, COS cells, K362, and a cell from a transgenic animal,
e.g., 4 ransgenic mammal. For example, the cell is a mammary epithelial cell.

In addition to the nucleic acid sequence encoding the inmmunoglobulin

domain, the recombinant expression vectors may carry additional nuclete acid
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sequences, such as sequences that regulate replication of the vector in host cells (e.g.,
origins of replication) and selectable marker genes. The selectable marker gene
facilitates selection of host cells into which the vector has been introduced (see e.g.,
U.5. Patent Nos. 4,399,216; 4,634,665; and 5,179,017). Exemplaty selectable marker
genes include the dihydrofolate reductase (DHFR) gene (for use in dhfr” host cells

with methotrexate selection/amplification) and the neo gene (for G418 selection).

In an exemplary system for recombinant expression of an antibody molecule
{e.g.. a full length antibody or an antigen-binding portion thereof), & recombinant
expression vector encoding both the antibody heavy chain and the antibody light
chain is introduced into dhfr- CHO cells by calcium phosphate-mediated transfection.
Within the recombinant expression vector, the antibody heavy and light chain genes
arc each operatively linked to enhancer/promoter regulatory elements (e.o., derived
from SV40, CMV, adenovirus and the fike, such as a CMV enhancer/AdMLP
promoter regulatory clement or an SV4( enhancer/AJMLP promoter regulatory
element) to drive high levels of transcription of the genes. The recombinant
expression vector also carries a DHFR gene, which allows for selection of CHO cells
that have been transfected with the vector using methotrexate selection/amplification.
The selected transformant host cells are cultured to allow for expression of the
antibody heavy and light chains and intact antibody molecule is recovered from the
culture medium. Standard molecular biology techniques are used o prepare ihe
recombinant expression vector, to transfect the host cells, to select for transformants,
to culture the host cells, and to recover the antibody from the culture medivm. For
example, some antibodies can be isolated by affinity chromatography with a
Protein A or Protein G. For example, purified antibodies can be concentrated to about
106 mg/mL to about 200 mg/ml. vsing protein concentration techniques that are

known in the art.

Antibody molecules can also be produced by a iransgenic animal. For
example, U.S. Patent No. 5,849,992 describes a method for expressing an antibody
molecule in the mammary gland of a transgenic mammal. A transgene is constructed
that includes a mifk-specific promoter and nucleic acid seguences encoding the
antibody molecule of interest, e.g., an antibody described herein, and a signal

sequence for secretion. The milk produced by females of such transgenic mammals
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includes, secreted therein, the antibody of interest, e.g., an antibody described herein.
The antibody molecule can be purified from the milk, or for some applications, used

directly.

Antibody molecules can also be expressed in vivo, following administration of
a vector containing nucleic acids encoding the antibody heavy chain and the antibody
light chain. Vector mediated gene-transfer is then used to engineer secretion of the
anti-HA antibody into circulation. For example, an anti-HA antibody heavy chain and
an anti~-HA antibody light chain as described herein are cloned into an
adeno-associated viras {AAV)-hased vector, and each of the anii-HA antibody heavy
chain and the anti-HA anttbody light chain are ander control of a promoter, such as a
cytomegalovirus (CMV) promoter. Administration of the vector (o a subject, such as
to 4 patient, ¢.g., a human patient, such as by intramuscular injection, results in

expression of an anti-HA antibody, and secretion into the circulation.

Modifications of Binding Agents

Binding, agents, e.g., antibody molecules can be modified (o have numerous
properties, e.g., to have altered, e.g., extended half life, 1o be associated with, e.g.,
covalently bound to detectable moieties, e.g., labels, to be associated wiih, e.g.,

covalently bound to toxins, or to have other properties, e.g., altered immune fucntions.

Antibody molecules may include modifications, e.g., modifications that alter
Pe function, e.g., to decrease or remove interaction with an Fe receptor or with Clqg,
or both. In one example, the human Ig(G1 constant region can be mutated at one or

more residues,

For some antibody molecuies that include an Fe domain, the antibody
production systemn may be designed to synthesize antibody motecules in which the Fe
region is glyeosylated, The Fc domain can be produced in a mammalian expression
sysiem that appropriately glycosylates the residue corresponding to asparagine 297.

The Fe domain can also include other eukaryotic post-translational modifications.

Other suitable Fo domain modifications include those deseribed in

WO2004/029207. For example, the Fe domain can be an KmAb® Fe {Xencor,
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Monrovia, CA). The Fc domain, or a fragment thereof, can have a substitution in an
Fey Receptor (FeyR) binding region, such as the domains and fragments described in
WO05/0638135. In some embodiments, the Fo domain, or a fragment thereof, has a
substitution in a neonaial Fc Receptor (FeRn) binding region, such as the domains and
fragments described in WO(5047327. In other embodiments, the Fe domain is a
single chain, or fragment thereof, or modified version thereof, such as those described
in WO2008143954. Other suitable Fc modifications are known and described in the
art.

Antibody molecules can be modified, e.g., with a moiety that improves its
stahilization and/or retention in circulation, e.g., in blood, serum, lymph,

bronchoalveolar lavage, or other tissues, e.g., by at feast 1.5, 2, 5, 10, or 50 fold.

For example, an antibody molecule generated by a method described herein
can be associated with a polymer, e.g., a substantially non-antigenic polymer, such as
a polyalkylene oxide or a polyethylene oxide. Svitable polymers will vary
substantially by weight. Polymers comprising molecular number average weights
ranging from about 200 to about 35,000 daltons {or about 1,000 to abour 15,000, and
2,000 to about 12,500) can be used.

For example, an antibody molecule generated by a method described herein
can be conjugated (o a water soluble polymer, e.g., a hydrophilic polyvinyl polymer,
e.g. polyvinylaicohol or polyvinyipyrrolidone. A non-limiting lst of such polymers
include polyalkylene oxide homopolymers such as polyethylene ghyeol (PEG) or
polypropylene glycols, polyoxyethylenated polyols, copolymers thereof and block
copolymers thereof, provided that the water solubility of the block copolymers is
maintained. Additional useful polymers include polyoxyaikylenes such as
polyoxyethylene, polyoxypropylene, and block copolymers of polyoxyethylene and
polyoxypropylene (Pluronics); polymethacrylates; carbomers; branched or
unbranched polysaccharides that comprise the saccharide monomers D-mannose,

D- and L-galactose, fucose, fructose, D-gylose, L-arabinose, D-glucuronic acid, sialic
acid, D-galacturonic acid, D-mannuronic acid {e.g. polymannuronic acid, or alginic
acid), D-glucosamine, D-galactosamine, D-glucose and newraminic acid including

homopolysaccharides and heteropolysaccharides such as lactose, amylopectin, starch,
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hydroxyethyl starch, amylose, dextrane sulfate, dextran, dexirins, glycogen, or the
polysaccharide subunit of acid mucopolysaccharides, e.g. hyaluronic acid; polymers

of sugar alcohols such as polysorbitol and polymannitol; heparin or heparan.

Binding agents, e.g., antibody molecules, as disclosed herein, can by
5 conjugated to another entity or moiety (e.g., 10 a CYIOtOXic or cylostatic moiety, a label
or detectable moiety, or a therapeutic moiety). Exemplary moieties inclade: a
CY1OtoxIc or cytostatic agent, e.g., a therapeutic agent, a drug, & compound emitting
radiation, molecules of plant, fungal, or bacterial origin, or a biological protein {e.g., &
protein toxin) or particle (e.g., a recombinant viral particie, ¢.g., via a viral coat
10 protein), a detectable agent; a pharmaceutical agent, and/or a protein or peptide that
can mediate association of the antibody or antibody portion with another molecule
{such as a streptavidin core region or a polyhistidine tag). A binding agent, e.g., an
antibody molecule, as disclosed herein, can be functionally linked by any svitable
method (e.g., chemical coupling, genetic fusion, covalent binding, noncovalent
15 association or otherwise) to one or more other molecular entities.
Binding agents, ¢.g., antibody molecules, disclosed herein can be
conjugated with a detectable moiety, e.g., a label or imaging agent. Such moieties can
~ include enzymes (e.g., horseradish peroxidase, beta-galactosidase, luciferase, alkaline
phosphatase, acetylcholinesterase, glucose oxidase and the like), radiolabels (e.g., ° I,
0 MO PNFE YY1, W, 1B L Tand the like), haptens, {luorescent labels
(e.g.. FITC, thodamine, lanthanide phosphors, fluorescein, {luorescein isothiocyanate,
rhodamine, 5-dimethylamine- 1-napthaienesulfonyl chioride, phycoerythrin and the
like}, phosphorescent molecules, chemiluminescent molecules, chromophores,
luminescent molecules, photoaffinity molecules, colored particles or affinity ligands,
25 such as biotin, predetermined polypeptide epitopes recognized by a secondary reporter
(e.g., leucine zipper pair sequences, or binding sites for secondary antibodies, metal
binding domains, epitope tags). In some embodiments, a moiety, e.g., a detectable
moiety, e.g., a label, 1s attached by spacer arms of various lengths to reduce potential
steric hindrance.
30 In embodiments a binding agent, e.g., antibody molecule, disclosed herein, is
derivatized with a detectable enzyme and is detected by adding additional reagenis

that the enzyme uses to produce a detectable reaction product. For example, when the
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detectable agent horseradish peroxidase is present, the addition of hydrogen peroxide
and diaminobenzidine leads to a colored reaction product, which is detectable. A
binding agent, e.g., antibody molecuie, disclosed herein, ay also be derivatized with a
prosthetic group (e.g., streptavidin/biotin and avidin/bictin). For example, an
antibody may be derivatized with biotin, and detected through indirect measurement
of avidin or streptavidin binding.

In embodiments the moiety comprises paramagnetic ions and NMR-
detectable substances, among others. For example, in some emhodiments, a
paramagnelic ion is one or more of chromium (), manganese (11}, iron {II1), iron
(1), cobalt {I), nickel (11}, copper (L), neodymium (If1), samarium (), yiterbium
(K1), gadolinium (1), vanadium {13}, terbium (I, dysprosiam (TI), holmiurm (I11),
erbium (I1D), lanthanum (111), gold (IH}, lead (I1), and/or bisouth (TIT),

Binding agents, e.g., antihody molecules, as disclosed herein, can be
modified to be associated with, e.g., conjugated to, a therapeutic agent, e.g., an agent
comprising anti-viral activity, anti-inflammatory activity, or cytotoxic activity, ete. In
some embodiments, therapeutic agents can treat symptoms or causes of influenza
infection (e.g., for example, anti-viral, pain-relief, antiinflammatory,

immunomodulatory, sleep-inducing activities, etc).

Treatment Methods and Administration

The binding agents, e.g., antibody molecules, featured in the disclosure, can be
used to freat a subject, e.g., a subject, e.g., a human subject, infected with, or at risk for
becoming infected with, an influenza virus.

Any human is candidate to receive an antibody molecule featured in the
disclosure for treatment or prevention of an infection by an influenza virus. Humans at
high risk of infection, such as immunocomprorised individuals, and humans who are at
high risk of exposure to influenza virus are particularly suited fo receive treatment with
the antibody molecule. Immunocompromised individuals include the elderly (65 years
and older) and children (e.g., 6 months to 18 vears old), and people with chronic medical
conditions. People at high 1isk of exposure include heath care workers, teachers and

emergency responders (e.g., firefighters, policemen).
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The antibody molecules described herein can also be used to prevent or reduce
(e.g., minimize) secondary infection (e.g., secondary bacterial infection) or a risk of
comprising secondary infection associated with influenza, or any effects (e.g., symptoms
or complications) thereof on a subject. Opportunistic secondary bacterial infections
{e.g., secondary bacterial pneumonia, e.g.. primarily with Streptococcus pneumonia)
contribute significantly to the overall morbidity and mortality associated with seasonal
and pandemic influenza mfections. The antibody molecules described herein can be used
to prevent or reduce (e.g., minimize) the complications from secondary. opportunistic
infections {e.g., bacterial infections) in a subject.

An antibody molecule can be administered to a subject, e.g., a human subject,
by a variety of methods. For many applications, the route of administration is one of
intravenous tnjection or infusion, subcutaneous injection, or intramuscular injection.
An antibody molecule can be administered as a fixed dose, or in a mg/kg dose. The
antibody molecule can be administered intravenouvsly (IV) or subcutaneousty (SC).
For example, the antibody molecule can be administered at a fixed unit dose of
between about 50-600 mg IV, e.g., every 4 weeks, or between about 50-100 mg SC
{e.g., 75 mg), e.g., at least once a week (e.g., twice a week). In one embodiment, the
antibody molecule is administered FV at a fized unit dose of 50 mg, 60 mg, 80 mg,
100 mg, 120 mg, 130 mg, 140 mg, 150 mg, 160 mg, 180 mg, 200 mg, 300 mg, 400
mg, 500 mg, or 600 mg or more. Administration of the IV dose can be once or twice

“or three times or more per week, or once every two, three, four, or [ive weeks, or less

frequently.

In one embodiment, the antibody molecule is administered SC at a fixed unit
dose of 50 mg, 60 mg, 70 mg, 75 mg, 80 mg, 100 mg, or 120 mg or more.
Administration of the SC dose can be once or twice or three times or more per week,
or once every two, three, four, or five weeks, or less frequently.

Ananti-lHA antibody featured in the disclosure can also be administered by
inhalation, such as by intranasal or by oral inhalation, such as at a fixed unit dose of

50 mg, 60 mg, 80 mg, 160 mg, 120 mg, 130 mg, 140 mg, 150 mg, 160 mg, 180 mg,
200 mg, 300 mg, 400 mg, 500 mg, or 600 mg or more.
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In one embodiment, an anti-HA antibody is administered to a subject via
vector-mediated gene wansfer, such as through the delivery of a vector encoding the
heavy chain and the light chain of an anti-HA antibody, and the antibody is expressed
from the heavy chain and light chain genes in the body. For example, nucleic acids
epcoding 4 heavy chain and a light chain can be cloned in 2 AAV vector, such as 2
self-complementary AAV vector, the scAAV vector administered to a haman by
injection, such as by IM injection, and the antibody is expressed and secreted into the

circalation of the human.

An antibody molecule can also be administered in a bolus at a dose of between
shout 1 and 50 mg/ke, e.g., between about 1 and 10 mg/ky, between about 1 and 25
mg/kg or about 25 and 50 mg/kg, e.g., about 50 mg/kg, 25 me/ke, 10 me/ke, 6.0
mgfkg, 5.0 mgikg, 4.0 mg/ke. 3.0 mg/kg, 2.0 mg/ke, 1.0 mgikg, or less. Modified
dose ranges include a dose that is less than about 3000 mg/subject, about 1500
mg/subject, about 1000 mg/subject, about 600 mg/subject, about 500 mg/subject,
about 400 mg/subiect, about 300 mg/subject, about 250 mg/subject, about 200
mg/subject, or about 150 mg/subject, typically for administration every fourth week
or once a month. The antibody molecule can be administered, for example, every

three to five weeks, e.g., every fourth week, or monthly.

-Dosing can be adjusted according to a patient’s rate of clearance of a prior
administration of the antibody. For example, a patient may not be administered a
second or follow-on dose before the level of antibodies in the patient’s sysiem has
dropped below a pre-determined level. In one embodiment, & sample from a patient
(e.g., piasma, serum, blood, urine, or cerebrospinal fluid (CSF)) is assayed for the
presence of antibodies, and if the level of antibodies is above a pre-determined level,
the paﬁent will not-be administered 4 second or follow-on dose. If the level of
antibodies in the patient’s system is below a pre-determined level, then the patient is
administered a second or follow-on dose. A patient whose antibody levels are
determined to be too high (above the pre-determined level} can be tested agam after
one or two or three days, or a week, and if the level of antibody in the patient samples
has dropped below the pre-determined level, the patient may be administered a second

or foliow-on dose of antibody.

147



10

20

-2
Lh

30

WO 2013/170139 PCTIUS2013/040534

In certain embodiments, the aniibody may be prepared with a carrier that will
protect the drug against rapid release, such as a controlled release formulation,
including implants, and microencapsulated delivery systems. Bicdegradable,
biccompatible polymers can be used, such as ethylene vinyl acetate, polyanhydrides,
polyglycolic acid, collagen, polyorthoesters, and polylactic acid. Many methods for
the preparation of such formulations are patented or generally known. See, e.g.,
Controlled Druae Deliverv (Drues and the Pharmaceutical Sciences), Second Edition,
1. Robinson and V. H. L. Lee, eds., Marcel Dekker, Inc., New York, 1987.

Pharmaceutical compositions can be administered with a medical device. For
exampie, pharmaceutical compositions can be administered with a needleless
hypodermic injection deviee, such as the devices disclosed in 1.5, Patent Nos.
5.399.163; 5,383,851, 5,312,335, 5,004,413; 4,941,880, 4,790,824; or 4,596,556,
Examples of well-known implants and modules ate discussed in, e.g., U.S. Patent
NMo. 4.487.603, which discloses an implantable micro-infusion pump for dispensing
medicaiion at a controlled rate; U.S. Patent No. 4,486,194, which discloses a
therapeutic device for administering medicaments through the skin: U.S. Patent
No. 4,447 233, which discloses a medication infusion pump for delivering medication
at a precise infusion rate; U.S. Patent No. 4,447,224, which discloses a variable flow
implantable infusion apparatus for continuous drug delivery; U.S. Patent
No. 4,439,196, which discloses an osmotic drug delivery system comprising mulei-
chamber compartments; and 1.8, Patent No. 4,475,196, which discloses an osmotic
drug delivery system. Of course, many other such implants, delivery systems, and

moduales are also known.

In embodiments the binding agent, e.g., an antibody molecule, is administered
buccally, orally, or by nasal delivery, e.g., as a liquid, spray, or aerosol, e.g., by
topical application, €.g., by a liquid or drops, or by inhalation.

An antibody molecule described herein can be administered with one or more
additional therapeutic agents, e.g., a second drug, for treatment of a viral infection, or
a symptom of the infection. The antibody molecule and the one or more second or
additional agents can be formulated together, in the same formulation, or they can be
in separate formulations, and administered to a patient simultaneously or sequentially,

in either order.
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Dosage regimens are adjusted to provide the desired response, such as a
therapentic response or a combinatorial therapeutic effect. Generally, any
combination of doses (either separate or co-formulated} of an antibody molecule and a
second or additional agent can be used in order to provide a subject with both agents

in bioavailable quantities.

Dosage unit form or “fixed dose” as used herein refers to physically discrete
units suited as unitary ddsages for the subjects to be treated; each unit contains a
predetermined quantity of active compound calculated to produce the desired
therapeutic effect in association with the required pharmaceutical carvier and

optionally in association with another agent.

A pharmpaceutical composition 1hay inchude a “therapeutically effective
amount” of an agent described herein. In embodiments where the antibody molecule
is administered in combination with a second or additional agent, such effective
amounts can be determined based on the combinatorial effect of the administered first
and second or additional agent. A therapeutically effective amount of an agent may
alse vary according to factors such as the disease state, age, sex, and weight of the
individual, and the ability of the compound to elicit & desired response in the
individual, such as amelioration of at least one infection parameier, or amelioration of
at least one symptom of the infection, such as chills, fever, sore throat, muscle pain,
headache, coughing, weakness, fatigee and general discomfort. A therapeutically
effective amount is also one in which any toxic or detrimenial effects of the

composition are outweighed by the therapeutically beneficial effects.

In an embodiment, administration of a binding agent, e.g., antibody molecule,
provided, e.g., as a pharmaceutical preparation, is by one of the following routes: oral,
Intravenous, intramuscular, intra-arteriat, subcutaneous, intraventricular, transdermal,
interdermal, rectal, intravaginal, intraperitoneal, topical (as by liquids, powders,
ointments, creams, sprays, or drops), mucosal, nasal, buccal, enteral, sublingual;
intratracheal instillation, bronchial instillation, and/or inhafation: and/or as an oral

spray, nasal spray, and/or aerosol.
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Combination Treatments and Exemplary Second or Additional Agents

Binding agents, e.g., antibody molecules, provided e.g., as
pharmaceutical compositions, can be administered either alone or in combination with
one or more other therapy, c.g., the adminisiration of a second or additional
therapeutic agent.

In embodiments the combination can result in a lower dose of the antibody
molecule or of the other therapy being needed, which, in embodiments can reduce
side effects. In embodiments the combination can result in enhanced delivery or
efficacy of one or both agents. The agents or therapies can be administered at the
same time (e.g., a5 a single formulation that is administered to a patient or as two
separate formulations administered concurrently) or sequentially in any order.

Such second or additional agents include vaccines, anti-viral agents, andfor
additional antibodies. In typical embodiments the second or additional agent is not
co-formulated with the binding agent, e.g., antibody molecule, though in others it is.

In embodiments the binding agent, e.g., antibody molecule, and the second or
additional agent are administered such that one or more of the following s achieved:
therapeutic levels, or therapeutic effects, of one overlap the other; detectable levels of
both are present at the same time; or the therapeutic effect is greater than what would
be seen in the absence of either the binding agent, e.g., antibody molecule, or the
second or additional agent. In embodiments each agent will be administered at a dose
and on a time schedule determined for that agent.

The second or additional agent can be, for example, for reatment or
prevention of influenza. For example, the binding agents, e.g., antibody molecules,
e.g., therapeutic antibodies, provided herein can be administered in combination with
a vaccine, e.g., a vaceing described herein or a mixture {a.k.a. a cocktail) of influenza
peptides to stimulate the patient’s immune system to prevent infection with particular
strains of influenza A. In other examptes, the seéond or additional agent is an
anti-viral agent (e.g., an anti-NA or anti-M?2 agent), a pain reliever, an andi-
inflammatory, an antibiotic, a steroidal agent, a second therapeutic antibody molecule
(e.g., an anti-HA antibody}, an adjuvant, a protease or glycosidase (e.g., sialidase),

etc.
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Exemplary anti-viral agents include, e.g., vaccines, neuraminidase inhibitors
or nucleoside analogs. Exemplary anti-viral agents can include, é.g., zidovadine,
gangeyclovir, vidarabine, idoxuridine, trifluridine, foscarnet, acyclovir, ribavirin,
amantadine, remantidine, saguinavir, indinavir, ritonavir, alpha-interferons and other
interferons, & neuraminidase inhibitor (e.g., zanamivir (Relenza®j}, oseltamivir
{Tamiflu®), laninamivir, peramivir}, rimantadine. Exemplary second antibody
molecules include, for exampleAb 67-11 (11.8. Provisional application number
61/645,453, F16 (U.S. Published Application No. 2010/0080813), T128 (1.S.
Published Application No. 2010/0080813), C179 (Okuno et al., J. Virol. 67:2552-8,
1993), F10 (Sui et al., Nat. Struct. Mol. Biol. 16:265, 2009), CR9114 (Dreyfus et al.,
Science 337:1343, 2012), or CR6261 (see, e.g., Fkiert et al., Science 324:246, 2009).
Thus, Ab (44 can be used in combination of any of those antibodies. In other
embodiments, two or more binding agents, e.g., antibody molecules disclosed herein,
‘can be administered in combination, e.g., Ab 044 can be administered in combination
with Ab 032. In the case of combinations, two agents can be administered as part of
the same dosage unit or administered separately. Other exemplary agents useful for
treating the symptoms associated with influenza infection are acetaminophen,

ibuprofen, aspirin, and naproxen.

In one embodiment, the antibody molecule and the second or additional agent
are provided as a co-Tormulation, and the co-formulation is administered to the
subject. Itis further possible, e.g., at least 24 hours before or after administering the
co-formulation, to administer separately one dose of the antibody formutation and
then one dose of & formulation containing a second or additional agent. In another
implementation, the antibody molecule and the second or additional agent are
provided as separate formulations, and the step of administering includes sequentially
administering the antibody molecule and the second or additional agent. The
sequential administrations can be provided on the same day (e.g., within one hour of
onte another or at feast 3, 6, or 12 hours apart) or on different days.

In embodiments the antibody molecule and the second or additional agent are
each administered as a plurality of doses separated in time. The antibody molecule
and the second or additional agent are generally each administered according to a

regimen. The regimen for one or both may have a regular periodicity. The regimen
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for the antibody molecule can have a different periodicity from the regimen for the
second or additional agent, e.g., one can be administered more frequently than the
other. In one implementation, one of the antibody molecule and the second or
additional agent is administered once weekly and the other once monthly. In another
implementation, one of the antibody molecule and the second or additional agent is
administered continuously, e.g., over a period of more than 30 minutes but less than 1,
2, 4, or 12 hours, and the other is administered as 2 bolus. In embodiments sequential
administrations are administered. The time between administration of the one agent
and another agent can be minutes, hours, days, or weeks. The use of an antibody
molecule described herein can also be used to reduce the dosage of another therapy,
e.g., to reduce the side-effects associated with another agent that is being
adminisiered. Accordingly, a combination can include administering a second or
additional agent at a dosage at least 10, 20, 30, or 50% lower than would be used in
the absence of the antibody molecule. The antibody molecule and the second or
additiona] agent can be administered by any appropriate method, e.g., subcutaneousiy,
intramuscularly, or intravenousty.

In some embodiments, each of the antibody molecule and the second or
additional agen( is administered at the same dose as each is prescribed for
monotherapy. In other embodiments, the antibody molecule is adminisiered at a
dosage that is equal to or less than an amount required for efficacy if administered
alone. Likewise, the second or additional agent can be administered at a dosage that

is equal {0 or less than an amount required for efficacy if administered alone.

Tn some cases, the formulations described herein, e.g., formulations containing
an antibody molecule featured in the disclosure, include one or more second or
additional agents, or are administered in combination with a formulation containing
ome or more second or additional agents.

In an embodiment a binding agent, e.g., antibody molecule, provided, e.g., as a
pharmaceutical preparation, is administered by inhalation or aerosol delivery of a

plurality of particles, e.g., particles comprising a mean particle size of 4, 5,

6,7,8,9, 10, 11, 12, or 13 microns.
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Pharmaceutical compositions

The binding agents, e.g., antibody molecules, featured in the disclosure can be
formulated as pharmaceutical compositions, such as for the treatment or prevention of
miluenza.

Typically, a pharmaceutical composition inciudes a pharmaceutically
acceptable carrier. As used herein, “pharmaceutically acceptable carrier” includes
any and all solvents, dispersion media, coatings, antibacterial and antifungal agents,
isotonic and absorption delaying agents, and the like that are physiofogically

compatible.

A “pharmacentically acceptable salt” refers io a salt that retains the desired
biclogical activity of the parent compound and does not impart any undesired
toxicological effects (sce e.g., Berge, S.M., et al. (1977} J. Pharm. Sci. 66:1-19).
Examples of such salts inciude acid addition salts and base addition salts. Acid
addition salts include those derived from nontoxic inorganic acids, such as
hydrochloric, nitric, phosphoric, sulfuric, hydrobromic, hydroiodic, and the like, as
well as from nontoxic organic acids such as aliphatic mono- and dicarboxylic acids,
phenyl-substituted alkanoic acids, hydroxy alkanocic acids, aromatic acids, aliphatic
and aromalic sulfonic acids and the like. Base addition salts include those derived
from alkaline earth metals, such as sodium, potassium, magnesium, calcium and the
tike, as well as fron nontoxic organic amines, such as N,N'-dibenzylethylenediamine,
N-methylglucamine, chicroprocaine, choline, diethanolamine, ethylenediamine,

procaine and the like.

The compositions comprising antibody molecules can be formulated
according to methods known in the art. Pharmaceutical formulation is a well-
established art, and is further described in Gennaro (ed.), Remingion: The Science
and Practice of Pharmacy, 20" ed., Lippincott, Williams & Wilkins (2000) (ISBN:

0683306472); Ansel et al., Pharmaceutical Dosage Forms and Drue Delivery
Systems, 7" ¥, Lippincott Williams & Wilking Publishers (1999} (ISBN:
0683305727, and Kibbe (ed.), Handbook of Pharmacentical Fxcipients American
Pharmaceutical Association, 3™ ed. (2000) (ISBN: 091733096X).
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Pharmaceutical compositions may be in a variety of forms. These include, for
example, liquid, semi-solid and solid dosage forms. such as liquid solutions (e.g.,
injectable and infusible solutions), dispersions or suspensions, tablets, pills, powders,
Hposomes and suppositories. The form can depend on the intended mode of
administration and therapeutic application. Typically, compositions for the agents

described herein are in the form of injectable or infusible solutions.

Such compositions can be administered by a parenteral mode (e.g.,
intravenons, subcutaneous, intraperitoneal, or intrarmuscular injection). The phrases
“parenferal administration” and “administered parenterally” as used herein mean
modes of adiministration other than enteral and topical administration, usually by
injection, and inclode, without himitation, intravenous, intramuscular (IM),
infraarterial, intrathecal, intracapsular, iniracrbifal, intracardiac, intradermal,
intraperitoneal, transtracheal, subcntancous, subcuticutar, intraarticular, subcapsular,

subarachnoid, intraspinal, epidural and by intrasternal injeciion or by infusion.

Pharmaceutical compositions may be provided in a sterile injectible form (e.g.,
a form that is suitable for subcutaneous injection or intravenous infusion), In some
embodiments, pharmaceutical compositions are provided in a liquid dosage form that
is suitable for injection or topical application. In some embodiments, pharmaceutical
compositions are provided as in dry form, e.g., as powders (e.g. lyophilized and/or
sterilized preparations). The Pharmaceutical composition can be provided under
conditions that enhance stability, e.g., under nitrogen or under vacuum. Dry material
can be reconstituted with an aqueous diluent (e.g., water, buffer, salt solution, etc.)
prior {0 injection.

In one embodiment, the pharmaceutical composition containing an anti-HA
antibody is administered intranasally. In another embodiment, the pharmaceutical
composition containing an anti-HA antibody is administered by inhalation, such as by
oral or by nasal inhalation.

In embodiments the pharmaceutical composition is suitable for buccal, oral or
nasal delivery, e.g.. as a liquid, spray, or aerosol, e.g., by topical application, e.g., by a
liquid or drops, or by inhalation). In embodiments a pharmaceutical preparation

comprises a plurality of particles, suitable, ¢.2., for inhaled or aerosol delivery. In
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embodiments the mean particle size of 4, 5,6, 7, 8,9, 10, 11, 12, or I3 microns. In
embodiments a pharmaceutical preparation is formulated as a dry powder, suitable,
e.g., for inhaled or aerosol delivery. In embodiments a pharmacentical preparation is
formulated as a wet powder, through inclusion of a wetting agent, e.g., water, saline,
or other liguid of physiological pH. In embodiments a pharmaceutical preparation is
provided as drops, suitable, e.g., for delivery io the nasal or buccal cavity.

In embodiments the pharmaceutical composition is disposed in a delivery
device, e.g., 2 syringe, a dropper or dropper bottle, an inhaler, or a metered dose
device, e.g., an inhaler.

In one embodiment, a pharmaceutical composition contains a vector, such as
an adenovirus-associated virus (AAV)-based vector, that encodes z heavy chain of an
anti-HA antibody molecule, and a light chain of an anti-HA antibody molecule
featured in the disclosure. The composition containing the vector can be
administered to a subject, such as a patient, such as by injection, e.g., [M injection.
Genes encoding the anti-HA antibody under control of, for example, cytomegalovirus
(CMV) promoters, are expressed in the body, and the recombinant anti-HA antibody
molecule is introduced into the circulation. See, e.g., Balazs el al., Natuie

30:481:81-84, 2011,

Pharmaceutical compositions typically should be sterile and stable under the
conditions of manufacture and storage. A pharmaceutical composition can also be

tested to insure it meets regulatory and industry standards for administration.

The composition can be formulated as a solution, microemulsion, dispersion,
liposome, or other ordered structure suitable 1o high drug concentration. Sterile
injectable solutions can be prepared by incorporating an agent described herein in the
required amount in an appropriate solvent with one or a combination of ingredients
enumerated above, as required, followed by filtered sterilization. Generally,
dispersions are prepared by incorporating an agent described herein into a sterile
vehicle thar containg a hasic dispersion medium and the regnired other ingredients
from those enumerated above. In the case of sterile powders for the preparation of
sterile injectable solutions, typical methods of preparation are vacuum drying and
freeze-drying that yields a powder of an agent described herein plus any additional

desired ingredient from a previously sterile-filtered solution thereol. The proper
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fluidity of & solution can be maintained, for example, by the use of a coating such as
lecithin, by the maintenance of the required particle size in the case of dispersion and
by the use of surfactants. Prolonged absorption of injectable compaositions can be
brought about by including in the composition an agent that delays absorption, for
example, monostearate salts and gelatin.

A pharmaceutical composition may be provided, prepared, packaged, and/or
sold in bulk, as a single unit dose, and/or as a plurality of single unit doses. Typically
a bulk preparation will contain at least 2, 5, 10, 20, 50, or 100 unit doses. A unit dose
is typically the amount introduced into the patient in a single administration, In
embodiments only a portion of 2 unit dose is introduced. In embodiments a smali
mulitiple, e.g., as much as 1.5, 2, 3, 5, or 10 timies a unit dose is administered. .The
amount of the active ingredient is generally equal to a dose which would be

administered o a subject and/or a convenient fraction of such a

dose such as, for example, one-half or one-third of such a dose.

Immonunogens and Vacceines

Antibodies of the invention have elucidated epitopes that are useful for
inducing immunity to, and in embodiments, provide protection from, one or more,
e.g., at Jeast two, influenza strains. These epitopes are relerred to herein as “broad
range immunogens.” In an embodiment the broad range immunogen induces
anmunity, and in embodiments, confers protection against at least one Group 1 strain,
and a second strain selected from a Group 1 strain, a Group? strain, and an influenza
B strain. A broad range immunogen, as the term is used herein, comprises a
polypeptide having sufficient sequence and three dimensional structire of an HA, e.g.,
a HA from a Group § strain, e.g., an HINI strain, e.g., A/South Carolina/1/1918,
AfPuerio Rico/08/1934, or A/California/04/2009, or an H5N1 strain, e.g.,
Allndonesia/5/2005 or AfVietnany/ 120372004, to allow binding of an antibody of the
invention, e.g., one of Ab 044, Ab 069, Ab 032 and Ab 031, to the broad range
immunogen. In embodizaents the broad range immunocgen comprises the epitope of
an antibody described herein e.g., one of Ab 044, Ab 069, Ab 032, and Ab 031, In
embodiments, a broad range immunogen does not bind one or more of Ab 67-11, FI6,

128, C179, or CR6261. In an embodiment Ab (44 binds the broad range

156



10

15

30

W0 2613/170139 o PCT/US2Z013/040534

immuongen with at least 30, 60, 70, 80, 90, 95, ar 99% of the affinity with which it
binds a native IIA, e.g., a HA from a Group 1 strain, e.g., an HINI strain, e.g.,
AfSouth Carolina/1/1918, A/Puerto Rico/08/1934, or A/California/04/2009, or an
H5N1 strain, e.g., A/Indonesia/5/2005 or A/Vietnam/1203/2004. In an embodiment
CR6261 binds the broad range immunogen with less than 60, 50, 40, 30, 20, or 10%
of the affinity with which it binds binds a native HA, e.g., a HA from a Group 1
strain, e.g., an H1N]1 strain, e.g., A/South Carolina/1/1918, A/Puerto Rico/(08/1934, or
AfCalifornia/04/2009, or an 5N strain, e.g., A/Indonesia/5/2005 or
AlVietnam/1203/2004. Tn an embodiment the broad range immunogen differs from
wildtype by at least 1,2,3,4,5, 6.7, 8, 9, 10, 20, 30, or 40 residues. Inan
embodiment the broad range immunogen binds to one or mote of Ab 67-11, Fi6,
FI28, C179, or CR6261 with less than 60, 50, 40, 30, 20, or 10% of the affinity with
which it binds binds a native HA, e.g., a HA from a Group 1 strain, e.g., an HIN1
strain, e.g.. A/South Carolina/1/1918, A/luerto Ricof08/1934, or
A/California/04/2009, or an H5NT1 strain, e.g., Aflndonesia/5/2005 or
AfVietnam/1203/2004. In an embodiment the broad range immunogen binds to Ab
044 with an affinity that is at least 10, 30, 50, 100, or 200% greater than its affinity for
CR626. In an embodiment the epitope of one of Ab 044, Ab G6%, Ab (32, and Ab
031, e.g, Ab 044, is the immunodominant epitople on the broad range immunogen.

As used herein, the term "broad range vaccine” refers to a preparation
comprising a broad range immunogen, or a nucleic acid endoding a broad range
immunogen, that can induce formation of antibodies or immunity against the broad
range HNMUNOZen OF an organism, ¢.g., an influenza virus. The broad range
immunogen can include dead or weakened virus or antigenic detenminants from the
organisin, e.2., an influenza virus. Typically the broad range vaccine will include one
or more additional components, e.g., carriers, adpvants and the like.

In an embodiment a broad range vaccine comprises two broad range
immunogens, or nucleic acid encoding two broad range immunogens.

A broad range immunogen disclosed here, and vaccines including a
broad range immunogen or a nucleic acid encoding a broad range immunogen (broad
range vaccines), can be used to elicit an immune response, in a subject, e.g., & human

subject, against one or more influenza virases described herein. In embodiments the
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broad range vaccine confers protection agatnst one or more of the influenza viruses
described herein, e.g., it decreases the chance of developing an infection or the
symptom of an infection, or moderates the severity of an infection. Broad range
vaccines of the invention can comprise an HA polypeptide comprising a broad range
immunogen, a nucleic acid encoding a HA polypeptide comprising & broad range
immunogen, a pargicle, e.g.. a VLP, liposome, nanoparticle, or microparticle,
comprising a broad range irmmunogen or an nucleic acid that encodes a broad range
immunogen. Vaccines can comprise live or inactivated, e.g., replication deficient,
viruses. Influenza, as well as other viruses can be used in broad range vaccines.

As vsed herein, the term “mmmunogen” or "antigenic formulation” or
"antigenic composition” refers to a preparation which, when administered to a
vertebrate, e.g., a mamial, e.g., 4 human, can induce an immune Tesponse.

Vaccine Formulation

A broad range immunogen, e.g., & polypeptide, or VLP, liposome,
nanoparticle, or microparticle comprising a broad range immunogen, can be
formulated into compositions that further comprise a pharmaceutically acceptable
cartier or excipient. A nucleic acid that encodes a broad range immunogen can be
formulated into a4 composition that further comprises a pharmaceutically acceptable
carrier or excipient. A carrier or excipient is a pharmaceuatical agent that does not
itsell induce the production of an immune response harmful to the animal receiving
the composition and which may be administered as a vaccine component without
causing undue toxicity. As used herein, the term "pharmaceutically acceptable vaccine
component” includes components, .g., a carrier, that have been approved by a
regulatory agency of the Federal or a state government or listed in the U.S.
Pharmacopia, European Pharmacopia, or other generally recognized phammacopia for
use in mammals, e.g., in humans. Non-limiting examples of pharmaceutically
acceptable carriers are saline, buffered saline, dextrose, water, glycerol, sterile
isotonic aqueous buffer, mannitol, lactose, starch, magnesium stearate, sodium
saccharine, celiulose, magnesivin carbonate, and combinations thereof. In one
embodiment, the formulation can be used for administration of the vaccine to humans.
In some embodiments, the formulation is sterile, free from particulate matter, and/or

non-pyrogenic. The vaccine may also include one or more of: a wetting agent, an
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emulsifying agent, and a buffering agent. The vaccine can be in solid form, e.g., a
Iyophilized powder, liquid solution, suspension, emulsion, tablet, pill, capsule,
sustained release formulation, or powder.

In some embodiments, broad range vaccines may include one or more
adjuvants. Adjuvants are agents that enhance immune responses, and their use is
known in the art {see, e.g., "Vaccine Design: The Subunit and Adjuvant Approach”,
Pharmaceutical Biotechnology, Volume 6, Eds. Powell and Newman, Plenum Press,
New York and London, 1995). Non-limiting examples of adjuvants are complete
Freund's adjuvant (CFA), incomplete Freund's adjuvant (IFA), squalene, squalane,
aluminum hydroxide, alominum salts, caleium salts, and saponin fractions derived
from the bark of the South American iree Quillaja Saponaria Molina {e.g., Q821). In
some embodiments the adjuvant may be an emuision comprising oil and water. The
oil phase may comprise squalene, squalane, and/or a surfactant. The surfactant may
be a non-ionic surfactant, e.g., a mono- or di-Ci2-C24-fatty acid ester of sorbitan or
mannide.

Synthetic vartants of molecules recognized by Toll-Like Receptors (T1LRs)
may also be used as adjuvants. TLRs help the body to distinguish between self and
non-self molecules by recognizing molecular patterns associated with pathogens.
Molecules recognized by TLRs include double-stranded RNA, lipopolysaccharides,
single-stranded RNA with viral-specific or bacterial-specific modifications, and DNA
with viral-specific or bacterial-specific modifications. Synthetic molecules that
mimic the properties of these naturally-occurring molecules recognized by TLRs help
to trigger an immune response and therefore can be used as adjuvants. Non-limiting
examples of such synthetic molecules include polyribeinosinic:polyribocytidylic aci
(poly (1.C)), double-siranded nucleic acids with at Jeast one locked nucleic acid
nucleoside, attenuated lipid A derivatives (ALDs) (e.g., monophosphoryl lipid A and
3-deacyl monophosphoryl lipid A}, and imiquimod.

Vaccines may be formulated with or administered in combination with the
administration of immune stimulators. Immune stmulators are molecules that
increase the response of the immune systerm. Non-limiting examples of immune
stimulators are cytokines, Iymphokines, and chemokines that have

immunostimulatory, immmunopotentiating, and pro-inflammatory activities, such as
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interleukins (e.g., IL-I, IL-2, IL-3, IL-4, IT-12, 11.-13), growth factors {e.g.,
granulocyte-macrophage {GM)-colony stimulating factor (CSF)); and other
immunostimulatory molecules, such as macrophage inflarnmatory faceor, FIt3 ligand,
B7.1: B7.2, etc. Immune stimulators may be administered in the same formulation as
the VLPs or may be administered separately. Immune stimulators may be
administered as proteins or as nucleic acids from which the immunostimulatory
protein can be expressed.

Administration

(Generally, broad range vaccines will be administered in an effective amount or
quantity sufficient to stimulate an immune response against one or more strains of
influenza. Vaccine dosage can be adjusted within this range based on clinical factors,
e.g., age, physical condition, body weight, sex, diet, and time of administration,

Methods of administeriitg a broad range immunogen or broad range vaccine
include enteral and parenteral adminisiration. They can also be provided by epidural
or mucasal administration (e.g., infranasal and oral or pulmonary routes or by
suppositories). They can be provided by inhalation or direct contact with the buccal or
nasal cavities. In embodiments 2 broad range immunogen ot broad range vaccine is
administered intramuscularly, intravenously, Subcutaneously, transdermally, or
mtradermaliy. The compositions may be administered by any convenient route, for
example by infusion or bolus injection, by absorption through epithelial or
rnucocutaneous linings (e.g., oral mucous, colon, conjunctiva, nasopharynx,
oropharyny, vagina, urethra, urinary bladder and intestinal mucosa, etc.) and by any
convenient means, for exampie, by injection using a needle and syringe or a needie-
less injection device, by drops, via an aerosol comprising large particles, or by spray
into the upper respiratory tract. A broad range inmnunogen or vaccine may be
administered together with other biologically active agents. for example,
immunogenic agents, for example, antivirals and/or antibjotics.

In some embodiments a broad range immunogen or broad range
vaccine is administered so as to target mucosal tissues in order to elicit an immune
response al the site of immunization. For example, mucosal tissues can be targeted for
immunization by using oral administration of compositions which contain adjuvants

with particular mucosal targeting properties. Examples of mucosal tissues that can be
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targeted include, but are not Hmited to, gut-associated Iymphoid tissue (GALT),
nasopharyngeal lymphoid tissue (NALT), and bronchial-associated lymphoid tissue
(BALT).

A broad range immunogen or broad range vaccine may be
administered on a dosage schedule, for example, by sequential administrations to
subject. In some embodiments a first dose of the composition is followed after a
period of time by a second dose. The period of time between the first and second
doses may be anywhere from two weeks to one veat, for example, about 1, about 2,
about 3, shout 4, about 3 to about 6 months. In some embodiments the second dose of
ihe composition is followed by a third dose administered a period of time after the
first dose. The period of time between the first and third doses may be anywhere from
about three months to about two vears or more, for example, about 4, about 5, or
about 6 months, or about 7 months to about one year. In some embodiments the
second, third, or higher dose is adiministered when the levels of specific
immunoglobuling in the serum, vrine, and/or mucosal secretions of the subject drop
below a threshiold. In one embodiment the periad of time between the first and
second doses is about one month and the period of time between the first and third
doses is about six months. In another embodiment the period of time between the first
and second doses is about six months. In some embodiments, for example, when the
subject is a neonate or infant, doses can be administered throughout childhood. Other
factors that put the subject at increased risk of infection, for example, subjects who
are health care workers, day care workers, family members of young children, the
elderly, and/or individuals with comnpromised cardiopulmonary function, may
influence the dosage schedule, for example, may require the subject to have more
doses or more frequent doses. When multiple doses are required, the doses may be
administered by the same or different roates.

One skilled in the art can readily determine the dosage of the broad
range immunogen or broad range vaccine. For example, the dosage may be
determined by identifying doses that elicit 2 protective or therapeutic immune
respouse, for example, by measuring the level of specific immunoglobulins in the
seruth or measuring the inhibitory ratio of antibodies in samples of serum, urine, or

mucosal secretions from a subject. Dosages can be determined from studies in
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animals, for example, in goinea pigs, hamsters, ferrets, chinchillas, mice, orrats. An
apimal need not be a natural host to a particular infectious agent to serve as a subject
in studies of the disease caused by said infection agent. Dosages can also be
determined from clinical studies in humans, which are routine in the art, The skilled
artisan will understand that the route of administration will affect the dosage.
Dosages can also be calculated from dose-response curves obtained from in vitro
studies or studies using animal models.

A broad range immunogen or vaccine can be administered a subject
that does not have a disease caused by influenza virus infection or has not been and is
not currenity infected with an influenza virus infection, e.g., a broad range
immunogen or vaccine can be administered to a subject at risk for infection. A broad
range immunogen or vaccine can be administered to a subject infected with a first
influenza strain, e.g., to profect against infection with a second strain. In
embodiments the broad range imnunogen or vaccine is protective against the first
strain. In embodiments the broad range immunogen or vaccine is not protective
against the first strain.

In embodiments the subject is an adult, an adult over 50 years of age, a
person less than 18 years of age, a person less than 2 years of age, or a person less
than 6 months of age.

In an embodiment the subject is at risk for a disorder of the lung, e.g.,
cystic fibrosis, emphysema, asthma, or bacterial infections, or cardiovascular disease.
In an embodiment the subject is immuane-compromised. In an embodiment the
subject is a health care provider, e.g., a physician, nurse, or aid. In an embodiment the
subject works at or regularly visits, or lives in a hospital, nursing home, assisted care

facility, clinie, or doctor’s office.

Broad range immunogens and broad range vaceines can be
administered either alone or in combination with one or more other therapy or agent,
e.g., the administration of a second or additional agent, e.g., 10 prevent or delay or
minimize one or more symptoms or effects of an influenza infection.

In embodiments the combination can result in a lower dose of the broad range

vaccine or of the other therapy being needed, which, in embodiments can reduce side
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effects. In embodiments the combination can result in enhanced delivery or efficacy
of ane or both agents. The agents or therapies can be administered at the same time
{e.g., as a single formulation that is achministered o a patient or as two separate
formulations administered concurrently) or sequentially in any order.

Such second or additional agents include other vaccines, anti-viral agents,
and/or antibodies. In typical embodiments the second or additional agent is not co-
formulated with the binding agent, e.g., antibody moelecule, though in others it is.

In embodiments the broad range vaccine and the second or additional agent
are administered sach that one or more of the following is achieved: therapeutic
levels, or therapeutic effects, of one overlap the other; detectable Jevels of both are
present at the same time; or the therapeutic effect is greatey than what would be seen
in the absence of either the broad rapge vaccine, or the second or additional agent. In
embodiments each agent will be administered ai a dose and on a time schedule
determined for that agent.

The second or additional agent can be, for example, for treatment or
prevention of infiuenza. For example, a broad range vaccine provided herein can be
administered in combination with another vaccine, e.g., a mixture {ak.a. a cockiail) of
influenza peptides to stimulate the patient’s immune system to prevent infection with
particular strains of influenza A. In other examples, the second or additional agent is
&n anti-viral agent {e.g., an anti-NA or anti-M?2 agent), a pain reliever, an anti-
inflammatory, an antibiotic, a steroidal agent, a second therapeutic antibody molecule
fe.g., an anti-HA antibody), an adjuvant, a protease or glycosidase (e.g., sialidase},

ete.

Exemplary anti-viral agenis include, e.g., vaceines, neuraminidase inhibitors
or nucleoside analogs. Exemplary anti-viral agents can inclade, e.g., zidovudine,
gangeyclovir, vidarabine, idoxuridine, triftaridine, foscamnet, acyclovir, ribavirin,
amantadine, remantidine, saquinaviz, indinavir, ritonavir, alpha-interferons and other
interferons, a neuraminidase inhibitor {e.g., zanamivir (Relenza®), oseltamivir
(Tamiflu®), laninamivir, peramivir}, rimantadine. Exemplary antibody molecules
include, for example, Ab 67-11 {U.5. Provisional application number 61/645,453, FI6
(U.5. Published Application No. 2010/0080813), FI28 (U.5. Published Application
No. 2010/0080813), C179 (Okuno et al., J. Virol. 67:2552-8, 1993), F10 (Sui et al.,
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Nat. Struct. Mol. Biol. 16:265, 2009), CR9114 (Drevius et al., Science 337:1343,
20123, or CR6261 (see, e.g., Ekiert et al,, Science 324:246, 2009). Other exemplary
antibodies include those described herein, e.g., Ab 044, Ab 069, Ab (032, or Ab 031,
In the case of combinations, two agents can be administered as part of the same
dosage unit or administered separately. Other exemplary agents useful for treating the
symptoms associated with influenza infection are acetaminophen, ibuprofen, aspirin,

and naproxen.

In an embodiment the broad range vaccine and the second or additional agent
are provided as separate formulations, and the step of administering includes
sequentially administering the broad range vaccine and the second or additional agent.
The sequential administrations can be provided on the same day (e.g., within one hour
of one another or at least 3, 6, or 12 hours apart) or on different days.

in embodiments the broad range vaccine and the second or additional agent
are cach administered as a plarality of doses separated in time. The broad range
vaceine and the second or additional agent are generally each administered according
to aregimen. The regimen for one or both may have a regular periodicity. The
regimen for the broad range vaccine can have a different periodicity from the regimen
for the second or additional agent, e.g., one can be administered more frequently than
the other. In one implementation, one of the broad range vaccine and the second or
additional agent is adniinistered once weekly and the other once monthly. In ancther
implementation, one of the broad range vaccine and the second or additional agent is
administered continuously, e.g., over a period of more than 30 minutes but less than 1,
2, 4, or 12 hours, and the other is administered as a bofus. In embodiments sequential
administrations are administered. The time between administration of the one agent
and another agent can be minutes, hours, days, or weeks. The use of a broad range
vaccine described herein can also be used to reduce the dosage of another therapy,
e.g., to reduce the side-effects associated with another agent that is being
administered. Accordingly, a combination can include administering a second or
additional agent at a dosage at least 16, 20, 30, or 50% lower than would be used in
the absence of the broad range vaccine. The broad range vaccine and the second or
additional agent can be administered by any appropriate method, e.g., subcutaneously,

intramuscularly, or intravenousiy.

164



16

13

23

30

WO 20137170139 PCT/US2G13/040534

In some embodiments, each of the broad range vaccine and the second or
additional agent is administered at the same dose as each is prescribed for
monotherapy. In other embodiments, the broad range vaccine is administered at a
dosage that is equal to or less than an amount required for efficacy if administered
alope. Likewise, the second or additional agent can be administered at a dosage that

is equal to or less than an amount required for efficacy if administered alone.

In some cases, the formulations described herein, e.g., formulations containing
an broad range vaccine featured in the disclosure, include one or more second or
second or additional agents, e.g., a second or additional agent, or are administered in

combination with a formulation containing one or mote second or additional agents.

in an embodiment, administration of a broad range vaccine is by one of the
foliowing routes: oral, intravenous, intramuscular, intra-arterial, subcutanecus,
intraventricular, transdermal, interdermal, rectal, infravaginal, intraperitoneal, topical
(as by liquids, powders, ointments, creams, sprays, or drops), mucosal, nasal, buccal,
enteral, sublingual; intratracheal instillation, bronchial instillation, and/or inhalation;

and/or as an oral spray, nasal spray, and/or acrosol.

In an embodiment a broad range vaccine is administered by inhalation or
aerosol delivery of a plurality of particles, e.g., particles comprising a mean particle
size of 4, 5,6, 7. 8,0, 10, 11, 12, or 13 microns.

Vaccines of the invention can be combined with the secondary agenis
and treatments discussed in the context of treatment with antibodies of the invention
elsewhere herein.

Virus-Like Pariicles

A broad range immunogen can be provided in a vires-like particie
{(VLP). A VLP is a structure that shares some component and structural similarity (0 a
virus but generally is not infectious. VI.Ps typically lack a viral genome and therefore
cannot reproduce. VLPs can be produced by cloning and co-expressing one or move
viral proteins, typically including an antigenic proiein of interest, in a cell, and
recovering from the cells VI.Ps that include the antigenic protein of interest. This is
described in more detail below.

Cloning
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Methods of molecuiar cloning are known in the art (see, e.g., Berger
and Kimmel, Guide to Molecular Cloning Techniques, Methods in Enzymology, Vol
152 Academic Press, Inc., San Diego, Calif., and Sambrook et al, Molecular
Cloning—A Laboratory Manual (3rd Ed.), Vol. 1-3, Cold Spring Harbor Laboratory,
Cold Spring Harbor, N.Y., 2000). Methods of molecular cloning include techniques
for polypeptide engineering and muagenesis, which allow for the deletion, insertion,
substitution, and other alterations of amino acids within a polypeptide. Methods of
molecular cloning also include techniques for isolation and manipulation of nucleic
acids that encode polypeptides or that increase, decrease, regulate, or otherwise aiter
the expression of polypeptides. Methods of molecular cloning further comprise
vectors that facilitate the genetic manipulation and expression of polypeptides and
macleic acids.

A vector is a vehicle through which a nucieic acid can be reproduced or
transmitted between cells or living organisms. A vector may he, but is not limited to,
a plasmid, virus, bacteriophage, provirus, phagemid, transposon, or artificial
chromosome. A vector may replicate autonomously or via the machinery of a host
cell or organism. A vector may comprise DNA and/or RNA, which may exist in an
isolated form or in a complex with other components, e.g., proteins. Molecular
cloning methods may be used o insert exogenous nucleic acids into vectors to create
constructs for the expression of nucleic acids and/or polypetpides, e.g., influenza HA.

Expression

Methods of expressing exogenous aucleic acids and/or polypeptides
are known in the art (see, e.g., Sambrook). Typically, exogenous expression entails
introducing an expression construct, created using the methods described above, into a
host cell or organism and allowing the biochemical machinery of the host cell to
produce one or more of the foreign nucleic acids and/or polypeptides. The host cell
may be, but is not limited to, a prokaryotic cell, e.g., a bacterium, or a eukaryotic cell,
e.g., a fungal, plant, avian, amphibian, nematode, insect; or mammalian, e.g., a mouse,
hamster, monkey, or human, cell. Hxamples of insect cells include 519, 5£71, High
Five cells, and Drogophila S2 celis. Examples of fungi (including veast) host cells are
§. cerevisiae, Kluyveromyces lactis, species of Candida albicans, Candida glabrata,

Aspergiitos nidulans, Schizosaccharomyees pombe, Pichia pastoris, and Yarrowia

166



10

15

25

30

WO 2613/170139 PCT/US2013/040534

lipolytica. Examples of mammaiian cells include COS cells, baby hamster kidney
cells, mouse 1 cells, LNCaP cells, Chinese hamster ovary (CHO) cells, human
embryonic kidney (HEK cells, African green monkey cells, CVI cells, HeLa cells,
MDCK cells, Vero, and Hep-2 cells. An example of an amphibian cell is an oocyte
from Xenopus lacvis. Examples of prokaryotic cells include E. coli, B. subtilis, and
mycobacteria. The host cell may be part of a multicellular organism o7 may be grown
in vitro, e.g., in a culture of a tissue, orgai, a mixed population of cells, or a clonal
population of cells. The expression construct may be introduced into the host cell by,
e.g., transfection, transduction, transformation, electroporation, microinjection,
Hpofection, or infection.

V1.Ps can be produced by culturing host celis into which one or more
constructs that enable the expression of exogenous polvpeptides have been
introduced. The exogenous proteins may be polypeptides identical to or derived from
the polypeptides of the influenza virus, e.g., M1, HA, or NA, fragments of M1, HA,
or NA, or vartants of M1, HA, or NA. The expression construct may contain one or
more additional elements, ¢.g., a marker, e.g., a selectable marker, or an origin of
replication. Methods to grow cells for production of VL.Ps inciude, but are not limitcdl
io, batch, batch-fed, continuous and perfusion cell culture techniques. Methods and
reagents may be used to increase efficiency of VLP production. For example, a leader
sequence, e.g., a signal sequence, may be added to one or more €X0Zenous
polypeptides, e.g., M1, HA, andfor NA, to {acilitate transport of the exogenous
polypepiide(s) within the host cell.

Isolation and Pﬁrifi?:ation of VLPs

VLPs can be isolated and purified using methods known in the art,
such as density gradient centrifugation, filtration, ion exchange chromatography, and
gel filtration chromatography. Using the methods described above, VLPs are
produced by host cells and secreted into the culture medium. A typical stepwise
procedure for isolating and purifying VLPs from the culture medium involves (1)
ultrafiltration of the culture medium fo concentrate VLPs, (2) diafiltration of VL.Ps to
remove components of the celture medium, (3) centrifugation of VLIs on a sucrose
density gradient to remove cellular debsis and particulate matter, and (4) anion

exchange chromatography of VLPs to remove nucleic acids.
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Vesicles

A broad range immunogen may be incorporated into, or packaged in, a vesicle.
Typically, vesicles have an aqueous compartimernt enclosed by one or more bilayers
comprising amphipathic molecules (e.g., fatty acids, lipids, steroids, etc.). A broad
range immunogen may be contained within the aguecus core of the vesicle or may be
localized to the amphipathic bilayer.

In some embodiments the amphipathic molecules of the vesicle are nonionic,
e.g., & nonionic surfactant. For example, the nonionic amphipathic molecule may be a
glyercol-based, ester-linked surfactant. Such glycerol esiers may comprise one of two
higher aliphatic acyl groups, e.g., an acyl group containing at least ten carbon atoms
in each acyl moiety. Surfactangs based on such glycerol esters may comprise more
than one glycerol unit, e.g., 2, 3,4, or 5 glycerol units. Glycerol monoesters may be
used, e.g., those containing a C12-C20 alkanoyl or alkenoyl moiety, for example
caproyl, lauroyl, myristoyl, palmitoyl, oleyl or stearoyl. An exemplary ester linked
surfactant based on glycerol is 1-monopalmitoyl glycerol.

The nonionic amphipathic molecule of the vesicle bilayer may also be
an ether- linked surfactant. For example, ether-linked surfactants based on glycerof or
a glycol having a lower aliphatic glvcol of up to 4 carbon atoms, such as ethylene
glycol, may be used. Surfactants based on such glycols may comprise more than one
glycol unit, e.g., 2, 3, 4, or 5 glycol units (e.g., diglycolcetyl ether and/or
polyoxyethylene-3-lauryl ether). Glycol or glycerol monoethers may be used,
including those containing a C12-C20 alkanyl or alkenyl moiety, [or example capry],
lauryl, myristyl, cetyl, oleyl or siearyl. For examples of ethylene oxide condensation
products that can be used as amphipathic molecules, see PCT Publication No.
WOB8/06882 (e.g., polyoxyethylene higher aliphatic ether and amine surfactants).
Non-limiting examples of ether-linked surfactants are 1-monocstyl glycerol ether and
diglycoleetyl ether.

In some embodiments the vesicle comprising a nonionic surfactant
may also comprise an ionic amphipathic molecule. For example, an ionic amphiphile
may cause the vesicles become negatively charged, which may help stabilize the
vesicles and promote dispersion. onic amphipathic molecules that can be

incorporated into vesicles include, but are not limited to, higher alkanoic and alkenoic
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acids (e.g., palmitic acid, oleic acid) and other compounds containing acidic groups,
for example, phosphates, (e.g., diatkyl phosphates, e.g., dicetylphosphate, or
phosphatidic acid or phosphatidyl serine) and sulphate monoesters (e.g., higher aikyl
sulphates, e.g., cetylsulphate). The ionic amphiphile may be present at between 1%
and 30%, between 2% and 20%, or between 5% and 15% the amount, by weight, of
nonionic surfactant.

In some embodiments the vesicle may further comprise a bigh-molecular
weight hydrophobic molecule capable of forming a bilayer, for example, a steroid, for
example, cholesterol. The presence of the steroid may facilitate formation of the
bilayer, for example, by conferring physical properties on the bilayer. The steroid
may be present af between 20% and 120%, between 25% and 90%, or between 35%
and 75% amount, by weight, of nonionic surfactant

Tn some embodiments, the vesicle may be a bilosome (see, e.g., U.5. Patent
No. 5,876,721). As used herein, "hilosomes” are vesicles that comprise non-ionic
sorfactants and transport eshancing molecules which facilitate the transport of Lipid-
like molecules across mucosal membranes.

Methods for preparing vesicles comprising nonionic surfactants are
known in the art. The skilled artisan will understand that such methods may be used

to prepare vesicles comprising a broad range immunogen.

Viral Vectors

A broad range immunogen can be provided in an influenza virus. In an
embodiment the broad range immunogen is incorporated in an HA polypeptide, e.g.,
an HA polypeptide that differs from wildtype. In embodiments the HA polypeptide
that comprises the broad range immunogen is other than a wild type sequence, e.g., an
engineered sequence. It can be incorporated into a virion by supplying the
polypeptide in trans during production of the virion or the genome of the viras can be
engineered to produce it. In either case, viral particles comprising the broad range
immunogen are produced. In an embodiment the viras is engineered w have an
attenwaled phenotype, e.g., the virus can have no, or only very low levels of,
replication in human cells. In embodiments the virus is inactivated. Inactivaiion

methods include contact with denatarants, e.g., formalin, heat, or detergent. A broad
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range immunogen can be provided in a non-influenza virus, e.g., the non-influenza
virus vector can be a Newcastle disease virus, a vaceinia virus, an adenovirus, adeno-

associated virus (AAV), retrovirus, or lentivirus,

Kits

In one embodiment, the broad range immunogen or vaceine is packaged in a
kit. In some embodiments, the kit comprises two containers, one of which contains
the broad range immunogen and the other of which contains an adjuvant. In some
embodiments the kit comprises two containers, one of which contains broad range
immunogen as a lyophilized powder and the other of which contains a liquid for
resuspending the broad range immunogen. The kit may contain a notice as required
by governmental agency regulating the manufacture, use, and sale of pharmaceuticals
or hiological products, the notice indicating that the composition has been approved
for manufacture, use, and/or sale for administration to humans.

The vaccine may be supplied in a hermetically-sealed container. The vaccine
may be provided as a liquid or as a lyophilized powder that can he reconstituted by
the addition, e.g., of water or saline, to a concentration suitable for administration to a

subject.

Epitope
11As exist in natore as homotrimers of proteoiytically processed mature

subunits. Fach subunit of the trimer is synihesized as a precursor. A precigsor
molecule is proteolytically processed into two disulfide bonded polypeptide chains to
form a mature HA polypeptide. The mature HA polypeptide includes two domains:
(1) a care HA-1 domain that extends from the base of the molecule through the
fibrous stem to the membrane distal head region that contains the glycan receptor
binding domain, returning to fibrous region ending in the cleavage site, and (2) HA-2
domain that includes the stem region and the transmembrane domain of HA. HA-1
includes a giycan binding site. The glycan binding site may be responsible for
mediating binding of HA to the HA-receptor. The HA-2 domain acts to present the
HA-1 domain. The HA trimer can be stabilized by polar and non-polar interactions

between the three long HA alpha-helices of the stem of HA monomers,
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1A sequences from all influenza subtypes share a set of amino acids in
the interface of the HA-1 and HA-2 domains that are well conserved. The HA-I/HA-
2 interface membrane proximal epitope region {MPER) that includes the canonical o-
helix and residues in its vicinity are also conserved across & broad spectruim of
subtypes. (Bkiert er al., Science,. 324(5924):246, 2009; Sui et al., Nat Struct Mol
Biol. 16(3):265, 2009).

Ab 044 has high affinity for HA s from Group 1 and Group 2. It binds
a conformational epitope that is broadly conserved across a plurality of influenza
strains. Numerous amino acid residues distributed along the linear sequences of HA
from different strains/subtypes contribute the Ab 044 conformational epitope. The
interaction of Ab044 with H3 was analyzed by docking studies and residues bound by
{or not bound by) Ab(44 were identified.

The Fv of Ab 044 was docked against HA of group I and I strains
using ZDOCK. The structure of the HA antigen was modeled using the SWISS
MODEL homology modeling server keeping the solved crystal structure of ¥ 1N1 as
the template. ZDOCK uses shape complementarity along with desclvation and
electrostatic energy terms (ZRANK') to rank docked poses. To ensure the docked
poses do not deviate significantly from the native complex, mapped epitope and
paratope residues by alanine scanning are forced to be included in the binding
interface.

For comparison studies, amine acids that bind (or do not bind) FI6
were taken from published US patent application US 2011/0274702 Al, Neuiralizing
Anti-Influenza A Virus Aniibodies and Uses Thereof, filed July 18, 2011.

ZDOCK is a Fast Fourier Transform based protein docking program.
It was developed by Zhiping Weng at the University of Massachuseits Medical
School. In ZDOCK, two PDB files are input and the output is the predicted structure
of their complex. The program searches all possible binding modes in the
translational and rotational space between the two proteins and evaluates each by an
energy scoring functicn. The protein's structure is converted to a digital signal and a
Fast Fourier Transform technique used to reduce computational time. ZDOCK is
discussed in Pierce BG, Hourai Y, Weng Z. (2011) Accelerating Protein Bocking in
ZDOCK Using an Advanced 31 Convolution Library. PLoS One 6(9): e24657, Pierce
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B, Tong W, Weng Z. (2005} M-ZDOCK: A Grid-based Approach for C, Syminetric
Multimer Docking. Bicinformatics 21¢8); 1472-1476; Mintseris J, Pierce B, Wiehe K,
Anderson R, Chen R, Weng Z. (2007) Integrating Statistical Pair Potentizls into
Protein Complex Prediction. Proteins 69(3): 5311-520; and Chen R, Li L, Weng Z.
(2003) ZDOCK: An Initial-stage Protein Docking Algorithm. Proteins 52(1): 80-7.

SWISS-MODEL is a fully automated protein structure homology-
modeling server. Itis accessible via the ExXPASy web server, or from the program
DeepView (Swiss Pdb-Viewer). Swiss-Modei is discussed in Amold K., Bordoli L.,
Kopp I, and Schwede T. (2006). The SWISS-MODIEL Workspace: A web-based
environment for protein structure homology modelling. Bioinformatics, 22,195-201;
Kiefer I, Amold K, Kiinzli M, Bordoli L, Schwede T (2009). The SWISS-MODEL
Repository and associated resources. Nucleic Acids Research. 37, D387-D392; and
Peitsch, M. C. {1993) Protein modeling by E-mail Bio/Technology 13: 638-660.

H3 residues that bind Ab 044 and H3 residues that bind FI6 are
discussed below.

H3 HAl

The amino acid sequence of H3 HAL is provided below, as SEQ ID NO: 173.
Residues N38, 1278, and D291 shown in dashed boxes, are bound by Ab 044 but not
by Fl6; Residues 327, T328, and R329 shown in dotted boxes, are bound by Flé but
not by Ab 044; residues T318, R321, and V323 shown in solid boxes, are bound by
both Ab 044 and FI6.

CGOLPGNDNST ATLCLGHHAV PNGTLVETIT DDQIEVT@AI ELVQESS8TGR
ICNNFHRILD GIDCTLIDAL LGDPHCDVF(Q NETWDLFVER SKEAFSHNCYPY DVPDYASLRS
LYASSGTLEY ITEGFIWIGY TQONGGSNACKE RGPGEGFFSR LNWLTHSGST YPVLNVIMPH
NDNFDELYIW GIHHPSTHQE QISLYVQASCE RVIVISTIRRSQ QTIIPNIGSR PWVRGLSSRI
SIYWTIVEPG DVLVINSNGN LIAPRGYFEM RTIGKISIMRS DAPIDTC@SE CITPHGSIPN

DIKPFONVNKI TYGACPXYVE ONTLELAGM RWUPERQIR (s2Q Ip MO:173)

H3 HAZ
The amino acid sequence of }13 HA2] is provided below, as SEQ ID NG: 174
Residue NI2 shown in a dash box, is bound by Ab 044 but not by FI6; Residues G1,
1.2, F3, G4, and D46 shown in dotted boxes, are bound by FI6 but not by Ab 044;
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residues A7, ELL, 118, D19, G20, W21, L.38, K39, T41, Q42, A43, 145, 148, N49,
152, N33, I56,and B57, shown in solid boxes, are bound by both Ab 044 and FI6.

iAo ENGWEGMIDG] MverrHQNSE ¢TGOARDLKS [TOARTIDCING
KLBRVZEKTN EKFHQIEKEF SEVEGRIQDL EKYVEDTKID LWSYNAELLV ALENQHTIDL
TDSEMNKLFE KTRROLRENA EEMGNGCFKI YHKCDNACIE SIRNGTYDHD VYRDEALNNR
FQIKG (SEQ ID NC:174)

H1 residues that bind Ab 044 and H1 residues that bind FI6 are discussed

below.

HI1 HAIL
The amino acid sequence of H1 HA1 is provided below, as SEQ > NO: 181.
Residues F31, N279, and 5292 shown in dashed boxes, are bound by Ab 044 but not
by FI6. Residues (0328 and 5329 shown in dotted boxes, are bound by FI6 but not by
Ab 044, Residues T319, R322, and 1324 shown in solid boxes, are bound by both Ab
(44 and Fi6.

TNADTI CIGYHANNST DTVDIVLEKN VIVIHSVNLL

EDSHNGRLCE LKGIAPLOLG KCNIAGWLLG NPECDLLLTA SSWSYIVETS
NSENGTCYPG DFIDYEELRE QLSSVSSFEK FEIFPRTSSW PNHETTEGVT
BACSYAGRSS FYRNLLWLTK KGSSYPKLSK SYVNNKSKEV LVLWGVHHPP
TGTDOOSLYO NADAYVSVGS SKYNRRFTPE IAARPKVRDQ AGRMNYYWIL
LEPGDTITFE ATGNLIABWY AFALNRGSGS GIITSDAPVH DCNTKCQTERH
GARINSELPFQ NIHPVTIGEC PKYVRSTELR MATGLENIPS I
{SEQ ID NO:181)

H1 HAZ
The amino acid sequence of Tl HAZ is provided below, as SEQ ID NO: 182
Residues (312 shown in a dashed box, is bound by Ab (44 but not by F16. Residues
Gl, L2, F3, G4, and D46 shown in dotted boxes, are bound by FI6 but not by Ab 044.
Residues A7, E11, 118, D19, G20, W21, Q38, K39, T41, Q42, N43, 145, 148, T49,
V52, N53, 156, and E57 shown in solid boses, are bound by both Ab (44 and FI6,

SirgnIfer IEGewTeMID| EHvevHEONE QescYAADDE sTomRFDeIT]

WKVNSVILE[KM NTQFTAVGKE FNNLERRIEN LWKKVDDGFL DIWTYNAELL
VLLENERTLD FHDSNVRNLY EKVKSQLENN AKEIGNGCFE FYHKCDDACHM

ESVRNGTYDY PKYSEESKLN REEIDGVKLE SMGVYQILAI YSTVASSLVL
LYSLGAISFW MC3SNGSLOCR ICI (SEQ ID NO:182)

Fig. 26 is a three dimensional representation of H3 HA with the amino

acids residues that are predicted to be part of Ab(44 epitope but not part of FI6's
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epitope highlighted. That is, the highlighted amino acids are unique to Ab044’s
epitope.

Fig. 27 is a three dimensional representation of H3 HA with the amino

acid residues that are part of FI&s epitope but not predicted to be part of Ab(44’s
epitope highlighted. indicated.

Diagnostic Methods

The binding agents, e.g., antibody molecules, provided herein are useful for
identifying the presence of influenza in a biological sample, e.g., a patient sample, such
as a fluid sample, e.g., 2 blcod, serum, saliva, mucous, or urine sample, or a tissue
sampie, such as a biopsy.

In one embodiment, a patient sampie is comacted with a binding agent, e.g., an
antibody molecule, featured in the disclosure, and binding is detected. Binding can be
detected with a pumber of formats and means of detection, e.g., with an antigen capture
assay, such as an ELISA assay or Western blot, or an immunohistochemistry assay. In
embodiments the binding agent, e.g., an antibody molecule, is provided, e.g., coupled to
an insoluble matrix, e.g., a bead or other substrate, and a detection molecule used o
detect binding of HA.

Binding of binding agent, e.g, antibody molecule, to HA, can be detected with a
reagent comprising a detectable moiety, e.g., a reagent, e.g., an antibody, which binds the
binding agent, e.g., antibody molecule. In embodiments the binding agent, e.g, antibody
molecule, has a detectable moiety. Suitable detectable moieties include enzymes (e.g.,
horseradish peroxidase, beta-galactosidase, luciferase, atkaline phosphatase,
acetylcholinesterase, glacose oxidase and the like), radiolabels (e.g., ", C, " N, * §,
Py, e, T, 125 7 131 I}, haptens, fluorescent labels (e.g., FITC, rhodamine,
lanthanide phosphors, fluorescein, fluorescein isothiocyanate, thodamine, 5-
dimethylamine- 1-napthalenesulfony! chioride, phvcoerythrin and the like),
phosphorescent molecules, chemiluminescent molecules, chromophores, luminescent
molecules, photoaffinity molecules, colored pasticles or affinity ligands, such as biotin,

predetermined polypeptide epitopes recognized by a secondary reporter (e.g., lencine
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zipper pair sequences, or binding sites for secondary antibodies, metal binding domains,

* epitope tags). In some embodiments, labels are attached by spacer arms of various

lengths to reduce potential steric hindrance.

In embediments, a human is tested for presence of influenza virus be a method
described herein, and if the test is positive, a binding agents, e.g., antibody molecules,
e.g., an antibody, provided heretn, is administered.

The binding agents, e.g., antibody molecules, e.g., an antibody, provided herein
can be used for cytology assays, such as to identify an HA in a cell. The assaycanbea
colorimetric assay. A biological sample from a normal (non-infected) individual is nsed
as a control. The diagnostic assay can be performed in vitro.

The diagnosiic assay can aiso be performed to determine infection of cells in
culture, e.g., of mammalian cells in culture. The antibody molecules can be used in in
vitro assays.

Because the antibody molecules featured herein hind a broad spectrum of HA
subtypes, the diagnostic assays featured in the disclosure can detect the presence of
influenza virus in patients infected with a variety of distinct strains of influenza. A
patient sample can be further tested with subtype specific antibedies, or other assays
(e.2., RFLP (Restriction Fragment Length Polymorphism), PCR (Polymerase Chain
Reaction}, RT-PCR (Rewverse Transcription coupled to Polymerase Chain Reaction),
Northern blot, Southern blot or DNA sequencing) to further determine the particular
strain of virus.

In one embodiment, a patient determined to be infected with influenza A can be
further administered an antibody molecule featured in the disclosure, to treat the
infection.

Also provided are solid subsirates, e.g., beads, dipsticks, arrays, and the like, on

which is disposed a binding agent, e.g.. antibody molecule.

Kits

A binding agent, e.g., an antibody molecule, disclosed herein, €.g., generated
by the methods described herein, can be provided in a kit. The kit can inlcuide one or
more other compoenients, e.g., containers, buffers or other diluents, deleviery devices,

and the like.

173



10

30

WO 2013/170139

In one embodiment, the kit includes materials for administering an antibody
molecule to a subject, such as for treatment or prevention of infection by influenza
viruses. For example, the kit can include one or more or all of: (a) a container that
contains a composition that includes an antibody molecule, optionally (bj a container
that contains a composition that includes a second therapeutic agent, and optionally
{¢) informational material.

In another embodiment, the kit includes materials for using an antibody
molecule in a diagnostic assay, such as for detection of HA in a biological sample.
For example, the kit can include one or more or ali of: (a) a container that contains a
composition that includes an antibody molecule, optionally (b) a container that
comiains 4 feagents, e.¢., labeled with a detectable moiety, to detect the antibody, e.g.,
for use in an ELISA or immunohistochemistry assay, and optionally (c) informational
material. In other embodiments, the kit comprises a binding agent, e.g., antibody
molecule, comprising a detectable moiety.

In an embodiment, the kit comprises a solid substrate, ¢.g., bead, dipstick, array,
and the like, on which is disposed a binding agent. €.g., antibady molecule,

The informational material can be descriptive, instractional, marketing or
other material that relates to the methods described herein and/or the use of the agents
for therapeutic benefit, or for a diagnostic assay.

The informational material of the kits is not limited in its form. In one
embodiment, the informational material can include information about production of
the antibody, concentration, date of expiration, batch or production site information,
and so forth. In one embodiment, the informational material relates to metheds of
administering the antibody, e.g., in a suitable dose, dosage form. or mode of
administration (e.g., a dose, dosage form, or mode of administration described herein),
to treat a subject who has an infection, e.g., viral infection or secondary infection
{e.g., secondary bacterial infection).

In another embodiment, the informational material relates to methods for
using the antibody molecule for a diagnostic assay, e.g., to detect the presence of

influenza viruses in a biological sample.
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The information can be provided in a variety of formats, including printed
text, computer readable material, video recording, or audio recording, or information
that provides a link or address to substantive material.

In addition to the agent, the composition in the kit can include other
ingredients, such as a solvent or buffer, a stabilizer, or a preservative. The agent can
be provided in any form, e.g., a liquid, dried or lyophilized form, and substantially
pure and/or sterile. When the agents are provided in a liquid solution, the liquid
solution typically is an agueous solution. When the agents are provided as a dried
form, reconstitution generally is by the addition of a suitable sclvent. The solvent,
e.g., sterile water or buffer, can optionally be provided in the kit.

The kit can inclade one or more containers for the composition or
compositions containing the agents. In some embodiments, the kit contains separate
containers, dividers or compartments for the composition and informational material.
For example, the composition can be contained in a bottie, vial, or syringe. and the
informational matertal can be contained in a plastic sleeve or packet. In other
embodiments, the separate elements of the kit are contained within a single, undivided
container. For example, the composition is contained in a bottle, vial or syringe that
has attached thereto the informational material in the form of a label. In some
embodiments, the kit inciudes a plurality (e.g., a pack) of individual containers, each
containing one or moge unit dosage forms (e.g., a dosage form described herein) of the
agents. The containers can include a combination unit dosage, e.g., 4 unit that
includes both the aniibody molecule and the second or additional agent, such asina
desired ratio. For example, the kit can include a plurality of syringes, ampoules, foil
packets, blister packs, or medical devices each containing, for example, a single
combination unit dose. The containers of the kits can be air tight, waterproof (e.g.,

impermeable (o changes in moisture or evaporation), and/or light-tight.

The kit optionally inclades a device suitable for administering the
composition, e.g., & syringe or device for delivering particles or aerosols, e.g..an
inhaler, a spray device, or & dropper or other suitable delivery device. The device can
be provided pre-loaded with one or both of the agents or can be empty but suitable for

loading.
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The invention is further illustrated by the following examples, which should not

be construed as further imiting.
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Table 4C Nucleic acid and amino acid sequences

SEQ By Lab no. Source Comment Sequence

IeLeN
1 n.a Table 2 Consonsus AA seguence of HC CDR1 [3/T1Y [A/GIMH
2 ma Table 2 Consensits AA sequence of HC CDRZ VII/V/LISIY/F)DG[S/N] 1Y /N (K/RIYTADSVOCE
3 5.8, Table 2 Consenzus AA sequenee of HC CDR3 DIS/TI{R/K/GILRIS LYPEWLS [G/5TGFY/L/VE[E/L) [N/D] (B/Y]
4 ma. Table 2 Consenses AA seanence of LC CDRY QUSAT) [VAL/TF[T/8)iY/F/ul [N/S/D) YENYLA

170 oL Table 2 Congensus AA sequence of LC CDR1 QIB/T) V/L/LI{T/S) /P /WY IN/S/D/Q/R/BE] YENYLA
5 n.a Table 2 Consensts AA sequeaee of LC CDR2 WIA/GIE[T/A/Y/O/K/D) [R/LIE[S/T]
] n.a Table 2 Consensus AA seauense of LC CDR3 QUTY/H]YRTSP [T/8}
7 2.3, Table 2 Consepsus AA seouence of HOFR1 [E/Z]VOLLE [5/T 1 GGGLVEPGOSLELICAASCETS (5/T]
8 T Table 2 Consensus AA sequence of HC FR2 WYROPPCGKGLEWVA
) n.a Table 2 Consensus AA sequence of HC FR3 RETTSRONSKNTLYLOMNSIRATOTAVY YCAK
1G 6.4, ‘Table 2 Consensts AA sequence of HC FR4 WE[A/QIG{T/A) LT/ M) [L/V]TVES
11 n.a. Table 2 Consensus AA sequence of LC FRI (/DT [V/QIMTOSP [D/S] [8/T] [L/V) [ASS] [V/RT[S/T) (L/V/RIGIE/DIR{A/V]

[T/S}I[NAT/Q/D/R/ICIK/R]SS

12 na Table 2 Consensus AA sequence of LC FR2 WYGQEPC{Q/K] [P/A]PRLLIY
13 . Table 2 Consensus AA sequence of LC FR3 GVEID/F/ 3 ] RESGSGSETOF TLTISSL [A/PIED [V/F/X/DIALV/TI YT
14 n.a. Tabic 2 Consensps AA sequence of RO FR4 FGIG/Q/T/S/N]GTKIL/VE [D/E] IR
13 13 Table 3, AAquumwrnfﬁ(fVR(ﬂUM)A]&enﬂrcH(? EVOLLE GLYKPGOSLKLECAASGETETSYGMERVRQPRE EWVAVI SYDESYRYYADSVOERE TI SRENSKNTLYLOMNEL

VH15 Table 4A, demain is in Pig. 1; ID version is in Fig. 13;
Fig 2 NT sequence is in Bxample 1

RAEDTAVYYCARDSRLRELLYFEWLSQGYFNPWGAGTTLTVS

28 28 Table 3, AA sequence of LC VR of Ab Al8; entire LC
VEZE Table 4A domain is In Fig. 1; 112 version is in Fig 14
Fig. 3 NT sequence is jo Example 1

HIVMTOEPDSLAVSLGERAT INCK S SOS VI YN Y RN Y LARY QUK PGOPPRLL IYWAS TRESGVEPDRE SG3G5CGTDFTLT IS SLOARD
VAVYYCQOYYRTPPIFGEETKLDIK

16 16 Table 3 AA seguence of HC VR of Abs 014, 028; 1D
VIHI6 Table 44 version is in Fig, 13; NT sequence is in
Fig. 2 Example 1

SEYCMHWYVROPPGEGLERY AV Y DGENKY Y ALSVOGRF T IS RENSKNT LY LOMNSL

EVQLLESGGELVEPGOSLELECAASCFTY
CLLDYWGEOGAMVEVES

RARDTAVYYCAKDTRKLRSLLYFEWLEEE

29 29 Table 3 AA sequunee of LC VR of Abs 014, 154, 157,
Vizg Table 44 I8 version is in Fig. 14 NT srquence is in
Fig. 3 Example 1

EIVMTOSPDELAVSLGERAT INCKSSOSVIFSYRNY LAWY QOKFGCPPRLL IYWASTRESGVPDRE SGEGAGIDFTLTIZSSLOARD
FAVYYCOQYYRTPPTFGGETKLDER

30 30 Table 3 AA sequones of LC YR of Abs 928, 155, 1D
V130 Table 44 version Iz in Fig. 14; NT seqoeace s in
Fig. 3 Exzmple 1

EIVMIOSPDSLAVSLGERATINCKSSQOSVIFDYENY LAWY QQKPGOPPKLL I YHWASTRESGVPDRF SGEESGTUFTLTISSLOARD
VAVYYCOQYYRTPPTEGGGTRLDIK

17 17 Tabie 3 AA seamence of HC VR of Abs 001, 009, 017,
V7 Table 4A 0723, 160, 186, 187, 188, 189, 190, 191,192,
Fig. 2 193, 202, 211; ID version is in Fig. 13;

EVQLLESCGGLVEPGDSLELSCAASGE TF T4 Y GMERVROPPEKGLERVAVVSY DGNYKY Y ADSVOGRE T L SRONSKNTLY LOMN S,
RAEDTAVYYCAKDSRLRSLLYFEWLSQEYPNPHGACTTLEVES

31 31 Table 3 AA sequence of LT VR of Abs 001, 002, 003;
W31 Table 44 1D vession is in Fig. 14;

ET¥MTQEPDELAVSLGERAT INCK STV T FNY KNY LARY QUK PCOPPRLL IYWAS TRESGVPDRE SGSGSGTUF TLT IS STOARD
VAVYYCOOHYRTPESFGEGETKLDIK

GEIOLL/ETOT O/

PESOPHETOTSIV LD
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Fig. 3
i8 18 Fable 3 AA soguence of HC VR of Abs 002, 010, BIS, | EVQLLESGGELVEPGSLELSCARSGE TETEYG HVROPPCKALEWVAVLSY DONYKY YADSVOGRT TISRONSKNTLY LOMNSL
Villg Table 44 026, 203, 212; ID version is in Fig. 13: RAEDTAVYYORKDSRLRSLLYFERLSCOYFREWGAGTTLTVES
Fig, 2
19 19 Table 3 AA sequence of HE VR of Abs 003, 011, 019, EVQLLESSGELVERPGOSLELSCAASGE TR TTY AMHEWVROPPGR VAV SY ENYRYYADSVOGRE T I SRDNSKNT LY L OMNEL
Vi1e Table 44 027, 184, 195, 196, 197, 198, 199, 200, 204, RAEDTAVYYCAKDSRLRSLLYFEWLSQGYFNPHGAGTTL TV SS
Fig. 2 213; 18 vession is i Fig. 13;
3z 32 Table 3 AA sequence of 1.C VR of Abs 008, 10, 011: EIVMTOSPEDSLAVSLGERAT INCKSSOTL SFNYKNYLARNY QOKPGREPELL IYHAS' TRESGVPDRFSGSES TLTTSSLQAED
V1.32 Table 4A D verston is in Fig. 14, VAVYYCQOEYRIPREFGGGTKLDIK
Fig 3
33 33 Table 3 AA sequence of LCYRof Abs 917, B1R, 019 | E fQSPDSLAVSLGERA’SINCKSSQTV'TFNYKNYLAWYQQKPGQPPKLLIYFASTRESGVPDRFSGSGSGTZJFTLTI SELOAED
V133 Table 4A ID versienis in Fig. 144 VAVYYCOOHYRTPPEFGOGTKLGIR
Fig. 3
34 34 Table 3 Ah sequence of 1.C VIR of Abs D23, 026, 027, EIVMTQSPDSLAVSLGERATZNCKSSQTLSFNYKNYLAW‘!QQKPGQFPKL?.:EYFASTR]ESG‘JPDR?TSGSGSGTDFTLTISS[.QAED
VL34 Table 4A 086: ID version is in Fig. 14, VAYYYCQQHYRTPPSFGGETKLDIK
Yig. 3
20 20 Table 3 Ad segrenee of HC VR of Ab 086: 1D vergion | EVOLLESGGOGLVKPEOSLELSCAASCET I ITY'AMHW"JRQPPGKGLEWV?\'\?‘JSFDGNNRYYF\DSVQLSRFTIS RONSKNTLYLOMNSL
VH20 Table 4A is in Fig. 13; RAEDTAVYYCAKDSQLRSLLYFEWLS SGVLDYWGOGAMY TV ES
Tig. 2
21 21 Table 3 AA soguenen of HO VR of Abs 154,135, 1D EVOLLRICGELYVEPGQSLELSCARASCF TF SSYGMHWVROPPGRGLENVAVYEYDG RNKYYARSVOGREFTISRONSENTEYLOMNSL
Y21 Table 44 version fs in Fig. 133 RAR DTr YCAEDSKLRELLYFEWLESGLLDYWGOEREVIVES
Fig 2
22 22 Table 3 AN sequenen of HO VR of Abs 157, 159: 1Y AMIHVROPPCKGL EWY AV SY DONNEYYADEVQERE L8 RIS KNTLY LOMN SL
YH2Z Table 4A version is in ¥ig. 13; W“Q(,AD’\TJ VIS
I4g 2 .
35 35 Table 3 AA seqgoence of LO VR of Ab 159; 10 version FIVMTOERNELAVSLEERAT INGKSSOS VT RS YN Y LAWY QUKPGUPPELL Y WAS TRASGYEDRE SESGEGTRFTLTIS2LRAED
V135 Table 4A is in Fig. 142 VAVYYCOOYYRIPPTEGEGETELEZIE
Fig. 2
36 36 Tabie 3 A sequence of LC VR of Ab 160; 112 version EIVMSQSFDTLAVILGERAS INCESSCTY TENYXNY LARY QORPGOPPRVL I YWASARETGVPERF 335656 TOF TLT ISSLOAED
V136 Table 4A is in Fig. 14 VAVYTCOOHYRTPPEFGOETE K
Fig 2
37 37 Table 3 AA segenco of LO VR of Ahs 186, 194, 1D BIVMIOSPRSLAVSLGERAT i NCKASQTVIENYENY LAWY QQRPEOPPRLLI YHASTRESGVPDRF SGIGSGTRF TLTIE5LOAED
V137 Table 44 version is in Fig. 34 VAVYYCQOHYRTPPSFGTGETKLIDLK
38 38 Table 3 AA sequepee of LC VIR of Abs 187, 195: I HIVMTOSEDSLAVSLGERAT INCKS SO TV TFNY RN Y LANY QUEPGOPPKLL TYWAS TRESGVP DRI 3G G 3G TOF TLTIS3LOAED
VI.38 Table 4A version s in Fig. 14, VAVYYCQOUYRTFEEFGIGTRLOIX
Fig. 3
39 39 Table 3 AA zequence of LC VR of Abs 188, 196, 1D EIVMIQSPOSLAVSLGERATINCKSAQTVITNYR? ‘:'—LAWYQQKPGQPPKE.LIYWAS?RESG'\’PDRFSGSGSG‘_['IJFTLTEESI,:QAEQ
Vi3 Table 4A version is in Fig. 14; VAVYYCQUAYRIPPSFCQGTHLRTK
Fig.3
40 40 Table 3 AA scquence of LC VR of Abs 189,197, 1D EIVMIQIPDSLAYELERRAT INCKSSOTVTENY KNY LAWY QUKPCOPPRILL T YHASTRESGYPDRFSEEGEGTDF TLTISSLOAED
V140 Table 44 versiop is in Fig. 14; VAVYYCQOHRYRTPPSFG LDTK
Fig. 3
41 41 Table 3 AA seguence of LC VR of Abs 190, 198, 1D EIYMTQSPDSLAVSLEE CINCKSAOTLEFNYKNY LARY QUK GCPPELL I Y HASTRESGVPDRE SGEGEG DT TLT LESLOARED
V1i4i Table 44 version is in Fig. 145 YAVYYCCOHYRIPESFETETKLDIK
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Fig 3
42 42 Table 3 AA sequence of 1.C VR of Abs 191, 19%: 1D IVMTOSEDSLAVILGERAT INCKSSQTL S FNY KN Y LANY OOKPGOPPRLL IVRASTRESGVP DRY SGEESSINFTLTISSLOARD
VIAZ Table 44 vergion is in Fig. 14; VAVYYCOOQHYRTPPSFGSGT
43 a3 Table 3 AA soguence of LC VR of Abs 192, 2000 15 EIVMTOSPDSLAYSLEERATIRCK S SO TL SFNYENY LANYQOKPGCPEKLL IYWAS TRESGVEDREF BGECECTRETLTISSLOAED
ViA43 Table 4A version is in Fig. 14 VAVYYCOQHYRTFPSFGOGTRLDIK
Fig. 3
44 44 Table 3 AN soguense of LC VR of Abs 193: 1D EIVMICEPDSLAVELGERAT INCKSSGT L SFNYENY LAWY QUKPGEPPRL LI YRASTRESGVPDRF SGEGAGTOF I LTISSLOAED
Vidd Table 4.4 version is in Fig. 14; VAVYYCQOUYRTPPSFONGTRLDIK
Fig. 3 .
45 45 Table 3 A sequence of LC VR of Abs 202, 203, 204, DIOMTOSPSSL SASVEDRY T TTCRESQS T THFNYKNY LANYQOKPOGRAPKLL I YRGS Y LESGVISRE SGECSGTDF TL T IS SLOPED
V143 Table 4A 210, 031, 032, 033, 034; ID version is in Fig. FATYYCQOHYRTPPSFGORTRVE K
Fg. 3 14; NT sequence is in Example 1
46 46 Table 3 AM sequence of LC VR of Abs 217, 212,213, DI CMTQERE ST S ASVEDRY T ITCRSSOS I TENYRNY LAWY QOKPCRAPKLLIYWESY LESGVP SRFSGEGEGTIFTL T LS SLOFED
V146 Table 4A 218, 37, 038, 039, 040; ID version is in Fg. FATYYCOOHYRTPPEFGOCTRVEIR
Tg. 3 i4;
23 23 Tabl= 3 AA sequence of HC VR of Abs 219, 219 ib] BVCLLESGEGLVEPEGSLELSCAASGE TR TS YGM HVROPPERGLENVAVV SY DGNYKY YADSVOGRE T T SRONSKNTLY LOMN ST,
V23 Table 44 version is in Fig. 13: RAEDTAVYYCAKDSKLRSLLYFRRLECGYPNPHEAGTTLTYES
Fig 2
24 24 Table 3 A sogquence of HC VR of Abs ADD, AODZ, BVOLLESGEELVERGRELEKLSCAASG] SYAMEWVROPPEKELENVAVY S Y DENYRY YADSYOGRETI SRONSKNTLY LOMNSL
YE2d Table 4A ADD3.ADID, ADT1, 031, 037; 113 version s In RAEDTAVYYCAKDSRELRELLYFEWLSDGYFNPHGRGITLTVES
Tig. 2 Fig. 131 NT sequence is in Bxampls 3
47 47 Table 3 AA seguence of LC VR of Abs ADOL 004, CUESSOTVTENYRNY LAWY QDKPGOPPRLL LY WASTRESGVEPDRE SGSCEGTDF TLT ITSLOARD
VEAT Table 4A U7, GI6: I version is in Fig. 14; STKLING K
Fig. 3
48 48 Tabiz 3 AA seqenee of 1.C VR of Abs 002, 005, 008, DIVMTQSPDTVAVTYGE NCKSSOTVTENYXNY LAWY COKPGOPPKLL I YWASTRESGYPRRF SGEGSGTDR LT ISSLOAED
V148 Table 4A A017, I vexsion 1s in Fig. 14, VAVYYCQOHYRIPPIFGOETKLD YK
Fig 3
25 73 Table 2 AA sequence of HC VR of Abs 004, 005, 006, | CVOLLETGOCLVEFGOSLKLSCAASGE TR TSYAMENVROPPCKGLENVAYV Y DONYKY YARSVQGRF T TSRONS KNTL Y LOMNSL
VH23 Table 4A 032, 013, 032, (38, 043, 044, 45, 040, 047, RAEDTAVYYCAKDSRLR YEEHLSQOYINPHGQGTILTVES
Fig. 2 048, 049, 050, 051,052, 067, 068, 069, 070,
073,074, 075,076, 077, 1D version 1y in Vig,
13: NT sequence is in Example 1
49 49 Table 3 AA zequenes of LC VR of Abs AGD3, 006, BIVMTOSPDTVAVTLGERAT I NCRSSOTVIFNYRNY LAKY QORPGOPPKL L IYRASTRESGVP DRF SGSGEGTDF TLTISSLOAED
VL4% Table 44 ADGY, C18: I version is in Fig, 14; VAVYYCOOHYRIFESEGQETELDIE
Tig 3
26 26 Tabic 3 AA sequence of HC VR of Abs 007, 008, BVOLLERCGAGLVKPGOSLELSCAASGY TR TSY AME ROPPCEKGLERYAVVSYDGNYKY YADSVOGRFTI SRONSKNT LY LOMN S L
VH26 Table 4A ADDS, Al4, 015,033, 039; I version is in TTLIVES
Fip 2 Fig, 13;
50 50 Tabie 3 AA sequence of LC VR of Abs ADIO D12, IVMTQEPDTLAVTR TIRCKESOTY TENY KNYLANY QOKPGOPPRL L IVHRASTRESGVPDRE SGSGEGTOE TLTISSLOARD
VL0 Table 4A Al4, AD19: 1D version is in Fig. 143 VAVYYCOOHYRTPRS
Fig. 3
51 31 Table 3 AN seguence of LC VR of Ab ADILT, 013, DIVMIQEPITLAYVSREERAT I DOKESOTVTFNY KN Y LAWY DOKPGOPPKLL IYRAS TRESGVPDRF SCGIGSGTOF TLTISSLOARD
Vis1 Tabic 4A 0157 11> version is in Fig. 14 EAVYYCODHYRTFPSFGOET
Fig. 3
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7 2 Table 3 AA seaoenee of HO VR of Abs 016, AT, EVOLLESGEGLVKDPGGSLEL
VHZT Table 44 CI18. ADI9, 034, 044; 1D version is in Fig. 13: RAEDTAVYYCAXDSRLRTLLY
Fig. 2
60 60 Table 3 AA sequence of LC VR of Ab 043, 1 version | DIQMTOSPSSLEASVGDRVIITCRAEQE THFTLTISSLOEPRD
VLGD Table 4A is in Fig 145 FATYYCQQYYRTPPSFGOGTRVEIR
Fig. 3
52 52 Table 3 AA scquzace of LC VR of Abs 044, 071,072, | DIOMTOSFSSLSASVGDRVTITCRSS0S I TFDYKNYLAWYQUKPGKAPKLL I YWGSYLESGUPSRE 8GAGSGTDPTLTISSLOPED
VL2 Table 4A 078; 1D version is in Fig. 14; NT sequanee is TATYYCOOHYRIPREFGOGTEVELR
Fig 3 in Example 1
57 57 Tabic 3 AA soquence of LC VR of Ab 045; 1D version DIGMICSPSSLSASYGDRVTITCRESCS T TN Y ENY LANY QOKPGKAPKLLIYHGS Y LESGVP SR SGECGSGTRFTL TISSLOPED
V157 Table 44 is in Fig. 14; VATYYCORHYRTPPEFGOGTHVETK
Fig 3
59 59 Table 3 AA seguence of LC VIR of Ab 0d6; 11 version DIGMTOERSSLSASVGDRYTITCRSSQSITEFNYKNY LARYQQK] SGEGSGTUF TLTISSLOPED
V1S9 Table 4A is in Fig. 14; DATYYCCOHYRIPPSE GQETEVE TR
Fig. 3
55 53 Tabie 3 AA sequoncs of LC VR of Ab 047, ID version | DICMTOSPSSLEASYCDRY CRSSG‘? TENYRNYLAWYQOKPGKAPKLL TYWGS SOGVPSRFSGSGSETOFTLTISSLOPED
Y155 Table 44 is In Fig. t4; FATYYCOQHYRTPPEFGOETEVE
Fig 1
58 58 Table 3 AA sequence of LC VR of Ab (48, ID vesion | DIQMTOSPSSLSASVGDRVT SECSTIENYRNYLANY DOKPCHAPKLL IYROSYLESGVPSRY SCEGSGTNF TLTISELOPED
VIS8 Table 44 is in Tig. 142 HATYYCOQRHYRTEPSY G
Fig, 2
54 34 Tabic 3 AA sequenee of LC VR of Ab 049; ID version DICMTQSPSSLSASVGDRYVTIITCRSSOS L TRNY XY LAWY QOKPGKAPKLL I VWESHL N SGVESRFSGEREGTDETL T ISSLY
V154 Table 4A is in Fig. 14; FATYYCQUHYRTFPSFGGETKVEIER
Fig 2
56 56 Table 3 AA sequence of LC VR of Ab 050; TD version MIOSPSSLEASVGIRVT I TCRESOS T TFNYRNY LARYQUKPCHAPRL L I HGENLESGVPERFEGEGECTIDFTLTISSLOPED
VL6 Table 4A is in Fig. 14 FATYYCOOHYRTIPPEFGOETRVEIE
53 53 Tabke 2 AA sequence of LC VR of Ab 051 ID version DIGMTOSFESLSASVEDRVIITCRSSOS I THFNY KNY LAWY QURPGKAPKLL I YWGST GVYPSRFSGSESETDFTLTISSLOPED
V1.53 Table 44 is in Fig. 14; FATYYCOOHYRTPPSFGOGTRYETK
Tig. 3
61 61 Table 3 A szquenee of LO VR of Ab 052; ID version DIGMIQSPESLSASVEDRY T T TCRSSOS I TENYKNYLARY QORPCHAPKLL IVRGETRESGVP SR SGSCEGTRFTLT IS SLOPED
VE61 Table 44 is in Fig. 14, FATYYCOGHYRTPRSEG
Yig 3
153 153 Table 3 AA sequence of LC VR of Ab 067 ID version DICMTOSPSSLSASVGDRYT L TCRESGE I TFOYRNY LAWY QORPGKAPKLL I'Y WG CYPSRESGSGEGTIDFTLTISSLORED
VL1533 Table 44 is in Fig. 145 FATYYCUQHYRTPPSFGOETRVETK
Fig 2
154 154 Table 3 AA sequence of LU VR of Ab 063; D version DIOMTCERESLAASVOORVTITCRASOSTITRYRMY LAWY CRKPGHAPKLL TR LESEVPERF 2GSGSGIDEFTLTISSLOPED
VI.154 Table 4A is in Fig. 14; FATYYCOQHYRTPPEFGOGTRVETK
g 3
155 155 Table 3 AA sogmenoe of LO VR of Aba 069, 079, 1D DIOMICEPEELEASVEDRVT I TCRESCS I TREYENY LAWY QQRPGKAPKLLIYRGS Y LESGVESRF SCRGAGTIDFTLT I35 LOFER
VE1ES Table 44 version is in Tig. 14: FATYYCOOHYRTPPSFGRETRVETK
156 156 Tabie 3 A4 sequence of LC VR of Ab 070; ID version DIGMTCSPSSLEASYEDRYT I TCRESOS I TRDVENY LAWY QUKPCRAPKLL TYWCSTRE SEVPSRE S SGTDFTLTISSLOPED
V1156 Tabk 4A is in Fig. 14; FATYYCQOHYRTPPSEGOGTRVEIR
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Fig. 3
162 162 Table 3 AA seguenee of HC VR of AL 07 HYCLLESGGALYKPGO S LKL SCAASCE ST S T Y A VRO PP GRS LEWY AVY Y DN Y KY YA TVQERF TISRONSKNT LY LOMN ST
VILi62 Table 4A RAEDTAVYYCARDSRLRSLLYFEWLSDGYFNPWGOGTTLTVES
Fig, 17
163 163 Fable 3 AA sequencn of HC VR of Al 072 PVOLLESGEO L RKPGOSLEL SCARSCE 1 S TY AN T ROP PG LEWVAVV S Y DoRYE Y Y ADS VOCRY T I SRONSKNT LY LOMNEL
YLia3 ‘table 44 RAEDTAVYYCAKDSRLRELLYFEWLSCGYFNPHGQOTTLIVES
Fig, 17
165 168 Tabie 3 AA sequence of LC VR of AB QT3 DICMTQEPSELSASVGDR TCRSSGE I TWNY XY LAWY QORPCGHAPKL LI YW ESYLESGVEPSRF SGEGSGTUFTLT ISSLOFED
Vi1es Table 4A FATYYCOQEYRTIPPSEG DR
Fig. 17
166 166 Table 3 A sequencs of 1O VR of Abs 074, 080 DIOMTQSPSSLEASVENRYT I TCRESOS I THDYKNY LAWY QDEPCKAPRLLIYRGS YLESGVDERF SGSGSGTRFTLTISSLOPED
Vile6 Table 4A FATYYCQOHYRTPPSEGOE LK":_K
Hip. 17
167 167 Table 3 AA sequenes of LC VR of Ab 075 DIGMTOSPESLSASVGDRVT I TCRSSGS T THOYKNY LANYQOKPSKARPKLL IYWGSYLESGVP SRF SGECEGTDF TL TTSSLOPED
VL167 | Table 4A EATYYCOOUTRIPPSFGOETRVE TR
Fig. 17
168 168 Table 3 AA socomenee 0f LC VR of Ab 0706 DIOMTOEPSSLSASVEDRVTITCRESCS ITWRYEKNY LAWY QOKPGRARPKLLIYHOSYLESGVPERF EGECSCTIN TLTISSLOPED
V1168 Table 4A FATYYCOQHYRTFPSFGOCTHVE LK
Fig. 17
69 60 Table 3 AA sooprnon of LC VR of Abs 077, 081 BIGMTQOSPSSLSASVEDRYVTITCRSSOS I TUEYKNYLARY QOKPERAPKL SYLESGVPSRESGEGEGTOFTLTISALEFED
V1Lieg Table 4A FATYYCOUHYRTPRSFGOGEIEVEIE
I3g. 17
164 164 Table 3 Ad sequence of HC VR of Abs 078, 079, (084, OVOLLETEEELYERGOSLALSCAASGETR T Y AMBEWVROPPEKGLEWVAVV SY DENY R Y Y ADSVOUERI T LARINSKNT LY LOMNSL
VL164 Tablfc 4A D81 RAGDTAVYYCARDSRLRESLLYFERL SOOYFNPHGOGTTVIVEE
Fig. 17
161 HC161 Table 44 AA sequence of HC VR conserns: 18 vession | EVQLLESGGGLVERGRELRL SCAASGE TR S SYCMEHYROPPGKELIWYAVY SYDGSNRY YADSVOGRFTI SRONSKNTLYLOMN 34
Fig. 2 is in Fig. 13; RAEDTAVYYCAKDSKLRS FEALSSHLLDYWGOGAMVTVES
62 1LO62 Table 44 AA s quenee of LC VR consenaus; 1D version DIOMTOSPS3LEASYEDRVTITCREE S ITENY KNY LARY QOKPGHAPKLE IYWESYLESGVPESRE SGEGEGTUF TLTISSLOPED
Fig. 3 is in Fig. 14, FATYYCOOHYRTPPEFGOGETKVELK
96 15-1D Table 41 AA sequence of HC VR of Ab Al8: non-ID IDEVCLLESGGGLVEPGOSLELECAASGE TP TS YCMHWVROPPGKGLEWVAV TS YDGEYKYYADSVOGRF TT SRDNSKNT LY LOMN
Fig, 13 version is in Fig. 2; SLRAEDTAVYYCAKDSRLRELLYFEWLSQGYFNEHGAG i,
130 28-1D Table 4B AA sequence of LC VR of Ab A18; non-1D i W)ILL .-MTQSPZSLAV’qu RATINCE S SOSY TYNYRNY LAWY QOKPGOPPRL L IYWASTRESCVP DR SESGECGIDFTLTISSLOA
Tig. 14 version is in Fig. 3 YCOQOYYRT GEETELDIK
97 16-1D Table 4B AN sequence of HC VR of Abs 014, 028; oon- L VEPGQSLELECAASST TES SY GMHWV ROP PR GLERVAYV EYDEENKYYADSVOGRE T SRUNSENTL YL GMN
Fig 13 1D veision is in Fis, 2t ST QM’DTAJYf(,AK“,TK SLLYFEWLSSGLLDYWGOGAMVTIVES
11l 29-11} Tabie 4B AA scanenie of LC VR of Abs D14, 154, £57, INEIVMTOSPDSEAN ATINCKSSQSVIFSYRNY LAWY ONKSGOPPKLL I YWASTRESGVPDRE SGSGSGTDETLTISSLOA
Fig 14 aon-i0) version is in Fig. 3; EDVAVYYCQOY YR KLDIK
o8 173D Table 48 AA sequence of HC VR of Ab 001, 009, 017, IDEVOLLESGEGLYEPGOSLKLEC AA G Ty TS Y GMEHVROPPGKGLEWV AV S YDENYKYYADSVOGRE T I SRONSKNTL Y L oMy
Fig 13 (023, 160, 186, 187, 188, 189, 190, 191, 192, SLERAEDTAVYYCAKDSRLRELLYFENLSOGYFNPREAGTTLTVES
193, 202, 211; por-TD version is in Fig. 2;
112 30-1B Table 413 AA soquenes of LC VR of Abs 028, 155 non- IDEIVMIQSPDSLAVELGERAT INCKESOSVTTDYENY LAWY QQKPGOPD TYWASTRESGVPDRF SESGEGTDETLTISSLOA
Fig 14 ID version is in Fig, 3; EDVAVYYCQQYYRTEETFGGGTKLDIXK
99 13-1D Table 4B AA sequence of HC VR of Abs 002, 019, 318, IDEVQLLESGGEGLVEPGOSLEL 80 AASGE TH T SY GMHWVROPPGHCLEWY AV L EYDGNYEYYAD SVOERE TI SRDNSKNTLYLOMN
Fig. 13 026, 203, 212; noo-ID version iz in Fig. 2: SLRAEDTAVYYUAKDSRLRSLLYFENLSQEYFNEPRGAGT 85
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113 35-ID Tabie 4B AA sequenes of LO VR of Ab 159; non-1D DB IVMTOSPLS LAV S LCERAT INCKSSQS VI HEY KNY LARY QUK GOPPRLL I YWAS TRESGVPIRFSGSGECTOFTLTISSLOA
Fig. 14 version is in Fig 3; ELVAVYYCOOYYRTPPTRGGGTRLDIK
00 19-ID Tablk 4B AA soguenes of HOC VR of Abs 003,011, 2219, IDEVOLLESGOGLYKPGOS LKL EC AR SGE T F I TY AV VR PPGRKGLEWY AV L S VDGNYKYYADSVOGRY TI SRDNSKNTL Y LOMN
Fig 13 027, 194, 193, 196, 197, 198, 199, 200, 204, SLRAEDTAYVYYCARDSRLESLLYFEWLSQGY FNPRGAGTILTVES
213; non-ID version is in Fig 2;
114 31-1D Table 4B A seguence of LC VR of Abs 001, 002, 603: IDE VM TOSPRELAVELGERAT INCK S STV T NYENY LAWY OOKEGOPPELL I YWASTRESGVPIRY SESGECTDF TETISSLOA
Fig. 14 non-iD version is in Fig. 3, EDVAVYYCQOHYRIPPSFEEGTRLDIK
il 23-1 Table 4B AA ?x“';‘:l(‘ ree of HC VR of Abs 154,155, non- IDEVQLLIESGS PGOSLKLACARSGF TR S SYCMUWVRQPPCKGLEWVAVV SYDENNEY YADAVOGRE T I SRONSKNTLY LOMY
g 13 I version is in Fig, 2; SLRAEDTAVYYCAKDSKLRSLLYFEWLSSGLLDYHGQGAMVTVES
113 32-1D Table 4B AA sequence of LC VIR of Abs 009, 030, [USH IDETVMTOSPOALAVSLGERATINCKSSOTL YENY LAWY R PGOPPRL L TYHAS TRESCVENRF SGSGSGTDF TLTISSL.0A
Fig 14 non-I1D version is in Fig. 3; EDVAVYYCOQHYREPPSFEEGTRLDIK
102 2210 ‘Fable 4B AA sequence of HC VR of Abs 157, 155 oon- | IDEVQLLESGGELVKPGOSLKLACARSSE TFTTYAM PEEGLEWVAVVSYDONNKYYADSVOGRETI SRONSKNT LY LM
Fig 13 1D version is im Fig, 25 SLRARDTAVYYCAKDSXLASLLYPEWLSSGLLDYWGOGAMVTVES
i1o 33 Tabic 4B AA sequence of LC VR of Abs 017, BIS, 619: | IDETYMIQSPOSLAVSLGERAT INCKSSOTVTFNYKNY LAWY Q0K SOPPRLLIYFASTRESGYPLRFSGSGECTDFTLTISSLOA
Fig. 14 non-1D version is in Fig_ 3; EDVAVYYCOQAYRTIPPSFCEEGTKLDIK
103 20-1D Table 48 AA zequence of HC VR of Ab 086 non- 1D IDEVQLLESGGSLVEPCOSLELSCAASCET ROPPOKGLEWVAVY SFRGNNRYYADSVOCRE TISRONSKNTL Y L.OMN
Fig. 13 version is in Fig. 2; SLEARDTAYYYCAKDS OLRSLLYF BHLESGVLDYRGOGAMUTYSS
117 34-10 Table 4B AA segrenge of L. VR of Abs 025, (026,627, IDEIVMTGSPLSLAVSTL RATINCKSSOT Y RN LAWYQORPGOPERLL FASTRESSGVDDRFAGESGSGTOFTLTISSLOA
Fig 14 G86; non-ID version is in Fig. 3, EDVAVYYCOORYS SFGEGTRLDIK
104 23-ID Table 4B AA gequence of HC: VR of Abs 210, 212; non- IDEVOLLESGEGLYVEPGRSLKLSCRASGETF TS Y GMHWVROPPCXCLEWV AV EYDGNYKY Y A SV) FTTERDNSKMTLYLGHMN
Fig 13 ID version is in Fig, 2; SLRAEDTAVYYCAKDSKLRSLLYFEHLSQGYFRERGAGTTLTVES
118 36-ID Table 48 AA sequence of LC VR of Ab 160; non-ID TDEIVMEQEPTTLAVTLOERES INCKE QT VT FN YRNY LARY JOKFGOPPKY L IYWASARETGVPERF SGEGSCIDFT LT {SSLOA
Fig. 14 version is in Fig, 3; EDVAVYYCOQHYRTPRSFGRGTKLETLR
105 24-ID Table 4B AA sequence of BC VR of Abs A0GI, ADOZ, IDEVOLLESGGELVAPEOSLEL BCAASGE TE TS AN VRODPEKGLERVAVV EYDOR Y KY Y ADSYOGRF TTSRDNSENT LY LMY
Fig. 13 AGD3, AD10, AD11, 031, (37, non-1ID version SLRAEDTAVYYCAXDSRLRSLLYFEWLSQGYFNEWGOGTTLTVSES
is jin Fig. 2,
119 45-1D Tabie 48 AA sequence of LC VR of Abs 202, 203, 204, IO LM TSRS SLSASYGDRVTITCRAS QS TTFN Y RNY LAWY OO K DK APK L L I YWE SY LESGVPSRFSCSEEETRFTLTISSLOP
Fig 14 210, 031, 032, 033,034 : non-ID version is in | EDF ATYV(“QQ‘I"RT‘PQI GOGTEVEIE
Fig 3
106 253D Table 4B AA seguenee of HC VR of Abs 004, 005, 006, | IDOVOLLETGGRLYKPGOILKLECAASGF TRTSYA GLEWVAVVSYDONYKYYADSVOGRET 1 SRDONSKNTLYLOMN
Fig. 13 012, 613, 032, 038, 043, (44, 043, 046, 047, SLRAEDTAVYYCAKDSRLRSLLYFEWLSQGYFNRHG
048, 049, 050, 951, 052, 067, 068, 069, 07¢,
073, 074, 075, 976, 077; pon-1 version is in
Fig 2;
120 46-1D Tabic 4B AN sequence of LC VR of Abs 211,212,213, | IDDIQMTOSFSSLEASYEDRYT ITCRSSOS T TFNYRNY LGWYOQKPCKAPKL L I YHGSYLESGVPSRE SGSGSGTIDFTLTISSLOP 7
Fig 14 219, 037. 038, 039, 040; non-ID version is in ELFATYYCOOHYRTEPSFEQGTHVETR
Fig 3
147 26-1D Table 48 AA sequence of HC VR of Abs 007, 008, IDEVOLLESGGSLVKPCOILKLECAASGE I T TS Y AMITHVROPPOKGLENVAYV EYDENYKYYADEVOGRF TISRENSKNTLY LOMN
Fig 13 ADGO, Ald, 013, 033, 039; non-ID version is SLRAEDTAVYYCAXDSOLRILLYTFEWLEQGYFNPWGRGTITLIVES
in Fig, 2;
121 37D Table 4B AA sequence of LC VR of Abs 186, 194; non- IDF‘ UMTGSPTELAVSLGERAT INCKASQTVTFNT KNY LAWY 00K CEQFTAL L. YWAS TRESGVPDRE 568 GECTDF TLTL SSLOA
Fig. {4 ID version is in Fig, 3; DVAVYYCODHYRTEPSEFETGTRLDIR
198 27-1D Tabie 4B AA SEQUENCe of HC VR of Abs D16, ADY7, IDEUQLLFQG\:\J_.\I:(PLQ”T KLECAASGETETS ROPPGEGLEWVAYVSYDCNYRYYADSVOGRE T1 SRDONSKNTLYLOMN
Fig. 13 C18, AD1Y, (34, 040; non-ID version is in Fig. SLRAEDTAYYYCAKDSRLRTLLYFEWLSOGYF DPWCQCTTILTVES
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122 38-1D Table 4B AA sequence of LC VR of Abs 187, 195; non- IDEIVMIQSPDSLAVELCERAT INCKSSOTVTIFNYRNY LAWY JORPSOPERLL LYRASTRESGYPORF SGEGE FTLTISSLOA
Fig. 13 1D version is in Fig. 3; EDVAVYYCQQIYRTPPAFSICTRLIDIK

109 161113 Table 4B AA sequence of HC VR consensus TEY non-TD IDEVQLLESGGGLVKPGOELELSCAASGR TS 8 Y GMHWVROPPEKGLEWVAVY SYRGENKYYADSVOERTF TI SEONSKNT L ¥ LoMN
Fig. 13 version is in Fig. Z: SLRAEDTAVYYCAKDSELESLLYFEWLSSGLLDYAGCGCAMYTVSS

123 39-1D) Tabte 453 AA sequence of LC VR of Abs 188, 196 non- IDEIVMIQSPLSLAVELGERAT INCKSSO TV TFNYKNY LAWY QOKBCQPPELL IYWAS TRESGVPDRF SG5GSG T
Fig. 14 D version is in Tig. 3: CEDVAVYYCRUBYRTPPSFEQCTXLDIK

124 40-TD) Tabie 4B AA sequence of LC VR of Abs 189, 197 non- LAVSLGERAT INCKSSOTVTENYRNY LAWY QOKPGORFPRLLIYWAS I‘;{ESGVI’DRF‘SGSGSG‘.E*DFTL'I‘1
Fig. 14 1D version is in Fig, 3; 1:‘13\17!\."11’[‘,()(:2 HYRTPPSFGRGTXLDIX

125 41-T Table 4B AA sequence of LC VR of Abs 190, 198; nop- IDRIYMTOSPRSLAVSLCERATINCKS SO T LSFNYKNY LAWY QORFGOPPKLL IYWAS TRESGVPDRF SCEGEETDFTLTISSLOA
g 14 iD version is in Fig. 3, EDVAVYYCQQHYRTEPEFETETELDTK

126 42-1D Table 48 AA sequence of LC VR of Abs 191, 199; non- IDEIVMTGSPDSLAVSLGERAT INCKS SO TLAFNYKNY LAWY QQKP GOQPPRLL IYWAS TRESGVPIRE SGSGECTDFTLTISSLOA
e, 14 iD version is in Fig. 3 EDVAVYYCOOIYRTEPSFESOTRLDI K

127 431D Tabie 4B AA sequepee of LC VR of Abs 192, 200, nop- MIQSPDELAVEL SEQTLSEFNYRNY LAWY QX CGOPPRLL IYWASTRESGYPLDRFSGSGSGTDETLTISSLOA
Fig. 14 D version is in Fig. 3 DIK

128 44-1D Table 4B AA sequence of LC VR of Abs 193; nor-TD } KSSQTLAFNYENY LAWY QORPGQPPRELL IYWASTRESGVPIRF SGSGECTRETLTISSLOA
He 14 version is in Fig. 3; EDVAVY YO QQHYRTPPEFGNGTKLDIK

129 4716 Table 4B AA sequence of LC VR of Abs ANGI, 004, I IVMIgS PO TLAVTLGERAT ICKSSOTV I FNYKNY LARY QOKEGOPPKLL IYWASTRESGVPORF SCSGEGIDFTLTITSLOA
e 14 007, 016 EDVAVYYCOQEYR LOTF

130 48-15 Table 4B AA sequence of LC VR of Abs 002, 003, 008, IDLIVMTOSET FTENYENY LAWY QOXPGOPPKLL IYWASTRESGVPDRE SESGAETDETLTISSLOA
g, 14 AQ017; non-iD version is in Fig. 3; EDVAVYYCQUHYRIPPBFGOGTKLDIX

131 49-1D Table 4B AA soquenee of LC VR of Abs ANG3, 006, m ‘VMTQ‘SP“TVA’\ ERATIDCKSSOTVTENYENY LAWY QOREGOPPKLL I YWASTRESGYPDRE SESGSGTDFTLTISSLOA
Fg. 14 A0G9, C18; non-I version is in Fig. 3: SFCQGTKLDIK

132 30-1D Table 4B AA sequence of LC VR of Abs A010 0132, IDDI MTQS VTVGERAT IRCKSSQTVIFNYKNY LAWY Q0¥ EGOPPKLLIYWASTRESGVPDRE SGSGECTRFTLTISSLOA
Fig. 14 Ald, A019: non-1D version is in Fig. 3; EDVAVYYCQQHYRIPPSFGOGTHLDIK

133 3110 Tahle 4B Ad sequence of LC VR of Ab A011, 013, DL WMTOSPOTLAVERGERAT IDCKS S0 TV TT NY KNY LAWY QK PGOPPKLL IYWASTRESGVEDIF SGSGEGTOFTLTISSLOA
Hig 14 015: non-ID version is in Fig. 3; EDEAVYYCQQHY JGTELDIH

134 52-ID Table 4B AA sequence of LC VR of Abs 044, 071, 072, DT OMTGE PSS LSASVEDRVT I TCRSSGS ITFDYKNY LAWY QUK FGKAPKLL DYWGEY LESGVEBRP SESGECTDF TLTISSLOP
Fig, 14 078; non-ID version is in Fig. 3; FEDFATYYCOOHYRTERSFGOGT EIK

135 531D Table 43 AA sequence of 1LC VR of Ab 051; non-ID IDOIg BP33LEASVGDRVTITCRISQS I TFNYKNY LARY QOKPGKAPKLL IYHGESTLESGYPSRF SESASGTDE TLT IS SLOD
Fig. 14 version is in Fig. 3, EDFATYYCQOHYRTPPEFGOGTUVELR

136 24D Table 48 AA zequence of LC VR of Ab (49; non-iD I OMTOS S LEASVGDRY T T TCRESOS I TENYKNY LAN YOO POKAPKL L TYWC S HLE SOV ERF SGEGSGTOR LTI S 8L
Fig. 14 version is in Fig, 3; EDFATYYCOOHYRTPPSFGOGTKVEIR

137 55-1D> Table 48 A sequence of LC VR of Ab 047, non-iD IPDIOMTGSPSSLSASYGIRVTITCRISOS ITFMYKNY LAWY QOB GRAPKTL LIYHGEKEE SGTOETLTISSLGR
Fig. 14 version is in Fig. 3 EOFATYYCQQHYRTPPSFGQGTKVEIX

138 56-1D> Table 4B AA segnence of LC VR of Ab 056, nop-iD IO OMT S P eSS LAV E DRV T I TCRE SO S LT NY KNY LAWY QUK PGS KAPKLLIYHGSDLESGVRERF SCSGEGTDEF TLT IS S LGP
Fig. 14 version is in Fig. 3; EDEAT YYCQQHYRT PEFGOGTEVEIX

139 5712 Table 48 AN sequence of LOC VR of Ab 045; non-ID FTTTCRIEQ S ITENYRNY LAWY QOKFGRAPKLL IYWESYLESEYPERF BG3GEGTDI TLTISSLOP
Fig. 14 version is in Fig. 3; KVELX

140 381D Table 48 AA sequence of 1.C VR of Ab (48; non-ID SPSSLSASYEDRVT I TCRSSOS I NYENY LAWY QOKPGEAPKL L IYWGEY LEAGVESRF SGEGRGTOF TLTISSLOP
Tig 14 versioi is in Fig. 3; BDKATYYCOQCHYRTPPESFGRGTRVELR

141 591D Table 4B AA seguence of LC VR of Ab 046, non-ID I IGMTOS P R e L S AV GDRY T I T CRE SO S I TP NY RN Y LAY QoK PGRAPKLL IYHG SYERSGVPERF SGEGSCGTOF TLTISSLOP
Fig. 14 version s in Fig 3; EDDATYYCQOQUIYRTPPSFGUGTRVEIX
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[~ 142 60-ID Table 4B AA seqmenes of LC VR of Ab 043; non-ID IDDIQMIQSPSES %RS""‘DRVI ITCRSSOSITEFNYKNY LAWY QOKPGRAPKL L IYWG SYLESGVESRE SGSGEGTIDFYLTISSLOP
Fip. 14 version is in Fig, 3, FRDFATY YCOQYYRTPRSFGOGTKVEIK
143 61-1D Table 4B AA sequence of LC VR of Ab 052; n0n~ID E)DIQMTQSP:SL.SAS"‘JGDR‘JTITCRSSQSITFNYKN‘YLAWYOQKPGKAPK [YWESTRESGYPSRT SESGECTDFTLTISSLOP
Fig 14 version is in Fig. 3, EDFATYYCQQHYRIEPPSFGOGTRVELK
157 153-1D Table 4B AA ‘{‘gucnm of LC VR of Ab 067; non-ID DD TOMTQEPESL SASVG IRV T ITCRE SQOS I TFOYKNY LAWY OOKPGKAPKL L I YAGSY LESGVRSREF SGEGSCTDFTLT ISSLOP
Hig 14 version is in Fig. 3; EDFALYYCOQHYRTPPSFGOGTKVEIK
158 154-10x Table 4B AA scguence of LC VR of Ab 068; non-T0 IDDIOMIOSPSSLSASVEDRYT ITCRSSQS ITFRYKNY LAWY QOKFGRAPKLL IYHGEYLESGVRPSRE SGEGEETRETLTI SSLUP
Fig. 14 verston s in Fig, 3 ERFATYYCQOHYRTEPSFCOGTRVELX
15% 15530 Table 4B AA sequence of 1O VR of Abs 069, (779 non- IDDIOMICSPESLEASYVENRY T T ICREEQS ITFEYENY LAY OORPGKAPKLL IYWGE Y LESGVPERF SGEGECTNFTLTISSLOP
Hig 14 112 version is in Fig. 3; EDFATYYCOOHYRTEPEFGQATKVEIX
160 156-I0 | Table 4B AA sequence of LC VR of Ab 070; non-ID IO QMTQSPSELEASYGDRYT ITCRE5Q8 ITFOYKIY LAWY 0K PGKAPKLL T YHGE TRESGVPSRF ECSGEGTDFTLT 1 SSLUP
Fig 14 version is in Fig. 3, EOFATYYCOUHYRTPPSTGQGTRVETR
144 621 Table 4B AA sequence of 1.C VR consensus ID; non-ID IDRIOMTESPSSLEASVEDRVTITCRSSQS I TR NYKNY LAWY QOKPGEAPKLL IYWGSYLES GV SRF SCSGEGTDF TLTISSLOP
Fig. 14 version 18 in Fie 3 EDFATYYCOOBYRTPPSFGHGTEVE LK
63 Vifto Example 1 NI sequence of HC VR of Abs 014, 028 GAGCTACASCTCCTCGAATCGGGAGROGGACTGGTCARACCCOGTCAATCECTCARAACTCICE TG TSCAGCGTCAGGTTTTACGT
CAGCTCATATGGGATGCACTGOETCOCCCASCCTCUGEGARAGGCACTGGAGTGOETECCAGTCOTETCETATCACGGGAGCARTA
AGTACTACGCCEATTCAGTGUAAGGTCSG T TTACCATT TCGASSGATAACAGC ARGAACACGI TCTAC TTGCAGATGAACTCACTT
AGAGCGEAMATACGGCTETGTACTAT TGCGCCARAGACACAAAGC TGCGATCCCTGTIGTACTTCCARTSGT TG TCCTCGEGCTT
GUTTGACTATTGGEEGCAGGGCECCATGETCACAGTATCCAGTUGCETCGACTAASGEGCCC
6d V.29 Example 1 NT sequence of 1O VR of Abs 014, 154, 157 GAGAT GATGACGCAGAGCCCOGATAGCOTCGC TGCTCTOATTGEEGGARCGEGUCACGAT TAACTCCAAATCCTCALAGTCGET
GACTTICASCTATAAGAATTACCTGECATGATATC AGCABAAGCCAGETCAACCOCCAAAACTGTTGATC TACTSGGCCTCCACAT
GUGAGTCGEGASTCCCCGALCGAT TTTCGEATTCAGEETCCOGCACTGACTTTACCC TCACARTT T CATCGCTTCAAGLGGAGGAT
GTAGCAGTSTACTATTCTCAGCAGTATTACAGAACACCTCCCACCTTCGGAGGEGGAACGARACTTGACATCAAGGGATCC
&} V130 Example 1 NT sequence of LC VR of Abs 028,155 NT:
GAGATCGTGATOACGCAGAGCCCCGATAGL OTCGCTETC TCAT GG EGAACGGECCACGAT TAACTGCAAATCCTCACAGTCGET
GACTTTUGACTATAAGAAT TACC TEECATGE TATCAGCAGAAGCCGEE TCARCCCOCRARACTET Y GATCTACTGECCOTCCACAL
GUEAGTCGOGAG T CCGRACCOATTTICGGGTTCACGGGTCCSGUACTGAC T TTACCCTCACAAT TTCATCGUTTCAAGUGGAGGAT
GTAGCACTGTACTATTOTCAGUAGTAT TACACAACACCTCCCACCT TCCRACGGLGAACGAMACTTCACATCAAGGGATCC
66 Vi3 Expmple 1 NT sequence of HC VR of Ab AIS GRACTCCAAL TCCTCGAGTE AGGAGGACG T ITEG TGARACCEGETCAGTCL TTGARACTGAGC TS TECAGCRAGCGGETTCAUGTT
TACGTCGTACGEUATGCACTGGG T ACGRCALCCTCCUGEGAASCEACT TEGAATCGGTCECCEICATUTCATACGACGGETIGTACA
BATACTATGCGEATAGCGTGCAAGGTCGCTTCACAATT TCCUGEGACART TCCARGANTACACTCTATCT TCAGATGAAC TCRCTE
AGGGCTGAGGACACGECE TTARCTGOGCAARGEAT GACTCAGARTOCT TGTA PEAGTEGECOTGTCGCAGGEETA
TTTCARCCCATEGEGAGCCGGARCCACTTTGACCETATCAAGCECGTCAACAAAGGGEICT
67 V128 Txample 1 NT sequence of LG VR of Ab A1R GAAATTCTAATCACGCAGASCCOTGATAGCCTTGCOGTG TCCCTCEGTGAGAGGGUGACARTCAATTGTAACTCATCACAGTCGET
CACCTACAACTACAAGAACTACC FEGCGTEHTATCAACAGAAACCCEGCCAGCCECCCARATTGCICATCTAT TGGGUTTCHACAL
GEGAGTUGEG TS TGCTAGRLCGT GGATCOGEGAACTGACTTCACG T TGACTAT T TCUAGBCAGAAGAT
CTATTOCCAACAGTATTACAGAACGCCGCCTACATTTGGAGGLEGGATCARACT 3G
STCTICATS CGCCCAGCEACGAGCAGCTGAAGTCOGOCACGECCAGCGTGETETGCCTCOTRAMCAAL
ACCCCCHBCTAGBCAARSGTCCACTGEAAGG TEGAT AALGCCC TCCAGAGC EGEARCAGUCAGGAGAGCS TEACCGAGCASGACTCE
AAGCACARCTACCTACAGCC ICACCAGC AN CCTCACGOTGAGCAAGGCCCGACTACCAGAAGCACAAGETCTACGC CIGUGACGSTGAL
CCACCAGGGECTCTOSEAGUCCCCTGACCAAGASCYTCAACCCEGGUGAGTG
149 V152 Exampla 1 NT sequence of 1O VR of Abs 044, 071, 0072, CACATTCAGATGACTCAGTCACCTTCGTCATTGTCOGCOTCCGTGGG TGATAL

3G TCACGATCACE‘TCCCQGAFCAG"“AC‘TCP1!1
CACCTYCARTTACAARAAL ATCAMCAGAAAICCGEAMAGGECEUNG TEATCTACTEGEGETTY
TTEAGTCGEGEETGCCGTCEASATTTTCGOCCAGCGGATCAGGEACGCATTTCACGCTGACCAT TTOGTCACTCCAGLCCS

GAGGAC
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SAAATCAAGGGATCCGTGES
CCTCOTGAACARCTTCY
PRACCEAGUAGREACTCG
CGAGGTGAC

AAGGACACCACCTACAGC!
CCACCACGGGGCTCTCGAG

GACGOTEAG CAAG
TTCARCCGEOG

130 Vids Example 1 NT sequence of LO VR of Abs 202, 203, 204, GCOCTUCETEGETE STCACGATCACCTGCCBGAGCABCCAGTCCAT
210,031, 032, 033, 034 ATTACAAAARACTATTTGGCATGHTA] A AGAAACCCCCAKAGGCGFCGAA SCTCCTGATC GZTTCATATC
GGuTFCCCMCFA\MTTTTCCGGCA\ GEATTTCACGCTGACCATT GCCCGKG
: —TbGGACAGGGGACTAAACTAGAA g
CCC”CCCRGCFTC F GAAGTCGCGGCACSGLCAGOSETSETE "TCWT”RAPAA”TICT
ACCCCCECCAGGT 1ub§AGqTGhXh AACGOCCTECAGAGCGEGRAACACCCAGGAGAGCGTCACCEAGCAGGAT TG
AGCACCCTGALGCTGAGCAAGGCCGACTACGAGAAGCACAAGCETCTACCCI TGCGAGETGAC
COACCASGEGCTCTCGAGCCCOO TGACCAAGAGC T TCAACCGGOGCEAGTGCTGAGAATTC
151 VH23 Fxample 1 NT soquenoe of HC VR of Abs 004, 005, 006, CAGETACRATTES AGACAGGTGGAL [GAAGUCAGETCAG TCATTCGAARCTGAGLT: CGOATCCGGETTCACATT
012, 013, 032, (338, 043, 044, 045, (46, G47, CACTTCCTRCGES ACTGRGTOCGCCAGDCTCCCGERAAAGSEACTTEAGTEGGTCGUTETG TCETATCATGEEAATTACA
048, 049, 030, 651, 032, 067, 068, 069, 470, BAATACTATGCAGA GECCGGTTTACGATTAGCAGGEACALI TCGAAGAMNTA T CCTCCAAATGAACTCHEC
073, 074, 0758, 076, 077 CACGRAAGSGATTCACSCTTSAGATCGOTECTCTATY CGITOTCACAGGSGTA
ACTGTCAGC TCAGCL TCGACTRAARGGGLCCAGCGTGTTCUCGCTGGUCCCCAGTA
CCTGGEOTGCCTCETCAAGGACTACTTICCCCGAGUCCETGACCEIGTCGTGGARCAGT
GGCECEC (T CCCGECCCTGCTGCAGAGC AGCECLCTC TACTCGCTGAGCAGCGTESTCACCETECT
CAGCAGT ”C“l””r SACCCAGACGTACATCTGCAACGTGAACCACAAGCCOTUGANCACCAAGGTCGAD AN GGAGZCCCC
GCEACAAAACTCACACATECOCACO S TOCCCAGETAL TGAAL! GECGGGACLGTIAGTY TOCLCUCA
. -\CFAASCA CACCUTOATGATCTCCOGEACCOU TEAGGTCACATGUGTEETGRTGEACGTCAGCCACGAAGACCOTGAGEYCAR
T GACGGUGTCGARGTGOATAATGCCARGACRAAGUCGCEGRAGGAGUAGTACARCAGUACGTACCETGTEE
TCAGCGTC ACCGTCCTECACCACGACTEGC TGARTGECAAGGAGTACAAGTGCAAGETCTCCAAC AL CCCTCCCAC‘C(‘CCrw
ATCGAGAMAACCATC AGGTHAGCCCCCAGAALCACAGETGTACACCCTG
GAACCAGCTCAGCCTGACCTGCCTGSTCARAGGLTTCT. -
ACAACTACAAGACCTACGC GTGCTGOACTCCGATGGE
CAGCAGGGEERACGICT COTGATGUATGAGGC
TAAATER
152 V24 Fxample 1 NT sequence of HC VR of Abs ADG], A002, SAAGTACAATIGITTCAST

ADG3, ADIO. ADTT, 031, 037

(ACITCC ACC GATGCH

: c GECCOCTAGEA
GOARGAGUACCASCGECE TCOTGGARCACC
HGEGCGCTEATEAGCGGE .
CAGEAGCA GARCACCAM
ACCTACTEAACTCOTGRER0N
{GGACE!

UAP”A C\GTACAAVAGC

ACXAAGCC,

CCTICTTCCTCTACAGUAAGTT L,LC TGOACAAGAGCAGE
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C\GCE\&CCJA“TGI CTICTCATEOTCCETGATECATSAGEC TC T GCACAACCACTACALGCAGAAGAGCCTCTCCC TG TCTCOGRE
TAAATG
94 13 Fig. 1 AA sequence of HC of Ab A18 TVQLLE“-GGGL\'@(‘OQ_KT SCP\AQGFEFTQYCVW AVRGPPCHOLERVAVI SYDGSYKY YADSVOCRE TISRINSKNTLYLOMNSL
LS GGYFNPHGAGTTL TVESASTKGPEVFPLAP SEKSTEGETAALGCLVKDYFPERPVTVAWNS
SSSLGTQTY ICK SENTHEVDKKVERPPKSCOKTHICPPCPGTELLGGRS VI LE PR
KPKDTLMA SRTPE D5 AKTKPREBGYNSTYRVYSVLTVLHGDWL KCKVSHKALPAR
TEKTISKAKGEPREE <""‘f’" LPPCRDIL TEMOVSLTCLYKGEYPSD IAVERE SNGGPENNYK TTPEVLDSDGSFRLY SKLTVDKSRY
COGNYIECSVMARALENHYTORELSLSPEK
95 28 Fig. 1 A& sequence of LC of Ab A18 E1vMIOSPDSLAVSLGERAT INCRSS0GY TYNY LMVQQKPGQDPKLL TYWASTRESGVPDRE 5G8GSGIOFTLT 1 SSLOGAR r~
VAVYYCQOTY YR TG KbFTRS\/UC LNNF YPREAKVOWKVDNALQSGNSQESVIEQD
KDSTYSLESTLTLSKADYERHKVY ACTT
145 n.a see text AA sequence of 1.C CDRI of Ab 044 GSTTFOVENYLA
14& f.a. see text AA soquence of LC CDRI of FI6 VE KISOSVIFNYKNYLA
147 n.a. see text AA sequence of LC CDR2 of FI6 VK WASARES
148 1.8 see ext AA sequence of LC CDR3 of FI6 VE OQHYRTPPT
68 na. soe text AA scguenee of HC CDR1 of Abs 044, 069, SYAMH
032, 031
69 .4, see text AA sequence of HC CDR2 of Abs 044, 065, VYSYDGNYKYYADRSVOG
032,031
70 2.4 sce text AA sequence of HC CDR3 of Abs (644, 069, DERLEBLLYFERLSQGYFNE
032, 931
71 1k see text AA sequence of LC CDRI of Abs 032, 031 Q51
7 na. see texi AA sequence of LC CDR2 of Abs 044, 069, WESYLES
032, 031
73 n.a. see lext AA sequence of LC CDR3 of Abs 044, 069, CQOHYRTFES
032, 031
74 n.a see text AA sequence of HC TR of Ab 068 QUOLLETEGGLVEPGRELXKLECAASGRIFT
75 1.4, sec text AA scquence of FIC FR2 of Ab 069 WYRQPDCHGLEWVA
76 nLa. sge fext AA sequence of HC TR3 of Ab 069 RFTI SRONSKNTLYLOMNELRAEDTAVYYCAK
77 .o see text AA sequencn of HC FR4 of Ab 069 WGOGTTITVES
78 na. s8¢ oKt AA sequence of LO FR1 of Ab 069 DIQMTQSPSSLSASVGDRVT ITCRSS
79 n.a. gee lext AA soguence of LC FRZ of Ab 069 WYCOKPGEAPKLLIY
30 n.a see text AA sequenee of LC FRY of Ab 069 GYPSREFSGSGEETONILTISSLOPEDEATYYC
81 na see text AA sequence of LC R4 of Ab 069 FGUGTEVEIK
82 n.a see texi AA sequence of HC FRI of Ab (31 EVOLLESGSELVKPGOSLRLSCAMSGETET
83 na see fext AA scguence of LC CDR1 of Ab Al8 ctal. K3SQSVIYNYRNYLA
84 1.5, see lexl AA segrenee of LE CDR2 ol Ab A8 sl al WASTRES
83 n.a see text AA sequence of LC CDRI of Ab AlB et al OOYYRTPPT
86 na. see text AA sequence of HC CDR1 of Ab AlS et al, SYGMH
87 na. 588 text AA sequence of HC CDR2 of Ab A8 et al. VISYDGEYEYYADSV(G
88 na see fext AA segquence of an HC CDR3 DAELRSLLYFERLEGEYEND
89 n.a. ses text AA sequence of HC FR4 of Ab Al8 et al, WGAGTTLTVES
90 n.a, see texi, AA seaquence of LCFR1 of Ab AlSetal EIVMTQSPOSLAVELGERAT INC
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91 .8, see text AA sequence of LC FR2 of Ab AlS et al. HYOORPGUPPELLTY
92 .8 see texd A sequence of LCFR3 of Ab Al et al. SVPDRFEGSGEGTRETLTISSLOARDVAVYYC
93 n.Aa see lexd A sequonce of LCFR4 of Ab Al§ et al. FOGGTKLDIK
171 n.a. see texl A sequence of HC FRA of Ab 078 st al WEQGTIVIVES
172 118 3¢ fext AA scguenee of LC CDR1 of Ab 065 Q8T TPEYKNYLA
173 n.a see text AA sequence of H3 HAL QDLPGND‘NSTATLCLGHHAVPNGT[."JK‘I‘I”E'DDQTFVTNATELVQSSSTGKICNNP‘IR.[ LRGIDCTLIPALLGEPHCDVEONETWERL
£ E GEGT T SRLNWLTESGETYPVLNY THME D
LESRISIYWTIVEPGDVLY INSNGNL 1 APREYE
KM.H.[GK%S IMD\SDAP DTCLSECI ['PN(J,S 1 P\IDKEE'QN VNKI HY(JACPK‘[\JKQ\‘ TLELATGMENVPEXKCTR
174 n.a see text A sequence of H3 HA2 FIENCHEGMT EWYCFRHONSEGTGOAADLK S TOAA I ROINGKLNRV I EKTNEXFHOIEKEF SEVESRIQDLERYVED
LWSYNARLLYVALENQETIDL TDSEMNELFER TRROLEENAESMGRGCFR I YAKCDNAC TES IRNGTYDHDVYRDEALNNRY
175 na Fg. 12 AA sequenes of HC VR of E16 OVOLVOEGGGVVOPGRELAL SCVASGE TF 57 Y AMAWVRDAPCRGL EWVAV [ SYTGNY XY Y ADSVRGRY 5 T SRONSRNTLHLEMNTL
RIEDTALYYCAKDSCLRSLLYFERLSCOYIDPRGQATLYTVIS
176 n.a. Fig. 12 AA sequeace of HC VR of FI370 OVOLVQSGEGVYPPGRALELESCAASGE TE STYGMHRVROAPGRGLEWY AV SYDONYKY Y ADSVRGRE T I SRONSKNTLNLDMNSL
RTEDT YORKDSOLRSLLYFDWLSRGYFDERCCGTLVIVES
1T n.a Fig. 12 A sequence of HC VR of FI6 variant 1 QYVQLYESGEAGVYOPERILELACAASEEIFSEYD CYROAPCRGLERVAVISYDESNKY YADSVRCRFTISRONSKNTLYLOMNEL
RAECTAVYYCAKDSQLRSLLYFDWLEQEYFRYWGQUTLVIVES
178 0.a. Fig. 12 AM sequenee of HEC VR of FIG variant 3 OVOLVESGGGYVQPGRILELSCAAS T AMHWVROAPGKGLERVAVI SYDANY KY Y ADS VKGR TT SRINSKNT LY LOMN 8L,
RAEDTAVYYCAKDSCLRSLLYFEWLSQEYFDYWEOETLVIVESE
178 L3, Fig. 12 A sequence of HC VR of FI6/370 HEE ‘WQ’%?CKGL—W"A" SYDGNYXYYADSVKGRE T SRDNEENTL Y LEMNEL
180 na Fig. 12 AA seopenes of kapps LOC VR of FIO A 'YKNYI,.XWYQQK?GQPPKVL'[YWASARES WPDRFSGEGRGTRFTLTISELOAED
VAVYYCQOEYRTIPRTFGOGTHVELK
181 See text AA sequence of H HA1 PNADTICTGYHANNS TDTYD P VLERNY IVTISVNLLEDSBNGKLCXLECIAPLOLCKCN TAGHL LGNPRCDLLL TAS SWSY IVETS
NSENGTCYPGDF IDYEELREQLESVSSFRKILIFPRTESK T TKGVTAAC SYAGAS SEYRNLLAL TKEGS3YPKLSKESY VNNK
GEKEVLYLWGVHEPPTETDOOSLY ONADAY FESERY TEE L AARPRVRDGAGRMNY YWTLLEPGDT ITFEATGNLIAPWY AR
ALNRGSGSGIITEDAPVARCNTRCQTRPHGAINSSLEFON THEVT LGECPKYVRETKLAMATGLERNIPS 103
182 See text A segnence of HT HAZ2 DZSGYAATDORSTONATIDG I TNEVNSY IEKMNTOF TAVSKEF NNLERRTENLNKKVDDG

FRNMLY F}KVKSOI ENNAKE IGNGCERE

3 FYEKCODACMESVRNGTYRYPXY SEESKLNRERL
VLLYVSLGAI SFHMCENGSLOCRICT

DEVKLESMGVYQILALIYSTVASS
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EXAMPLES

Fxample 1. Desioning of Anti-HA Antibodies

Human antibodies (1gG) targeting viral hemagglutinin (A} were
computationally designed. HA mediates viral binding to host cell surface receptor,
and cell membrane fusion to the viral envelope, resuiting in viral entry, The antibody
molecules described herein were designed to block HAs fusogenic activity.

All antibody constructs were hased on human IgG1 structure (vl heavy chain
and x light chain). Point mutations in the Vy (variable heavy domain) and Vi,
(variable light domain) were computationally designed. These mutations are located
within or outside the CDRs (Complementarity Determining Regions). The mutations
were designed, e.g., to modify antigen binding properties (e.g., for stronger or weaker
binding affinity), or to stabilize structure, or {0 improve expression properties, etc.

The heavy and light chain sequences of one antibody, called AlS8 is provided
in FIG. 1. ‘

The heavy and light chain pairings for exemplary computationally designed
antibodies are shown in Table 3, above in Detailed Description.

DNA sequences for the variable heavy chain and variable light chain for each
of antibodies Ab A3, Ab 031, Ab 032, Ab 044, Ab 014 and Ab 028 are provided

below,

VHI6:

GAGGTACAGCTCCTCGAATCGGGAGGGGGACTGGTCARACCCGETICAATCGCTCARA
CTCTCGTGTGCAGCGTCAGGTTTTACGTTCAGCTCATATGGGATGCACTGGGTCCGL
CAGCCTCCGEGAARAGGCGACTGGAGTGGCTGGCAGICOTGTCGTATGACGGGAGCAAT
AAGTACTACGCCGATTCAGTGCARGGTCGGTTTACCATTTCGAGGGATAACAGCAAG
AACACGCTCTACTTGCAGATGAACTCACTTAGAGCGGAAGATACCGCTGTGTACTAT
TGCGCCARAGACACARAGCTGCGATCCCTGTTGTACTTCCARTGETTGTCCTCEGGC
TTGCTTGACTATTGGGGGCAGGGUGUCATGGTCACAGTATCCAGCGCGTCGACTAAG
GGGCCC {(SEQ ID NC:63)

V629

GAGATCGTGATGACGCAGAGCCCCGATAGCCTCGCTGTCTCATTGGGGEAACGGGCC
ACGATTARCTGCAARATCCTCACAGTCGETGACTTTCAGCTATAACGARTTACCTGGCA
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TCGETATCAGCAGAAGCCGGLTCRAACCCCCARAACTGTTGATCTACTGGLCCTCCACA
CECGAGTCGGGAGTCCCGGACCGATTITCGGETTCAGGGTCCGGCACTGACTTTACC
CTCACAATTTCATCGCTTCAAGCGEAGGATGTAGCAGTGTACTATTGTCAGCAGTAT
TACAGAACACCTCCCACCTICGGAGGGGGAACGARACTTGACATCAAGGGATCC
{SEQ ID NO:64)

VL36:

GAGATCGIGATGACCUAGAGCCCCGATAGCCTCGLTGTICTCATIGEGGEGAACGGGCT
ACGATTAACTGCAAATCCTCACAGTCGGTGACTTTCGACTATARGAATTACCTGGCA
TGGTATCAGCAGRAGCCGGETCAACCCCCAAARACTGTTGATCTACTGGGCCTCCACA
CGCOAGTCGGEAGTCCCGGACCGATTITCGGLTTCAGGGTCCGGCACTGACTTTACC
CTCACAATTICATCGCTITCAAGCGEAGGATGTAGCAGTETACTATTGTCAGCAGTATY
TACAGAACACCTCCCACCTTICCGAGGGGGAACGAAACTTCACATCAAGGGATCC
(SEQ ID NO:65)

VHIS:

GRAGTGCAACTCCTCGAGTCAGGAGGAGGTTTGGTGAAACCGGGTCAGTCCTTGARAA
CTGAGCTGTGCAGCAAGCGGGTTCACGTTTACCTCETACGGCATGCACTGGOTACGSE
CAGCCTCCCGGGAAGGGACTTGAATGLGTCGLCGTCATCTCATACGACGGGTCGTAC
ARATACTATGCGGATAGCGTGCAAGGTCGCTTCACAATTTCCCGEGACARTTCGAAG
AATACACTGTATCTTCAGATGARCTCGCTCAGEGCTGAGGACACCECGETCTATTAC
TGCGCGAAGGATTCGCGACTCAGATCCCTTTTCTACTTTCGAGTGGCTCTCGLAGEGE
TATTTCAACCCATGGGGAGCCGGAACCACTTTGACCGTATCAAGCGCGTCAACARAG
GGGCCC  (SEQ ID NO:66)

VEZE8:

GAAATTGTAATGACGCAGAGCCCTGATAGCCTTGCCGTGTCCCTEEGTGAGAGGGEG
ACBATCAATTGTRAAGTCATCACAGTCGETCACGTACAACTACAAGAACTACCTGGCE
TGGTATCAACAGAAACCCGEGCAGCCGCCCAAATTGCTICATCTATIGGGCTTCGACA
CGGGAGTCGGETGTGCCAGACCGCTTCTCCGGGTCAGGATCGGGAACTGACTTCACSG
TTGACTATTTCGTCCCTCCAGECAGAAGATGTAGCCGTCTACTATTGCCAACAGTAT
TACAGAACGCCGCCTACATTTGGAGGCGGGCACCAAACTTGACATCAAGGGATCCGTS
CCGCCCCCAGCGTCTTCATCTTCCCGCCCAGCGACGAGCAGUTGAAGTUGGGCACG
GCCAGCGTGETIGTGUCTICCTGAACARCTTCTACCCCCGLGAGGCRAAGGTCCAGTGEG
AAGCTGGACAACGCCUTGCAGAGCGGGAACAGCCAGGAGAGCGTGACCGAGCAGGAC
TCGAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAGGCCGACTAC
GAGAAGCACAAGGTCTACGCCTGCGAGETGACCCACCAGGGGCTCTCGAGCCCCGTG
ACCAAGAGCTTCAACCGEGGCGAGTGC  (SEQ ID NO:67;

VL5Z:

GACATTCAGATGACTCAGTCGCCTTCOTCATTOTCCGCCTCCGTGGETGATAGGRTC
ACGATCACGTGCCGGAGCAGCCAGTCCATCACCTTCAATTACARRAACTATTTGGCA
TGGETATCAACAGAAACCCGGARAGGCGCOGAAGCTCCTGATCTACTGGGGTTCATAT
CITGAGTCGGGGEETGCCETCRACGATTTTCLGGCAGCGEATCAGGGACGGATTTCACG
CTGACCATTTCETCACTCCAGCCCGAGGACTTIGCGACATATTACTGTCARCAGCAC
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TACAGGACACCCCCATCTTTCGGACAGGGCGACTARAGTAGAAATCAAGGGATCCGTS
GUCGCCCCCAGCGTCTTCATCTICCCEUCCAGCGACGAGCAGCTGAAGTCGGGCACS
GCCAGCGTGGTGIGCCTCCTGAACAACTTCTACCCCCGUGAGGCGAAGGTCCAGTGG
AAGGTGGACAACGCCCTGCAGAGCGGGARCAGCCAGGAGAGCGTGRCCGAGCAGGAL
TCGAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAGGCCGACTAC
GAGAAGCACAAGGTCTACGCUTGCEAGGTGACCCACCAGGGEGCTCTCGAGCCCCGTG
ACCAAGAGCTTCAACCGGGGCGAGTGLTGA  (SEQ ID NO:149)

VL45:

GACATTCAGATGACTCAGTCGCCTTCGTCATTGTCCGCCTICCGTGGGETGATAGGGTC
ACGATCACGTGCCGGAGCAGCCAGTCCATCACCTTCAATTACAAARACTATTTGGCA
TGGTATCAACAGAAACCCGGARAGGCGCCGAAGCTCCTGATCTACTGGGGTTCATAT
CTTGAGTCGGGGETGCLGTCGAGATTTITCGGGCAGCGGATCAGGGACGGATTTCACS
CTGACCATTTCGTCACTCCAGCCCGAGGALTTTGCGACATATTACTGTCAACAGCAC
TACAGGACACCCCCATCTTTCGGACAGCGGACTARAGTAGAAATCAAGGGATCCETG
GCCGCCCCCAGCETCTTCATCTTCCCGLCCAGCGACGAGCAGCTGAAGTCGGGTALCG
GCCAGCGTGGTGTGCCTCCTGARCAACTTCTACCCCCGCGAGGCERAAGGTCCAGTGG
AAGGTGGCACAACGCCCTGCAGAGUGGGAACAGCCAGGAGAGCGTCGACCGAGCAGGAL
TCGAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAGGCCGACTAC
GAGAAGCACAAGGTCTACGCCTYGCGAGGTGACCCACCAGGGGCTCTCGAGCCCLGTS
ACCARGAGCTTCAACCGGGGECGAGTGUTGAGAATTC {SEQ ID NO:150)

VH25:

CAGGTACAATTGCTTGAGACAGGTGGAGGACTCEGTGAAGCCAGGTCAGTCATTGARA
CTGAGCTGTGCCGCATCCGGGTTCACATTCACTTCCTACGCGATGCACTGGETCCGE
CAGCCTCCCGGARAGGGACTTGAGTGGGTCGCTGTGETATCGTATGATGGGAATTAC
ARRTACTATGCAGACTCCGTGCAAGGCCEETTTACGATTAGCAGGGACAACTCGAAG
AARTACCCTTTACCTCCAAATGAACTCGCTCCGAGCGGAGGACACGGCGGTGTATTAC
TGCGCGAAGGATTCACGGTTGAGATCGCTGUTCTATTTTGAATGGT TGTCACAGGGEG
TACTTCAACCCGTGGEGETCAGGGAACAACACTGACCGTCAGCTCAGCCTCGACTAAR
GGGCCCAGCGTGTITCCCGCTGGCCCCCAGCAGCAAGAGCACCAGCGGCGGGACCGLT
GCCCTGGGECTGCCTCGTCAAGGACTACTTCCCCGAGCCCGTGACCETGTCETGGAAL
AGCGGLGCGUTGACGAGCGGGETCCACACUTTCCCGGCCETGCTGUAGAGCAGLGGL
CTCTACTCGCTGAGCAGCOTGGTCACCGTGCCCAGCAGCAGCCTGGGGACCCAGALG
TACATCTGCAACGTGAACCACAAGCCCTCGAACACCAAGGTCGACAAGAAGGTGGAG
CCCCCGARAGAGCTGCGACAAARACTCACACATGCCCACCGTGCCCAGGTACTGAACTL
CTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAARAACCCARGGACACCCTCATGATC
TCCCGGACCCCTGAGGTCACATGCGTGETGGTGGACGTGAGUCACGAAGACCCTGAG
GCTCAAGTTCAACTGGTACGCTGGACGGCGTGGAGGTGCATAATGCCARGACARAGCCG
CGGGAGGAGCACTACAACAGCACGTACCCTGTGGTCAGCGTCCTCACCGTCCTGCAC
CAGGACTGGCTCGAATGGCARGGAGTACAAGT GCAAGGTCTCCARACARMAGCCCTCCCA
GCCCCCATCGAGRABACCATCTCCAAAGCCAAAGGTGAGUCCCEAGAACCACAGGTG
TACACCCTGCCCCCATCCCGGGATCAGCTGACCAAGARCCAGGTCAGCLTGACC TG
CTGGTCARAGGCTTCTATCCCAGCCACATCGCCGTGGAGTGGGAGAGCARTGGGLAG
CCGGAGARCAACTACAAGACCACGCCTCCCGTGCTGGACTCCGALGGLCTCCTTCTTC
CTCTACAGCRAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCA
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TGCICCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTICCCTG
TCTCCGGGTAAATGA (SEQ ID NO:151)

VHZ24:

GAACTACABRTTGCTTCAGTCGGGTIGGAGGACTCGTGAAGCCAGGTCAGTCATTGAAR
CTCAGCTIGTGCCGCATCCGGEITCACATTCALTICCTACGLCGATGCACTGGGTCCGL
CAGCCTCCCGGAAAGGGACTTGACGTGGGTCGCTGTGGTATCGTATGATGGGAATTAC
ARATACTATGCAGACTCCGTGCAAGGCCGGTTTACGATTAGCAGGGACARCTCGAAG
AATACCCTTTACCTCCAAATGAACTCGCTCCGAGCGGAGGACACGGCGGTGTATTAL
TECGCGAAGGATTCACGGTTGAGATCGCTGCICTATTTTGAATGGTIGTCACAGGES
TACTTCAACCCGTGGGGTCAGGGAACAACACTGACCGTCAGCTCAGCCTCGACTARA
GGGCCCAGCGTGTTCCCGUTGECCCCCAGCAGCRAAGAGCACCAGCGGCGGGACCGLT
GCCCTGGGCTGCCTCGTCAAGGACTACTTICCCCCAGCCCETCGALCGTGTCGTGGAAL
AGCGGCECGCTCACGAGCEGELTCCACACCTTCCCGGCLGTGUTGCAGAGCAGCGEE
CTCTACTCGCTGAGCAGCETGETCACCETCCCCAGCAGCAGCCTGGGGACCCAGALG
TACATCTGCAACGTGAACCACAAGCCCTCGAACACCAAGGTCGACAAGAAGGTGGAG
CCCCCGAAGAGCTGCGACGGTACCCACACATGCCCACCETGCCCAGGTACTGAACTC
CTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCARAACCCAAGGACACCCTCATGATC
TCCCGGACCCCTGAGETCACATGCGTGGTCGTGGACGTGAGCCACGAAGACCCTGAG
GICAAGTTCRAACTGGTACGTGGACCGUGTECAGETGCATAATGCCAAGACARAGCCG
CGGGAGGAGCAGCTACAACAGCACGTACCETGTGETCAGCGTCCTCACCETLCTGCAL
CAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACARAGCCCTCCCA
GCCCCCATCGAGAARRCCATCTCCAAAGCCAAAGETGAGCCCCGAGAACCACAGGTG
TACACCCTGCCCCCATCCCGLGATCAGCTCACCAAGANCCAGGTCAGCCTGACCTGC
CTGGTCAAAGGCTTCTATCCCAGCGACATCGCLETGGAGTGGGAGAGCAATGGGCAG
CCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTC
CTCTACAGCAAGCTCACCOTGGACAAGAGTAGGTGGCAGCAGGGGAACGTCTICTCA
TECTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGARGAGCCTCTCCCTG
TCTCCGGGTAAATGA (SEQ ID NO:152)

Each of the above sequences can be modified to include an ATCGAT
nucleotide sequence at the 5° end, which will encode a variable heavy chain or light

chain polypeptide comprising Ie-Asp at the amino terminus,

Example 2. Binding of Anti-HA Antibodies to Hemagglutinins from a Variety
of Influenza Viruses as Measured by ELISA

The antibodies were tested for binding to hemagglutinins (HAs) from different
influenza strains by ELISA assay. The antibodies were also assayed for BSA binding
to test for non-specific binding. There is not necessarily a direct correlation hetween
the hinding affinity and the level of effectiveness in in vivo studies.

Binding affinity of antibodies was measured by ELISA. To perform the
ELISA, a 96-well flat bottom NUNC Maxisorp plates (Cat#439454), was coated with
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the indicated hemagglutinins (HAs) diluted to 2 ptg/ml. in 1x PBS, 100 uL per well.
The plate was sealed with a plate cover, and allowed to incubate overnight at 4 °C
static. The plates were then washed three times with 1x PBS + 0.05% Tween-20
(PBST). The HA-coated plates were blocked with 200 UL of 5% Blotto (Santa Cruz
Biotechnology Cat#sc-2325) in 1x PBS and incubated at room temperature for 1 hour.
Subsequently, the plates were washed three times with PBST. Once washed, the
antibodies (described in the disclosure) were diluted to the desired starting
concentration in PBST and loaded on the plate with serial dilution. No sample was
added to the last well in the set to get the antigen blank reading. The plates were
incubated at room temperature for 2 hours, static, and then washed three times with
PBST, and tapped to dry. Anti-human HRP-conjugated antibody was diluted in
PBST, and 100 uL of HRP-antibody was loaded per well to all wells. After
incubation for 1 hour at room temperature, the plates were washed three times with
FPBST. TMB solution (KPL, Gaithersburg, MD, Cat#50-76-00) was prepared prior to
use and allowed to warm to room: temperature. The TMB solution was then added to
the plate and developed until max OD is between 2 and 3 absorbance units at 650 nm
as read on a 96-well plate reader (SpectraMax MZ2e or similar), or 4 minutes, upon
attainment of desired O, quench the reaction with 1IN H,S80, and OD at 450 nm on
same plate reader was read on the plate. The O was plotted as a function of

concentration and the relative Kd was calculated using a four-parametric fit.

Antibody Ab 018. Antibody Ab 018 was found to have picomolar binding
affinity to Group 1 strains (H1 (A/Solomon Islands/3/2006), HS
(A/Vietnam/1203/2004) and H9 (A/Hong Kong/1073/99)), and at least one Group 2
strain (H7 (A/Netherlands/219/2003) but not at least one strain of H3
{(AfWyoming/(3/2003)) when measured by ELISA. See Table 5.

Table 5. Antibody Binding Assavs

Ab 018 144 455 VLB 68 845 67

VLB =*Very Low Binding”
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Ab 018 also bound with high affinity to H3 from A/Brisbane/10/2007. The
binding affinity was comparable to H7 I1A. Extending the dose range revealed low
affinity binding of AI8 to A/Wyoming/03/2003 (FIG. 5).

Ab (18 also bound with high affinity to both HA, and intact virus (FIG. 6).

The epitope that Ab 018 binds is therefore present on both cleaved and uncleaved HA.

Antibodies Ab $04, Ab 085, Ab 031, Ab 032, Ab 037, and Ab §38. Binding
affinities for select antibodies (Ab 004, Ab 005, Ab 031, Ab (32, Ab 037, and Ab
438), as determined by ELISA, are shown in Table 6 below.

Table 6. Antibody Binding Assavs

ADCO4 | <80 72 <80 56 713 60 73 66 5.8
aboos | <s0 311 52 65 | 1083 33 54 15 40
AbD31 | <25 331 58 s¢ | 2% <25 91 <5 14
Ab 032 <25 262 <25 94 208 <25 106 79 237
Ab 037 75 5312 &7 140 313 59 114 75 15.1
AbO3E | 64 515 <25 | 102 | 199 87 119 | <5 12.0

Antibodies Ab 014 and Ab 028. Antihodies Ab 014 and Ab 028 were found
to have broad specificity, as measured by ELISA assay (see FIGs. 10A to 10D).

Antibody Ab 044. Antibody Ab 044 was found to have less than 500 pM
hinding affinity (Kd) to hemagglutining (HAs) from a variety of influenza strains of
different groups, clades, and subtypes, inchuding Group | strains (“the Hla chaster”
(H1 (A/Solomon Islands/20/1999, A/Puerto Rico/8/34), H2 (A/chicken/PA2004), HS
(A/Vietnam/1203/2004)); “the HO cluster” (HY (A/Hong Kong/1073/19%9, A/Guinea
fowl/HE/WEL0/99Y); “the H1b cluster™ (H16 {(A/black headed
guliMongolia/1756/2006))) and Group 2 strains (“the H3 cluster”™ (H3
{A/Brisbane/10/2007, A/New York/35/2304, A/Wyoming/3/2003,
AfWisconsin/07/2005, A/Moscow/10/1999, A/Perth/16/2006, A/Urugnay/716/2007));
“the H7 cluster” (H7 (A/Netherlands/219/2003))), when measured by ELISA.
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Antibody Ab 044 was also found to-have less than 300 pM binding affinity
{Kd) to an HA from influenza B (B/Wisconsin/1/2010) as measured by ELISA.

Example 3. Binding of Anti-HA Antibody Ab 032 to Hemagelatinins from

Various Influenza Strains as Measured by Surface Plasmon Resonance (SPR)

The GE Biacore ™ Biotin CAPwre Kit {Amersham Biosciences, Pittshurgh,
PA) has been successfully used to measure the on-rate (k) and off-rate (kye), from
which the dissociation constant (K = kog'kon) was obtained between two partners.
Specifically, the inferaction of Ab 032 against sub-stoichiometrically biotinylated and
immobilized H3 (A/Brisbane/10/07), H7 (A/Netherlands/219/03), H1
(A/California/t7/09), and HS (A/Vietnam/1203/2004) hemagglutinins from Protein
Sciences (Meriden, CT) were assessed using surface-plasmon resonance on a
Biacore® 3000 (Amersham Biosciences, Pittsburgh, PA). The kit contains a chip
whose surface is covalently modified with single-stranded DNA. The kit also
contains complementary DNA modified with streptavidin, which is captured by the
surface through hybridization. Biotinylated hemagglutinin targets that have been
passaged through two Zeba Spin Desalting Columns and Devices 7k MWCO
{Thermo Fisher Scientific, Rockford, I1) to remove unincorporated bi{)tin.wem
applied at the desired RU level (~100 RU of different hemagglutinin ligands on flow
cefls 2, 3, or 4). The biotinylated target ligand was immobilized by the strong,
non-covalent biotin-streptavidin interaction, and modification of target lysines with an
activated NHS ester of biotin (#21338 EZ-Link Sulfo-NHS-LC-LC-Biotin from
Thermo Fisher Scientific, Rockford, 1L} was performed sub-stoichiometrically with
respect to the hemagglutinin ~72 kD4 monomer to aid in uniform ligand presentation.
The kinetic pararmeters were based on global fitting of 4 or more curves generated by
sequential 30 uL/min injections of Ab 032 antibody analyte of increasing
concentration (500 sec of on-rate data to fit) and accomulation of the decay data when
the injection was stopped (1200 sec of off-rate data to fit), using double reference
subtraction and a 1:1 binding with mass transfer model with a docked chip that was
normalized with 40% glycerol prior to the experiment. Running buffer and diluvent for

Ab 032 was 1 x PBS (Gibeo®, Life Techrologies Corporation, Grand Island, NY) in
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3mM EDTA (pH 8.5) and 0.005% Surfactant P-20 (GE # BR-1000-54, Amersham
Biosciences, Pittsburgh, PA). The BIAevaluation software (version 4.1.1) was used
in the 'Kinetics Simultzneous ka/kd. .. module in which the refractive index was sel to
0, the Rmax was fit locally, and the 1:1 binding with mass transfer was employed.
The data were 'double reference subtracted' before processing, in which the signal
from the reference flow cell {containing the streptavidin surface but no
hemagglutinin) was subtracted from the hemagglutinin-containing flow cell of
interest; from the curves within this set were then subtracted the curve from the
ranning buffer injection (no antibody). The surface was regeneraied by DNA
denaturation with an injection of 0.25M NaOH and 6 M guanidine-HCI prior to the
next cycle of applying fresh DNA-streptavidin and biotinylated hemagglutinin target
for the next Ab 032 concentration injection. Three blank injection full run cycles
were performed followed by low to high concentl'ﬁtions of Ab 032 analyte, and the
third blank injection was used for double reference subtracting using flow cell 1,
which contained hybridized DNA-streptavidin conjugate, but without being charged
with biotinylated material.

Binding of Ab 032 antibody analyte was measured against
sub-stoichiometrically biotinylated and immobilized hemagglutinin H7 Netherlands
target. Two-fold serial dilutions of Ab 032 from § aM to 0.5 nM were used against
85 RU 17 deposited.

In a separate experitment, binding of Ab 032 antibody analyte was measured
against sub-stoichiometrically biotinylated and immobilized hemagglutinin H1
California 07 target. Two-fold serial dilutions of Ab (032 from 8 nM to 0.5 nM were
used against 111 RU IH1 deposited.

The results are shown in Table 7 below.,

Table 7. Binding Affinity of Ab 037 as Measured by SPR

Antibody : Target ke ko kst Kage X K. | Chi
M {error) ™ {error) | (pM) | {error | (ezrus)
)
Ab 032:H3 161x10° [ 1.24% | 376x 107 [ 0.56% | 234 | 1.36% | 04
{ A/Brisbane/10/07}
Ab 032:H7 T13x10° | 034% | 161 x107 | 652% | 145 1062% ] 05
(AMNetherlands/219/03)
Ab 032:H1 1.55%x10° | 024% 1 245x10° 1 228% | 16 |229% | 08
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{A/California/07/09)
Ab 32:H5 988 x 10° | 0.23% NA NA NA NA 0.4
(A/Viemany1203/2004)

The off-rate (kor) for Ab 032 interacting with H3 Vietnam was so slow, that it
fell outside of the range of Biacore measurement specifications (<Sx10“6 s“I), and is
therefore designated as not available (NA) in Table 7. Since ithe dissociation constant

5 (Kp)is determined by the off-rate divided by the on-rate, it also bears the NA

designation.

Exampie 4. In Vio Antiviral Activity of Anii-HA Antibodies
MIC assay, CPE assay, and gRT-PCR.

10 The antibodies were tested to determine minimum inhibitory concentration

(MIC). Despite the results of the ELISA assay (shown in Example 2) indicating that
A18 does not bind a strain of H3 (A/Wyoming/03/2003), A18 neuiralized strains of
both HIN1 (PR$) and a different strain of H3N2 (X-31) in vitro in a MIC assay. MIC
of A18 with PR8 was about 26 pg/m1., and MIC of A18 with X-31 was about 421
15 pg/ml.
The antibodies described in Table 6 also neutralized HINT and H3N2 viruses

in vitro. See below in Table 8.

Table §. Results of MIC Assavs

Ab 004

Ab 003 10
Ab 031 |
Ab 032 3
Ab 037 4
Ab 038 2

In a cytopathic effect (CPE) assay, Al8 at 10 pg/ml and 50 pg/ml
demonstrated near complede inhibition of X-31 infection while the AB1 anti-HA
control antibody at 10 ug/mL and 50 pg/mL showed little or no inhibition of X-31
infection (FIG. 4). AB1 binds the stem region of the HA (rimer.
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A gPCR assay quantification of X-31 viral RNA further indicated that the ICsq
of A18 is likely significantly lower than 10 pwg/ml..

RT-PCR experiments revealed that A18 could neutralize multiple H3NZ
strains, including Vic75 (ICso= 2 ugfml.), X-31 (ICx= 0.4 pg/mi.) and Bris(7 (ICs=
~7 pg/mL).

Visual and Newtral Red Assays.

External validation of in vitro neutralization potential of Ab 032 was
confirmed by visual and neutrat red assays.

Briefly, the antibodies were prepared in MEM solution with 50 pg/mL
gentamicin. Starting at 500 pg/ml. as the highest concentration, half-log dilations
were prepared and added to 5 wells each on a 96-well plate with MDCK cells in
confluency. Three wells of each dilution were infected with a low titer of virus, and
two wells remained uninfected as toxicity confrols. Plates were incobated 3-6 days
until virus control wells reached maximum cvtopathic effect (CPE). Plates were
either evaluated by visual scoring of CPE or stained with neutral red dyc for
approximately 2 hours, then supernatant dye was removed from the wells and the
incorporated dye was extracted in 50:50 Sorensen citrate buffer/ethanol, then the
optical density (0.D.) was read on a spectrophotometer. O.D. were then converted to
percent of cell controls and nosmalized to the viros control, then the concentration of
test compound required (0 inhibit CPE by 50% (EC50) was calculated by regréssion
analysis. The concentration of compound that would cause 50% CPE in the absence
of virus was similarly calcuiated (CC30). The selectivity index (ST) is the CC50
divided by EC5(.

The results are shown below in Table 9.

Table 9. Resulis of Visual and Neutral Red assavs for Ab (32

HINI Cald | <0059 | >180 >3100 .
HINI 8] <0.059 | >180 >3100 008 | >180 | >2200
HIN2 Bris07 | <0059 | >180 >3100 | 0076 | >i80 | >2400
H3N2 Fujien(3 | <0059 | >180 >3100 2.2 >180 >§2
H3N2 Pand) 19 >180 >95 | 38 >180 >4.9
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H3NZ >510 1.5 >180 =120
Shangdong93 033 >180
H3N2 Vic75 i1 =180 >160 i.3 >180 >140
H3N2 Wyo(3 5.3 >180 >34 >180 >180 0
H5N]1 Duck§1 <0.059 =180 >3100 <0.059 =180 >3100

28] is selectivity index (CC30:ECS0)

The in vitre antiviral effect of Ab 44 was also examined by the assay
described above, The results are shown in Table 10, In vitro, Ab 044 demonstrated
5 dose-dependent viral inhibition in vitro with an BCso in the range of 0.3 — 6.8 vg/ml

against alf Group 1 and Group 2 virus strains tested.

Tabie 1G. Results of Neutral Red Assay for Ab 044,

. a Ab 044 (ug/mL)

Virus inoc. EC? CCurt S
HINI California 04/2009 300 5.1 >500 >08
FINT Solomon Islands 160 1.2 500 >420
H3IN2 Brishane/10/2007 40 0.3 >300 >1700
H3N2Z Fojian/411/2003 63 0.3 =500 > 1800
H3N2 Panama/2007/99° 13 11 >500 »45
H3NZ Shangdong/09/93 100 0.6 =500 >890
H3N2 Victoria/3/75° i2 4.9 =500 >100
H3N2 | Wyoming/03/2003 10 6.8 >500  >74
HSNT Duck/MN/1525/81 160 1.5 >500 >330

‘Inocuium, 30% cell culture infectious dose (CCIDS50) of virus per well
10 CCsy = 50% toxic concentration of compound without virus added (ug/ml)

‘ECs, = 530% effective antiviral concentration (pg/mL)
‘81 = CCSO/ECS0
“Mouse-adapted strain

15 Example 5. In Vitro Drug Resistance Assay

The emergence of drug resistance was evaluated after continuous exposure of
the H1N1 influenza strain PRB to anti-influoenza HA-targeting antibodies described
herein. In brief, PRE was pre-incubated with an antibody at the ICsq for 40 minutes
prior to infecting confluent MDCK cells in a 96 well plate format. Infection occurred

20  for | h, at which time antibody and viras containing media was removed and replaced
with virus-free media containing the antibody at the ICsp. After 48 hours incubation
at 37°C, 5% COs, the supernatant was removed and viral titer was quantified by real

time PCR using primers specific for the virus M protein. Once titered, viral

2606



10

15

25

30

WO 2013/170139 PCT/US2013/040534

supernatants were diluted and used to re-infect MDCK cells at the same PIU/mL
following pre-incubation with drug at the ICso. As each round of re-infection
continues under drug pressure, there is an increased likelihood of selecting for
resistant populations. €179 was evaluated as a control agent since it is a known anti-
influenza agent that targets the stem region of HA (Ckuna et al., J Virol 1993).

An example using two control anti-HA stem antibodies, AB1 and C179
{Takara), is shown in FIG. 11. Concentration of both antibodies was maintained at
Lpg/ml (starting FCS50 levels for both). After 5 rounds of passaging in the presence of
(179, but not in the presence of AB1, PRE viral titers recovered, suggesting that
under given conditions PR is resistant to escape from AB! inhibition but not from
that of C179.

Both AB1 and C179 inhibited PRS8 propagation in MDCK cells, however this
inhibition was lost over five rounds of passaging with C179 treatment while it was
retained during AB1 treatment. Drug passaged PRE was plague purified to isolate en
plaques which were sequenced for HA to confirm that AB] was not generating
minority resistant populations.

These results indicated that weatment of cells with AB1 prevented production

of escape mutants for at least five rounds of infectivity.

Example 6. Inbibitions of H3-Mediated Cell Fusion by Anti-HA Antibodies

Ab 032 and Ab 044 were evaluated for their abilities to block cell-cell fusion.
Briefly, the assay utilizes HEK293 cells that stably express and display HS (Viet04).
The metmbrane-anchored hemagglutinin can be induced to convert to its fusion
conformation by a brief (3 minute) exposuare to low pH (5.0). A 3-hour incubation
period follows to allow the cells to recover and fuse to form syncytia. A nuclear stain
is used to aid in the visualization of these fusion products, and their count is used as a
gange of fusion activity. The test antibody is added either before or after the low pH
reatment to determine with which stage of the fusion process it interferes.

Ab 032 or Ab 044 was added at the indicated levels to 96-well plate cultures
of HEK293 cells displaying surface H5 (VietO4) either | hour before or immediately

after induction of HA into iis fusion conformation by a 3 minute low pH (5.0) or
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neuiral pH (7.0; control). After the 3-minute induction to stimulate cell fusion, the
buffer was replaced with full culture medium (pH 7.4), and the cells were allowed to
recover and fuse Guring a 2-3-hour incubation period. Cell cultures were treated with
Ab (32 at either (, 10 or 100 ug/mL. or with Ab 044 at 0, 0.2, 0.78. 3.13, 12.5, or 50
ug/mL, either before or after fusion induction by low pH or treatment with control
butfer at neweral pH. The cells were then fixed and their nuclet stained with Hema-3.
The degree of cell fusion was measured by the number of syncytia observed under the
microscope lens (20X) per field (FEG. 15).

As shown in FIG. 13, Ab 032 is effective in inhibiting cell fusion only when
added to the cell culture before the activation of HA by low pl.

As shown in FIG. 18, syncytia formation between HA-expressing cells was
inhibited with pre-treatment of Ab (44 in a dose responsive manner. The result
indicated that Ab (44 was able to block HA-mediated fusion if present prior to
exposure to low pH buffer, presumably by binding to HA and preventing its
conversion to the active/fusogenic conformation. Ab044 does not inhibit

agglutination of tRBC by HIN1 virus.

Examglé?. Prophviactic and Therapeutic Effect of Anti-HA Antibodies in a
Murine Co-Infection Model

Therapeutic administration of Ab 032 and Ab 028 rescued mice challenged
with HINI and H3NZ2.

To test the effect of anti-HA antibodies in vivo, a mouse model of co-infection
was used (McCullers, “Effect of Antiviral Treatment on the Gutcome of Secondary
Bacterial Pneumonia afier Influenza” Jour. Infect. Dis. 190:516-526, 2004). Briefly,
on day zero, mice were anaesthetized under isoflurane and challenged intranasally
with influenza I11N1 at 100 PFU/head in a volume of 50 pl. PBS. On day 7 after
viral infection, mice were anesthetized under isoflurane and challenged intranasally
with Streptococcus pneumoniae at a dose of 200 CFU/Mead in a volume of 50 L
PRS. Animals were administered drug by intraperitoneal (IP) treatment in a 200 pL
volume on the days as indicated in Table 11. Because the anaesthesia regimen may
contribute to the disease state, all mice were anaesthetized at both infection steps.

Lungs were harvested on day four post-viral infection for the determination of viral
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load and on day eleven post-viral infection for the determination of bacterial load.
Lungs were stored at -80°C until such time as all samples could be analyzed for viral
and microbial loads respectively. Weight and body score of the animals were
recorded daily. Animals were euthanized upon loss of considerable weight (>20%) in
conjunction with physical indicators of illness such as piloerection.

A schematic of the experimental design is provided in Table 11 below. The
negative control group was co-infected but received no agent other than PBS.
Ribavirin, a known inhibitor of HINT, was used as the positive control for antiviral
activity. Azithromycin, a known inhibitor of Streptococcus pneumoniae, was used as
the positive control for antibacterial activity. Ab (032 was administered as prophylaxis
in a single dose 24 h prior to infection at 10 mg/kg or as therapy in a single dose 48 h
after infection at 10 mg/kg. Ab 028 at 10 mg/kg was administered as therapy in a
single dose 48 h post infection.

Table 11. Experimental Design for Murine Co-infection Model

Day Negative | Ab 032 ' Ab 032 | Ribavarin | Azithremycin | Ab 028
control | (mg/kg) | (mg/kg) | (mg/kg) (mg/kg) | (mg/kg)
-1 - 10 - - - -
0 - - - 75 - R
(N1
Challenge)

1 - - - 75 . N

2 - - 10 75 - 10

3 - - - - . .

4 - - - - - .

{Lung
Harvest)
5 . - _ . - _

6 - - - - . .

7 - - - - 16 -
{(Strep

Challenge)

] - - - R
9 - . - .
10 - - - -
11 - - -
(Lung

Harvest)
12 - - - -

(WA IR, |
1

L
'

L
¥

13 - - i -

Lnjta
]

14 . - . )
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Survival curves were generated to describe the experimental outcome.
Ribavirin treatment failed to rescue animals from death while Ab 028 therapy resulted
in 100% survival (FIG. 16). Ab 032 either as prophylaxis or as therapy at 10 mg/kg
protected 80% of mice from death due to secondary paeumococcal infection, despite
comprising no direct antibacterial inhibitory activity (FIGs. 9A, 9B and 9C).

Taken together, Ab 028 and Ab (32 can not only impact virak-induced damage
but also prevent complications from secondary, opportunistic bacterial infections,

such as from Streptococcus pneumonia.

Exammie 8. Pronhvlactic and Therapeutic Efficacy of Anti-HA Antibodies
AB1 and AL1S in HINI and H3N2 Mouse Models

The prophylaciic and therapeutic efficacy of anti-HA antibodies AB1 and A18
was investigated in the HIN1 and H3N2 mouse models in essentially the same way as
described in Example 10

The results are shown in FIGS. 7A-7B. AB1 and A18 were efficacious at 10
mg/kg against HIN1 (PR8) when administered to mice 48 h post infection (F1G. 7A).

A18 was also efficaciouns at 10 mp/kg against H3N2 (Vic75) when

' administered (0 mice as prophylaxisor 48 h post infection (FIG. 7B).

Example 9. Prophvlactic and Therapeutic Efficacy of Anti-HA Antibodies Ab
028. Ab 031, and Ab 032 in HIN1 and H3N2 Mouse Models

The prophylactic and therapeutic efficacy of anti-HA antibodies Ab (28, Ab
(31, and Ab 032 was investigated in the HINT and H3N2 mouse models in

essentially the same way as described in Example 10.

The results are shown in FIGS. 8A-8B. FIG. 8A indicates the survival time of
HiN1-infected mice that were administered 11A-antibody therapy 48 hours after
infection. FIG. 8B indicates survival time of H3N2-infected mice administered

HA-antibody therapy 48 hours after infection.

Example 10. Prophvlactic and Therapeutic efficacy of Anti-HA Antibody Ab
(044 in HINT and H3NZ Mouse Models
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In vivo experiments were perforined to investigate the potential of ageat Ab
(44 as both therapy and prophyiaxis in the HINI and H3N2 lethal mouse models. A
dose response design was utilized to discriminate the minimum amounts of drug
required for therapeutic efficacy. Ab (044 is sometimes referred to herein as (G044,
Gd4, or Ab(4d4,

Briefly, both the HINT and H3N2 mouse models were lethal with a challenge
dose of PRS at 100 PFU/Mmead and of Victoria at 10,000 PFU/head. Mice were
anaesthetized under isoflurane and challenged IN with 50 ul viral suspension.
Animals were administered agent IP in a volume of 200 ul, (a) as prophylaxis one day
prior to infection, {b} as therapy two days post infection, or (c) as therapy three days
post infection. Weight and appearance of the animals were recorded daily. Animals
were euthanized upon loss of considerable weight (>20%) in conjunction with high
body score indicating iliness. Lungs were harvested from some animals on day four
post infection for the determination of viral load by plaque assay. In addition, lungs
on day eight were submitted for histological cxamination. The study was completed

as follows (Tabie 12).

Table 12, Experimental Design

. Diose Time of
Influenza Strain Agent (mefke) Administration
HINI PRE PBS (Vehicle) - 48 h post infection
HiNI PR8 Rihavirin (+) 75 3 days treatment
HINI PR8 Ab 044 10 24 h prior lo infection
HIN1 PRE Ab (44 2.5 24 h prior o infection
HINI PRY Ab 044 (.6 24 T prior io infection
HiNI PR8 Ab (44 10 48 b posi infection
HINI PR8 Ab 044 2.5 48 h post infection
HiNI PR3 Ab 044 0.6 48 h post infection
HINI PRS Ab 044 20 72 b post infection
H3N2 Vietoria PBS (Vehicle) - 48 h post infection
H3NZ Victoria Ribavirin (+) 75 3 days treatment
H3N2 Victoria Ab 044 10 24 h prior to miection
H3NZ Victoria Ab (44 10 48 hpost infection
H3NZ2 Victoria Ab 044 2.5 48 h post infection
H3MNZ Victoria Ab 044 0.6 48 h post infection
H3N2 Victoria Ab 044 20 72 b post mfection
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Summary of Resulis

In lethal influenza challenge models against FIIN1 (A/Puerto Rico/08/1934;

Group 1 vires) or H3N2 (A/Victoria/03/1975; Group 2 virus), a single injection of Ab
044 at 10 mg/ke (48 hours post infection) or 20 mg/kg (72 hours post infection) leads

LA

o 100% survival of mice (h=>5 per arm) if administered therapeuticaily. Survival is
correlated with secondary metrics, including drop in viral titer and reduction in viral-
induced weight loss and body score.
In lethal influenza challenge models against H1N1 {A/Puerto Rico/08/1934) or

HIN2 (A/Victoria/3/1975), a single injection of Al 044 at up to 10 mg/kg (24 hours
10 pre infection leads to 100% protection of mice (n=35 per arm) if adminjstered
prophylactically. Survival is correlated with secondary metrics, inchading drop in
viral titer and reduction in viral-indnced weight loss and body score.

The detailed experimental results are presented below.

15 HINI Resuls
Visual cues, Animals were monitored for signs of iliness (ruffled fur,
hunching} daily. The visual score reflects the average of the group; here, Ines
without point markers reflect the average of recovering survivor(s).
Mice that were challenged with HIN1 appeared sick three days post infection

20 and were euthanized on day seven, as expected. Mice that were chaﬂenged with
HIN1 and treated with ribavirin exhibited negligible sign-of illness and recovered
fufly. Mice that were treated with Ab 044 one day prior to challenge at 2.5 mg/kg or
10 mg/kg exhibited no sign of illness. Mice that were treated with Ab 044 one day
prior to challenge at 0.6 mg/kg exhibited signs of illness; 60% recovered.

25 Agent Ab 044 was administered in a dose response manner two days post
infection. Animals that received 10 mg/kg exhibited little sign of iliness while
antmals that received 2.5 mg/kg or (. 6 mg/kg became quite il with some deaths
counted in both groups. Agent Ab 044 was also administered at 20 mg/kg three days
post infection; those animals benefited from therapy, with a clear difference between

30 weated and untreated animals on day six, and foll recovery by day seven.
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Animals were also monitored for weight loss. The weight change reflects the
average of the group; here, lines without point markers reflect the average of
TECOVErng survivor(s).

Mice that were challenged with HIN1 lost » 20% weight by day seven and

5 were eunthanized, as expected. Mice that were challenged but treated with ribavirin at
75 mg/kg once per day for three days exhibited < 10% weight loss and recovered.
Mice that were treated with Ab 044 one day prior to challenge at 2.5 mg/kg or 10
mg/kg exhibited no weight loss or gained weight over time. Mice that were treated
with Ab 044 prophylaxis at (0.6 mg/kg lost a substantial amount of weight, with three

10 of five animals fosing = 16% body weight; two of five animals were euthanized (FIG.

19A).

Ab 044 therapy was administered in 2 dose response manner. Animals that
received 10 mg/kg exhibited 10% weight loss and recovered. Animals that received
2.5 mp/ke lost substantial weight with four of five animals losing > 16% body weight;

15 three animals were enthanized. All but one animal that received 0.6 mg/kg fost >20%

body weight and were eathanized (FIG. 198},

In summary, Ab (044 prophylaxis one day prior to challenge prevented death
from HIN] infection when administered at = 2.5 mg/kg. Ab (44 therapy two days
post infection rescued mice {rom death when administered at 10 mg/kg while Ab 044

20 therapy three days post infection at 20 mg/kg was [ully efficacious.

Viral load. The lung viral loads four days afier HINI infection were assessed
in a single plague assay (Table 13). The reductions in lung viral load were more
substantial than expected in three groups: ribavirin, Ab 044 prophylaxis at 10 mg/kg,

25  and Ab 044 prophylaxis at 2.5 mg/kg. The viral loads in the samples were confirmed
by a repeat plagoe assay then again by qPCR (data not shown) and thus reported here.

Table £3. Tung Viral Load in Mice Four Davs after Challenge with TTIN1

PRE
” Lung Viral .
Treatment Group (i::;ﬁ: ) Load HINI sr ﬁiﬁ?&ﬁ:ﬁ;
& @erumy |
Untreated - 6.03 -
Ribavirin 75 4.38 1.65
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Ab 044 prophyiaxis 10 4.45 1.38
Ab 044 prophylaxis 2.5 4.08 1.95
Ab 044 prophylaxis 0.6 5.28 0.65
Ab (44 therapy at .
e 10 5.34 0.69
Ab 044 therapy at
AR B 2.5 549 0.54
Ab (44 therapy at
PP 0.6 5.74 0.29
Ab (044 therapy at 20 599 014
72h

Comparisons wete made between treatment groups to assess the significance
of the reductions in lung viral load. Significance (p<(.05) was determined Mann
Whitney U test. The lung viral load in all (reatment arms was significantly different
from that in the untreated group, with the exception of the Ab 044 therapy at 0.6

mg/kg at 48  which was no dilferent from untreated.

E3N2 Resuits

Visual cues. Animals were monitored for signs of illness (piloerection,
hunching} daily.

Mice that were challénged with H3N2 appeared sick three days post infection
and were euthanized on day seven, as expected. Mice that were challenged with
HAN2 and treated with ribavirin exhibiied no sign of iliness and recovered fully, as
expected. Mice that were (reated with Ab (44 one day prior to challenge at 10 mg/kg
exhibited no sign of illness.

Agent Ab (44 was administered in 2 dose response manner two days post

infection. Animals that received therapy a¢ > 2.5 mg/kg exhibited negligible iliness

and recovered fully. Mice that received therapy 0.6 mg/kg were indistingvishable
from mice in the untreated group, with severe iilness and enthanasia required by day
seven. Agent Ab 044 was also administered at 20 mg/kg three days post infection;
those animals benefited from therapy, with a clear difference between treated and

untreated animals on day four, and full recovery by day six.

Animals were also monitored for weight loss (F1Gs, 20A-20B).
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Al mice that were challenged with H3N2 lost > 10% weight by day five and
were euthanized with > 20% weight loss on day seven. Mice that were challenged but
treated with ribavirin at 75 mg/kg once per day for three days exhibited < 10% weight
loss and recovered. Mice that were treated with Ab 044 one day prior to chailenge at

5 10 mg/kg gained weight over time (FIG. 20A).

Ab 044 therapy was administered in a dose response manner. Animals that
received 10 mg/kg exhibited < 10% weight loss and recovered. Animals that received
2.5 mg/kg lost > 10% weight but recovered. Animals that received 0.6 mg/kg losi >
20% body weight and were euthanized (FIG. 20B).

10
Viral load. The Jung viral loads four days after H3N2 infection were assessed
in 2 single plaque assay (Table 15).
Table 15. Lung Viral Load in Mice Four Davs after Challenge with HIN2
T
' Lung Viral .
Treatment Group Dose Load H3N2 Log Reduction
(mg/kg) | “ppyjmy | Lrom Untreated
Untreated - 6.48 -
Ribavirin 75 5.66 0.82
Ab 044 prophylaxis 10 542 1.06
Ab 044 therapy at .
4% h 10 5.46 1.02
Ab (44 therapy at .
48 h 23 599 0.49
Ab (44 therapy at 06 6.44 0.04
48 h
Ab 044 therapy at
- 20 5.64 0.84
15

Comparisons were made between treatment groups o assess the significance
of the reductions in lung viral load. Significance (p<0.05) was determined Mann
Whitney U test. The lung viral Joad in all treatment arms was significantly different
from that in the untreated group, with two exceptions. The lung viral loads after Ab

20 044 therapy at 48 h at 2.5 mg/kg or 0.6 mg/le were no different from. unireated.

Correlation between in vitro and in vive aclivities,
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Agent Ab 044 exhibited reproducible in vitro activity against HIN3 FRE and
H3N2 X31 (Table 17).

Table 17. In vitro activity of Acent Ab 044 as Measured by CPE

HINI ¢ H3N2
Assay # | NB Ref | Agent Lot# PRS X31
27 56-33 | Ab 044 § 202165 13 13
27 56-33 | Ab044 | 202175 12 12
27 56-33 | Ab044 | 202176 18 9
27 56-33 | Ab 044 | 202177 14 14
28 36-56 | Ab044 | 202188 8 i4

In vitro activity has translated into in vivo activity in both models. The lung
viral 1oad on day four provided a snapshot of the infection state (FIGs. 21A-21B) and
demonstrated a significant {p<0.05) reduction in viral load attributable to various
treatment strategies with Ab 044,

A second snapshot of the infection was taken when lungs were hazvested for
histological examination on day eight (Tables 14 and 16). Administration of Ab 044
at 10 mg/kg as prophylaxis one day prior to challenge substantially decreased the
severity of necrosis and inflammation attributable to HIN1 infection. Therapeutic
administration of Ab 044 at 10 mg/kg two days after infection had no clear effect on
ihe distuption of fine lung structure atiributable to HIN1 or H3NZ infections. The
expectalion was tﬁat both Ab 044 prophylaxis and therapy would visibly reduce the
inflasnmation and necrosis associated with influenza infection. Instead, there appears
to be a timing component, such that delivery of Ab 044 in advance of the infection
alters the cytokine cascade with its recruitment of white cells and resultdng
inflammation and necrosis while delivery of Ab 044 after infection minimally impacts

the oHcome.

Survival curves generated for the HINI model. Ab 044 prophylaxis
resulted in 100% survival despite lethal challenge when administered at > 2.5 mg/kg
one day prior to infection (FIG. 224). 100% survival of lethally infecied animals
was observed with Ab 044 therapy two days post infection at 10 mg/kg or Ab 044
therapy three days post infection at 20 mg/kg (FEG. 22B).
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Survival curves generated for the H3NZ model. Ab 044 prophylaxis at 10
mgfkg resulted in 100% survival (FIG. 23A). 100% survival of lethally infected
animals was observed with Ab (044 therapy two days post infection at = 2.5 mg/kg or

5 Ab 044 therapy three days post infection at 20 mg/kg (TIG. 23B).

In swmmary, Ab (44 was efficacious in both the HINT and H3N2 mouse
models (Table 18). Administration of Ab 044 prophylaxis at 2.5 mg/kg or higher
resulted in 100% survival in the HIN1 model, a dose that would likely also achieve

19 100% survival in the H3N2 model. Administration of Ab (044 therapy at 48 h post
mmfection at H) mg/kg against the HINT infection and at > 2.5 mg/kg against the
H3N2 infection achieved 100% survival. Administration of Ab 044 therapy at 20

mg/kg three days post infection rescued 100% of HINT- and H3N2-infected animals.

15 Table $8. In vivo Efficacy of Agent Ab 044 in Lethal Mouse Models
- . Dose Survival (%
Agent Administration | ooy [T HINT (PR) HSD)JZ VicTE)
Untreated - 0 { ‘ 0
Ribavirin Days 0, 1,2 75 100 100
Ab 044 24 h prior o infection 10 100 106
2.5 100 nd
0.6 60 nd
Ab 044 48 h post infection 10 100 100
2.5 40 100
0.6 20 0
Ab 044 72 b post infection 20 100 ' 100

Exampie 11, Prophvlactic and Therapeutic Efficacy of Anti-HA Antibody Ab

{44 in a Highly Pathogenib Avian Influenza A Virus Mouse Model
20 Ab 044 was tested to determine its efficacy in a highly pathogenic avian
mfluenza A HSN1 mouse model.
The objective of this study was to evalvate both prophylactic and therapeutic

dosing regimens of Ab 044 for efficacy. The parameters/endpoints to be assessed
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included: weight loss (assessed every day for 21), virus lung titer reduction at day 4

post virus exposure, and mortality.

Materials and Methods

Amnimals: Female 17-20 g BALB/c mice were obtained from Charles River
Laboratories (Wilmington, MA) for this stady. They were maintained on Wayne Lab
Blox and tap water ad libitum. They were quarantined for 24 h prior to use.

Viruses: Influenza A/Vietnam/1203/2004 (H5N1) virus was obtained from
Dir. Jackie Katz of Centers for disease confrol. Mice exposed to lethal dose of the
virus (3 MIID30, 5 PFU/mouse) generally die from days 8-13.

Experimental design: Groups of mice were intraperitoneally (i.p.)
administered Ab 044 one time {qd} 24 h before virus exposure with doses of Ab (44
at 20, 10, or 5 mgikg. Five of those mice were sacrificed on day 4 to determine the
extent of observable gross lung pathology, the extent of Jung edema in the form of
increased lung weights, and to determine viras hung tters. The remaining mice were
observed for mortality or for adverse events until day 21 following virus exposure.
Thirteen micé were treated with 20 mg/kg Ab 044 24 h after virus exposure and 13
mice were treated with 20 mg/kg Ab 044 48 I after virus exposure with 4 mice from
each group being sacrificed on day 4 post virus exposure as described of above, the
remaining kept for observation of death or adverse events until day 21 following
exposure 10 virus. An additional 7 mice received oseltamivir at 30 mg/kg/d, twice a
day for five days (bid X 3) beginning at time (; being observed for mortality or
adverse events until day 21 after virus exposure. Twenty mice were also treated with
PSS 48 h after virus exposure, and 5 of these were sacrificed for lung titers on day 4.
These mice represented the placebo controls. Mice were weighed every day up to day
21, or until death, beginning just prior to virgs exposure.

Lung virus titer determination: Each mouse lung was homogenized in MEM
solution and assayed in (riplicate for infectious virus in MDCK cells. Sampies from
each test group were titered in triplicate.

Statistical analysis: Normality of the animal weights was assessed by
D'Agostino & Pearson ommibus normality test. Upon finding that the weight data fit a

(Gaussian distribution, statistical inferences were made by two way analysis of
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variance followed by pairwise comparisons using Bonferroni's post-tests 1o compare
each treatment gronp to the placebo treatment. Survival analysis was done using the
Kaplan-Meier graphing method and a Logrank test. That analysis revealed significant
differences among the treatment groups. Therefore, pairwise comparisons of survivor
curves (PSS vs. any treatment) were analyzed by the Gehan-Bresiow-Wilcoxon test to
determine which treatment group differed significantly from the placebo group, and
the relative significance was adjusted to a Bonferroni-corrected significance threshold
for the namber of treatment comparisons done.

Hazard ratios (HR), which compare how rapidly groups of treated mice are
dying relative to untreated control groups of mice, were determined by the Maniel-
Haenszel tests as part of the survival analysis program used above (GrapbPad Prism®
for MAC v5). The Kruskal-Wallis test, followed by Dunn's posttest for evaluating
significant pairwise comparisons, was used to detect significant differences in mean
day of death between treatment groups and the placebo-treated mice. Differences in
the ratios of live mice/total mice for treatment groups were analyzed using
contingency table analysis, and pairwise comparisons to the placebo-treated group
were made by Hisher’s exact tests.

Virus lung titers from each treatment group were compared to untreated
controls using the analysis of variance on log-transformed values assuming equal
variance and normal distribution. When significance at P<(0.05 was achieved by
ANOVA analysis of ali treatments, individual treatment values were then compared to

the PSS conirol using Newman-Keuls pair-wise comparison tests.

Summary of Results

In a lethal influenza challenge model against HSN1 (A/Vietnam/1203/2004;

Group [ virus), a single injection of Ab 044 at 10-20 mg/kg (24 hours pre- infection)
or 20 mg/kg (up to 72 hours post infection) leads to 100% survival of mice (n=>5 per
arm) if administered therapeutically. Survival is correlated with secondary metrics,
including drop in viral titer and reduction in viral-induced weight loss and body score.
In this same experiment, 30 mg/kg of oseltamivir, administered twice daily for 5 days,

resulted in only 60% survival.

213



10

15

WO 2013/170139

Mice treated with Ab 044 at 10 mg/ke were observed for 14 days. Ab 044-
treated mice did not lose weight or show any visible signs of stress. Histological
analysis was performed on langs harvested on day 8, where iissues were scored on the
basis of observed necrosis or signs of inflammation. Neither necrosis nor
inflammation was observed in the tissues of mice treated with Ab 044,

The detailed experimental results are presented below.

Results

The weight data shown in FIG. 24 suggest that the compound was well
tolerated even in infected mice, since mice treated with Ab 044 did not lose
significant amounts of weight compared to the starting weights of these treated mice.
In addition, the Ab 0d4-treated, infected mice were significantly protecied against
weight loss due to virus infection at all concentrations of Ab 044 used from days 7 to
12 post virus exposure regardless of the dosing regimen used (FIG. 24, Table 19;
P<0.01-P<{(1.001). The only exception (o this generalization was the group of mice
that was treated with Ab044 at 5 mg/kg/d (gd X 1, beg. -24 h) on day 12 post virus
exposure. Especially notable about the lack of weight loss was the fact thal mice
reated with the 20 mg/kg doses did not lose weight at all and rnost‘mi.ce even had
gained weight compared to their starting weight by the end of the experiment. This
correlated very well with (he fact that mice receiving Ab 044 at 20 mg/kg post virus
exposure all survived the infection (FIG. 25). In fact, significant numbers (90-100%)
of mice survived the infection in each treatment group receiving Ab 044 regardless of

dose and treatment regimen used (P<0.0001).

214

PCT/US2013/040534



$iT

Table 19. Table of Significant Weight Differences Hustrated in FIG. 24,

Tevel of Significance

Treatment vs. PSS Day 7 Day 8 Day & Day 10 Day i1 Day 12 Day 13 Day 14
Ab 044 (20 mg/kg/d, qd X 1, -24 h) P<0.003 P<0.001 P<0.001 P<0.001 P<(1.001 P<0.001 P<0.001 P=<0.001
Ab 044 (10 ma/kpid, gd X 1, 24 b) P<0.01 P<0.001 P<0.001 P<0.001 P<0.001 P<0.01 P<0.001 P<0.001
Ab 044 (5 mg/kg/d, gd X 1, -24 h) P<0.01 P<0.01 P<0.001 P<0.001 P<0.00} NS® P<0.001 P<0.001
AbG4d (26 merkg/d, qd X 1, +24 h) P<(.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<G.001
Ab 044 (20 mg/kg/d, ad X 1, +48 h) P<0.01 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.003
Qseltamivir (30 mpke/d, bid X 5, 0h) P<0.01 P<0.001 NS NS P<0.05 NS P<6.01 P«<0.001

*Not Significant (P>0.05).
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Although only 60% of mice treated with oseltamivir survived the infection,
this survival rate was significantly different from the infected untreated group of mice
(P =0,0055). In the past, when H5N 1-infected mice have been treated with
oseltamivir at 30 mg/ke/d for eight days instead of the five days as was done in the
current study, 90-100% of mice treated for the longer period of time survived the
virus infection with littie or no weight loss. The weight toss In past studies was
significantly less than for untreated, infected mice, unlike the weight loss detected at
days 9, 10, and 12 post virus exposure in the current study (FIG. 24, Table 19).

Interestingly, it was during the time period of days §-12 post virus exposure
that mice in the oseltamivir-treated group of mice succambed o the vinus infection in
the current study (FIG. 25).

Not only did treatment of mice with Ab 044 significantly protect mice against
death as measured by total survivors (Table 20, Live/Total column, P< 0.0019), but
the treatments also profoundty affected the kinetics of death; mice treated with Ab
044 were 11-38 tirnes less likely to die as rapidly from virns infection, if at all, than
untreated, infected mice (Table 20, hazards ratios). In addition, for most Ab (44
treatment regimens the one mouse that did succumb to infection in each group did so
one fo two days later compared to mice that died in the placebo (P5S) group (Table

20, see mean day of death).
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Table 20, Tffects of Ab 044 on Various Mortality Parameters Measured for BALB/c Mice Infected with a Lethal Dose of Influenza

AfVietnam/1203/2004 HSN1 Virus

Animals: Pemale 17-20 g BALB/c Mice
Virus: Ia/Vietnam/1203/2004 (HI5N1) 1 1L.D90
Virus route: L.a.

Puration of Experiment: 21 days

Treatment Schedule: Variable

Treatments:

Ab (44
Oseltamivir

Treatment route: i.p.

Mean Day of

Median Survival

Hazard Ratio

Treatment Live/Total Death + 5D° (days)” (95% CIy*
PSS 0/15 11.341.8 115 -

Ab 044 (20 mg/keg/d, qd X 1, -24 h) O/ 1+ 10.0 200 Undefined 10.9 (3.9-32.3)
Ab 044 (10 mg/kg/d, qd X 1, 24 h) G/ 10 120 £00 Undefined 14.2 (4.7-42.6)
Ab 044 (5 me/kg/d, qd X 1, 24 h) 9/10% 13.0£00 Undefined 15.74 (5.3-46.7)
Ab 044 (20 me/fkg/d, gd X 1, +24 1) 5/9'f SIS Undefined 38.0(12.2-116.6)
Ab 044 (20 mg/kg/d, qd X 1, +48 h) ' 0/9™ S [k Undefined 38.0(12.2-116.6)
Oseltamivir (30 mg/kg/d, bid X 5,0 h) 47 11306 Undefined 4.8 (1.6-14.3)

*The average time to death among animals succumbing to the infection.

® The time at which fractional survival equals 50%. (i.e., the calculated time at which half the subjects have died and

half are stili alive.)
¢ Hazard ratios are calculated relative to the placebo.

Live/Total: * P = 0.02, ** P = 0.0019 vs. Placebo, T P = 0.0014 vs. Placebo. Mean Day of Death: *** P<(),001 vs. Placebo.
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No gross lung pathology or edema was detected at day 4 post virus exposure,
because these infection related phenomena are usually observed at day 8 or later after
virus exposure in the HSN1 mouse model. However, the virus lung titers were
significantly for reduced in mice treated doses of Ab 044 at 10 mg/kg or greater
regardless of when Ab 044 was administered (Tahle 21, P<0.05, P<(.01). The virus
lung iiters from mice reated with 5 mg/kg of Ab 044 were lower, but statisticatly
similar to the virus lung titers detected in the lungs of mice from the placebo group.

Thus, reduction of virus ung titers early in the infection by Ab (44 treatment
at 24 b post virus exposure likely redaced the amount of antigen produced that was
capable of inducing a pathogenic hyperinflammatory response characteristic of H5N1
pulmonary infections in mice (Otte et al., Am I Pathol 179:230-239 (2011)).
However, the virus titer data from the treatment beginning at 48 h post virus exposure
seentingly could contradict that hypothesis, since day 4 titers for that group of mice
were near the levels of the piacebe-treated mice. It may be that treatment at 48 h kept
the titers sufficiently low for the next 24 b to avoid a hyper-inflarnmatory response to
the original insult. 1t is also possible that the compound did not have sufficient time to
exert its antiviral effect between 48 hrs and the 4-day virus titer assay, but it had

sufficient activity by day 9 when deaths began to protect the mice from death.
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Table 21. Effects of Ab 044 on Lung Virus Titer Measured for BALB/c Mice Infected with a Lethal Dose of Influenza

AfVietnam/1203/2004 HSN1 Virus

Animals: Pemate 17-20 g BALB/c Mice
Viras: ta/Vietnam/1203/2004 (HSN1) 1 LDY0
Vivus route: L.n.

Duration of Experiment: 21 days

Treatinent Schedule: Variable
Treatments:

Ah(44
Oselamivir

Treatment route: iLp.

Treatiment

Lung Virus Titers + SD

PSS

Ab (44 (20 mg/kg/d, gd X 1, -24 b)
Ab 044 (10 mg/kg/d, qd X 1, -24 h)
Ab 044 (5 me/kg/d, qd X 1, -24 h)
Ab 044 20 mg/kg/d, gd X 1, +24 h)
Ab 044 (20 mgfkeg/d, gd X 1, +48 h)

5.67+£0.49
3.54 £ 091 %
3004 1.05%%
440 +0.62
3.98 +0.98*
524 31088

* P05, ** P<0.01 vs. Placebo.
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In conclusion, at doses of 2.5 and 10 mg/kg, Ab 044 gives 100% protection
from lethal challenge of HINT and FI3NZ, respectively. Furthermore, when the
monoclonal antibody was administered up to 72 hours after infection, it was
completely effective in treating the infection with 100% survival for both HINT and
H3N2 virus subtypes. Ab (44, regardiess of the dose or dosing regimen used
(prophyvlactic or therapeutic), was extremely efficactous in protecting BALB/c mice
against death due to an extremely lethal infection with a highly pathogenic avian
influenza A H5N1 virus. Moreover, the same Ab {044 treatment regimens were
extremely effective in preventing weight loss due to virus infection and in

significantly reducing day 4 virus lung titers.

Example 12. Competition Assavs for Antibody Epitone Mapping

Competition ELISA is used to test whether a monoclonal antibody {mAb1)
alters the ability of another antibody (c.g., mAb2, or test antibody) to bind the target.
To perform the assay, a 96-well flat bottom NUNC Maxisorp plates (Cat#d39454) is
coated with the desired hemagglutinin {IA) diluted to 2 pg/mL in 1x PBS, 100 L
per well. The plate is sealed with a plate cover, and allowed to incubate overnight at 4
°C static. The plates are then washed thrice with 1x PBS + 0.05% Tween-20 (PBST).
The HA-coated plates are blocked with 200 pL of 5% Blotto (Santa Cruz
Biotechnology Cat#sc-2325} in 1x PBS and incubated at room temperature for 1 hour.
Subsequently, the plates are washed thrice with PBST. One hundred microliters of
mAb] is then added (o the wells at saturation concentration (determined previously)
and incubated for 2 hours at room temperaiure. Post-incubation, the plates are washed
to remove unbound mAbi and the test antibody (mAb2) is diluted to the desired
starting concentration in PBST and loaded on the plate. The plates are incubated at
reom temperature for 2 hours, static and then washed thrice with PBST, and tapped to0
dry. Appropriate HRP-conjugated antibody at desired concentration is diluted in
PBST, and 100 ul of HRP-antibody is loaded per well to all wells. After incubation
for 1 hour at room temperature, the plates are washed thrice with PBST. TMB
solution (KPL Cat#50-76-00} is prepared prior to use and allowed o warm tc room
temperature. The TMB solution in then added to the piate and developed until max

0D is between 2 and 3 absorbance units at 650 nm as read on a 96-well plate reader
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{SpectraMax M2e or similar). Upon attainment of desired OD, the reaction quenched
with IN ;804 and the OD at 450 nm is read. The OD is plotted as a function of
concentration and the ¥d is calculated using a four-parametric fit. The existence of an
overlapping epitope between mAbl and mAb2 will be indicated by a significant drop
in binding of mAb2 to HA in the presence of mAb] relative to that observed in its

{mAb1} absence in control wells.

BExample 13: Making and Testing of Candidate Antibodies

Recombinant expression of antibody:

For recombinant expression of an [gG1, the Vi and Vi regions of the antibody
can be either isolated from B-cells, hybridomas or synthesized and sub-cloned into
plasmids containing Cpapns and Cp respectively. Recombinant expression of
antibody can be carried out in mammalian cells such as HEK 293-F FreeStyle
suspension cells (Invitrogen, Carlsbad, CA) cultured in 293-F PreeStyle Expression
Medium {Invitrogen, Carlshad, CA) maintained at 37 °C, 80% humidity and 8% CO..
Cells (with > 95% viability) are transfected with Poly-ethylene-imine Max (PEI-
MAX, PolySciences) with equivalent amoundts of HC and LC containing plasmids.
Seven days post-infection, the cells are harvested by spinning the cells at 4000 rpm
for 15 min at 4 °C and fikered through a (.45 pm filter system (Nalgene) and
supplemented with 1:1000 diluted protease inhibitor cocktail (Calbicchem).

The antibody is purified from the supernatant using a Protein A resin (Pierce)
filled column on a AKTA Purifier FPLC system. The antibady is eluted with a 100
mM Glycine-HCI buffer (pIl 2.5) buffer and pH neutralized by the addition of 10%
1M Tris-base 2.5 M NaCl (pH 8.5). The purified sample is then buffer exchanged inio
1x PBS (pH 7.4) and concentrated by ultrafiltration/diafiloation (UF/DF) using & 30
KDa MWCQ spin filter (Millipore). Purified antibody is quantified using NapoDrop

spectrophotometer.

FELISA binding assays
Recombinant hemagglutinin is dihued to 2 pg/mL in PBS and 100 pl is used
to coat 96-well microtiter plates (Immuno™ Maxisorp, Nunc). The plates are

incubated at 4°C overnight. The plates are subsequently washed thrice with 1x PBS +
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0.05% Tween-20 (PBST) and then blocked with 200 uL of 5 % Blotto (Santa Cruz
Biotechnology) in 1x PBS for 1 hr. The plates are then thrice washed with PBST and
antibody serially diluted in PBST is added and incubated for 2 hrs at room
temperature. The wells are subsequently washed with PBST and the bound IgGi is
detected using 100 ul of 1:1000 HRP-conjugated anti-higG1l. After 1 hr incubation,
the plates are washed and the reaction was developed using TMB sohution (KPL) and
stopped by addition of IN HS0,. The absorbance at 450 nm is measured using d
TMB on a SpectraMax MZ2e plate reader.

Microneutralisation assays

In vitro neutralization assay is performed using the protocol described by
Sidwell and Huffman to test the ability of the antibody to inhibit infectivity of
infiuenza viros in MDCK cells. Briefly, the antibody is prepared in half-log dilutions
starting with 500 pg/ml in MEM solution with 50 pg/ml. of gentamicin. Each
dilution is added to 5 welis of a 96-well plate with confluent cells. Three wells of each
dilution is infected with a low titer of viras, and two wells remain uninfected as
foxicity controls. Ribavirin is included as a control. Plates are incubated 3-6 days vntil
virus control wells reached maximum cytopathic effect (CPE). Plates are then stained
with neutral red dye for approximately 2 hours, then supernatant dye is removed from
the wells and the incorporated dye is extracted in 50:50 Sorensen citrate
buffer/ethanol, and the optical densily is read on a spectrophotometer. Optical
densities are converted to percent of cell controls an(i normalized (o the viras control,
and the concentration of test compound required (o inhibit CPE by 50% (ECso) is
calculated by regression analysis. The concentration of compound that would cause
50% CPE in the absence of virus was simmilarly calculated (CCsg). The selective index

(ST) is the CCsp divided by ECsq.

Imcorporation by Reference
All publications, patents, and patent applications mentioned herein are hereby
incorporated by reference in their entirety as if each individual publication, patent or

patent appiication was specifically and individually indicated to be incorporated by
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reference. In case of conflict, the present application, including any definitions

herein, will control.

Eguivalents

Those skilled in the art will recognize, or be able 10 ascerfain using no mose
(han routine experimentation, meany equivalents to the specific embodiments of the
invention described herein. Such equivalents are intended to be encompassed by the

following claims
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We Clajms:

1. An isolated antibody molecule comprising:
- {a) aheavy chain immunoglobulin variable region segment comprising:
a CDR1 comprising the sequence S-Y-A-M-H (SEQ ID NO:68);
a CDR2 comprising the sequence V-V-5-Y-D-G-N-Y-K-Y-Y-A-D-5-V-Q-G
(SEQ ID NO:69); and
a CDR3 comprising the sequence D-8-R-L-R-8-L-L-Y-F-E-W-L-S-Q-G-Y-F-N-P
(SEQ ID NO:70); and
(b) alight chain immunoglobulin variable region segment comprising
a CDR1 comprising the sequence Q-S-1-T-F-D-Y-K-N-Y-L-A (SEQ ID NO:145);
a CDR2 comprising the sequence W-G-8-Y-L-E-S (SEQ 1D NGO:72); and
a CDR3 comprising the sequence -Q-H-Y-R-T-P-P-5 (SEQ ID NO:73).

2. The isolated antibody molecule of claim 1, comprising a heavy chain

immunoglobulin variable region segment that comprises SEQ ID NO: 25.

3. The 1solated antibody molecule of claim 1 or 2, comprising a light chain

immunoglobulin variable region segment that comprises SEQ ID NO: 52.

4. The isolated antibody molecule of any of claims 1-3, comprising a heavy chain
inmunogiobulin variable region segment that comprises SEQ ID NO: 25 and a light chain
immunoglobulin variable region segment that comprises SEQ ID NO: 52.

5. The isolated antibody molecule of any of claims 1-4, comprising a tetramer of two
heavy chain immunoglobulin variable region segments, each comprising SEQ 1D NO: 25 and

two light chain immunoglobulin variable region segments, each comprising SEQ 1D NO: 52.

6. The isolated antibody molecule of any of claims 1-5, wherein said antibody

molecule comprises a full length antibody.

224



10

15

20

25

30

7. The isolated antibody molecule of any of claims 1-6, wherein said antibody

molecule comprises a humanized antibody molecule.
8. The isolated antibody molecule of any of claims 1-7, wherein said antibody
molecule comprises two heavy chain immunoglobulin varable regions and two light chain

immunoglobulin variable regions.

9. The isolated antibody molecule of any of claims 1-8, wherein said antibody

molecule is an IgG antibody.
10. The isolated antibody molecule of any of claims 1-4, wherein said antibody
molecule is a single chain antibody (scFv), a F(ab™), fragment, a Fab fragment, or an Fd

fragment.

11. Use of the antibody molecule of any of claims 1-10 for the manufacture of a

medicament for preventing or treating an influenza virus infection in a human subject.

12. The use of claim 11, wherein the human subject is at high risk of exposure to

mfluenza virus.

13. The use of claim 11 or 12, wherein the human subject is immunocompromised, 65

years or older, 6 months to 18 years old, or has a chronic medical condition.

14. The use of any of claims 11-13, wherein the subject has or 1s at risk of having a

secondary bacterial infection.
15, The use of any of claims 11-14, for use in combination with a second agent.

16.  The useof claim 15, wherein the second agent is selected from the group

consisting of a vaccine, an anti-viral agent, a pain reliever, an anti-inflammatory agent, an
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antibiotic, a steroidal agent, a second antibody molecule, an adjuvant, a protease, a glycosidase,

and a neuraminidase inhibitor.
17.  The use of claim 15, wherein the second agent is selected from the group
consisting of acyclovir, ribavirin, amantadine, rimantadine, zanamivir, oseltamivir, laninamivir,

and peramivir.

18, The use of any of claims 11-17, wherein the influenza virus is an influenza A virus.

19.  The use of claim 18, wherein the influenza A virus is a Group 1 strain.
20. The use of claim 18, wherein the influenza A virus 1s a Group 2 strain.
21.  The use of claim 18, wherein the influenza A virus 1s selected from the group

consisting of H1, H3, H5, H7, and H9 strains.

22, The use of claim 18 or 21, wherein the influenza A virus is an HIN1, H3N2, or
H5NT1 strain,

23.  The use of any of claims 11-22, wherein the antibody molecule is administered at

a dose of between 1 mg/kg and 50 mg/kg.

24.  The use of any of claims 11-23, wherein the antibody molecule is administered at

a dose of between 25 mg/kg and 50 mg/'kg.

25.  The use of any of claims 11-24, wherein the antibody molecule is administered

prior to known exposure to the influenza virus mfection.

26.  The use of any of claims 11-24, wherein the antibody molecule is administered

prior to manifestation of an effect or a symptom of the influenza virus infection.
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27.  The use of any of claims 11-24, wherein the antibody molecule is administered

after known exposure to the influenza virus infection.

28.  The use of any of claims 11-24, wherein the antibody molecule is administered

after manifestation of an effect or a symptom of the influenza virus infection.

29.  The use of any of claims 11-28, wherein the human subject is tested for the

influenza virus.

30. A pharmaceutical composition comprising the antibody molecule of any of claims

1-10 and a pharmaceutically acceptable carrier.

31. A kit comprising the antibody molecule of any of claims 1-10; and a

pharmaceutically acceptable delivery vehicle or buffer, a delivery device, or both.
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