US 20140348851A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2014/0348851 A1l

Ahmed et al. 43) Pub. Date: Nov. 27, 2014
(54) ANTIBODIES DIRECTED AGAINST Publication Classification
INFLUENZA
(51) Imnt.ClL
(71) Applicants:Rafi Ahmed, Atlanta, GA (US); Jens CO7K 16/10 (2006.01)
Wrammert, Decatur, GA (US); Patrick GOIN 33/569 (2006.01)
C. Wilson, Chicago, IL. (US) (52) US.CL
CPC ... CO7K 16/1018 (2013.01); GOIN 33/56983
(72) Inventors: Rafi Ahmed, Atlanta, GA (US); Jens (2013.01); GOIN 2469/00 (2013.01); CO7K
Wrammert, Decatur, GA (US); Patrick 2317/76 (2013.01)
C. Wilson, Chicago, IL (US) USPC oo, 424/147.1; 530/388.3; 530/388.15;
. 530/391.3; 435/188; 536/23.53; 435/320.1;
(73) Assignees: THE UNIVERSITY OF CHICAGO, 435/5
Chicago, IL. (US); EMORY
UNIVERSITY, Atlanta, GA (US)
(57) ABSTRACT
(21) Appl. No.: 14/350,632 o ) o ) )
Antibodies that specifically bind influenza virus hemaggluti-
(22) PCT Filed: Oct. 18, 2012 nin A (HA), and antigen binding fragments thereof are dis-
closed herein. In several embodiments, these antibodies are
(86) PCT No.: PCT/US12/60912 broadly neutralizing. Nucleic acids encoding these mono-
clonal antibodies, vectors including these nucleic acids, and
§371 (1), host cells transformed with these vectors are also disclosed.
(2), (4) Date:  Apr. 9,2014 Compositions are disclosed that include these antibodies,
s antigen binding fragments, nucleic acids, vectors and host
Related U.S. Application Data cellf. Method ogf usi%lglthese antibodies, and antigen binding
(60) Provisional application No. 61/548,704, filed on Oct. fragments, nucleic acids, vectors and host cells, such as for

18, 2011, provisional application No. 61/603,895,
filed on Feb. 27, 2012.

diagnosis and treatment of an influenza virus infection are
also provided.



Patent Application Publication  Nov. 27,2014 Sheet 1 of 90 US 2014/0348851 A1

o 2
¥
i o 00 oig, o g S
P
5 g$
L E SoQ < 1ot
o /e G_ . e W=
= S & @ 0o %0 g B
. 8 Q 88
O s - FVE
e Co oo oo o
- O pe
& E o 9g 8o B
&
®
=
oogé E SR
e B
&
" oo 5 g
g S S o o Q}% %go 3 1Y Ik
3 o e ool oo
& - i
N 5 8
SOWNEG vonau Jed syuwgeugeid Py 0 § B
¢ 09 0 g
Bugaunos-of) sgmeds-snaa oR “23’ = o
g 8 8§ g -
g & e
s & A
B Snad sogpw ad sisegewiseid
B Bugauoaes b sgosds snya
=
g
-
- - o o
< - P '+
- - i
: - & L3
O] -
e o , O
] = = . ®
- : ~ A e
-$ SR
Lo
-Be < S0
& 303 gt
- : T o
- . 2%
IS oasg
- 8
w :I:E:i
. o O
e
-
- ® d
L]
-1 L e P
- & < < = At
b3 ’ » »® x * g g @ s
SIREEEREERE g ¥ 7
s e
8z Aecyp Aegt 6002 (INIH) £ AepD e NGd vogpu dod sisegewisepd

sputaptied O oBuByD PIOJ YK Bugsives b syiveds prusny



Patent Application Publication = Nov. 27,2014 Sheet 2 of 90 US 2014/0348851 A1

FIG. 2A FIG. 2B
Pandeasic (HINT) 2009 virus binading Pandemic (HINT) 2009 HA binding
{45078 mabs} - {2845 mabs}

& B
3 =
s 2
fa ]
0 v
#
T 2z 4
Bodarity 189 Molarity (x10%
FIG. 2C
Heulralization £ R4 hinding

Hemeggplutination inhihition

YSIFRE

BRPOHS
SE-ZHN
FE-RRE
2R
IS-20BR
F5-2E04
RS

53008
YSIEM

IR-3308
£5-2508 e
TE-2A T H IS A
£23AH Y R T T
5 % % o R - R & ]
- ) L
Concaniration {pofmi) Concentration {pgimi} AUC {x 10
FIG. 2D . .
Connpratibor
EEO S TH.5883 WH geue
P 3502 1-18
R-EANE -84
§-33

5388
Riem reackive

Coptrds i
Head suacibe

Farcant bt



Patent Application Publication  Nov. 27,2014 Sheet 3 of 90 US 2014/0348851 A1

FIG. 3A ELISA frecombinant HA)

Pandemic AfBrevig mission/ifis  A/Brisbane/S9/07 Alindonesia/5ios A/Brishanel Vo7
{HINT) 2008 {HIN1} 1918 {HIN1} 2007 {HEN1) 2008 {HBN2) 2007
ggsg{tsgg NN AT RN AN N\

IAGT SO s N AN

20-3G0E NN AR_-.
95-. SN NN
15-2A01 NNNNW AR
154403 N Ry
152605 W EXN

S SR 1

5 R - : 5
L N R N I N EEN

AUC (2109

FIG. 3B

Meutralization Head reacihes; HAIMouir}

Pandemic AfNaw JarseyITS  AFOrtMonmouthil4T  AlSol Skndsi08  AMNew Cal/2WSS  AMBrisbaneifsio?
{HTR1) 2008 EHINT} 1876 {HINT) 1947 (H1N1) 2066 {HINT) 1298 {H1N1) 2067

2852 |
130007 S

152296
352006

15207 -HHNIITINN. NN

FERA5 RN SRR

454433 NN | KD

152608 NN SN

E2F08 RN - N

26200 '{\’Q\}L’_’_'_W\\\&\\\Q\\- 1: ! T T T T T T T 1 1\} ! T T T T T T
E O S . &:&»} L T ) 5,\@@ LIS SN

Concantration fugimi}

%
e
2 |

FlG . 3C Neutralization {Stem reactive; HALHeuls)

' Pandemic AiFort # thi147 ASol slands/306  AMew Cal/SeiS8  Arisbanef59i07 Brishane
(RN} 2000 BN} 1847 {HINT) 2008 {HiN1) 1999 {HiKT) 2007 HIND) 2007

#3602 TN AT MR’ NN W DRI
w32t NN NN DTN TIITHv N\

; v ; ;
E R T O S N I L S N L LT R S

Consemntration {ugiv}



US 2014/0348851 A1l

Nov. 27,2014 Sheet 4 of 90

Patent Application Publication

SUIDIIBA

6002 {LMLH)
HBpuRd

o

g %
=
4
-
28

1 =
el
m.
fiss 03
£

o B
B
ke d
o5,
5

oy 4
b
%

06

av ‘ol

8007 (LN 1H]) snuspurd

LoD

SLHIORA

SUIIIBA
wBiojBALL] £y
oLBnoz  HAaowsp o

o

54

Looo oxd

Loo0 0>d

0%

aush pA J0d suoEINW O QNN

Vv "Old



% Pandemic (H1N1) 2008 HAspecific
IgG memory B cells per total IgG-secreting celis

= ©
=
...Q.i - ot o
R RS C W SRR W T T B % ¥ 5 S TR ST TR ¥ - S—_—3—- - > ¥
N
£
3 us
£ @
@ @
o T | (%2
o ® ® >
Q
e 3
Q
pou 1

% Pandemic (H1N1) 2008 HA-specific
IgG memory B cells per total igG-secreting cells

= X -y
2 h ke o
L S Bevsndivsnibonlvitobolitih "W Y E
N4
S
0 @
S ] e ® oo e ®
D1 @ ® o0 |e®® 0 00 n
£y @ 9]
,O .
o g U1
O w
o+

IV 1s88¥£0/v10C SN 0630 S19YS HI0T7 ‘LT AON  uopedqng uopedddy juaeq



FIG. 6
Plasmablast recall response fo

drifted seasonal influenza strains

Pre-existing memory
B cell poot

Plasmablast response to } .
shifted pandemic influenza A

7
s
# :

Memory B cells with varying degrees of crss<eactivity
against epitopes in the HAs of seasonal vaccine straing
untlergoing antigenic doft

HBroadly cross-reactive memory B cells specific for d
highly conserved epitopes in the stem or head of HA

{present in both drifted and shifted straing}

e
3
\\\\- g
B3 ' i

uonedqng uonedddy yuajeq

06 J0 9133YS $10T ‘LT "AON

IV 1S88¥€0/¥10T SN



Patent Application Publication = Nov. 27,2014 Sheet 7 of 90 US 2014/0348851 A1

30

20

Lay after vaccination

.

10000y

SR von sad sysejgewsed
Bunausaes-aby oyveds-aupoep

FIG. 7



US 2014/0348851 A1l

Nov. 27,2014 Sheet 8 of 90

Patent Application Publication

tpeilzneyl sopzmyauLgsy

08 BEGLOLIRIVORDIy Bl

{08} UL IS DURIS] UOWDIDE
{64} Logziegmurgsug

108 L7611 DAINBILYE 30

{503} So0zIpERIIOED

187 BLBLILARSIRT MY

}

el gisn sy Binsig

Fa ARt RO T e

8 'Ol




Patent Application Publication

Coey

Nov. 27,2014 Sheet 9 of 90 US 2014/0348851 A1l

s 10060

FIG. 9A

BB Pandemic (HINT) 2009 virus

[ 20092010 Trivalent vaccing
10604

160

101

influgnzaspecific iglsecmting
plasmablasts per 105 PEMIs on day 7

B ok B A S D DN

N
Subjsot

FIG. 9B

Pandeais
{HInt

Precgoart gated
on CDINeWCDI- gells

Pogb-aart ungated

Pandemic HINY
(RN 2008 HA Brishare

r.

O3

Bl Pandemic (HINT} 2008 HA (homslogous)

FIG. 9D B3 A/Brishane/5W07 HA thetarologous)

.

& 1004

ke
o]
H

retivg wirus spocific cells

e
i

iR E

% rHd spectic Inlh secmding plasroehlasts

14
Subriect

3

£

£5%

15




US 2014/0348851 A1l

Nov. 27,2014 Sheet 10 of 90

Patent Application Publication

Wi BUBLELEL LI w—

YH LHIH RBPUEG s

g g I8
¢ Z 2R

%
Y
iy,

9TIG 7414 w AL

2002510 dyws VOST-B00 Yy ZOYE-610 dyws

J0T "SI 40T 'Old VvOT "SOld



US 2014/0348851 A1l

Nov. 27,2014 Sheet 11 of 90

Patent Application Publication

LI GSIY

LS BOIRIRIIRTD

% 5
L T

%

\,x 3
5 g

L DA R s e R

\\

e M e R

L § AR

~:\;W;Jillﬁk&lll

NN

PP 10, «

\\\ i

BLG AR O

A% < P
4 @ é\ @
\\\\\\\\\\\\w\\\\\\\w\w\\\\w\w\\\\\\w\\\a\\\@\% w@&wemw
\\\\\\\\\\\\\ AT,
AR A
§§. Ryt

BUUL L3 .&@&um&&

TT *9Old




FIG. 12 (Page 1 of 75)
¥ 3 M

A G H ] d b . N 8] P
Row | Name | V-BEGION{1y | FR1- [ CDR3~ . | FR2- CORZ- | PR - COR3- | Swegusnce Translated FR4~
IMGT L INGT IMOGT IMGT IMGT mMeT Seguense (/- ST
REGION)
Z 005~ CVOLYQSEE | QL | GYTFE | ITWVR | ISAYNG | NSAQK | ARDR | caggigesgctgotgeagictggacctgag | QUQLYQSGRE | WGQ
26024 | EVKKPGASIK | VOSG | NYG QAPGQ | HT FQGRV | RDLLT | glgeagsageciggggeocicaatiaagatct | VKKPOGASIKVE | GTLVY
| VSCRASGYT | PEVK [ (SEQID | GLEWM | (SEQID | TMTID | GSLG | colgcagageticaggatacacotiticoaatt | CRASGYTFSN | TVSS
EENYGITWY | KPGA | NO3) GW MNC: B) TSTSTA | I atggasicacctygglgegacaggecocty | YGITWVROAP | (SEQ
ROAPGQGLE | SIKVS {SEQID YMEVR | {SEQ gacaagggetigagtggatgggetogatca | GQGLEWMGW!L | iD
WIMGWISAYN | CRAS NO: 4) SLRSD | IDNO: | gegeitacaatggtcacacaaaltotgeaca | SAYNGHTNSA | NO:
GHTNSAQKF | (BEQ DTAVY | D) gaagitccaggggagagteaccatgacca | GKFQGRVTMT | 10)
QGRVTMTTD | D Yo cagacacalccacgageacygacstacalg | TOTSTETAYME
| TSTSTAYME | KO 2) {SEQ i gagatgageagecicagaleigacgacac | VRSLRSDOTAY
| VRSLRSODT MO: 8] goccgtatattactgigeyagagacagaag | YYCARDRRDLL
1 AVYYCAR qaaictittgaciggitcgtigugggactacty | TGSLGDYWGQ
TSEQ D NO: gygccagggaacceeiggicaccgictecte | GTLVTVSES
1 ag (SEQ ID NO: &) {(SEQID NO: 9)
3 405~ DWMTOSPL | DVWM | RGLLYY | LNWFG | NVE NRDSG | MO0T | gatgHoigatgacicagicicoactotoncly | DVVNMTOSPLSL | FGOG
203020 | SLPVTLGOP | TGSP | DGNTY | QRPGQ | (SEQID | VPDRF | YWPF | cocgicaccotiggacageogreciocatet | PVTLGOPASIS | TRVE!
ABISCRSGRG | LSLP | {(SEGID | GPRRLI | NC:15) | SGSGS | T (8EQ | colgtagtctagtegaggecicetitatatly | CREBRGLLYID | K
LLYIDGNTYL | VTLG | NO:13) | H{SEQ RTDFTL | D NG | atggasacacctactigaatiggittcascag | GNTYLRWFQD | {5EQ
NWFOQRFG | QPAS D NG KISRVE | 17) agoccagyecaaicicoaaggegeciaatd | RPGAQSPRRUM | D
GEPRRLIMNY | ISCR 14} AEDVE cataacgtiiclaacagggaciclgggaicee | NVENRDSGVR NG
SNRDSGVYPD | 53 VYYC agacagattcagoggcagigggtoacgea | DRFSGSGSRT | 20
RFSGSGSRT | (B8EQ {(SEQ D ctgatttcacacigaasatcageagggtgga | DFTLRISRVEA
1 DFTLKISRVE | i NO: 16} gyctoaagatatiggootitatiactgeatgea | EDVCEVYYOMQ
AEDVGEVYYD | NO: | aggtacatactggecgticactitiggeeagg | GTYWPFTFGG
MOGTYW 12) ggaccaaggtggaaaicaaac (SEQ 1D GTRVEI (SEQ
{SEQ 1D NO: | NO:18) D NO: 19)
11 1 ;
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FIG. 12 (Page 2 of 75)
; A G 1H z g K L M N c R
Row | Name | V-REGION{1) PRI~ L CBRY. | FRZ- COR2- | FRO CDR3- | Sequence Transigted R4
' WGT L IAGT IMGT . BMGT HAGT weT Sequence (V- IMGT
. i ‘ ' L CPHEGION) =
4 00%- QVCLVOSGA | QVQL | GGSFT | IBWVR | VIPIFAT | KYAQGK | ASPDL | caggtgeageigotgeagtotaggactaag | QVQLVOSGAE | WGQ
ZAGBH | EVKRPGSSY | VOBG | BFYV QAPGQ | P (SEQ | FQGRL | TNVFV | gligeagaggeegaggtcctogaigacggte | VKRPGSEVTVS | GTLY
TVSCKASGG | AEWK | (SEQID | GLEWM | IDNO: | TITADK | PHTG | lcctgcaaggetictggaggeteaticaccag | CKASGGSFTSF | TVSS
SFTSFVISWY | RPGE | NC:23) | GG 28} STNTA | PLDF | ctiighatcagrigegigegacaggeceetg | VISWVROAPG | (BEDQ
ROQAPGOGLE | SVTV (SEQ D YMELT | (BEQ | gacaagggciigagiagatgooagggote | QGLEWMGGVE | D
WIMGGVIRIFA | SCKA NO: 24) SLRSE | IDNG | alecciatttyctacaccasagtacgoaca | PIFATPKYAGK | NG
TPRKYAQKFQ | & DTAMY | 27) gaagticcaggueagactcaceattaccge | FQGRLTITADK | 30)
GRLYITADKS | (SEQ Y ggacaagiccacaaatacagoctacatgg | STNTAYMELTS
TNTAYMELT [ {(SEQ D agcigaccagecigagatctgaggacacy | LRSEDTAMYY
SLRSEDTAM | NO: N0 28} geeatgtattacigtgegagtecggactigac | CASPDLTMVFY
| YYOA(SEQ 22 tatggtaticgigeegeacaccygaccactty | PHTGPLDFWG
§ D NO: 273 acticiggggecagggeaccoiggicaccgt | QETLVTVES
ciccteag (SEQ 1D NG: 28) (SEGHID NO:
29)
3] 9 CHIMTOSPS | DIOM | OSIDN | LAWYQ | KAS SLRSG | QHYD | gacatccagatgacceagicicegteeaces | DIQMTOSPSTL | FGUG
LOAOBL | TLSASVYGDR | TQSP | WI{SEQ | QKPGK | (BEGID | WPSRF | TYSGT | tgiclgeatctgtcygagacagagtcaccate | SASVGDRVTIT | TKVE!
VTITCRASQS | STLS D NO: | APNLLE | NO:35) | BGSGS | {(8EQ acligcogggoragicagageatigataact | CRASGSIDNWL | K
IDNWLAWYQ | ASYE | 33) Y {(SEQ GTEFTL | 1D NO: | ggilggectgatatcageagaaaccaggua | AWYRQQKPGKA | (BEQ
OKPGKAPHNL | DRVT {3 NGO TISSLG | 37) aagoeccucaacctcotgatetataaggegie | PMLLIYKASSLR (D
LIYKASSLRS | ITCR 34% L PODRA | tagtttacgaagiggogtoceatcaaggtica | SGVPSRFEGS | NGO«
GVPSRFSGS | AB TYYC | geggcagtggaictgocacaganticacict | GBGTEFTLTIS | 40)
GSGTEFTLT! | (S8EQ {SEGID caccatcagcagecigoagoeggatgatttt | SLOPDDFATYY
SSLQPLDFA L ID N 36} getactiaftactgocaacatialgatactiatte | CAQHYDTYSGT
TYYCOQHYDT | NG goggacgticggecaagggaccasagtys | FGQGTKVEIK
Y (SEQ D 32 aagicazac (SEQ 1D NO: 38) (SEQIDNO:
NO: 313 38
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FIG. 12 (Page 3 of 75)
A 16 H } J i L i N ! P
- Row | Name [ V-REGION({1) i FR1- | CDR1- [ FR2~ COR2- | FR3- CBR3- | Seguence Transiated 1 FR4.
‘ IMGT L IMGT IMGT jiaes Gt MET Sequence (/- MGT
‘ . Z . 7 - REGION) .
8 809 RLOLOESGP | RLOL | GGSITS | WGWIR | ISFEGR | YYSPS | ARQLT | cggcigeagotosagoagtcaggectagg | RLGLOESGPG | WGQ
3A0IH | GLVYKPSETLS | QESE | NTYY QPFPGK | T(SEQ | LKERY | GMVY | aciggtgaageritcggagaceetgicecte | LVKPSETLSLT | GTLY
LTOTVSGEGES! | PGLY | (SEQID | GLESIG [IDNO: | TMSVD | AILLPS | acclgesctpteictogiggeiceatcaccag | CTVSGGSITSN | TVES
TENTYYWG KPBE | NO143) | 5(8EQ | 45) TSHKNQ | YFDF | tsacacttactactggggctggaiccgoeag | TYYWGWIRQP | (SEQ
WIRQPPGKG | TLSL {0 NO: FSLKLE | (SEDQ coeooccaggoaagggaciggagicgatig | PGRKGLESIGSIS | D
i LESIGSISFS | TCTV 44) SVTAA 1 ID NG | gagtaictetifiagloggagaacctactaca | FSGRTIYYSPSL | MO
1 GRIYYSPSL 1S DTAFY |47 geecogteesteaagagicgagicaccatgte | KSRVTMSVDT | 503
| KSRVTMSYD | (SEQ Y agtagacacgiccaagaaccagiictcecty | SKNOFSLKLES
| TSKNOFSLRL | ID (SEQ D | magelgageicigigacegecgeggacacy | VIAARTAFYYC
| BSVTAADTAF | NO: N 45 | geetittattactatocoagacagtiaacagy | ARGLTGMVYA!
YYCAR (BEQ | 42} gatggiitatgetaticicttacegicotacttiga | LLPSYFDFWG
D NO 41 clictggggecagggeacectggicacegte | QGTLAVTVSS
teotoag (SEQ D NO; 48) (SEQ 1D NG
‘ :1 49}
7 {09~ DIOMTQEPS | DIOM | QSIGE | LAWYQ ; KAS TLESG | QQHN | caggtgcagetogtgeagictgggocigay | QVOLVASGAE | FGQRG
3A00L | TLSASVIGDR | TQSP | W(SEQ | OKPGK | (SEQID | VPSRF | 8YSG | gigeagaggoeggggtectegatgacggte | VKRPGASVIVE | TKVE!
TWTITCRASQS | BTLS | IDNG: | APKLLE | NO: 55 | SGSGS | A (SEG | icelgeaaggeoitciggaggeiccticaccay | CKASGGSFTSF [ K ‘
IGSWEAWYG | ASVE | 53) Y (SEQ GTEFTL | 1D NO: | cittgtiatesgelgogigogacaggenecio | VISWVRQAPG | (SEQ
QKPGKAPKL | DRVY I NO P TISSLG | B7) gacaagggetigagtggatgggagaggte | QGLEWMGEVE 1D
LIYKASTLES | ITCR 543 | PODLA atccctatttitgolacaccaaagtacgeaca | PIFATPKYAQK | NO;
GVYPERFSGES | AS TYYC geaghecagageagacicaceaitacege | FQGRLTITADK | 80}
GSGTEFTLT | (SEGQ (SEGID | ggaceagiccacaastacagectacalgy | STNTAYMELTS
S3LOPDDLA D NO: 5B) | agctgaccagectgagatctgaggacacg | ARSEDTAMYY
TYYCQQHNS | NO: geeatgtattacigtyegagliccggacttgac | CASPRLTMVFY
Y (SEQ 52} {atggiattcgtgeegeacaccaygaceacttg | PHTGPLDRWIG
NOL 5T actictggggecagggaaceetggicacegt | QGTLVTVSSE
stocicag (SEQ D NG 58) {SEQID NG
59
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FIG, 12 (Page 4 of 75)
K L W

A G H | 4 i M O P
Row i Nams | V-REGION) | FR%- | GDRY- | FR2- CORZ- 1 FR3: COR3- | Seguence Translated FR4-
: MGT | IMET IMGT MGET AMGT MGT Sequence (Y- BAGT
‘ ; : , : . : ’ : REGION)
8 006~ 1 QVOLVESGA | QVQL | GGTFS | INWVR | HPIFGS | KYAQK | AGGS | cagglgeageiggiguagticiggooctgan | QVOQLVESGAE | WGD
1004 | EVKKPGESY | VESG | THG QAPGO | A(BEQ | FOQDRY | DDHA | gtgeegaagcctggotectcgaigagggtct | VKKPGSSVYRY | GTRV
| RYBCKLSGE | AEVK [ (SEQ D | GLEWWM | IDNO: | TITADE | WGSF | cetgeasacttictggaggeaccticageae | SCKLSGGETFSY | TVES
TESTHGINW | KPGE | NI B3 | 36 65) STRTA | Y (SEQ | coatggiateaactongigegacaggecee | HGINWVRGAR | (SEQ
VROAPGQGL | SYRY (SEQ D YMEVT | 13 NO: | cggscaagggeitgagiggatongagggs | CQGLEWMGGH | 1D
EWMOCGHPE | SCKL MO 84) RLRSE |67 teatcectatitftggticageaaagtalgeac | PIFGSAKYAQK | NO»
GSAKYAQKE | & DTATIY agaagticcaggacagagicacgattaccg | FQDRVTITARDE | 70)
QDRVTITADE | (BEQ G (BB cggacgaatocacyagygacagectiacatgy | STRTAYMEVTR
STRTAYMEY | iD D NG gaggigaccegectyagalcivaggacac | LREEDTATIVC
TRLRBEDTAT | NO: 56} ggceacgatitativtgegegooggagegat | AGGSDEHAWS
WCA(BEGID | 82) - gatcacgotigngogantiitactggggeca | SFYWGEQGTRY
KO 81 gagaacceogaicacegtitccteagactee | TVSS (BEQ D
accaagggeceatoggicticoeectggean | NO: 69)
cclectocaggageaccictgggggeacay
cggeectgggetgectggicaaggactact
ceocgasceggtgacygtgicg (SEQH D
NO: 88) .
g 05~ BIVMTQTRLS | DIVR | GSEXD | LDWYL | TLS | YRASG | MORIA | gafaligigatgacecagaciceactctecet | DIVMTOTRLEL | FGQG
1e0iL ¢ LPVTRGERA | TQTP | BDDGN | GKAGL | (SEQID | VPDRF | FPFT | gocegteaccoctogagagesgaectecat | PYTPGEPRPASIS | TKLE!
SISCRESGSL (L8P 178 SPQLLE | NO: 75} | SGSGS | (SEQ cicotgeaggictagicagagecteinggata | CRESGSIXDS K
XDSDDAENTS (VTPG | (BEQID | Y (BEQ GETDET 1D NO: | gigalgatgusescacetetitggactggtac | DDONTSLDWY | {(SEQ
LOWYLOKAG | EPASTH | NO:73) HIDNG LIISRY | 77} cigeagaagacagygcagictceacagete | LQKAGQSPOLL | H
QSPOLLIYTL. | SCRS | T4} EAEDY cigaiciatacgotiicetategggectetgga | IYTLSYRASGY | NO:
SYRASGVPD | 8 | CVYYE gicecagacaggticagigqeagiggeica | PDRFESGEGEG | 80)
RFGGEGEGT | (SEQ (SEQ D ggracigatitcacactgaaaaicageagg | TOFTLKISRVEA
DFTLKISRVE | ID MG 76) glogaggetgaggatgttgoagitiatiatige | EDVGVYYCMG
AEDVEVYYD | NO: atgcaacgtatagestiteegticacttitggee | RIAFPFTFGQG
WMGRIAF 72} aggggaccaagctggagatcaaacgaact | TKLEW (SEQID
(SEQ D MNO: glggctgcaccatcigticticateticcegecat | NO: 79)
: 71) ctgatgageagligaaaiciggaacigocelct

gttgtoigecigeigaataactictatoccaga
gaggccaaagiacagiggaaggivgatas
cgcectecaa (SEQ 1D NG 78]
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FIG. 12 (Page 5 of 75)
A & H | N ¥ L M Y D P
Row | Name | V-REGION {1} | FR1- | CDR1- | FR2. - CDR2- 1 PR3- L CDR3-  Sequence Fransiated FR4s
PIMGT L IMET WGT - IMGT WAGT MGT Sequence (V- MGT
; i . REGION) :
10 005~ QVQLVASGA | QVOL | EYTFTA | VGWVYR | ICPGDS | KYSPS | REVA | cagglgcagotagigoagicigoggoagaa | QVQLVASGAE | WGD
1E03H | EVKKPGESL | VQSG | FC QMPGTY | DL FQGQY | SHWG | glgasaaageoeggggagicictgaagate | VRKPGESLKIS + GTSV
KISCRAYEYT | AEVK | (SEQID | GLEWM | (BEQID | TISADY | DYYG | teciglagguctiaigaatacaccticaccge | CRAYEYTFTAF | SVSS
FTAFCVEWY | KPGE | NO:83) | GI(SEQ | NG 85) | SITTAY | MDL | chictgcgtegoctogoigegecagatgese | CYGWVYRQMP | (SEQ
ROMPGTGLE | SLKIS D NO: LOWSS | (SEQ  { ggecacaguecigiagiggatggggateate | GTGLEWMGHC | iD
WMGRCPGED | CRAY b 84) LKASE | IDNO: | igtcotggtgacicigatetcaaatacagicng | PGRDSDLKYSPS | NO:
SDLKYSPSF | (SEQ TATYY | 87) cottecaaggocagatcaccateicagecg | FOGQVTISADK | 80y
QGQVTISAD 1B C (BEQ ! acgagteeatcaccacegeotacolgeagty | SITTAYLOWES
KSITTAYLOW | NO: NG | gagcagostyaaggocicgyacacegeea | LKASDTATYYED
SSLKASDTAT | 82) 88) i cataftactyigegagacaigiggoaagica | ARMVASHWGED
YYCAR{SED | clgggocgactatiacggtatggaceictgy | YYGMOLWGG
NG 81 i ggccaaggaccicggicagegictegtcag | GPRSASROHP
. cacccaccaaggotocggatgtgticceeat | PRURMCSHSY
| catatuagggtgeagacacacctetggagg | QCADTRPLGAG
| cacageggenctgageigectggicaagga | RPWAAWSRTYT
| ctacttccecgascegyiga (SEQ D SPNR(SEQ D
N T I e [ NO: a8 7 NO: 89)
11 Q5 EWLTQSPGT | EIVLT | GBVTR | LAWYQ | SAS TRAIGH | QOQYN | gasafigigtigacgoagicticoaggeaceot | EIVETQSPGTL | FGOG
10031 | LSVSPGERY | OBPG | N(SEQ | QRPGQ | (SEQID | PVRFS | DWLG | ciciglotctecaggagasagagicacacic | SYSPGERVTLS | TKVE!
TLSCRABGSE | TLSY | ID NGO APRLLY | NO: 98 | GRGSG | GT icctgoagogecagecagagtightaccags | CRASOSVIRN | K
VIRNLAWYL | SPGE | 83) Y {(SEQ TOFTLS | (B£Q aacttageciggtaccaacagagaccigge | LAWYQQRPGQ | {SEQ
ORPGQAPRL | RVTL ID NG ISSLOS | IDNOT | caggoteccaggetecteatetatagtacate - APRLUIYSASTR | ID
LIYSASTRAIG | SCRA 94} EDSAY | B7) caccagggecatiggtaicecagicaggitc AIGIPYRFESGR | NO:
IPVRFSGRGS | 8 YYG agiggecgggggtcigggacagactticact GSGTDFTLSIS | 100
GTDFTLSISS | (SEQ (SEQ D cicageaicageagecigeagictgaagatt | SLOSEDBAVYY
LASEDSAVY | D NO: 98} clgeagtiiattatigtcageagtataaigacty | COQYNDWLGEGE
P YCQQYNDW | NO: geicggggggaccticggeoaggggacca | TFGQGTKVEIK
C(SEQIDNO: | 92) sagiggaastiasacoaactotgasigeac | (SEQ D NO:
L9 caiclgicticaicticocgecatctgatgages | 89)
agltgaaaiciggasacigoeieighgtigigee
lgctgaataaciiclateccagagaggecaa
agtacagiygaaygiggataacyecciecs
atcgggtaacicecag (SEQ 1D NO:
98)
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FlG. 12 (Page 6 ¢f 75)
'K : ¥

A ] N 0 P

Row j Name |VREGION {1 L ERT CDRY | FR2: LCDR2- | FRY CDH3- | Sequence i Translaled | FR4-
: IMGE FIMGT MGT | INMGT MGT IMET 1 Seguance (V- AMGT

RN ; REGIOMN) :

12 a5 QVOLGQSGP | QUL | GDSVYT | WTWIR | IFKGGN | NYNPS | ARGLE | caggtacageigeageagicagdicoany | QVOLRASGRG | WGR
1006H | GLVKPSQTL | QOGS | SATYY | QRPGK | T{SEQ | LKSRY | GITv( | gciggigaagocitcacagaccrigiocets | LVKPSQTLSLR | GALY

SLRCTISGOE | GPGL | (SEQID | GLEWI D MO | AIBVDY | AYYFD | agatgoactefitcpggigactcegteaccag | CTISGDSVTSA | TVES

VISATYYWT | VKPS | NGO, GN 108} STNQF | F{SEQ | tgegacttactactggacoiggaiccgecag | TYYWTWIRGR | (8EQ

WIRQRPGKG | QTLS | 103} (SEQ D SLTERS | 1D NO: | cgoccagggasgggoctygagtgoatigy | PGKGLEWIGNE | iR

LEWIGNIFKG | LRCTY NG VTAAD | 107} gascalciitaaaggigggeacaceaacta | FKGGNTNYNP | NO:

SHTNMYNPSL 1 S 104) ALNYF caaceogiecctgaagagtegagtigeeata | SLKSRVAISVD | 110}

KERVAISVDT | (SEQ G (SEQ fcagtogacacytctacgaaceagtictcect | TSTNOFSLTLR

STNGQF3LTLR | ID 10 NO: gastctgaggieigigacggoogsggacgs | SYTAADAAVYF

SVTAADAAY | NO: 108} ggocutgtattitintgcgagaggectigagy | CARGLEGITVE

YFOAR (GEQ | 1082) geataacagtgggegectaciattgactict | AYYFDFWGOE

1D NG 101 | yoggecaggaageactigicacegtetecto | ALVTVSS (BEQ
| agectecacraagggeccatoggicticoes | D NO: 109)
clggeaccetociceaagageaccictyggg
geacageggeecigggetgectggteaagy
actacttcotegaaccyg (SEQ D NO;

A08) )

13 008~ 1 AIGLTOSPSS | AIGLT | QEINYA | LAWYL | NAS TMKNG | GGFN | gocatccagitgacoeagiciccatecteegt | AIQLTQSPESY | FBGG
10080 | VEASVGEDRY | Q8PS | (SEQID | GKPGK | (SEQID | WPBRF | SFPLT | gicigostctgtagoagacagagicaccate | SASVGDRVTIT | TRVD
: TITCRASGE! | SVE8A | NO: FRRVLL | NG GGNGS | {SEQ astigecgggeaagicaggaaatizactalg | CRABGEINYAL IR

NYALAWYLD | SVGD 1§ 113} Y {SEQ {115 GPDFT [ IDNG: | ctftagecigglalcigeazaaaccaggass | AWYLQKPGKP | (SEQ

KPGEPPEVL] | RVTEIT i NO: LTINNL | 117) acctccaasaggincigatciataatgectoea | PKVLIYNASTM | ID

YMNASTMENG | CRAS 1143 QPEDF ceaigaaaaatggogicecatcaaggticy | KNGVPSRFGG | NG

VPSRFGGNG | (SEQ SIYYC geggoaatggatctggyccagatitcacicic | NGSGPDFTLTT | 120)

SGPOFTLTHY | D (BEQID accatcaacaaccigoagocigaagacitiy | NNLOPEDFGT

NLOPEDFGT | NO: NCE gaacttattacigicaacagtitastagtticee | YYCOQENSFRL

YYCQOFNSF | 112} 118} goteactitcggesggoggaccagggigga | TFGGGTRVIIR

(SEG D NO: cattagacgaactotggctgeaccatctgictt | (SEQ D NO:

111} calcttcecgeoaicigatgageagttgasat | 119)
ctggaactgootcighigiotgecigotgasta |
acttctatceoagagaggecaaagtacagt
ggasggtagataacgecetecasicgggta
actcecaggagagigivacagageaggac
agcasggacageacctacagesicagray
| cacectgacgotgageaaageagactacg
zgaaaca (SEQ D NO: 118}
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FIG. 17 (Page 7 of 75}

ctggaactgecicigtigiotgectgolgaata
actictatcecagagaggccaaagtacagt
gyaaggiggatascycociceaalegogia

| acicecaggaga (SEQ D NO: 138)

A G H d K L. M M 8] P
- Row | Nome | V-REGIOM (1) [ FR1- | CDR1- | FR2. CDR2- | FR3- | CDR23- | Sequence Transiated ER4-
IMGT L IMGT MeE mMGT L IMGBT MGT Seqguence /- MGT
' o . o . REGIONS ‘ ;
14 005+ OWRLOQESGP | OVOL | GDSVE | WTWIR | IFNSGS | NYNPS | ARGLE | caggtgeagetgcaggagtogageccagg | QVOLQESGRG | WGQ
1RO | GLVKPBQTL | QESG | BATYY | QRPGK | T{(SEQ | LKSRYV | GITVG | astggtgeagocticacagaceotgteccts | LVKPEQTLSLY | GTLV
SLTCTISGDS | PGLY | (BEQID | GLEWE | ID N AISYDT | VYYC | acclgeacteicicaggtgacicogtcagea | CTISGDSVSESA | TVSS
VEBATYYWT | KPSQ | NO: GN 125) SRMNOF | OF gtgegacttactactygacctggaicegeea | TYYWTWIRQR | (BEQ
WIRGRPGKG | TLSL | 123) (SEQID SLTLNS | {(8EQ gegeccaggyaasogectggagtogatty | PGKGLEWIGNE | 1D
LEWIGNIFNS | TCTIS WO LTAADT | I NQ | ggeanatcittaacagicggagtaccaacta | FNSGSTNYNP | NO:
GETNYWNPSL | (SEQ 124) ANYFC 127 caacocgicecicaagagtcgagitgoata | SLKSRVAISVD | 130}
KSRVAISVDT | D (SEQ D tCagtgnacacgictaggaaccagttntoest | TSRNGFSLTLN |
SRNQFSLTL | NO: ROy gacictgaaticictgactgorgeggacacy | SLTAADTAVYF
NELTAADTAV | 1223 128} geegtotatititgtgcgagaggecitgaggy | CARGLEGITVG |
YFCAR(SEQ cateacagtgugggictaciatigigacitcty | VYYCDFWGQG
DNO 121 gggccagsgaaceciggteaccgtetocte. | TLVTVSS (SEQ
ageclecaccaagggeceateggteticcoe |3 NOL128)
ctggeacoctectacaggagoacciclgaas
geacageggocctgguntgestguicasgy
actacticcccgaaccggt (SEQ 1D NO. |
‘ 128} '
15 1 00s. AIDMTQSPS | AIOM | QFINYA | LAWYL | NAS TLKMG | QQFM | gocalcocagatgacceagicteeatecicogt | AIOMTQSPSESY | FGGG
1RG2L | SYSASVGDR | TOSP | (BEQID | QKPGK | (BEQID | VPSRF | SYPLT | gictgealciglaggagacagagicaccate | SASVGDRVTIT | THVD!
 VTITCRASQE | S3VE | NO» PPRVLE | NO: GGDGS | (BEQ actigeecgggoaagtcagyaasttaactaty | CRASQEINYAL IR
INYALAWYLQ | ABVE | 133) YA{SEQ | 135) GPDFT | D ND: | ctittagectggtaictgoanaaaccagpaaa | AWYLQKPGKP | (SEQ
KPGKPPRYLY | DRVT NG TISNL | 137) acclceaagggicctgatctataatgooivca | PKVLIYNASTLK | 1D
YNASTLENG | ITCR 134} QAPEDF ceoftgaaaastggguicecaicaaygiicgg | NGVPSRFGGE | NO:
VEESRFGEDG | AS GTYYC cggegatgoateigggecagatitcacteica | GSGPDFTLTIS | 140)
SGPDFTLTIS | (8EQ (BEQID cealcageaacctgeagoctyaagasttigy | NLOQPEDFGTYY
NLOQPEDFGT (iD KO aachtattactgtreacagitiaatagitacce | CQOQFNSYPLTF
YYLQOFMGY | ND: 136} | getcacittegorggougoactcaagptgga | GOGTRVDIR
{SEQ D NO: 1323 | cattagacgaacigigactgcaccatctgtest | (SEQID NC:
131) catcttocegeeaictgatgageagtigaaat | 138}
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FIG. 12 (Page 8 of 75)
A G H i d K L M N 9] p
‘Row | Nama | V-REGION {1} | FRY- | COR1- | FR2- CDR2Z- [ FR3- | CDRS- | Sequence Translated FRe-
‘ MGT | IMGT HBAGT WGT IMGT IMGT Sequence (V~ IMGT
: , . . : . . REGION)
B 1008 QVLVOSGA | GVOL | GETFN | INWWR | INPSFG | NYAQR | ASPAY | caggigoagetggtgcagtcigggoctgas | OVOLVQSGAE | WGQ
22044 | EVKKPGSEY | VQSG | T QAPGO | BV FQGRY | NBGF | gtgaagaagecigggicgteggigaaggict | VKKPGSEVKYS | GTLY
KVSCKASGG | AEVK | (SEQID | GLEVWM | {SEQ D | TITADN | ALLH cotglaaggeticlagaggeaccticaacae | CKASGGTANT | TVES
TENTYHNWY | KPGS | NO: GR NC: SXXEX | (SEQ ciziattatagattgggtgcgacaggeecety - YENVWWROAPRPG | {SEQ
ROAPGQGLE | BYKY | 143} (SEGHY | 145 XXELN 1D MO | gacaagggetigagtenatggoaaggate | QGLEWMGRIN | D
WRMGRINFSF | SCKA | NO: SLESE 1 147) aaccciagetitgaitcagiasaciacgeaca | PSFGSVNYAR | NO:
GOVNYAQRF | 8 144) TAVY gaggittoagugcagagicacyateaccge | RFQGRVTITAD | 150}
GOGRVTITADN | (SECQ YC ggacaactceannnnnnnnannnnnnty | NSXOOO(KKELN
SRXXAKKEL | 1D {(BEQID gagiigaacagcectigagaicigaggacacy | SLRSEDTAVYY
NSLRSEDTA | NOx MNO: googtgtaftacigigegageceegentaca | CASPAYNEGF
VYYCA (SEQ | 142} 146} atictagtttcgegtiacticaciggggecagy | ALLHWGORQGTL
MO 141 gaaccctggicacogtctectecagegtcgac | VIVSS (SEQ D
caggyyceeatcgaicttececetggeacse | NO; 149)
tcotccaagageaceicigggggacageg
gecetgggetgentggicaaggactactice
cegeaccigtgacggictegiag (SEQ D
‘ NQ: 148) I
17 009~ DIVTQSPD | DIVM | QBVLY | LAWFG | WAS TRASG | QQYY | gacalcglgalgacceagictecagacteee | DIVMTGSPDSL | FGQG
(2A04L | SLGVSLGER | TQSP | TGNNK | OKPGG | (SEQ D | VPDRF | SNBH tgggtgigicteigggegagaggyccaceat | GYSLGERATIN | THVE!
ATINCKSSQS | DELG | NY | PPRLLE | NO: SG86S YT caacigcaagiccagecagagigitttatac | CKESQSVLYTS | K
VLYTSMBKN | VBLG | (SEQID | Y (BEQ | 1565 GTDFT | (SEQ acclecaacaataagaactactiagetigat! | NNKNYLAWFQ | (BEQ
YLAWFQQKP | ERATE | NO: D NGO LTISSL D NO: | cesgeagasaccaggacagectectaage | QEPGAOPPRLLL [ 1D
GOPPRLLIYW | NCKS | 153) | 154} | QAEDV | 18T tgcteatttacigggoatctaccogyyeatce | YWASTRASGY | NOx
ASTRASGVP | & | AVYYC goagtcectgacegsticagiggoagegay | PDRFSGSGSG | 180)
DRFSGSGSG | {SEQ (SEG D iclgggacagacticaciclcaccatcagea | TRFTLTISSLOA
TOFTLETISSL D MNO: gectgeaggetgaagatgiggoagittattas | EDVAVYYCQQ
QAEDVAVYY | NO: 158) tgtcaacaatattatagtaaticcaiglacactt | YYSNSMYTFG
CQUYYs 152} fggecagyogaccaagatgnagatcaas | QGBTRKVEIK
(SEQ D NO: cgtacggtggetgeaccalcigicticatetic | (SEQ D NO:
151} ccgecatcigatgageagtigaastciggaa | 159)

clgectetgttgtgigeatyetgaataactictal

oeoagagaggccaaagiacagiggaagat
ggataacgeect (SEQ 1D NO: 158)
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FIG. 12 (Page 8 of 75)
A G H ] J K L M N o P
Row | Name [ W-REGION(%) | FR1- | UDR1- | FR2~ CDR2-- 1 ER3- . CDR3- | Saguence Translated [ FR4:
CIMGT FINMGT L INGT WAGT MGT  DIMGT Beguence [/~ IMGT
| . REGION)
18 0% QYGLOESGR | QVOL | GGSISS I WTWIR | IYYSGS | YYSPS | ARDC | caggtgeageigeaggagicgggeccagy | QVQLQESGPG | WGK
2601 | GLVYKPSETLS | GESG | YY L QPPGK | T(SEQ | LKBRV | 8GFE | actggtgaagceitcggagaccciicocte | LVKFSETLSLT | GATY

LTCSVSGGS!E | PGLY | (SEQID | GLEW! | IDNO: | TISIDTS | DMDS | acctgcagigicictygtggctesateagtagt | CEVSGGSISSY | TVSS

SAYYWTWIR | KPSE | NO: GN 168) KNGFS | FYYEM | tactaclggaceiggateegacageccaca | YWDMROPPG | (SEQ

QPPGKBLEW | TLSL | 163) (SEQID LKiNEY | DY gogeaggogctagagtggatiggoaacat | KGLEWIGNIYY | ID

IGNIYYSGST | TC8VY MO, TTADT | (SEG ctattacagtnogageacgtactacagecce | SGSTYYSPSLK | NO:

YYSPSLKSR (8 : 164 AVYC | IDNG | tcocicaagagicoagicaccatatcaatag | SRVTISIDTSKN | 170)

VTISIDTSKN | (SEQ (SEQID | 167} acacgicnaagasceaaticicsctgaaact | QFSLKLNSVIT

OFSLKLNSVT | 1D NO: saacteigtyaccacigoggacacggecgit | ADTAVWYYCAR

TADTAVYYC | NO: 1686} tattactgtgogagggacigiagtageiicga | DCSGFEDMDS

A{SEQID 162} i agacatggacicotictactacicalggacyt | FYYFMBYWGK

NO: 181 ctgggocaaaggggleacyyicacegicle | GATVTVSES
cicagegiegaccaagggrcaateggtettc | {SEQID NO;
cocciggeacoctectcraagageaceielg | 169)
ggggeacageggoeccigggetgestogtca
aggactaciicocegaa (SEQ 1D NO:

: 168y
1G 409- EPVLTQSPAT | EWVLT | QRLTS [ LSWYQ | AAS NRATG | QYRS | gasatigtotigacacagicicongeeaccet | EIVLTQSPATLS | FGGG
ZGO1L | LSLSPGERAT | QSPA | 8 (BEQ | QKPGQ | (SEQID | VPARF | HWPP | gicttigictccagggoaaagagecaceeiet | LEPGERATLEC | TKVE!

LSCRASQRL | TLSL 1§D NO: APRLLE | NO: SGEGS | AVT cotgoagggocagtcagegicttacoagetc | RASGRLTISLS [ K

TIELSWYQQ | SPGE | 173} Y{SEQ | 175) GTDFT | (SEGQ citatecigntaccaacaaaagectggocag | WYCQKPGOAR | (BE

KPGOAPRLLE | RATL D NO; LTISSL | IDNO: | goteccaggotecteatitatgetaeatecaac | RLLIYAASNRA | D

YAASNRATG | SCRA 174} EPEDF | 177 agggotactggeyicccagecaggiicagt | TGVPARFSGS | NO:

VPARFSGSG | S AVYYC ggoagtgggictgggacagaciteactetea | GBETDFTLTIS | 180)

SGTDOFTLTIS | {SEQ (BEQID coatcaycageetggagectyaagaittipe | SLEPEDRAVYY

SLEPERFAVY | ID NO: gatttattacigicagtacogaageeactgge | CQYRSHWPPA

YCQYRSHWE | NO: 176} ctocoggeggteactitcggegaagagacca | VTFGGGTRVEL

(SEQ D NO: 172} agotggaasicasacgtacgyiggetycas | K{SEQ D NO:

171 catctgtoticatettocegoeatctgatgage | 179)
agttgaaatctggaactgecteigtigigiges
tgeigeataactictatcccagagaggecaa
agtacagtggaagoiggataacgecicea
atcgggtaactc (SEQ 1D NO: 178)
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FIG. 12 (Page 10 of 75)

asatciggaacigecteigitgtatgecigety
aataacticlatcccagagaggecasagta
cagtggazsgetggataacgecciccaaioy
gotaactcecaggag (SEQ D NO:
188}

A 16 H i J K L M N o P
- Row | Name | ViREGIONI) | FB1. [ CDRI- | FR2- COR2. | FR3. CDR3- | Sequance Transiated FR4-
: WMGT [ IGT IMGT WIGT L IMGT WIGT Sequerice (V- IMGT
' ‘ : | REGICN)
20 1009 RLGLAQESGP | RLQL | GGBITS | WOWIR | ISFSGR | YYSPS | ARGLT | cggolgcagcigoaggagicngacccaqn | RLOLOESGPG | WGEG
A0 | GLVKPSETLS | QESG | NTYY QPPCGK | T{SEQ | LKBRYV | GMVY | aclggigaagocticgagaccaigionotc | LVKPSETLSELT | GTLY
LTCTVSGGSE | PGLY | (SEQID | GLESIG | 1D NO: TMSVD | ARLLPS | accigeaciatcictggiggetceatcaccag | CTVSGRSITSN | TVSS
TONTYYWG KPSE | NO: S (SEQ | 185 TSKNQ | YFOF | taacactizctactggggciggatecgecag | TYYWOWIRQP | (SEQ
VHRGPPGKG | TLSL | 183) 102 NO: FOLKLS | (BEQ cecocagggéaaggogeiggagicgatipy | PGKGLESIGSIS | 1D
LESIGSISFS | TCTV 184) SYTAA I NO: | cagtatcictttiagigggagaacctactaca | FSGRTYYSPSL | NO:
GRIYYGFSL |8 DTAFY | 187} goeogteccicaagagicgagicaceatgic: | KSRYTMSVDT | 180)
KSRVTMSVD | (BEQ YC aglagacacgiccaagaaccagticicoclg | SKNQFSLKISSE
TSHMNQESLKL | IR (SEQ D sagelgagelaiglgaccgcegeggacacy | VIAADTAFYYC
SBVYTAADTAF | NO: NC: : gontittattactgigegagacagtiaacagy | ARQLTOMVYA]
YYCAR (SEQ | 182) 188) | gatggttistgetaticietacegtoctactttgs | LLPSYFDRWG
NG 181 ctictggogecagggeacoetggteacegte | QGTLVIVES
tcctcagegtegaceaagggeccategaict | (SEQ 1D NO:
ncocctggeacoctestocaagageaccts | 188)
toggageacageggeecigggeigoecigat
caaggactacticoe (SEQ D NO:
o i 188}
21 089- DIGMTQSPS | DIGM | OSIGS | LAWYQ | KAS TLESG | QQHN | gacalccagatgacccagicteciiceacget | DIQMTQSPSTL | FROG
SA0ML ] TUSABVGDR | TQSP | W(SEQ | QKPGK | (BEQID | YFSRF | 8YSG | glctgeateigtaggagacagagtcacoate | SASVGDRVTIT | TKVE
VTITCRASQS | STLS 1D NO: APKLLE | NO» SGSGE | A(SEQ | acligcecgagecagicagagtatiggtaget | CRASQSIGEWL | K
IGEWLAWYG | ASVG | 193) Y {3EQ | 195) GTEFTL | IDNO: | ggitggoctagiatcagoagaaaccaggyga | AWYQOKPGKA | {SEQ
QKPGKAPKL | DRVT D NO: TISELQ | 1973 aageccctaagetectaatetataaggegiet | PRLLIYKASTLE | 1D
LIYHKASTLES | ITCR 184) PODLA acittagaaagtggggicocaltcasggtica | BGVPSRESGES | NO-
GWPSRFEGS | AS TYYC geggeagiggeiciggoacagaaticactet | GSGTLEFTLIIS | 200)
G3GTEFTLY | (SEQ {(SEQID caccatcageagenigeagentgatgaictt | SLOPDDLATYY
SSLQPODLA | ID NG geaactattacigocaacageataatagtta | COOHNSYSGA
TYNCQQHNS | NO: 196} tieggeagegiicggoraagggaccaaggt | FGQOTHVEK
Y{SEQID 192) ggaaatcazacgiacggiogetgeaccate | (SEQ 1D MO:
NG g igtcticatcticocgucalalgatyagoagtiy | 188)

uonedqng uonedddy yuajeq

06 J0 1T 199YS +10T ‘LT "AON

IV 1S88¥€0/¥10T SN



FIG, 12 (Page 11 of 75)
K L M M

aatctygaactyccictgitgigtgeataciga
ataactictalcccagagaggecaaagiac
agtggaaggiggataacqecctccaaiogy
gtaaciccoag {SE£Q 1D NO: 218)

o A G H f 4 o i
Row | Mame [ V-REGION(Y) [FRI- 1 CDR1- | FR2. CORZ- | FR3- COR3- | Seguence Transiated FR4-
HIMGT  LIGT BMGT  JIMGT | IMGT MGT 4 Sequente (V- IMGT
; . , . = . . | REGION}
22 L00e. EVQLLESGG | EVQL | GFTFIS | MSWVR | IBGSG | YYADS | AKDRE | uaggtgeaqeiotiggagicigagggagact | EVCOLLESGGGL | WGGH
BAGPH | GLVQPGGSL | LESG | YA QAPGK | GAR VEKGRF | LPYDT | tgglgcageogggoguatocatyagactets | VOGPGGSERLS | GTMY
RLEBCEASGF | GGLY | (BEQID | GLEWN | (SEQID | TISRDN | DAFD | cigtgaageciciggsticacctitatcagitat | CEASGFIFISY | TVSS
TRISYAMSW | QPG | Nk sY N SKNTL | (BEGQ gecatgagitggalecgecaggalocagay | AMSWYRGAPG | (SEQ
VRQAPGKGL | GSLR | 203} (SEQID | 205) YLEMM | 1D NOC: | saggggetggagtgggicicagtitattagly | KGLEWVSVISG | 1D
EWVSVIEGS | LSCE NG NVRAE | 2073 ggageegicgtgecagatactacgcagact | SGGARYYADS | NO:
GGARYYADS | AS 2043 PTAavY . cocgigaagggecogitcaceateiccagag | VKGRFTISRON | 210)
YRKGRFTISRD | {GEQ FG | acaaticcaagaacaceciatatciggaaat | SKNTLYLEMNN
1 MEKNTLYLE i (SEQID | gaacascgigagageogaagacacygse | VRAEDTAVYEC
MEMYRAEDT | NO: NG giatattitigigegaaagsategaaticleceat | AKDRILPYDTD
AVYFCAK 202} 208} afgacaccgatgecttgacatctgggocca | AFDIWGQGTM
(SEQ D NO: sgggacaatggicaccygictoticagegieg | VIVSS{SEQID
201 accaagggeccateggicticncectggeas | NO: 208)
: cotecctecaagageacsictgggogeacag
cggeoctgggetgncigateaaggactactt
cheegaacciglgacg (SEQ D NO:
o 208} -:
23 Ug- HQMTQSPS | DIGM | ESVBY | LAWY | KAS TLESG | GEYH | gacetccagatgacceagiciccticcaccet | DIQMTQERSTL | FGPG
3AD2L | TLBASVGDR | TQSP [ S{SEQ | QKPGK. | (BEQID [ WPPRF | TSSRVY | giclnegictgiggaagacagagicaccaic | SASVGDRYTIT | TKVDI
VITTCRASES | STLE D NO: APKLLE | NO: SGSGS | T(SEC | actigecgggecagigagagigitagigicte | CRASESVEVEL | K
VSVSLAVYQ | ASVG | 213) YASEQ | 216} | GTEFTL | 1D NO: | gliggoolggialcageagaaaccgyggeaa | AWYQOQKPGKA | (SEQ
QKPGKAPKL | DRVT IDNG: | | TISSLG | 217 agececiaaacicotzalctataaggogicta | PKLLIYKASTLE | 1D
LIYKASTLES | ITCR 214 PNDFA cittagaaagtggogliccracocaggticag | SGVFPRESGE | NO:
GYPPRFGGES | AS T™YYC cggoagiggatctoggaragasticacicle | GSGTEFTLTIS | 220)
GEGTEFTLT] | {BEQ (SEQ D accattageagectgcagectaatgacttige | SLQPNOFATYY
SOLAPNDFA 1 ID NG gactiattacigocaagaatateacacticlic | COEYHTSSRY
TYYCQEYHT | NG 216} grggoteactticggeectgogaccazagly | TFGPGTRVDIK
5 (SEQ 212} gatatcaaacalacegtgactgeaccatety | (SEQ 1D NO:
NQ: 211 tettoatettecegecaicigatyageagtiga | 219)

AAAAAA
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FIG. 12 (Page 12 of 75)
i & H i K L W N A o L
Row | Napme | V-REGION (D) | FRI- [ OB | ER2- CDR2- | FR3- - CDR3- | Sequence | Transiated ERA.
: GT | MGt MGT  FIMGT WIGTE . MGT 1 Sequence (V- HAGT
o ' : . - | REGIONY ,
24 g8~ EVQLLESGG | EVQL | GF3FK | LEWWVR | IBGSGL | YYADS | AKDR | gegglgcagotgliggagiciggoggagge | EVOLLESGGGL | WEQ
3D04aH | GLVOPGABL | LESG | DYAa CAPGK 8T VKGRF | WWGEH | clggtycagecigogyogtcccigagacter | VOPGBASLRLSC | GTLY

RLECAASCF | GGLY | (SEQIED | GLEWY | (SEQID | TISRDN | PWEY | cclylgagectciggattcageitiaaggact | AASGFSFKDRYA | TVES

SFKOYALSW | QPGA | NOx 5H NO: SKNTV | SLDF | sigeccigagetgggtcegecaggeiceag | LBWVROAPGK | (BEQ

YRGAPGKGL | SLRL | 223} {(SEQID | 225) YEOMAN | {SEQ gaRaggugciggagtagotetcacatatiag | GLEWWVEHISGSE | i

EWVEHISGS | 3CAA NO: SLRAE [ ID NGO | lgglagigoicttagtacatactacgeagant | GLETYYADSVK | NO:

GLETYYADS 18 224} DTawy 1227yt cogleaagggecggttoaccatelceagag | GRFTISRDNMNSK | 230)

YWKGRFTISRD | (SEQ £ ] acaaticcaagaacaccgigiatitycaaat | NTVYLGMNSL

NBKNTVYLG | ID {(SEQHED gaacagottgagagecgaggacacgges | RAEDTAVYFCA !

MMSLRAEDT | NO: NO: gtgtattictolgegasagategogtagtagg | KDRVVGRPWE |

AVYFCAK 222} 238) tegeccetgggagtacicectigacticlgag | YSLDPWGGQGT

{SEQ D NG, gocagggaaccetggteaccgictoctoage | LVIVSS (SEQ

221} gicgaccaagggeccategoteticeeeetg | D NO: 229)
goatcetociccaagageacoiotyogaas |
acageggeeaigagctgectgatcaaggac
tacticceegasceigly (SEQHID NO:

| 228 .
25 009 ENMTQSPAT | EIVM | QBVNS | LVWYQ | GAS IRATGE | GOYN | gaastaglgatgacgesgiciceagecace | EVMTQSPATY | FGGE
30040 | VESVEPGERA | TQSP | DISEQ | QKPGGQ | (SEQID | PARFS  NWPP | glotcigtuictocaggagaaagagecaccs | SYSPGERATLS | TKVEL |

TLECRASQS | ATVE [IDNG: 1 APRLLT | NO: | GSGSG (LT icicttgcagogecagicagagigttaacay | CRASOSYNSD | K

WNSDLYWYG | VEPRG | 233) 1Y (SEQ | 235) TEFTLT | (BEQ cgacciegtatggtaccageagaaacetgg | LVWYQGKPGQ | (SEQ

OKPEQAPRL | ERAT 3 NO: ISSIQS | ID NO | ceaggcotecccagaciceteatitatggagegt | APRLUIYGASIR (D

LEYGASIRAT | LSCR 234) EDFAV | 23T) coattagggocactgatatcecagecaggtt | ATGIPARFSGS | NO:

GIPARFSGS | AS ’ YYC cagtogoagigggictgggacagagttcact | GSGTEFTLTIS | 240)

 GSGTEFTLTE | (SEQ (SEQID cicaccatcageageaticagictgaagaliit | SIQSEDFAVYY

SHIQSEDFAY | 1D N goagittattacigtcageantataataactyy | COQUYNNWPRPL

YYCQQYNN NG 236) coteegeteactifcggeggagggaccaag | TRFGGETKVEIK

WP {SEQ D 232) giggaaatcaanscgtacggtogetgeacca | (SEQ D NO:

NO: 231 tetgtottcatcttcccgneatctgatgageagt | 239)
igaaalctggaactgectotgiigtgigecige
tgaataacticiatcoragagaggecagagt
acagiggaaggtggataacgoccicoaalc
gogtaacteccag (SEQ 1D NO238)
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FiG. 12 (Page 13 of 75)
1K L i

: ! M O P
Row | Neme | V-REGION (1) | FR1. | CDR1- [ FR2. CDR2- | FR3- CORZ | Sequence Transiated FR4-
MGT L IMGET Gt MGT IMGT MGT Sequence (V- IMGT
; | , , REGION)
26 (008 | EVQLVESGGE | EVOL | GFSYS | MSWVR [ LYSGG | FYADS | ASRH | gaggigoagciggiogagtoiggaagagge | EVOLVESGGG | GGQ
ZECBH | GLYQPGGSL | VESG | SNF QTRGK | AT VKGRF | YNYD | Higgiccageciggggggteosigagacicte | LVOPGGSLRLS | GTLY

RLSCAABGF | GGLY | (SEQ D | GLEWY | (BEQID | TISRDN | DDY cigtycagectetggaticagegteaglagea | CAASGFEVSS | TVSS

SYSSNFMSW | QPG | NO: Y NO: SKWNTL | (8EG | acticetgagtigogiccgecagactceagg | NFMSWYROTP | (SEQ

VROQTPGKGL | GBLR ' 243} (SEQ I | 245) YLQMD 1D NO: | gaaggggclguagiogatcicagiictttala | GRKGLEWVEYL | 1D

EWWVSVLYSG | LSCA | NO: SERVE | 247} geggtogigecacaticlacgeagactecgt | YSGBATFYAD | NO:

GATFYADSY | AS 244} OTGVY geagggragaticaccalelocagagaca | SYKGRFTISRD | 250}

KGRFTISRDN | (BEQ Y attcgaagaacacycigiatcticaaatggas | NSKNTLYLOM

SKWNTLYLGM D (SEQD cageclgagaglegaggacacgggigtota | DSLRVEDTGVY

DSLERVEDTG | NO: NG ttaciglycgageadacactacaatiacgac | YCASRHYNYD

VYYCALSERQ | 242) 246) gatgactacgggggccagggaacactygt | DDYGGQGTLY

10 NG 241) caccgicicotcagegicgaccaagogees | TVSS (SEQ D
ateggteticococigoeacesicoiccagaga | NO: 249)
goaccictgggaocacageggrecigyget
goctgaicaaggactacitcecogaaceigt
gacggtctegiggaactcs (SEQ D

) NC; 248 3
27 009 DVVMTOSPL | DVWM | QSLVH | LNWFGQ | KVS NRDSG | MQGT | geigitgigatgactcagictecacicteecty | DVVMTOSPLSL | FGQG
3EGEL | SLPVTLGOP | TQS3P | SDGNT | QRPGQ | (SEQID | VPDRF | HWPT | coogtoacectiggacagecggeciocatet | PYTLGOPASIS | TRLE

ASISCRSSQE | LELP | Y(SEQ | SERRU | NO: SGSGES | (SEQ ccigeaggictagicasagocicgtacacag | CREBQSLVHS i K ‘

LWHEDGNTY | VTLG | D NGO Y (SEQ | 255) GTDET | IDNO: | {gaiggeaacacctaciigaatiggtiicage | DGNTYLNWFQ | (SEQ

LMWFQORPG | GPAS | 253) D NG LKISRV 1 287) agaggecaggeeaateiciaaggegecias | ORPGUSLRERLY | 1D

QSLRRLIYKY 1 I3CR 254; EAEDY {ttataaggtitctaaccgygacictggggtee | YKVENRDEGY | RO

SNRDSGVPD | 85 GVYYC cagacagaticageggeagigggicagge | PDRF3IGSGEG | 260)

RESGBGSGT | (BEG {(SEGID actgacticacacigaasatcagcaggoty | TOFTLKISRVEA

1 DFTLKISRVE | H NO: gaggrigegoatotigyggitiatiactgeat | EDVEVYYLMO
| AEDVGVYYC | NO: 258) graagatacacactggeccaceticggeea | GTHWPTFGQG

MQGTHW 252) agggacacgactggagatiaaacgtacggt | TRLEK(SEQ

(SEQ 1D NO:; | ggctgeaccatctgicticateticcegenatet | D NO: 259;

251} gatgagoagttgasatciggaactgeotctgt
tgtgtgecigetgaataactictateeragag
aggecasaglacagigeaagygiggataac
geociceaatogogt (SEQ D NC:

258}
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FIG. 12 (Page 14 of 75)

A & H - J K L ‘M N e P
Row | Kame | V-REGION{T) | FR1- | CDRt- | FR2- CDORz- | FRA. | COR3- | Sequence Translated FR4-
: IMGT [ IMGT weT MGT . IMGT . IMGT Sequence (V- IMGT

L | . REGION)
28 009 | EVQLVESGG | BVQL L EYTFR | MSWVR | INODG | YYVDS | ARAG | gaggtgcagclogtogagictggaggaace | EVQLVESGGT | WGR

L BFOSH L TVWQPGGSL | VESG | MYW QAPGK | SEK VKGRF | SYGD | gigolccagecggoggogaieceigagacict | VWOPGGSLRL | GTLY

RLECVASEY | GTW | (SEQID | GLEWY [ [SEQID | TISRDN | YRPIN | colgiglagecicigeatataccitcaggaatt | SCVASEYTFRN | TVSS
TEFRNYWMS | QPG | NO: SN NO: AENGL | NWFD | stiggetgagetgogicogecaggeteceay | YWMSWVRQA | (SEQ
WVRQAPGK | GELR | 263 (SEQ D | 265) FLOMN | P (BEQ | gueaggogctiggagtgoglggacascata | PGKGLEWVGH | 1D
GLEVWWVOHIN | LBCV MNO: SLRVA | IDNO: | satcasgatugasagigagaagtactatgly | INQDGSEKYYV | NGO
QDGSEKYYY | AS 264 DTAVY | 287) gacictgtgaagggecgaticaceateicea | DSVKGRFTISR | 270)
DESVKGRFTIS | {SEQ vE gagacaacgccgageactcootatiteigea | DNAENSLFLG

| RDNAEMSLF il {GEQ D aalgaacagocigagagicgeggacacgy | MNSLRVADTA

LOMAMSLRVA | NO: N cigiitatiactotgegagegegoagagtiac | VYYCARAGSY
DTAVYYCAR | 262) 266) ggtgactacaggorystaaacaaciggtic | GDYRPINNWE
(SEG D NO: | gaccocigoggecgougasceeiggicac | DPWGRGTLVY
261} | cgictocteagegtegancaagggoteatey | VSS (SEQ D
glcttcoceciggeaceeieciceaagagea | NO: 269)
celelgggagracagoggecotgagetyce
tggtcaaggactacticccogaacetgtgac
ggictegiggaacicaggegencigaccag
cggegtgeacaccttcooggetgtociasagt
ccicaggac (SEQ 1D NO: 288) ~
25 009- DIGMTQSPS | DIOM | GSISFS | LAWYD | 4TS NLKSG | QHYS | gacatccagatgacceagiciecticcaceet | DIQMTQBPSTL | FGQRG
BFOBL ) TLSASVEGR | TQSP | (SEQ D | GKPGK | (SEQID | VPSRF | NYSYT | gictgoatctgtagggageagagicaccate | SASVGGRVTIT | TKVE!
VTITCRASAS | 8TLS | NO: CAPELVE | NO: SGEGS | (SEQ actigcegygecagtcagagtattagiitcle | CRASCGSISFSL (K
| ISFSLAWYQ | ASVG | 273) Y {SEQ | 275} GTQFT (D NO: | ghtggeclggiatcagoagaaaccagggaa | AWYQQKPGKA | (8EQ
QRPLGKAPEL | GRVT i NG LTISSL | 277 agccectgaactegicaictateagacgteta | PELVIYOTSNL | 1D
VIYOTSNLKS | ITCR 274y QPEDF aittaaaaagigoegtcecatcaagaticag | KSGVPSRFEG | NO:
GYPBRFSGS | AS ATYYC zggeagigootetoggacasaaticactete | SGSGTQFTLY] | 280)
GSGTQFTLTE | (SEQ (BEQID sccalcageagectgcagoctgaagatiity | SSLOPEDFATY
SSLOPEDFA 1 ID NO: caacctattactgocaacactatictaattact | YCQHYSNYSY

P TYYOQHYSN | NO: 276} cgtacactitiggecaggggaccaagaige | TFGQGTKVEIK

FY(SEQ D 272} agatcasacgiacgytugctycaccaicigt | (SEQ ID NO:

P NG 2T cticaicttccogecatctgatgageagtivas | 279)

: alctggascigectelgtigigigecigrigas
taactictatcoragagaggecaaaglaca
stggaaggtogateacgecciceaalogay
taacicccaggagag (SEQ 1D MO
278}
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FIG. 12 (Page 15 of 75)
K L W N

gtigmaalcigyaacigectcigttgiglgect
gotgaataacticlatcocagagaggecaa
agtacagiggasgotagataacgecoices
atcgggtaacicecag (SEQ D NO:
298}

A G H i J ; 9] P
Row | Mame | VCREGION(Y LERYG S CORYL- [ FR2: | CDOR2. | FR3. CDR3- | Sequince Translated 1FR4-
MGT | IMGT MGT T IMGT MGT | IMGT Sequence (Y- L MGT
o REGION) , ,
30 809 QYQLVESGG | OvQL | GFTFRE | MHWY | ISNEGT | YYADS | ARDP | caggtgcageiggtagagioigugaatags | QVQLVESGGEG | WGh
B0 GVWOPGRSL | VESG | YA RQAPG | NK VKGRF | SMPFP | gtggiccageotggaaggtcoctgagactet | WOPGRSLRLS | GTLY
RLSCAASGE | GGW | (SEQID | KGLEW | (SECG D | TISRDN | HWGN | cotgtgeageniciggaticaccticagaaiet | CAASGFTFRIY | TVSS
{TERIYAMHW 1 QPGR | NO: VAY N SKNTL | FDS atgetatgeacigggtceggcagactocagy | AMHWVYRQARG | (BEC
VROAPGKGL | BLRL | 283) (SEQ D | 285; YLOMNMN | {SEQ caagggactggagtgagiggoagiiatatea | KGLEWVAVIEN | 1D
| EWVAVISNE. | SCAA MO SLRFPE | ID MO | aatgasggaactaataastactacgeagac | EGTRKYYADS | KNO:
GTNKYYADS | S | 284) DAAVY | 287) tcegigaagggecgattcaccalticeagag | VKGRFTISRDN | 290}
VKGRETISRD | (SEQ f Y acaaliccaagaacacgtigiattigesaalg | SKNTLYLOMNS
NOKNTLYLO | 1D (SEQ D aatagectgagaccigaggacgoageigtg | LRPEDAAVYYC
MNSERPEDA | NO: NO: tattacigigcgagagatcectictaatecece | ARDPSNPPHW
AVYYTAR 282) 285) geactgggggaactitgactctiggggoeag | GNFDSWGOBT
{(SEQ HY NO: ggaacceiggicacegtciocteagegicoa | LVTVSS (SEQ
2813 ceaagagececateggleticeeeetggoace | 1D NO: 288)
cleolccaagageaceteggaggeasage
ggeectgggetgocignicaaggactactic
coogaaccigigacy (SEQID NO:
_____________ | o | 288)
31 409 ENMLTQSPGT | EIVLY | EBYSS | LAWY | DAS HRATGL | QQRS | gaaaltgtgtigacacagiciccaggeacest | BEIWVLTQEPGTL | FEQS
3G0IL | LOLSPGERAT | QSPC | Y (BEQ | KKPGQ | [SEQ D | PARFS | NWPFE | gtotctgtolocaggggeaagagecaceats | SLEPGERATLS | TRLE
LSCRASESY | TLSL [ IDNO. | APRLLE | NO: G8G8G | T (SEQ | tectgoegogeoagtgagagiottageaget | CRASESWYSSYL | K
| SEYLAWYQK | SPGE | 293) Y (SEQ | 295) TOFTLT D MO | actagocigotaccaaaagasacciggee | AWYQKKPGRA | (BSEQ
| KEGOQAPRLLL | RATL 1 NO: ISSLES | 297) aggotoeraggoteeicatctatgaigeatee | PRLUYDASHR | 1D
YDASHRATG! | SCRA 284} EOFGY cacagggeeaciggrateccagecagottc | ATGIPARFSGS | NO»
| PARFSGSGS | B vYG agtggcagtgyotctggoacagacticacte | GSGTDFTLTIS | 300)
| GTOFTLTISS | (SEQ {(SEQ D teacoatcageageciagagtcigaagatitt | SLESEDFGVYY
LESEDFGYY | D NO: ggagiitatiacigicageagegtageaacty | CQOARSNWPP
YOCGORSNW | NO: 286} gocicegatcaccticggecaagggacacy | TFGQGTRLEIK
PUSEQID 28% actggagatisaacgiacogiggotgcace | (SEQ 1D NO:
NG: 291) atctgteticateticcogecatetgatgagos | 298}
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FIG. 12 {(Page 16 of 75)
K | i N

A G H d L, R O P
Row | Name | WV-REGION(1) | FR1- | CDR1-. | FR2- LORZ- | FR3 CDR3- | Sequence - Translated FR4-
WGT L IMGT MGT . BIGT MGT MGT Sequence (M- MGT
o . i o . REGION) :
3z 009- EVQLLESGG | EVOL | AFTFN | MNWY | ISGSGL | YYADS | AKDLA | gaggigcageigitggagictyagggagget | EVOLLESGGGL - WGQ
3GO3H | GLIOPGGSLR | LESG | KYA ROAPG | 87 VKGRF | VTPPA | tgatacagceggogoggteecigagactcte | IQPGGOLRLSC | GTLY
LSCAASAFTE | GGLL | {8EQID | KGLEW | {BEQID | TISRDN | QGYL | clyigoageotcigeaticacaiticacaaata | AASAFTENKYA | TVSS
NKYAMMNWY | QPG | N WSH MNO: SKNTL | DR tgceatgaactgggicegecaggoiccagy | MNWVROAPGK | (SEQ
ROAPGKGLE | GBLR | 303 (BEQID | 308) YLOMN | (8EQ gasgogociggagtoggtcicgeatattagt | GLEWVSHISGS | 1D
WVSHISGSGE | LBCA NO: | SLRAE | I NO. | ggeagtggtettageacatactacgeagact | GLSTYYADSVE | NO:
LSTYYADSVK | AS 3043 DTAVY | 307 cegtgaagggecealicaccateiccagag | GRETISRDNSK | 210}
GRETISRDNS | {5EQ Y& acasiiccaagaacacgoigtateigcaaat | NTLYLOMNSLR
KNTLYLGMN | D (SEQID gaacagecigagagecgaggacacgace | AEDTAVYYCAK
SLRAEDTAV | NO: NO: gictactactgtacoaaagatcicgeegttac | DLAVTRPAGEY
YYLAK(SEQ | 302) 308} accacctgeccagagitactiggaccgetgg | LDRWGAQGTLY
0 NO: 30%) goccagggaaceciggleacegiotontca | TVES (SEQ D
gegiegaccaagggeceateggicttoceee | NO, 309)
iggoaceeiceicsaagageacntcigggy
gracageggioctgggelgeeiggicasgy
aclacticcccgaacciglye (SEQ D
é ; NO: 308)
33 1009 EVLTOSPAT | EIVLT | QBVNN | LAWYD | DAS NRATGE | QORS | gaaatigigitgacacagictccagecaceet | EIVATQBPATLE | FGQG
36030 ) LSLSPGERAT | OSPA | Y {SEQ | EKPGQ | (SEQID | PARFS | NWPFI | gleittgtetecaggggaasgagecaccetet | LSPGERATLSC | TRLE]
ESCRASQSY | TLEL | D NG APRLLE | NO: G8ES8GC | T{B8ED | colgeagggecagicagagigitaacaact | RASQSBVANYL | K
i NNYLAWYQE | SPGE | 313) ¥ (SEGQ | 315) TOFTLY | 12 NO: | acttagectgglaccasgagaageciggee | AWYREKPGQA | (BEQ
§ KPGOAPRLLE | RATL D NO: ISSLEP ' 217y aggctoccaggctoccicalctatgatgeatee | PRLUIYDASNR | D
PYDASNRATGH | SCRA 3143 EDFAV aacagggccacigyeatcccagecaggtic | ATGIPARFSGS | NO:
| PARFSGSGS | 8 YYC : aglggeagigaotetgggacagacticacie | GSGTDFTLTI® | 320)
[ GTDFTLYISS | (B8EQ (SEQID | icaccatcageagectagaaccigaagatitt ;| SLEPERFAVYY
LEPEDFAVYY 11D NO: geagttatiactgicagtageptageaacty | CQOQRINWPP
COORSNWE | NO: 316} geotcegatcacciicggoeaagggacacg | TFGQGBTRLEIK
(SeEQ D NG 1 312} actgoagaitaaacgtacygiggetgoace | (SED D NG
311} aicigicticatcliccegecatetgatgagea | 319)
gligaaatctggaactigeeieigtigtgtgeat
golgaataacitctaloenagagaggecas
agiacagiggaagotggataacgoocticea
atcgggtaactcceagga (SEG D ND:
a8
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agtigaaalctggaactgectcigtigligigte
tgctgaatasctictaleccagagaggecaa
agiacagtggaaggtggalaacgoocicea
stegggtaactece (SEQ 1D NO: 338)

A G H i J K L M N 9 P
Row | Mame | V-REGION {1} | FRT- | CBRY- | FRZ CDR2- [ FR3- CDR3-; Sequence Translated FR4-
’ MGT | MET TAGTE IMGT MsT et Sequence V- WGeT
: , 1 REGION) :
234 415 QVQLVOSGA | QVGL | GGTFG | FNWVR [ IFPLLG | NYAQR | ARDD | caggiccagetggigeagictggagetgag | QVGLVASGAE | WGK
TAGTH | EVRKPGSSY | VQSGE | 8YG QAPGQ | TA FOGRY | YMTY | gigeggasgeciggoicoteggigaagyict | VRKPGSSVKY | GTSY
KYSCTTSGG | AEVR | (SEQID | GLEWM | (SEQID | TITADK | DRDY | coigfacgaccietggaggeacciteggeag | SCTTSGETFG | TVES
TFGSYGRFNW | KPGS | MO GR N STTTAY | YYMD | Hatggtittzattgogtgogacaggececigg | SYGFNWVROA | (SED
VROAPGQGL | SVKV | 323) {SEQ D | 3258) MELSR | V (8EQ | acaagogettosgigoatgogaaggaictic | PGOGLEWMG [ 1D
EWMGRIFRL | 3CTT NGO LTSEDY | 1D NG | celclestgggoactyoasactaigeacage | RIPPLLGTANY | NO:
LGTANYAGR | S 324} AVYYC | 327 goltccagggoagagicacgsitacegegg | AQRFGGRVTIT | 330y
FOGRVTITAD | {SEQ (SEQID acaaatccacgaccacagoetacatggag | ADKSTTTAYME
KSTTTAYMEL | 1D NO: clgageaggetgacaicigaggacacggee | LSRLTSEDTAY
SRETSEOTAY | NO: 325} gigtatiatigigcgagagatgactatatgac | YYCARDDYMY
{ YYCAR (SEQ | 322} agtggaccgagactactactacatggangt | VORDYYYMDV
13 NO: 321 ctggggcazagggaccioggicacegicic | WGKGTSYTVS
cteageetccactaagggeccatoggictic | S(SEQ IDNO:
coectggeacecicciceaggageaccictg | 328)
agggracageggecctgggetgectggtcsa
aggactacitcoccgaaceyggtgacygigic
gitggaactcaggegoosigaccagoggeyt
gracacchoecggoigicctacagienicag
| gactciac (SEQ 1 NO: 328)
35 015~ EVLTOSPAT { EIWLY | QSISTH | LAWYQ | GAS TRATG! | GQYN | gaastigigetgacacagictccagecacce | EWLTOSPATLS | FGPG
1AL | LSVSPGERA | GSPA | {SEQID | QKFGQ | (SEQID | PARFS | NWPP | tgicigigteicraggggaaagagocaccet | WSPGERATLEC | TKWDE
TLSCRASGS! | TLSV | NO: APRLLE | NO: GSGSG | LFS cteotgcagggecagicagagtattageace | RASQEISTHNLA | K
STNLAWYQQ | SPGE | 333) Y (SEQ | 335} TEFTLYT | (SEQ aactiagcciggiaccageaaarancigge | WYQOKPGEQAF | (SEQ
KPGOAPRLLEL | RATL i NG WESLG | ID NGO | caggefeccaggeicetealciatgaigegie | RULIVGASTRA D
YGEASTRATGE | SCRA 334} SEDFA | 337 gaccagggecactagtateceagenagott | TGIPARFSGSG | MO:
PARFSGSGS | 8 YYYC cagtngcagtggatetgggacagagttcast | SGTEFTLTVSS | 340)
GTEFTLTVES | (5EQ (SEQID cleacogtcagoageetpcagictgaagact | LASEDFAVYYC
LASEDFAVY | 1D MO: ttgcagtitatiactytcagoagtatastaatiy | QUYNNWPPLF |
YOOQQYNMW | NO: 338) gectesectattcagtitcggeccigggacoa | SFEPGTRVDIK
P {SEQID 332) aagtgustatcaaacgascigiggaigeas | (SEQ D NO:
ND: 337 catctgictcatottcoogeeaicigatgage | 339)
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FIG. 12 (Page 18 of 75

358)

A i G H { J L K L 4 N O P
fow | Mame  VAREGION() | FR1- { GDRI- | FR2- CDR2- | PRS- COR3- i Sequence Transiated FR4-
' IMGT  LIMGT | IMGT MG WAGT. . L IAGT Sequence (V- 1aGT
| - | | REGION)
RIS e ok EVOLVESGR | EVQL | GFTFS | MSWVR | INKEGS | HHVDY | ARVS | gagotgcagclgotgnagiciggoagagge | EVOLVESGRG | WGQ
TAO3H | GLVHPGGSL | VESG | 8YS DAPGK | EN AKGRF | REEW | ttggiccaccalgggagateccigagasicte | LVHPGGSLRLS | GTTV

RLBCAASGF | RGLV [ (SEQIHD | GLEWL | (SEQID | TISRDN | ATVDD | cigtgeageoiciogaticancitiagtagialt | CAASGFTFSSY | TVSS

TFSSYSMEW | HPGG | NO: AT NGy AKMNTL | PHDY | cgatgagitgggicegecaggeiccaggga | SMEVWVRQAPG | [SEG

VRQAPGKGL | SLRL | 343) (BEQ D | 345) YLQMM | YYMD | agggostygagtogotggecaccataaase | KGLEWLATINK | 1D

EWLATINKEG | SCAA MNO: SLRAE | V (BEQ | zasgagggaagtgasaaccaccatgigga | EGSEMHHVIDY | NO!

SENHHVDYA | S 344} DTAVY | IDNOC: | clacgegaagogeoggticactateteccaga | AKGRFTISRDN | 350)

KGRETISRDN | (8EQ Y 347} gacasigeoaagaatacocigtatctacaa | AKNTLYLOMNS

AKNTLYLOM | D (SEQ D atgaategiclgagagecgaggacacgget | LRAEDTAVYYC

NBLRAEDTA | NO: MO: gigtatiattgigegaganiclocangganga | ARVSREEWAT

WYYCAR 342} 346} gigugegacagiigacgaccetcacgacta | VDDPHDYYYM

(SEQ D NO: ctactacatogacgtatygggecaagggac | DVWGQGTTVT

241 cacggicaccgietccicagectecaceaag | VIS (SEQ D

| ggeecateggicticoecetggeaccetoate | MO 348)
caagageaccicigggggcacageggece |
tgggctgeciggicaaggactasticoocga |
accggtgacogigiegiggaacteaggege |
coigaccageggegtgeacareitecegoet

o gtectaca (SEQ D NO: 348)
37 048 DHOMTOSPS | DIOM : ORIBNY | LNWY(Q | KAY NLERG | QQNY | gacatccagatgaccoagictecatecteest | DIOMTOSPSEL | FGGE
1ADSL | BLSASWGDR | TOSP { (SEQID | QNPGR | (SEQID | VPSRF | NPLFT | glelgeatctgtggoagacagagicaccate | SASVGDRVTIT | TKVES

YTITCRASOR | SSLS | NGO APKLLE | NO: 3G8GE | (BEQ acttgccgogeaagicagaggatiageaac | CRASORISNYL | K

ISNYLMNWYQ | ABVYG | 353) ¥ {BEQ | 355) GTDFT | D NQ: | {actiaasfiggiatecageagaacceagyca | NWYQQNPGRA | (SEQ

ONPERAPKL | DRVT H3 NGO LTISTL | 357) gagceccciamacicctgatctatagageata | PRLLIYKAYNLE | D

EIYKAYNLER | ITOR 354) QPEDF caatitagaaaggggagiceogtcaaggtte | RGVPBRFSGSE | NO:

GVPSRFSGS | AS ] GTYYC agiggeagtygatcigggacagatiicactet | GSGTDFTLTIS | 360}

GEGTDFTLTE | {8EQ (SEQ D caccatcagoacictgoasceigaagattiie | TLQPEDFGTYY |

STLOPEDFG | ID NC: glacttactactigicaacagaattacazicee | COQONYNPLFTF

TYYCOONYN | NO: 356} clgitcactticggogoggguaceaaggtag | GOCGTRVEIK

PISEQID 352 agafcasacgaacigigyctgeaccatetgt | (SEQHID NO:

NG 351) cticateticocgeeatcioatgageagtigaa | 359)
atctggaactgectoigtigigigectgeigaa
taacttciatcecagagaggccaaagiaca
atggaaggiggataacgecctecasicggg
taacicocaggaga (SEQHD NO:
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FIG. 12 (Page 18 of 75)

A G E ! 4 K L i N G P
Row. | Name [ N-REGIONM{1) J ER1~- | CDRT- 1 ER2- CDR2< | FR3- COR3- | Sequence Transiated FR4-
: IMGT T IMGT BAGT MGT WGT IMGT Seqguence (Vs IMGT
L b Coeabibaaiben ) fhii : . L : REGION) :
38 095 EVOLVOSGG | BEVOL | GFTFS | MSWVYR | IKKEGG | QEMDH | VRVS | gagglgeagetggtocagtctgggonegge | EVOLVGSGGE | WGQ
L 1A04H 1 GLVOPRGGESEL | VAQSG | SYA QAPGK | EK VKGRF | REEW | rtgotecagecggagaaaiceetgagactet | LVQFGGSLRLE | G
RLSCAASGF | GGLY | (SEQID | GPOWVY | [SEQID | TISRDN | ATVDD | cotgtgcagectetgyattcacgttiagtagit | CAABGFTFSEY | (SEQ
TFBSYAMSW | QPG | NG AN MO AKMTL | PHDY | acgogatgagiigggtcogecaggciccag | AMBWWYROARG | iD
VROAPGKGH | GSLR | 383) {SEQ I | 365) YLQMN | YYMD | guaaggguccgeagtiggiogecaatata | KGPOWVANIK | NO»
OWVANIKKE | LSCA NO: BLRVE | V (8EQ | aagaaagaaggcgalgasaagoaggaa EGGEKQEMD | 370)
GGERQEMD | AS 384} DFAVY | ID NO:. | alggaccatgigasgggceggitcactatet | HVKGRFTISRD
HVKGRFTISR | (8EQ Y 3687} scagagacaacgecaagaatacactgtate | NAKNTLYLOM
ONAKNTLYL | 3 (SEQID tgcaaatgaatagictgagagtcgaggaca | NSLRVEDTAVY
QMNSLRVED | NO: NGO cogotgigtatiactyiptgagagictecagy | YOVYRVISREEW
TAVYYCVYR 362} 366) gaagagigggcgacagtigacgaccatea | ATVDOPHDYY
{SEG 1D NO: cgactactactacatggacgictggagecas | YMDWWGEGE
1 387} I gogt (SEQ D NO: 268) (SEQ D NC!
............ ‘ 365)
33 015 DIOMTGEPS | DIQM | QRISNY | LNWY(Q | NAN LENGY | GQSY | gacatccagatgacgcagtetceatecicect | DIQMTQSPSSL | FGGG
CAADGL - SLBASYGOR | TQSP | (SEQID | OKPGK | (BEQID | PSRFS | NBLFT : gicigratoigtaggagacagagtcaccate | BASYGDRVTIT | TKVEL
; VYTITCRASOR | 88L8 | NO: APKLLE | NO: GGGSG | (SEQ actigicgggeaagicagaggatiageaact | CRASQRISNYL | K
ISNYLNWYQ | ASVG | 373) Y {SEG 1 378) TOFTLS | (D NO: | acttassttgglaicageazaaaccaggea | NWWYQOKPGKA | (BEQ
QKPEKAPKL | DRVT D NG ISGLQP | 377 aagccectasactocigatctataacgoaaa | PKLLIYNANILE | ID
LIVNANILEN | ITCR 3745 EDFGY cattftagagaalggogicceatcaagatica | NGVPSREFSGGE | NO.
CVPEBRFEGEG | AS YYC gtggeggigoyicigggacagatticactcte | GBGTDFTLSIS | 380}
GSGTDFTLSE | (BEQ {SEQ D tceatcagegotetgeaacctgaagatittgy | GLOPEDFGETY
SGLOPEDFG | D NG tactiactactgicaacagagtiacaaticest | YCQQSYNSLFT
 TYYCQQSYN | NOn 376) gttcacttteggeggagggaccaagataga | FGGGTRVEIK
| S (SEQID 372) galcamacgaactgtggotgeaccatcigict | (SEQ D NO:
P NO: 371} teatcttoecgeestolgatgageagitgaaat | 379)

ctggaactgectetgtigigtgectycigaata
aciiciaicccagagaggeraaagtacagt
gaaaggtggataacgeccteeaatcyggla
acicccaggagag {SEQ 1D NO: 378}
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atclggaacigeciciatigigtgectigelgaa
taactictaicceagagsggocasagtaca
glggsagotagstascgeceiscaategag
laactcccaggagagtgicacagageagg
acageaaggacageacctacagenicags
agcacceigacyclgagecaaageagacta

' cgaga (SEQ ID NO: 398)

FIG. 12 (Page 20 of 75)
. ‘A G H } d K L M N 0 ]
Row | Name | V-REGIGN (1) | FRY-. {GDR1» | ER2- - CDRZ- | PRS- COR3- | Sequence Transiated ER4.
IWIGT D IMGET GT BAGT GT BGT Sequence (V- G
- ' , . con P REGION)
40 018 EVCAVESGG | BEVOL | GFTFS | MTWVR | IEKEGS | DHVGY | ARVS | gaggigeagetggtogaotctoggagaage | EVOLVESGEG | WGQ
ZAOTH | BLVOPGGSL | VESG | 8YS DAPGK | EK VKGRF | REEW | Hggtocagcctggggggicectgaggetete | LWOPGGBLRLS | BTV
RLSCAASGF | GGLYV | (SEQID | GLEWY [ (SEQ DY | TISRDN | ATVDBD | cigigeagosiciggaticacottiagiagtiatt | CAASGFTESSY | Tv5S
TFSSYSMTW | QPG | Nt Al RO ARSTLY | PHDY | cgaigacetggoicogreaggcicedggga | SMTWYRQAPG | (SEQ
VROGAPGKEGL | GSLR | 383) (SEQ D | 385 LOMNS 1 YYMD | agoggctagagiggotogecaatatagag | KGLEWVANIEK | ID
EWVAMIEKE | L3CA MO: LSAED | V{SEQ | asagsagdaagigagaaagaccaigicy | EGSEKDHVGY | NO:
GSEKDHVEY | AS 3843 TAVYY 11D NO: | getatgigaagggecgattcactatotccag | VKGRETISRDN | 380)
VKGRFTISRD | (SEQ C{5E0Q | 387; agacaacgecaagagianacigtaicigee | AKSTLYLONMNS
NAKSTLYLG | D D NO: aatgaatagictgagegocaaggacacgy | LSAEDTAVYYC
MNSLSAEDT | NO; 3863 ctgigtatiactgtacgagagictecagagas | ARVEREEWAT
AVYYCAR 387 gegioggogacagtivacgaccctoacgac | VDDPHDYY Y
{SEQ D N, taclactacatggacgictggggocasgyg | DVWGOGTTVT
381 accacgyteaccgicientcagegicgacea | V83 (SEQ 1D
agggoeeateggtcticeocctggeaccelin | NO: 389)
ciccaagagcacaicigguguecacagegy
ceofgagotgectgaicaagy (SEQ D
» NG 388) 7
41 015 DIQMTOSPF | DIOM | QRISNY | LNWYQ | NAN TLAGG | QG8Y | gacatocagaigacceagicteegiiciecet | DIQMTQSPFSL | FGRG
ZAGML | SLSASVGDR [ TQSP | (SEQID : OKPGK | {SEQID [ WVPLRF | NRLFT | gictgeatoigtyggagacagagtcaccaic | SASVEDRVTIT | TKVEL
VTITORAGOR | FSLS | NO: APKLLT | NO: SGEGS | {SEQ | actigecgggeagoicagaggatiageaas | CRAGORISNYL | K
ISNYLNWYG | ABVEG | 393) Y (SEQ | 39%) GTDFY | IONO: | tacitaasitgotatcageagaagcoagges | NWYGQKPGKA | (SEQ
QKPGKAFKL | DRYVT 10 NO; LTSSy | 397 aageccctasactgeigalctataacgeaas | PKLLIYNANTLG | ID
LIYNANTLQG | 1TCR 384} QPREDS cactitacanguiggogtocoaltaaggtica | GGVPLRESGS | NO:
GVPLRFSGS | AG C GTYYC gtggeaotggatctgggacagaiticacicte | GSGTOFTLTIS | 400)
GSSTOFTLTL | (B8EQ {SEQ D accatcageagicigoaaccigaagaltelg | SLOPEDSGTYY
SELGPEDSS | 0 gtactiactactgicaacagagtiacaatagy | CQAUSYNRLFTFE
TYYCQGQSYN | NO: 396y clgticacticggeogggguaccaaggigg | GBGTKVEIK
(SEQ D NO: 392} agaicazacgtacggiggctgcaccatetgt | (SEQ ID NO:
381) citcatclicoogceatetgatgageagtigas | 399)
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FIG. 12 (Page 271 of 75
K L W

cealctgatgageagtigaaatciggaacig
sototgiigigiaectgeigaataactictates
cagagaggecagagtiacaglggasuglge
ataacgocctccasticggotaactconagg
agagigicacagage {(SEQ 1D NO:
418}

A G H ! J . N 0 P
Row: Name P V-REGION{1) [ FRL- | CDR1- 1 FR2. CORY- | PR3 UDR3- 1 Saguence Translated FRA-
' IMGT | IMGT IGT WMGT L MBT MGT Sequence (V- IMGT
. , RECGION) e
42 1015 QVQLYQSGA | QVQL | GYIFSG | IQWVYR 1 INPKTG | NYAQIK | ARDF | caggtgcageiggtgeagictgggaeigag | QVQLVQSGAE | WGQ
2A06H 1 EVEXKPGTSEY | VQSG | 8Y QAPGQ | NT FQGRY | DYGD | glsasgasgcctgggaceicagigaaagte | VKKPGTSVKVE | GAMY
1 KVSCKASGY! | AEVK | (SEQID | GLEWM | {(SEQID | TMTRD | YRGS | teclgeaaggetictggatacatsticioegge | CKASGYIFSGS | TVES
FSGSYIOWY | KPEY | N GR NO: MSISTA | AFDH teotatatccagigoglacgacaggoesety | YIQWVRQARG | (SEQ
ROAPGQGLE | SVEKY | 403) (BEQID | 405} YMELT | (SEQ guceaggocttoagiggatoggaaggsic | QGLEWMGRIN | 1D
VWMGRINFPKT | SCKA NO: RLESD 1D NO: | asceclamgactggtaatacasattatgcac | PKTGNTNYAR | NO:
GNTNYAQKF 8 404} DTAVY | 4073 agaagtiticagggcagggtcaceatgacea | KFQGRVTMTR | 410)
QERVYTMTRD | (SEQ Yo gogacaigtecalcagoacagectacatgg | DMSISTAYMEL
MSISTAYMEL | 1D (SEQID agetgactaggelgagetetgacgacacgg | TRLSSDDTAVY
THLESDOTA | KO: NO: cooigtattactatgogagagactiigattacg | YCARDFDYED
VYYOAR | 402) 408} gigactaccgeggeicioetitigatatctagy | YRGSAFDIWG
{SEQ 1D NO; goccaaggugeasiggicacogicieticage | QBAMVTYES
401 gtcgaccaagggeccatcggictinececty | (SEQHD NO:
goaccotoctecasgageaccictggagge | 409)
aeageogooctgggetacotgateaaggac
tacticccogasaccigig (SEQ ID NG
| , , | 408)
43 015 = DIQMTQEPS | DIOM | QDFSN | LNWYQ | DTS NLETG | QGLN | gacatccegaligacceagiciceatostocet | DIGMTQEPESL | FGPG
2ADGL | SLSASVGRR | TQSP | Y{SEQ | GKPGK | (SEQID {WPSRF | T(SEQ | glotgeaicigtiggtoacagagicaccaica | SASVGDRVTIT | TRVD
VTITCOPRSGD | S8LE (ID NOD | APKLLE | NO: SGEGA | D NO: | citgecagecgagtcaggacitagoaaciat | COPSODFSNY | K
FARYLNWYQ | ASVG | 413) Y (SEQ i 415 GTHFT | 417} ttasattggtalcagcagaaaccagyggaaza | LNWYQOKPGK 1 (BEQ
QRKPGKAPKL ! DRVT 10 NG LTINGL goocctasgetoctgalctacgatacatcca | APKLLIVDTSNL | 1D
LIYODTSNLET  1TCG 414} GPEDIA atitggasacagagotcccatcasgaticag | ETGVRPSRFSG | NO:
GVPSRFSGS | PS Y0 fggasgtygoqcigggacacatitiactctca | SGAGTHFTLTE | 420)
 GAGTHFTLTL | (SEQ (SEQID ceatcaacagectgcagesigaagacatty | NSLOPEDIATY
| NSLOPEDIAT 1D 8Os caacatatiactgicaacagtianatacctic | YCOQLNTFGP
YYCOQ (SEQ | NO: 416} ggccctgggaccasagiggatatoasacgt | GTKVDIK (SEQ
NG 411) 4123 acggtguctgoacealctginticateticong | 1D NO-419)

uonedqng uonediddy judsyeq

06 JO TE€ 1PYS $I0T ‘LT "AON

IV 1S88v€0/+10T SN



FIG. 12 (Page 22 of 75}

A co H { J K £ M M (8] P
Row | Mame | V-REGION{1) [FRT. [ CDR1- |FR2- [ CDR2Z. | FRA- CDR3- | Sequence | dranglated | FR4-
MGeT L MGT WGt LIMGT . IMBT GT Sequence (V- IMGT
. ‘ i : Co REGION) : :
44 18- QVOLVQSGA | QVOL | GFTLN [ IHWVR | INPNSG | KYADK | ARDID | caggigeagoigotgeagtotgooactyag | QVQLVQSCGAE | WGQ
28041 | EVKRPGASY | VQEG | MLY QAPGQ | IV (SEQ | FRGRY | TGDY | gigsagaggoccguagecicastgaaggt | VKRPGASVKY | GTMY
KVECKAAGE | AEVK | (SEQID | GLEWM | 1D NO: TLTRDT | RGAD | ctectgeaagqetgogggettcacgtigaae | SCKAAGFTLENN | TYSS
TLNNLYIHWY | RPGA | NO: GH 425} SVYNTA | VLOM | aacclclacatacactgggtgegacaggee | LYIHWVRGARPG | (SEG
ROAPCQOLE | SYRV | 423} {(SEQ D YMEWA | (SEQ cciggacagggactigagtygatyggacgs | QGLEWMGRIN | 1D
VWMGRINPNS | SCKA NO: RLRSD | D NG | aivagecciaacagiggasicacagagiat | PNSGITKYADK | NO:
GITKYADKFR | A 4243 DTAVY | 427) geagacaagiticggagcagggteacgtty | FRGRVYTLTRDT | 430)
GRVTLYTRDT | (SEQ YE accagygacacgtecgtcaacactgectat | SUNTAYMEVA
SYNTAYMEY | 1D {(SEQ D atggaggiggegeggcigegatetgacgac | RLRSDOTAVYY
ARLRSDDTA | NO: NO: acguccgictatiatigtgogeoagacatige | CARDIDTGDYR
VYYCAR 472} 426} caccggtgactaccycggegelgalglicte | GADVLAMWG
{(SEQ D NG caaatgtygggtcaagggacaatggteace | QGTMVTYES
424) gicicttcagegicgaccaagggoceategg | (SEQ D KO:
tcitcccectggoaceetecicogagageac. | 428)
cictgogggeacageggeaciggyetgeat
gdtcaaggactacticencgaace {SEQ
. iD NO: 428)
45 015 DIQMTOSPS | DIOM | QDFSN | LNWYQ | DAS KLATG | QQLYT | gacatccagatgaccoagtctceaicciceet | DIQMTQSPSESL | FGPG
2B04L | SLBASVGDR | TQSP | Y(BEQ | QKRGR | (BEQID | WwPBRF | (SEOQ giclgeatclgtgggaoacagagticaceate | BASVGDRVTIT | TKYDI
‘ VTITCOASGD | 88LS | D NG APELLY | NO: SGHKS | ID NGO | actigccaggegagicaagacticagtaatt | COASQDFSNY | K
FENYLMNWYQ | ASVG | 433} Y{SEQ | 435) SADYT | 437 atctaaatigglatcaacagasacctgggag | LNWYQUOKPGR | (BEG
GKPGRAPKL | DRVT 1D MO FTiTSL agecectaagotectcatctacgetgettcea | APKLLIYDASKL | 1D
LEYDABKLAT | HTC 434} QRPZDA aattggeaacaggugiceealcgagglica | ATGVPSRESE | NO:
GVPBRIFSGH | AS TYYC glggacaiaaatcigggyeagattatacctic | HKSGADYTFTI | 440)
KEGADYTFTI | (BEQ {(SEQ D accalcaccagectgeagectgaagatatty | TSLAPEDIATY
TSLGREDIAT | 1D NO: cancataliscigicaacagitgiatacticy | YOQQLYTFGP
YYCQQ (BEQ | Mk 438} goooigagaccaaagiggataiceaacgta | GTKVEDIK (8EQ
3 NGO 431) 4732} cggtogeigeaceatcigicticateticecge | D NO: 438}

catctgatyageagtigazatetggaactge
cletgligigigectyotgaataactictateos
agagageccasagtacagiygaaguiyy
afaacyeoctcraatcgyataantioenagy
agagigicacagagea (SEQ 1D NO:
438}
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FIG. 12 (Page 23 of 75)

clggaactgectcighgtglgoctocigaata |

aclictatcccagagaggecagagtacagt

gpaagglggataacgcecicoaatcgggta
actcceaggagagtgteacagageaggac |
agoaaggacageacctacagectcageay |

cacectgatgelgageaaageagactacy

agaa (SEQIDNO 458) 1

, A 3 H o |1 L K L i N kN P
Row | Name | V-REGION (1) | FRI- | CDRY [ FR2 CDR2: | PR3 CDR3. | Sequence | Transialed EFR4-
WIGT L RIGT IMGT MGT INGT WGT Bequence (Y- IMGT
‘ REGION;
48 015 EVCAVESGG | EVQL | GFTFS | MBWWR | INKEGS | NHVDF | ARYS | gaggigoageiggtogagictoggogagge | EVOLVESGGE | WGO
2003H | GLVQPGGSL | VESG | 8Y5 QAPGK | EK VKERE | REEW | tiggtccagoctgygogotecctgagactete | LVOPGGSLRLS | GTTV
RLSCAASGE | GGLY [ (BEQID | GLEWY [ (SEQID | TISRDN | ATVDD | clgigeageciciggaticacatitagtagttatt | CAASGFTFSSY | TVSS
TFSIYSMEW | QPG | NO: A N AKNTL | PHDY | cgatgagolggutecgecaggctecagggs | SMSWVRGAPS | (5EQ
VROAPGKGL | GBLE | 443) (SEQID | 445) SLAMN | YYMD | aggggciggagigggtggocaatataasta | KGLEWVANINK | D
EVWWVANINKE | LSCA MNO: SLRAE | V(SEQ | sagaaggaagigaasagaaccalgiggs | EGSEKNHVDF | NO:
GSEKNHVDE | AS | 444) DSAVY [ ID ND: | citiglgaagggecggticactaleiccagag | VKGRFTISRDN | 450)
VKGRETISRD | {SEQ 1 Y 447 acaacgecaagaatacacigicoctgeaga | AKNTLSLOMNS
NAKNTLSLD |0 {(BEGID tgaatagictgagagoegaagaticggetgt | LRAEDSAVYYC
MNSLRAEDS | NG NO: gtetiactglycgagagiciceagggaagag | ARVSREEWAT
AYYYCAR 442} 448} tgggcgacagiigacygaccatcacpactact | VODPHDYYYM
{SEQ D ND; actacatggacoloiggggecaagggace | BYWOGOGTTVT
441) acggicaccgicicotoagegicgaceaag | VSS (SEQID
ggcceatcggicticocoociggracentecic | NO: 449)
caagagcacclolyggugeacagegacce
gageigectggicaagg (SEQ D NQ:
448) B
47 015 DIQMTOSPS | DIOM | QRISNY | LNWYQ | NAY TLESG | QQSY! | gacatccagatgacceagtoicogicctecet | DIQMTQSPSSL | FGGG
20030 | SLBASVGDR | TSP [ {SEQID | ORPGE | (SEQID | VPEBRF | TLFT gictgcatotptaggagacagagtcaccale | SASVYGDRVTIT | TRKVE!
VTITCRABGR | 38LS | N APKLLE | NO: SGSGS | (SEQ actigcoggoeaagicagaggatiageaas | CRABORIBNYL | K
ISNYLNWYG | ASVG | 453) Y (SEL | 455) GTDFT | IDND: | tacitoasiiggtaicageagagaccaggeg | NWYQQRPGEA | (SEQ
QRPGEAPKL | DRVT Dy NO: LTISSL | 457 aagcocctaaaciceigaictataacgeata | PKLLIYNAYTLE | D
LIYNAYTLES | [TCR 4545 QPEDF cactitagaaagiggygloccateaaggtic | SGYPSRFSGS | NG
GVPSRFSGS | AS ATYYC agiggeagiggatcigggacagatitcactet | GSGTOFTLTIS | 480)
GSGTRFTLTE | {SEG (SEQID caccalcageagtctgcaaceigaggatitiy | SLOPEDFATYY
SSLAQPEDFA | ID NO: ctacttactacigicaacagagttacatiacee | CQQSYITLFT
TYYCQAQSYIT | NO: 456} tgticactticggeggggogaccaaggigga | GGGTKVEIK
{SEQID NO: 452} galceaacgtacygtggeigeaceaicigict ' (SEQ D NO:
451} fcatcticecgeratetgatgageagtigaaat 459}
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FIG. 12 (Page 24 of 75)
A G H ] J K L M TN C F
Row | Name ¢ V-BEGION{1) | FRY- | CORT- | FRe- CORZ- - 1 FR3 GDH3- | Segquence - Transiated FR4-
' f MGT | IMGT | INGT MGT BIGT L IMGT Seguence (V- MGT
Cad e : . e ; o REGION) o
48 015 EVOLIESGE | EVQL | GFTFS | MSWWR | MSGRG | QYADS | AREEF | gagoigcegctoitgeagictooggragest | EVOLLESGGAL | WGQ
2C24H | ALLQPGGSL | LESG | SYA QPPGEK | DTM VKGREF | TDTE | tgotacagooggoggqgatecctgagacictc | LOGPGGSLRLSC | GTLY
: RLSCAASGE | GALL | (BEQID | GLOWV | (SEQID | TISKRDN | MTITQ | cigigeagecioiggaticaccttiageancia | AASGFTFSSYA | TVSS
| TFESSYAMSW | QPG NGt SHSEQ | NO: SENTL | BDFCG | tgccalgagelgogiecgecageciccagg | MSWWRGPPGK | {SED
P VROPPGKGL | GSLR | 463) D NG 4853 YLOMN | Y (BEQ | gaagggtictgeagtoggicicaatialgagty | GLOWVSIMSG | D
: QWVBIMEGR | LBCA 464} SLRAE | ID NGO | gtaggggigataccatgeagtacgeagact | RGDTMOYADS | NO:
: GDTMQYADS 1 AS DTANYY | 487} cegtgaagggecagticaccaticiccagay | VKGRFTISRDN | 470)
P VKGRFTISRD | (SEQ C(8EQ acasitccaagaacacacittaicigeaaat | SKMNTLYLGMNS
PMSKNTLYLG (D i NO: gaacagecigagagecgaggacacges | LRAEDTANYC
: MINSLEAEDT | NO: 466} atitattactgtycgagagaggagifiaccga | AREEFTOTEMT
L ANYYCAR 462} cacagagalgactatascocaaggggactt | ITQGDFGYWG
: (SEQID NO: tggetactyggycocagggeacceiggleae | QGTLVTVES
i A461) cgicteoioagegtegaccaagggeccateg | (SEQ D NG
gteticecectggeaccaicciccaagagea | 469)
cetelggggueacageggeecigggetgee
togtcaaggactacticeoe (SEQ ID
NG, 4683
4% 015~ DIQMTQSPS | DIOM | QSISVY | LNWYQ | GAS NLQSG | QRSY! | gacalccagatgacceagictoeatocteoct | DIQMTQSBPSSL. | FGPG
2004L @ SLSASVGDR | TQSP | (SEQ I | QRPGK [ (BEQID | VRSRF | TPFT gictgeaiciglaggagacagagtcaccalic | SASVGORVTIT | TrRVDY

VHTCRASQS | 8818 | NO: APKLEL | NO: SGSGS | (BEQ actigeegnoraagicagageatiagigtct | CRABQSIEVYL (K

IBVYLNWYQ | ASVG | 473) Y {SEQ | 478 ETDFTL | 1D NO:. | atliaastigglaicaacagaaaccagggaa | NWYQQKPGKA | (BEQ

CGKPGKAPKL | DRYT 0 NG TISBLQ | 477) ageecciaagelectgeliciatggigeateea | PKLLIYGASNL (D

LIYCASBMNLOS | TCR 4743 PEDFA aftigeasagtogigteccaicaagaticagt | OGSGVPSRFSG | NO:

GVPSREFSGS | AS TYYC gocagtggatcogagacagaiticaciclea | SGSETODFTLTIS | 480)

GSETEFTLT | (SEQ (BEQID ccatcageagictgcaacctgaagalitigea | SLOQPEDFATYY

SSLAPEDFA | D NO: acttactacigicaacgeagitacatcactice | CQREYITPRTF

TYYCQREYIT | MNO: 4763} aticacittcggeectgggaccasagiggat | GPETHVDIK

(SEQID NG | 472 atcasacgiacqgiggctgeaceatetgictt | (SEQ D NO:

471) catcticcogooatcigatgageagtigaaat | 479)
clggaactgectctgiigigtgecigeigaata
acttcisicecagagaggecaaagiacagt
ggeaggiggsiaacgeceicoaatcgagta
actcecaggagag (SEQ D NO: 478)
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FIG. 12 (Page 25 of 75)
A G L H i J K L Mo M o P

Row i MName SREGHKON G L PR L CORY L FRE: CDR2- 1 PR3- CDR3~ | Seguence Translated TER4.

MGT | WGT . IMGT WGT.  LIMGT | IMBT Seguence {¥- HaGT
/ , RECIONY i

50 815~ QVOLVQSGES | QVOL | GFTFT [ IHWVR | INPSRG | KYAEK | ARDID | caggtgeageigaigragictgggtctoagg | QVOLYQSGESE | WGQ
2008H EVRKPGASY | VOSG | DCF QAPGO | TT FRGRV | 8GDY | tgaggasgootggugccteagigasggtet | VRKPGASVKY | GTMY

KVBCKASGE | SEVR | (SEQ D | GLEWM | (BEQID | SMTRD | RAAD | cclgoassggcticlggaticacattcacegas | SCKASGFTFTD | TVSS

TETOCFIHWY | KPGA | NO: GR N NAINTA | VFQ fgctitatacactggglycgacaggecootgg | CRHIHWVROAP | (SEQ

ROAPGQGLE | SVKY | 483) (SEQID | 485 YMODMS | (SEQ acagugactigagiggatgggteggatcaat | GQGLEWMGRE | 1D

WMGRINPER | SCKA NO: ‘ RLQED 1D NG | cctagtagaggasccacasaetsigeaga | NPSRGTTKYAE | NO:

GTTEYAEKF |8 484) DTavyY | 487} gasatiteggggeogagtciogatgaccey | KFRGRVSMTR | 480}

RGRVYSMTRD | (SEQ | YC ggacatggeratcaacacageciacatgga | DMAINTAYMO

MAINTAYNMD | ID {(SEQ D calgagcaggoigesatclgacgacacgge | MSRLOSDETA

MSRLGSDDT | NG: NO: cotgiatiacigtgcyagagacattgaciceg | VYYCARDIDSG

AVYYCAR 482} 486G} gtgactaccgogoegclgatgititcoagaict | DYRAADVFGIW

(SEQ D NG ggguccaagogacaatggtoaccgicicttc | GRGTMVTVES

481) agogtcgaccaagggeccateggtcticoee | (SEQ DY NO:
clggeaccoteciccaagagoanaictgygg | 489)
geacsageggeoscigggeigeciggicaagg
actacitcocogaace (SEQ 1D NO:

488) _

51 015 DIOMTGSPS | DIGM | QDFSN | LANWYQ | DAS NLETG | QOLTY | gacatccagatgacecagtciooatontoost | DIGMTQEPSSL | FGPG
20061 | SLEASLGDR | TQSP | Y {SEQ | QHPGK | (SEQ D | VPBRF | (8EQ gictgegictotaggagacagagtcaccate | SASLGBRVTIT | TRVDI
’ VTITCQASGD | SSLS | ID NG | APKLLE | NO: SGSGS | ID NO: | actigecapgogagicaggactitageaact | DOASQDFENY | K

FOMYLNWYS | ASLG | 483) Y (SEQ | 4895} GTEYT | 487} aittanatiggtatcagragasaccagggas | LNWYQOKPOK | (BEQ

OKPGKAPKL | DRVT | D NO: LTISSL agcccctaagetecigatctacoatgeatce | APKLLIYDASKL | 1D

LIYDASNLET | 1TCQ 434} QPEDS aaittggasacaggggicecatcaagattcs | ETGVPSRFSG | NG

CVPSRFSGS | AS ATYYC giguaaglggaicigyyaragaatatactt | SGSGTEYTLTE | 500)

GSGTEYTLTE | {SEQ (SEQ D aaccatcageageotigoagecigaagatict | SSLOFEDSATY

SSLOPEDSA | 1D NO: goaacatatiacigicascagtigactacgt | YCQQLTTFGR

TYYCQQ MO 4398} cggecctgggaccaaagiggatatcaaac | GTKVDIK (SEQ

BSEQIDNO: | 492) gtacggtggoigeaccatoigtoticatetice | 1D NO: 498)

491} cgocatctgatgagoaghiyaaaiciggaac
{gectetgiigtgtgectyctgaataactictatc
ccagagaugecasaglacagiggaagety
gataacgeecictasicgggtaaciceray
gagagigicacagage (SEQ 1D NG:

498}
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cetetgtiatatgectgcigaataaciictatec
cagagagiccanagiacagliogaagatog
ataacgocetccaategggtaactccragg
agagtgicacagage (SEQ 1D KNG
518)

FIG. 12 (Page 26 of 75)
A G H i 4 K L M N O P
Row Mame PVREGIONA) ¥R FEDRY. [ FR2- GDR2- | FRA CPR3- | Sequence Transleted FR4~
WG IMGT MGT L IGT T IMGT MGT Bequence (V- i t3 4
. , REGION)
52 15 OVOLYGEGA | OVOL | GFRFS | HWWVR | INPTRG | KYAEK | ARDID | cagglgeagetggtgoagiciganocigag | QVOLVOSGAE | WGO
S20N2H | EVEKPGASY | VOSG | DLY QAPGL | TT FLGRY | 8GDY | gigeagmagectggnooctuagigaaggic | VKKPGBASVRYVS | GTMY
KVSCKASGF | ARVK | (BEQID | GLEWM (| {(BEQID | SMTRD | RAAD | foctgoaaggelictggaitcaggticagega | CKASGFRESDL | TVSS
RFESOLYIHPWY | KPGA | NO: GR HO: TAISTA | VFQ ctigtetatacactgggtgegacaggecectg | YIHWYROARG | (SEQ
RQAPGQGLE | SWKY | 503) {BEG D | 505) YLOVT | (SEQ gacagggectigagtgoatoggicgoatca | QCGLEWMGRIN | 1D
WMGRINPTR | SCKA NC: RLQSE | D NG | ateclaccagaggaaccacaasataigea | PTROTTKYAEK | NG
GTTKYAEKFL | 8 504)  DTALY | BOT) gagaastiicigggoogagictegatgacca | FLGRVSMTRD | 5103
GRVSMTROT | (SEQ YT gggacacggecatcageacagectattigg | TAISTAYLDVTR
AISTAYLDVT | ID (SEQD acgigaccaggolgeaaiclgacgacacgg | LOSDLOTALYYD
RLOSDDTAL | N N0 cociitattasigigogogagacattigacicog | ARDIDSGDYRA
YYCAR (GEGQ | 502} 506} gtgaectaccgcgocgotgatgittticagatet | ADVFRIWGOGE
0 MO 501 gougccaagggacastggicacegictctic | TMVTVSS (SEQ
agegicgaceaagggeecatoggiciicece | D NG: 509)
ciggeaccotociccaagageacetelgaag
geacageggceeotgggetgecigglcaagg
actacticocogaace (SEQ D NO:
‘ 508]
| 52 E0Y5 DICGMTOSPS | DIGM | GDFSN | LMWYQ | DAS NLETG | QQLAT | gacatecagaigaceccagtetocatoctcoct | DIQMTQSPSSL | FGPG |
2020 SLEBASYGDR | TOSE | Y {BEQ | QKPGK | (SEQID | VPEBRF | (8E gietgeotetatagoagacagagicaccaic | BASYGDRVTIT | TRVDL
VTITCQASQD | G518 [IDNO: | APKLLY | NO: SGEGS | IDNG: | acligeeaggegagicaggacitiageaact | COASQDFSNY | K s
FONYLNWYQ | ASVG | 513 Y {SEQ | B15) GYEYT | 817} afltzzallggialcagcagaaaccagggea | LNWYQQKPGK | (BEG
QEPGKAPKL ¢ DRVT 1D ROG: LTISSL agecoctaagcicotgatctacgatgeatece | APKLLIYDASNL | D
LIYDASNLET | ITCGQ §14; QPEDF aaittggeaacaggggicocatcaagatica | ETGVPSRFIG | NGO
GVYPSRFSGS | AS ATYYC gtygaagigyatctgggacagastatacttt | SGSGTEYTLTE | 520)
GSGTEYTLT | (SEG (SEQID aaccalcageagectgeagectgaagatitt | SSLOPEDFATY
SELOPEDFA [ ID NO: graacatatiactgtcaacagtiggetactttie | YCQQLATEGR
TYYCQO NG 516} qgocctoggaccaaagiggataivaaacygt | GTRVDIK (EEQ
{(SEGID NO. 5123 acgutggcigeacoatctgteticatcticeog | 1D NO: 519)
511} ceatctgatgageagitgaaateiggaacty
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FiG. 12 (Page 27 of 75)
A G H | 4 K L M N o P
Row | MName | V-REGION(1) | FR1- | CDR1- [FRO-  [CDR2- " FR3 | CORE- | Sequence Transiated FR4-
MGT L IMGT MGT MGT IMGT MGT Beqtence (V- BAGT
, . | REGION; :
54 M5 . | QVOLVOEGE | QVOL | GFTFT | IHWYR | INPSRG | KYAEK | ARDID | caggigoagolgpiucagtciggatctasgn | QVOLVOSGSE | WGa
2E0TH | EVRKPGASY | VUSG | DCF QAPGE | TT FRGRY | SGDY | igaggaageciggggectcagigarggict | VRKPGASVKY | GTMY

KVECKASGE | SEVR | (SEQID | GPEW | (SEQID | SMTRD | RAAD | coigoaaggottctggaticacaticacogas | SCKASGFTFTD | TVSS

TFTDCFIHWY | KPGA | NO: MGR NO: TAINTA | VRO tgcttialacacigggtgegacaggeeectag | CRIHWVRQOQAP | (SEGQ

ROAPCGQGPE | SVKY 1 5723) {(SEQID | 528) YMDVE | (SEG acaguggoctgagiggatgaulcggatcaa | CQEBPEWMGCRL | D

WMGRINPSR | SCRA NQO: RLGQSD {0 MO | tectagiagaggasccacaaaataiocaga | NPSRGTTKYAE | NO:

GTTKYAERFE | 3 524} DTAVY | 827) gaaaltticgggoceggaicicgatgaccoy | KFRGRVSMTR | 5303

| RGRVSMTRD | (SEQ Y0 ggacacggocalcaacacagectacatgg | DTAINTAYMDY

TAINTAYMDV | 1D (SEQID atgigageaggetgeaatetgacgacacg | QRLQSDDTAVY

SRLOBDOT, NG P NO: gocgigtattacigigegagagacatigacte | YCARDIDSGDY

VYYCAR 527} 5263 cggtgactaccgegoegeligatgititicagal | RAADVFQIWG

L {SEQ D NQ: clggggocaagggacaatggicacegictet | QGTMVTVYSS

521 toagegtcgarcaagggecoateggtcttce | (SEQ 1D NO:

‘ cectggeacecicctocaagageanciclgg | 529)
gggcarageggecctggoctoceiogteaa
ggactacticoccgaaccigtgacggtetegt
goaactcaggegescigaccageyuegiy
cacaccticocggeigicctacagicctcagy

) ] actct (SEQ 1D NO: 528} ;
55 016~ DIOMTQ3PS | DIOQM | GDFSN | LNWYQ | DAS NLETG | QOLTT | gacatccagalgacccagtcicoateaioeet | DIOMTOSPSSL | FGPG
2E01L | GLOGASLGDR. | TGS8PF | Y (SEQ | QKPBK | (SEQID | WPSRF | (BEQ gielgegteictaggagacagagicaccate | SASLGDRVTIT | THVD!

P VTITCOASGE | SBL 1D NC: APKLLL | NO: SGEGS | IDNO: | acHgecaggegagicaggactitageaact | CAASQDFSNY | K

JFSNYLMNWYQ | ABLG | 533 Y (SEQ | 535} GTEYT | 537) athtzaaitogiaicagragaaaccagggas | LNWYQOKPGK | (SEQ

QKPGRAPKL | DRVT iDNO: LTISSL ageccctaagetecigatctacgatgeates | APKLLIYDASNL | 1D

LEYDASNLET 1 1TCQ 5343 QPEDS aatitggasacaggggteccatcaagattca | ETGVPSRESG | NO:

GVPSRFSGS | AS ATYYC gtogargiggatclgggacagaatatactt | SGSGTEYTLT! { 540)

GEGTEYTLY | (SEQ (SEQID azccatcagecagecigeagectgaagatict | SSLOPEDSATY

SSLOPEDSA 1D NO: goaacataitacigtcagcagitgactacgtt | YOQQLTTFGR

TYYCoQ NO: 538) cageecigguaccaaagtggataicaaac | GTRVDIK (SEQ

(BEQID NG 532} giacggtogetgeaceateigicticatetice | D NGO 535)

531} cgecatclgaigageagiigaaatciggaac
fecicigtigtgtgectgetgaataaciictate
ccagagaggecasagtacagtygaaggiy
gataacgecoiocasicgggiaactoocag
gagagigtcacagage (SEQ 1D NO:

538)
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FiG. 12 (F’age 28 ef 75)

A i Ho A J K N Q P
Row | Name | V-REGION{l) | FR1- | CDR1. | PRZ. CDR2- FR’*» 'f“‘DF‘Sn Sequence Franskated FR4-
' MeT IMBT L IMGE GT ST MGT Sequence (- MGT
REGION)
5 1015 EVOLVESGE | &VQL | GRTFS | MSWVR | MNKEG | NHVDY | ARVE | gaggtgeagcigotggagictggaggagge | EVQLVESGGG | WEa
ZEOBH | GLVOPGGSL | VESG | 8Y8 QAPGK 1 GEK VKGRE | REEW | tggtccagectgggoogicedigagacicte | LVOPGGBLRLE | GTTY
1 RLECAASGF | GGLY | (SEQID | GLEWV | (SEQID | TISRDN | ATVDD | cigegeagestciggaticacciitagtagitat | CAASGETESRY | TVSS
TESEYSMEW | QPG | NO: AN CND: AKSTLY | PHDY | tugalgagotgggicegocaggeiccagos | SMSWVYRQARG | {(SEQ
VROAPGKGL | GSLR | 543) 1SEQ D | 545 LGMNS | YYMD | aagoggctagagtgagtggecastatgaac | KGLEWWANMN | 1D
EVWWVANMNKE | LSCA B LRAED | VISEQ | asagagggaggigaazaasaccaigigy | KEGGEKNHVED | NO:
GGEKNHVDY | AS 544) TAVYY | IDNC | actefgtgasgggergaitcactatctocag | YVKGRFTISRD | 550)
VKGRFTISRD | (5EQ 3 CABEQ | 547 agacaacgecaagagtacacigtatetgea | NAKSTLYLQMN
NAKSTLYLQ [ 1D ) NO: aalgaatagictgagagecgaggacacgg | SLRAEDTAVYY
MNSLRAEDT | Nk 548) cogigtatizciglucgagegicicoaggga | CARVEREEWA
AVYYTAR 542) agaglggucgacagigacygaccetcacyg | TVDDPHDYYY
{SEQ D NO: actactattacatggacgictggggccaagg | MDVWGEQGTTV
541) gaccacggicacegicteotoagngtcgace | TVSS (SEQID
aagggeecaicgoicticeoeciggeacaet | NO: 549)
celcraagageacetelggggycacagey
geootgggetgectgateaagg (SEQID
B 3 N 548)
57 015~ DIGMTQSPS | DIQM | QRISNY | LNWYH | NAY TLGSCG | QQS8Y | gacetocagsigaccoagicicoatocteret | DOMTQSPSSL | FGGG
ZE0BL | SLSASVGGG | TQSP [ {SEQID | QOPGK | (SEQID | VPSRF | NBLFT | gteigeatclgigggaggeygagicaccats | SASVEGGVYTIT | TKVE!
VHIITORASOR | S8LS | NO: APKLLE | NO: 5GTGS | (SEQ acftgregggeaagicagaggatiageaac | CRASQRISNYL | K
ISNYLNWYH | ASVG | 853 Y (SEQ | 555) GTDFT | D NO: | factiaastiggtatcaccaacaaccaggea | NWYHQQORPGKA | (BEG
GOPGKAPKL | GGVT 0 NG LETISSL | 557) aagocociaaaciontgatctatascgeata | PKLLIYNAYTLQ | 1D
LEYMAYTLQS | ITCR 5545 QPEDF cactitacagagigggglccealcaagygite | SGVPSRFSGT | NO:
GVPSRFSGT | AS ‘ GTFYC agtggeactgaaictgggacagatticactet | GSGTLFTLTIS | 560)
GSGTDFTLTY | (8EC (SEQ D caccatcageagtctgeaacctyeagatitty | SLOPEDFGTRY
SSLQPEDFG | ID NG: glacttictactgtcaacagagtiacaatage | COQSYNSLFTF
TEYCOQAQSYM | NO: 556} c'{gitcacﬁtcggcggggggaccaaggtgg GGGTRVEIK
S{BEQID 582 agatcazacgiacggiagctigeacealotgt | (SEQ 1D NO:
NO: 551} ‘ cticatcticcegecaictgatgageagtigas | 529)

atetggaactgectetgitgiotgecigeigaa
taacticlatcccagagagyccaaagtaca
giggaaggiggataacgeocictaategog

| taacteccaggag (SEQ 1D NO: §56)
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F1G. 12 (Page 28 of 75}

geagligagatctggaactgecictgitgtyty

: ceigotgaataactictaicccagagaggece

aaagiacagiggaaggiggataacyocotc
caatcgggtaaciccraggagagligicaca
gagoaggecageaaggacageaceiaca
goeetcageageacootgacgeigageaaa
geagactacga (SEQ H NO: §78)

A G H | J K L M B 0 P
Row | Name | VW-REGION (1} | FR1- | CDR1- | FRZ- CDR2- | FR3- CDR3- | Seguence Transiated FR4-
MET HIMGET IMGT MET MGT MIGT Seguance (V- MGT
. ; REGION) .
58 015~ QVQLYGSGA | QVQL | GYTFT HISWWYR | ISTYNG | YYAQK | AREG | caggigeagcigotocagiotygagcicag | QUVQLVQSGAE | WGO
 ZFDAH ] EVKKPGASY | vQSGE | 8YA QAPGQ | NB LODRY | YDHL gtgaagaagactggggecicagigaagglic | VEKKPGASYRYS | GTTV
KVSCKASGY | AEVK | {SEQID | GLEWM | (SEQID | TMTTD | WGTY | toigeaaggciiciggatacaccitiaccagt | CKASGYTFTSY | TVES
TETSYAISWNY | KPGA | NO: G NOx TETNT | RFEA! | atgclaicagelgggigegaceggocecty | AISWVRQAPG | (SEQ
ROAPGQUGLE | SVKV | 583) (SEQ 1D | 565) AYMEL | BYYYT ' gacaaggoctiagiggalgggatigoatea | QGLEWMGWIS | 1D
WRMGWISTYN | SCKA NGO: RSLRS DV : geacttacaatggiaacicatactatgeana | TYNGNSYYAGQ | NO:
GNSYYAGKL |'S 564} DDTAY | (BEQ gagaciccaagacagagtcaceatgacea | KLOQDRVTMTT | 570}
QORVTMTID | (SEQ YFC I NO: | cagscecatcracgaecacagectacaty | DTSTNTAYMEL
TSTHNEAYME | 1D {(5EQID | 56T gagetgagoagenigagaicigacgacae | RSLRSDOTAVY |
LRBLRSDDT | NO: NO: gacogictattittatycyagaganggataty | FCAREGYDHL
AVYECAR 582} 566} atcacctitgggguacttatogetttgaggeg | WSTYRFEAIDY
(BEQ D NO: atagactactactacacggacgiciggggee | YYTDVWGQGT
56813 asaggaaccacggicacegtetectcagegt | TWTVSS (SEQ
cgactaagggeecateggicitcoecetgge | D NO: 558)
acceicoiccaagageaccioigguggcac
ageggeccigggetgectggte (SEQD
. i NC: 568)
59 015 T EIVLTOERGT | EIVLT | Q8L58S | LAWYQ | GAS SRATGH | HQYG | gasatigigtigacgragiciceaggeaceet | EIVLTQSPGTL | FGQG
2E0H ) LSLSPGERAT | QSPG | XY QKPGQ [ (BEGID | PDRFS | 8ETCT | gicttigiclecapgggaaagagocaceotet | SLSPGERATLS | TKVE!
: LSCRASGSL | TLSL [ ({8EQID [ APRLLY | NO: GHGRG | (BEQ ccigsagggecagicagagicttageagen | CRASQSLESSXY | K
SSXYLAWYS | SPGE | NO: Y (SEQ | 875) TOFTLY | ID NG | nntacttagectggtaccageagaaaccty | LAWYQOQKPGD | (8ECQ
QHPGQAPRL | RATL | 573} i MO ITRLER | 577) gocaggeiceeaggcicotcatialatgatge | APRLLIYGASS | D
LIYGASSRAT | 3CRA 574} EDSAY atccageaggygecaceganatcecagaca | RATGIPDRISS | NO:
CIPDRF3GS | S YYC : ggttcagtegeagtggaictgggacagactt | SGSGTOFTLTE | 580)
CSGTOFTLTE | (BEQ (SEQ D cactcteaccattaccagaciggageciga | TRLEPEDSAVY
TRLEPEDSA | iD | NGO agatictgcagigtatiatigicancaglaiggt | YCHQYGSSTG
VYYCHQYGS | NO: 578} agcicaacgggaacygiteggocaagggac | TRGQGTKVER
S (SEG D 872) caagglggaaatcaaacgtacggiggetge | (SEQ D NO:
NOC: 571} accalctgicticatcticoogecatatgatga | 579

uonyedrqng uonednddy judjed

06 JO 01 199US +10T ‘LT "AON

IV 1S88+v€0/+ 10T S(1



- ggggeacageggeacigggeigeciggica
| aggactactceccgaacaigtgacggtcic

gfggaactcaggegcoetgaccagegyoat
geacaccitcceggetgtectacagicetcag
gacte (SEQ 1D NO: 588)

FIG. 12 (Page 30 of 75)
: A G H I J K L 1l M 0 [
Row | Mame  [VGREGION{T) [ PR T CDR1: | FRa: - CDR2- | FR3- COR3- | Saquence Trensiated FR4-
' MGT [ IMGT BGT P IET - HIMGT MeT Sequsnee (V- WGT
: REGION)
[ 80 015~ QVOLVQSGA | Qval | GFSFS | IHWVYR | LNPKR | KYAGH | ARDID | cagoigeagetggtacaaictaggactgag | QVALVUSCAE | WiEQ
: 2FO2H | EVERPGASY | VQSSG | DTY QAPGQ | GTT FOGRL | FGDY | glgzagaggectgggancicagtgaacgtc | VKRPGABVMY | GTMV
NVSCRASGF | ARVK | (SEQID | GLEWM | (SEGID | TLTRD | RAAD | {ocigeagagctictggaticagtitcagegac | SCRASGFBFS | TVES
SFSDTYIHWY | RPGA | NO: GR NG ASINTA | VFH acctatatzcactgootgcgacagacticetg | DTYIMHWVROAF | (SEQ
ROAPGQGLE | SVNV | 583) (SEQ D | 585) YMELS | (SEQ ggcaggggctagagtggatgoyscgacte | GQGLEWMGRL | IR
WMGRLNPK | SURA NG RLGTG | IDNO: | satcclaagagaggaaccacaaaatatge | NPKRGTTKYA | NO:
ROTTHYAGH | § 584} DTavyY | 587 agggcacitteagggeaggetcacyiigace | GHFQGRLUTLIR | 580)
FOGRLTLTR | (8EQ YC ‘ agggecgegiccalcaacacageciacaty | DASINTAYMEL
DASINTAYME | iD (SEQID gagftigagcaggeiggogactggegacae | SRLGTGDTAVY
LBRLGTGOT | NO: NO: ggecgtotatiactyogogegagacatigact | YCARDIDFGDY
AVYYCAR 582} 588) icggtgaciaccgegecgetgatgtitticatat | RAADVFHIWG
(SEQ D NG atygogecaggggacasiggicacegtcic | QETMVTVES
581)  Hicagegicgaccaagggeeeateggtottc | {(SEQ D NO:
cecctggracccicetccaagageaceictlg | 589)
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FIG. 12 (Page 31 of 75}
A G H P d K L M B 0 P

Row | Mame  V-REGION(D 1 FR1- | CDR1- 1 FR2 CORZ- I FR3 CBR3- | Seguente Transiated R~

IMGT  HIMBT MGT - IMGT WAGT WaGT Seguence (V- MGT
. , , U REGION)

51 L0156 DIOMTQSPS | DIOM | QDFSN | LNWYQ | DAS NLETG | QLD | gacatccagstgacceagtticeatectonct | DIGMTQOSBPSEL | FEPG
2F02L ) SLSASVEGDR | TQSP | F{BEQ | QRPGK ! (BEQID | WPSRF | T (8EQ | gictgcaicigiaggagacagagicaccale | SASVGDRVTIT | THVDH
‘ VTTTCOASQD | 8318 JIDNDG | APKLL] | NO: BGRKS | 1D NO: | acttgccaggegagtcaggacittagtaatttt | COASQIDFSNF | K

| FSMFLNWYQ | ASVG | 583) YASEQ | 385 GAHYT | 897} citaaliggisicaacagagaccigggaaag | LNWYQQRPGK | (SEQ
L QRPGKAPKL, | DRVT 10 NG LTISSL coectaganicetyatetacgatgoatcsaat | APKLLIYDASKL | D
| LIYBASNLET | 1TOGQ 534} QAEDIA ttggagacaggggticeeatcaaggticagty | ETGVPESRFEG | NO:
i GVPBRFSGR | AS T™YC geagasaaicignggracactatactelca | RESGAHYTLTE | B0C)
| KSGAMYTLTE | (SEQ (SEQID ceatoageagecigoagacigeagatatige | SSLQAEDIATY
SSLOAEDIAT | ID NO: azcatattaligicaacagiiggaiactiteoy | YCOOQLDTFGP
YYOQG (SEQ | NO; 596} cooigygaccasagiggataicaaacgtac | GTRKVIIK(SEQ
0 NG: 591 532} agtggcigcaccatolgiclicatcitcocges | HD NGO 588)
atctgatgageagittgaaaiciggasctgoct
clotiglatgectgeigaataactictateocay |
agaggccasagiacagtygaaggtagate |
acgoectocaategggiaacteocaggaga |
gigleacagagraggacageaagganag |
cacctacagoctcagoagoaccoigacgst
gagrazageagactacgagaaacacaaa
giclacg (SEQIDNOIBOBY 1
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FiG. 12 (Page 32 of 75)

agegacectgggotaceiggicaaggacta

cHeceogaaccigigacggtctegtggaact |

ceggegeocigaccageggegigeacacet
tceeggotgicctacagiecicaggaciclact
¢e (SEQ D NO: 608)

A G H f J K L i B O P
Row { Mame [VREGIOND | FRY LGBRY- | FRZ- | CDR2- | FR3- CBR3- | Sequence Transiated FR4«
GT [ IMaT MGT MAGT | IMGT BT Sequence (V- MGT
o REGION)
L 82 15~ QVOLVQSGA | QVQL | GYIFSG | IOWVR | INPKTG | NYPGK | ARDF | caggiocagciggtycagictogagetgag | OQVOLVOSGAE | WGGQ
SF04H | EVKKPGTSY | VOSE 1 3Y QAPGG | GT FQERY | DYGD | gtasagaagectggoaccicagigaasgtc | VKEPGTSYRVS | GAMY
KYSCHABGY! | AEVK | (BEQID | GLEWM | (SEQ ID | TMTRD | YRGS | teclgeaaggotctggatacateticicegge | CKASGYIFSGE | TVSS
| FSGEYIIWWY | KPGT | NO: GR WO MBISTA | AFDH teciataticasiggotacgacaggeecetgg | YIQWVRQAPG | (SEQ
ROAPCQGLE | SVYKV | 80%) {SEQID | 605} YMELS | (SEQ acaaggoctiyagiguatggoaagaaica | QGLEWMGRIN | 1D
WIMGRINPKT | SCKA MO RLISDD 1D NO: | acoctaagacigotggoacasatiatccaca | PKTGGTMYPQ | MO:
GGTNYPQKF | 8 604} TAVYY 807 | goagiticagggcagggicaccatgaccag | KFOQGRVTMIR | 810}
GGRVTMTRD | (SEQ C {SEQ goacatgtecatcagoacagectataigga | DMSISTAYMEL
MBISTAYMEL | 1D D NO: gclgagtaggoigateictgacgacacggee | SRLISDDTAVY
SRLISDDTAY | NO: 808} gigtetiactatycgagagacticgattacggt | YCARDFDYGD
YYCAR (BEQ | 802) gactacegeggeictgettitgatatetgogae | YRGSAFDIWG
10 NG B0 caagguocaatggtcaccatoictizagogt | QBAMYVIVSS
cgaccaagagoocsicggicticcocetgge | (SEQ D NO:
acucicciccaagageaccictgggageas | 608)
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FIG. 12 (Page 33 of 75)

A G H ! 3 K L M N 0 P
Row i Name | V.REGION {1 1 FR1- [ ODR- | FR2- COR2- [ ER3- CDR3- | Seguence Fransiated FR4~
LIMGTE | IMGT IMGT HAGT MGT WMGY Sequence (V- | IMGT
i Lo : L REGION;
83 015- DICGMTOSPS | DEGM | QDFSN | LNWYG 1 DTS KLETG | QGLN | gacatccagaigacceagictecatecicact | DIQMTQSPSSL | FGPG
2F04L | SLEASVEDR | TQSP | Y (BEQ | QKPGK | {(BEQID | VPBRF | T {BEQ | gicigeatctgtiggtgacagagicaccatea | SASVGLRRVTIT | TRVDI
WTITCOTEQD | 38LS [ IDNRO. | APKLLY | NO: - SGGOA | D ND: | ctigecagacgagicaggactitagraattat | CQTSUDFSNY [ K
FORYLMWYQ | ASVGE § 613) H{SEQ | 615) GTYFTL | 817) tiaaatigglatcageagaaaccaggaaaa | LNWYOQKPGK | {(SEQ
OKPGKAPKL | DRVT {0 NO: TINGLO | geocctasaciccinatecacgatacatesa | APKLLIHDTSKL (1D
LIHDTSHLET | 1TCO 614} PEDIAT | aghtggaaacaggggicccaicaagatica | ETGVPBRFSG | NO:
GVFSRFSGG | TS YWC gtogagotggggccgguacatattttacicte | CCAGTYFTLTL | 6203
CAGTYFTLTL | {BEQ (SEG D accatcaacggocigragocigaagacatt | NGLAOQPEDIATY
MGLOPEDIAT (D NO; geaacatattggtgtcaacagtigaatacett | WCOOQLNTFGP
YWCOQ RO 818} cogtectgagaccaaagtggatatcaaacy | GTKVIHK (BEQ
(SEQID NGO | 812) tacggiggctgcaccatcigicteataticee | 1D NO: 619)
611} geeatctgetgageagitgeaaiciggaact

gecicightgtatgertyctgaaiaactictate
ccagagaggecasagiacagiggasggty
gataacgeociceaatcgggtaacteecag

gagagtgttacagageaggacaycragny

acageacctacagectcageageacectga
cgclgageaaageagactacgagaaaca

casagtetac (SEQ 1D NO: 618)
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Filc. 12 {Page 34 of 75)
A | G i ] K L N N O 3]
How | Mame § VGREGIONG) | R [ CDR1- i FHZ- 1 CDR2-. | FRB CDR3- Seguencs - Transiaterd R4~
: LIMET LIMGT IMGT L IMGT MGT AGT . Seguence (V- MGT
' IREGION) |
64 8- EVOLLESGE | EVOL | GFIFRE | MSWVR | ISGSSE | HYADS | AREEF | gagoigesgotgitggagtetgggagagact | EVQLLESGGDL | WGH
: 2F08H ) DEVQPGOSL | LESG | YA FQAPGK | DT VKGRF | TDTE | tggtacageogggggagicectgagacicic | VOPGGSLRLS | GTLY
. RLSCAASGFE | GDLY | (SEQID | GLEWY | (SEQID | TISRDN | MTING | cigigeageotetggaticatctitagaagtitat | CAASGFIFRSY | TVSE
FREYAMBWY | QPG | N Sh NO: SKNTY | GDFA | geoatgageloggicegocaggetccaggg | AMSWYRQARPG | (SEQ
ROAFPGKGLE | GSLR | 823 (SEQID | 825) YLRMN | Y (SEQ | asggplcigoaotgggicteastgatiagty | KGLEWVSMIS | ID
YWA/SMISGSS | LBCA MO NLRAE | D N0 | gtagcagtgasgatacacaciacgeagact | GSBEDTHYAD | NG
EDTHYADSV | AS 624} DTAFY 1627} cegigaagogocgaticaceatetecagag | SVKGRFTISRD | 630)
RGRFTISRDN | {(8EQ Y acaattccaegaacaccyiitatotgegeatg | NSKNTVYLRM
SHENTVYLRM | iD {(SEQID astaaictgagagocgaggacacqyeaittt | NNLRAEDTAFY
MNLEAEDTA | NO: NG attactgiocgagagaggagttiaccgacae | YCAREEFTDTE
FYYCAR 822} §26) agagatgaciatzaaccasggyacitige | MTINQGDFAY
{SEQ D N clactgogaocacggeascotggtcaccgic | WGEHGTLVTVS
621} tcetcagegicgaceaagggeecateggtet | S (SEQ D NO:
tccoectggeacceiceiccaagageacstc | 629)
tggagucacageggeseiggoctigectaat
caaggactaciiccecgaaacigigacgyic
tcglggaacticagygegeectgactagogge
stgcacaccticcoggolygicctacagiesic
agg (SEQ 1D NO: 628)
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FIG. 12 (Page 35 of 75)
) A G H i J K L M N ] P
Row | Name | V-REGION{1 [ FR1- FCDRY- | FR2- CDR2- | FR3- | CDR3- | Sequance Translated | FR4-
MET  LIMGT WMGT o IMEBT MGT IMGT Saguenca (M- BGT
, , ' | REGION) ]
85 015~ DIOMTASPS | DIGM | GSIBVY | LNWYG | GAS HOBSGY | GRS8F! | gacatccagatgacceagiciceatocicoct | DIQMTQSPSESL | FGPG
ZFOBL | SLEASVGDT | TQSP | (SEQHD | QKPGK | (BEQ D | PSRFS | TRET gictgeatetytaggagacacagtcaceaic | SASVGDTVTIT | TRVDE
VTITORASGS | BSL8 | NO: APKLLT | ND; CIGSG | (SEQ actigocgggeaagicagageattagigict | CRASGSISVYL | K
ISVYLNWYQ | ABVG | 833) Y {SEQ | 635} TOFTLY | IDNO | sittassttgglatcaaceassaaccaggoas | NWYQOKPGKA | (8EQ
GKPEGKAPKL | DTV D NO: IBSLGP | 637 agoccctaagctecigatcialggigeateea | PRLLIYGASILQ | 1D
LIYGASHGS | TCRA 534} EDFAT tittycanagtggtgiccegtcaaggticagty | SGYPSRFSGIC | NO:
GCVPSRFEGE | 8 YYC geatiggatccgggacagatticacictcace | SGTDFTLTISSL | 640)
GSGTOFTLTY | (S8EQ (SEQ D atcageagictgeaacctgaagatifcgeas | QPEDFATYYC
SGLOPEDFA | ID NO: cttactacigtcaacggagtticatcaciceatt | QRSFITPFTFG
TYYOQRSFHT | NO: 638} cactticggeectgggaccaaagiggatale | PGTRVDIK
{(BEQID ND: £32) azacgtacggigactycaceatcigicticat | {(SEQ 1D NO:
831) cficccgeratctgatgagragitgaasicly | 839)

gaactgectetgitgigigecigeigaatasct
totateccagagaggccadagtacagigoa
agotgoateacgeociccaategggtaactc
ceaggagagtotescagageaggacage
aaggacagcacciacagecicagrageac
celgacgetgagoaaageagactacgaga
aaca (SEQ 1D NO: 838)
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geggcoctgugeligectggicaaggactact
fceeccgaacacigtgacggiciegigoaacte
aggogeceigaccageggegigeacacct
coceggetgicciacagicelcaggaciclact
(SEQ D NO:L 648

FIG. 12 (Page 36 of 75)
SN 1. N 1. S LT B SR I SN I, SN 5 S I . N o P
Row | Name | V-REGION(1) iFR1- [ CDRi1- [FR2- | CDR3Z- | FR3 | CDR3- ! Sequence Transtated t FR4:
IMGT et IMGT IMGT WGT L IMBT Seguence (- | IMGT
. Lo : . _ | BEGION) oo
&6 15~ OVOLVYQSGA | QVGL | GYVES | HKOWVR | INPKTG | NFAQK | ARDF | caggigeageigatgeagiciggageigag | QVOLVQSGAE | WGQ
2604H | EVKKPGTSY | VQISGE | DBY QAPGE | GT FOGRY | DYGD | gleaagsagnciggoacsicagigasagic | VKKPGTSVKYS | GAMY
KVSCKASCY | AEVK | (SEQID | GLEWMN | (SEQID | TMTRD | YRGS | icetgraaggotictggatacgicttclecogar | CKASGYVFSD | TVES
YESDSYIGW | KPGT | NO: GR NO: MEBISTA | AFD] icotataticastgggtacgacaggeeecigg | SYIQWWRCAP | (8EQ
VRIGAPGQGL | BVYRY | 643} (SEQID | 845 YMDOLS | (BEQ aceaggoctigagtygatopgaagaatea | GQGLEWMGRL | D
EWMGRINPK | SCKA NO: RLISBD | 1D NO: | accctaagactggtggeacaaatitigoaca | NPKTGGTNFA | NQ:
TGGTNFAQK | B 644} TAVYY | 847) gazsticagogeagugtcaccalgaccag | QKFQGRVTMT | 650)
FOQGRVTMTR | {8EQ C {SEQ goacatgiccalcageacagertatalggac | RDMBISTAYMD
L DMSISTAYM | ID Fo NG ctgagtaggcigaicicigacgacacggecy | LSRLISDDTAV
DLSRLISDDT | N £445) tatattacigigogagagacticgatiacgalyg | YYDARDEDYG
BVYYCAR 642} actaccgeggeicigetitigstatcigggges | DYRGSAFDIW
(SEQID NO: aaggogcaatgoteacegicicticagoute | GOGAMVTVSS
641} gaccaagggeccatcggicticeoectggea | (SEQ D NO:
ceeteciecaagageaccicigggggoaca | 848)
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FIG. 12 (Page 37 of 75)
K L i

tgcetotgtigictgectactgaataacttotate

ccagagaggocasagtacagtggaagely |

gataacyccctecaategggiaactoccay
gagagigicacagageaggacageaagg
acagecacctacagceicagoageaceceiga
cgctgageaaageagactacgagasaca

A G H it J N 0O P
 Row | Name | V'REGION ¢1) | FRA- LEDRL. L FRE COR2- 1 FR&- CRR3- | Sequence Transiated FR4-
~ : HIMGT | IMGT MGT MET 4 IMBT MGt Sequenge (V- AGT

. REGION)
&7 G415~ DICMTQSPS | DIQM | QDFSN | LNWYQ | DTS KLETG | GQLN | gacatccagatgacccagicicoatcotocet | DHOMTQSPSSL | FGPG
‘ 26041 | BLSASVGDR | TOSP | YISEQ | QXPGK | {SEQID | VPSRF | T (SEQ | gletgealctuiiggigacagagtcaccaica | SASVGDRVTIT | TRVIY
| VTITCOTSOQD | 88L8 | IDND: | APKLLL | NGO SGGGA | ID NO: | clitgccagacgagicaggacittageaatiat | CQTSQDFSNY 1 K
FSNYLRWYQ | ASVE | 853) H{SEQ | 655 GTYFTL | 857) ttasatiggtalicagoagaaaccaggasaa | LNWYQOKPGK | (SEQ
CKPGKARPKL | DRVT 0 NG TINGLO geeoctaaactootgatccacgatacateca | APKLLIHDTSKL | D
LIHDTSKLET {{TCQ 654} PEDIAT agttggasacaggogicecatcaagatica | ETGYPSRFSE | NO:
GVPSRFSGGE | T3 YWC gtogagatggggccoggacatatittactete | BGAGTYFTLT] | 660}
GAGTYFTLTE | {SEG (SEG D accatcaacggectgeagectgaagacatt | NGLOPEDIATY
NGLOPEDIAT | 1D NO: grascatetiguigicaacagtigaataceti | WCQQLNTFGP
YWNCQG MO £56) cggeccigggaccasagiggalatcaaae | GTKVDIK {(SEQ
{(SEQ 1D NO; 6852} gtacggiggetgcaccatctgicitcatettee | D NO: 658)
i B51; cgecatcigaigageagtigasateiggaac
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FIG. 12 (Page 38
L

of 75)

A G Hoo f i K M N o) P
[ Row  Name ! V-REGION(1) /FRi- | CDR1- /FR2- {CDR2- |FR3- CDR3- | Sequence | Tramleted FR4-
/ i st FIMGT IMGT  INGT NGT IMGT i Beguence (V- IMGT
SRRy B Ry B ) . B e i L REGION .
88 L 018- ¢ OVOLVESGG | QVQL | GENFFE | MHWV  { ITYDGS | YYADS | ARDQ | caggtgcagetogtggastetggoonagre | QVOLVESGGE | WG
: SABUIH o GLVGPORSL  VESG | MNYP RQAPG : DK VKGRF | ELVWVL | #ggiccagocigggegoiccoigagactots | LVOPGRELRLE § GTLY
P RLSCVASGE § GGLY | (SEGQID | KGLEW § (SEQID | TISRDN  YYFDF | cigigtagecicigaaticasciictfiaatinte | CVASGRNFENY | TVSS
PNFFNYPREY | QPGR § NO: VAV NO: SKDTL  (SEQ ceatgracigggtocgecaggatccagene | PMHWVYROAPG | (BEQ
P WROARPGKGL | SLRL 833} i (SEQID § 665) YLEMN ¢ IDNO: | agogoctigegtogciogcigticatagcatat | KOLEWVAMITY 11D
L EWVAVTTYD ) SCVA i NO: NLRSE : 667) gatggaagtosiasstactaigeagactcey | DGSDKYYADS | Nix
GODKYYADS 1 8 664} DTALY igaagugcogaticevatticoagagace | VKGRFTIBRDN | 570)
CVHGRFTIBRD. | (SEQ YC actecaaggacacaciyiattignagalgas | SROTLYLEMNN
I NGKDTLYLE 1D (SEQID casccigagatongaggacacggototital | LRSEDTALYYC
NO: NO: iattgrgogagagaicaggaacigatgice | ARDOELVVLYY
662) 666} Hteitaititgactictgugoceagyyaaceet | FOPWGOBTLY
( gotcaccgictecteagogicnaceaageyg | TVES (BEGID
£61) trggtctcecestggnacectiacicns | MO 66Dy
agageacciotyggugeacagoggroty
gocigectggicasggaciaciicoocgaac
stotgacsgtctogigaaacicaggogonct
gaccagegucsigeacacoticeoggolgic
ctacagiccicaggaciclaciocoicage
ISEQ D NO: 6583
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K [ i

accctectecaagageacetetgggggeac
agcggceccigggcetgectggtcaaggacta

A G H I J N 0 P
Raow { Name | V:REGION (1) ;FR1- -/ CDR1A- [ FR2- CDR2- | FR% CDR3- | Sequence Translated ER4.
' IMGT. L IMGT IMGT IMGT IMGT. IMGT Sequence (V- MGT
; . s | REGION}
69 g SYELTOFPS | SYEL | NIGSKN | VHWYQ. : DTS DRPSGI { QVYD | tectatgagctgacacagecaccetegatgt | SYELTQPPSVS | FGGG
RO L VEVAPGOTA | TUPP ((SEQID (| ORPGQ [ (SEQIB | PERFS | NSVD | cagtggccccaggecagacggecaggtty | VAPGQTARLTC | TKLT
RLTCGGRNME | SVEY I NO: APVLV : NO: GSSSE | HAV | accigtggyggaaacaacatiggaagtasa § GGNNIGSKNY VL
COEMYHWY | APGG [ 673) VY €75} ENTATLT §(SEQ | aatgtgcactggtatcagcagaggecagge | HWYQQRPGQ | (SEQ
LERPGOARPY | TARL (SEQID LISGVQ  ( IDINO: | caggeccetgttctggtegtetatgatactage / APVLVVYDTSD | 1D
LAYDTEDR | TCOG NO: { GGDEA | 677) gaccggecctcagggateeetgagegattct | RPSGIPERFSG | NO:
POGIPERFSG | N 674) LOYSC ctygetecagetctyagaacacggecaceet | SSSENTATLTIS | 680)
SEEENTATLY | (SEQ {(SEQID gaccatcageggggtccaaggeggagatg | GVQGGDEADY

‘ ; i NO: aggcecgactactectgtcaggtttatgataat | SCQVYDNSVD

FADYSCOVYDr N 676) agtgttgatcatgegotottcggeggaggga | HAVFGGGTKLT

| NEVDH (SEQ 572} ccaagctgaccgtectaggtcageccaagg | VL (SEQ ID NO;

S MG BT ctgcccocteggteactetattecegeccteg | 679)

: agtgaggagcticaagccaacaaggcecac
actggtgtgtcteataagtgacttctaceegg
gagceegtgacagtggeetggaaggeagat
agcageccegtcaaggeyggagiggaga
ceaccacaceeiccaascasageaacdac
aaglacgcggecageagcetatetgagecty:
acgcctgageagtgg (SEQ 1D NO:

o 678}
70 18- EVOLLESGG SYADS : AKEPY | gaggigcagcetgitggagtcigggggagget | EVQLLESGGGL | WGQ
F1BO3H. | GLVQPGGSL VKGRF | RI¥fl. | tggtacagectgggggotccotgagactcte | VOPGGSLRLS.  GTLV
RLSCAASGF | : TISRDN : GHWF | cigtgeggectetggattcecetttageagettt | CAASGFPESSFE | TVSS
PFSSFAMSW | SKNTL ¢ gceatgagetgggteegeeagictecaggg | AMSWVRQSPG | (SEQ
VRQASPGKGL : YLQMN aaggggctacaatgggtetegtetatiagtgg | KGLOWVSSISGS | 1D
QWVSSISGG SLRAE aggtggagatgccacatcctacgeagacte | GGDATSYADS | NO:
GDATSYADS: DTAVY cgtgasgdgecgatticaccatctccaggga | VKGRFTISRDN | 690)
VKGRFTISRD : (SEQ YC caattccaagaacacgetatatctgcagaty | SKNTLYLGMNS
NSKNTLYLQ (ID {SEQID aacagcctgagagecgaggacacygecyt | LRAEDTAVYYC
MMNELRAEDT i NO: NO: | gtattactytgcgaaagagecatacegtgac | AKEPYRDYLG
AVYYCAK 682) . 686) - tacctggggaactggeecgaccectgggge | NWPDPWGEQG
{ (SEQ IDNO: : cagggaaccctggteacegtetectcagegt | TLVTVSS (SEQ
: 681} cgaccaagggcccatcggtetteecectgge | 1D NG: 689)
i

clicecegaacctgtgacg (SEQ IDNO;

6887
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cctetgttgtytgcctgctgaataacttctatee

cagagaggccaaagtacagtggaaggtgg
ataacgcectccaategggtaacteccagg

; agagtgtcacagagcaggacagcaagga
: cageacctacagcecicageageaceetgac
: ctyage (SEQ ID NO: 698

FIG. 12 (Page 40 of 75)
B 2 G H I J K_ L M N O P
' Row | Name - | VWREGION (1) i FR1: 1 CDR1- | FR2- CDR2- ' FR3- i CDR3- ; Sequence Translated i FR4- |
‘ IMGT % IMGT IMGT IMGT MGT L IMGT Seguence (V- | IMGT
5 s e f < i B , S REGIONT
7% 018- DIVMTQSPD | DIVM- | QSVLY  LTWYQ | WAS TRESG | HHY | gacatcgtgatgacccagtctccagactcee ! DIVMTQSPDSL | FGPG
1BO3L | SLAVSLGER ; TQSP | NSNNK | QKPGQ : {(3EGID | VPDRF | TiFPT | tggctgtgtetctgggegagagggecacegt | AVSLGERATVN | TKVEI
ATVNCRASQ | DSLA i NY ¢ SPKLLE | NO SGSGS ! (BEQ caactgcagggccagecagagigigttata | CRASQSVLYN | K
SVLYNSNNK | VSLG ; {SEQID { Y(SEQ | &85 GTDFT il NG | caactccaataataagaactacttaacttggt | SNNKNYLTWY | (SEQ
NYLTWYQQK | ERAT : NO: ID NO: LTISSL | 847} accagcagaaaccagggcagtctcctaagt | QQKPGQSPKL | ID
PGQSPKLLIY ?VNCR : 693) 694) i QAEDV tgcteatttactgggeatetacecgggaatee | LIYWASTRESG | NO:
WASTRESGY | AS AVYYC gdggtecctgacegattcagtggecageggy | VPDRFSGSGS | 700)
: PDRFSGSGS | (SEQ (SEQ D tctgggacagacttcactctcaccatcagea | GTDFTLTISSLQ
GTDFTLTISS | ID NO: geotgeaggetgaagatgtggeagtitattac | AEDVAVYYCH |
i LQAEDVAVY | NO: 696) tgtcaccaacattatactattccocecacttteg | QHYTIPPTFGP
i YCHQHYTIP | 692) gecctgggaccaaggtggaaatcaaacgt | GTKVEIK (SEQ
{SEQ D NO: acggtggetgeaccatetgtettcatettcceg | 1D NO: 699)
691) cetatctgatgageagtigaaatctggaacty
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A G H LA K JMo N 0 P
Row:: Name  V-REGION (1) (FR1- {CDR1- 1FR2- OO0, 7 PRA CDR3-- | Sequence 1 Translated FR4-
’ MGT | IMGT IMGT HAGT e IMGT i“Sequence (V- IMGT
: : : . . - REGION? .
i i018- QVQLVQSGA : QVQL | GDTSS (ITWVR | #PLTGK | TYAQNF | ARRQ | caggigcagelggtgeagtetggogetgag | QVQLVQSGAE | WGQ
7AC01E ) EVKKPGSSY (1 VQSG ( TYk QAPGQ | D{SEQ | QGRVS | VATY | gtgaagaagcctgggtccteggtcaagatct | VKKPGSSVKVS | GTLY

i KVSCKPSGD ;| AEVK 7 {SEQID | GLEWM !0 NO: ITADES | WFDP ! cotgcaageettctggagacacctecageae | CKPSGDTSSTY | TVSS

P TSSTYAITWY [ KPGS | N GQ TE5Y TNTVY | (SEQ ctatgctatcacctgggtgcgacaggeceet | AITWVRQAPG | (SEQ

1 RQAPGQGLE § SVKV | 76H (SEQ ID MDLTG ! ID NO: | ggacaaggcctigagtgaatgggacagate | QGLEWMGQIIP- | ID

5 WMGQIIPLTG | SCKP NO: LTSDD | 787) atcoctctcaccggaaaagacatctacgea | LTGKDIYAQNF | NO:

: KDIYAQNFQ | S 704) TAVYFE cagaacticcagggeagagtctegattaceg | AGRVSITADES | 710)

i GRVSITADES | (SEQ G (SEQ cggacgaatccacgaacacagtctacatgg | TNTVYMDLTGL
TNTVYMDLT 1D 1D NO: acctgaccggectgacatctgatgacacgg | TSDDTAVYFCA
GLTSDDTAV | NO: ; 706) ccgtctatttctgtgegagaagacaggtgget | RRQVATYWFD
YFCAR:(SEQ | 702) acatatiggtitgaccectguggecagggaa | PWGQGTLVTV
ID NO: 701} ccctaggtcaccgtcteetcagegtegaceaa | SS (SEQ 1D NO:

gugeccateggtetteccectggeacccteot | 709)
ccaagageacctetgggggeacageggec
ctgggctgectggicaaggactacticeceg
aacctgtgacqgtctegtggaactcaggege
cctgaccageggegtgeacaccttceegget
gtectacagtcctcaggactetacteccteag
. e cagcgiuy (SEQ 1D NO: 708% o
73 1018 SYELTGUPPS | SYEL | DIGSKT | VHWYQ @ 588 AFRPEGE | QVWD | tectatgageigacacagecteottcggtgte | SYELTQPPSVS | FGSG
1C01L. | VSVAPGQTA [ TQPP | (SEQID  QRPGQ | (SEQH | PARFS | SNSG | agtggeccccggacagacggecaccigta | VAPGQTATCT | TRVT ¢
TCTCGGDDI | 8VSV | NO: {APVLVI | B0 GHMER | MV cetgtoggggagacgacattggatecaaaa | CGGDDIGSKTV | VL :
GSKTVHWYQ: ; APGQ: | 713) S(SEQ | 715 NTATLT : (SEQ ctgtgcactggtaccageagaggecaggee : HWYQQRPGQ | (SEQ
QRPGQAPVL : TATC ID NO: BEVEA [ IDNO: | aggeccctgtictggtcatcagtgatgatagt | APVLVISBDSA | 1D

VISDDSARPS | TCGG 714) DEAD L T17) gccoggecctcagggateactgcacgattet | RPSGIPARFSG | NO:;

: GIPARFSGSN ;D FYEC | ctggetecaattetaggaacacggecaccet | SNSERNTATLTI £ 720)
SRNTATLTIS ! (SEQ CBREOID : gaccatcagoagtgtegaageeggggaty | SSVEAGDEAD
SVEAGDEAD D W | aggccegactatttctgtcaggtgtgggacagt | YFCQVWDSNS
YFCQVWDSN ; NO: 716} | aacagtggtcattitgteticggatetgggace | GHFVFGSGTK
SGH (SEQ 1D {712} aaggtcaccatectaagtcageecaaggee | VIVLISEQID
NO: 711} aacceccactgtcactetgttecegeeetegag | NO: 719}

{gaggagcitcaagecaacaagygccacact
ggtgtgtctcataagtgactictaccegagag
cegtyacaglggectggaaggcagatage
agccccatcaaggeggyga: (SEQ ID
NO: 718}
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FIG. 12 (Page 42 of 75)

| gitgaaatetggaacigectetgttgtgtgect
| gctgaataacttctatccecagagaggecaa
| agtacagtogaaggtggataacgeccicea
| atcgagtaactcecaggagagtgtcacaga |
| gcaggacagcaaggacageacctacage
! cteageageacceetgacgetgageaaage
 agactacya SEQ ID NO: 738%

A G H 1l J K L M N o) P
Row | Name | V-REGION (1)  FRi. CDR1-. | FR2- CDR2-  [ER3- COR3- " | Sequence 1 Translated FR4-
i IMGT IMGT £ IMGT IMGT - Sequence (V- IMGT
. o o 1 REGICNS g
74 018- 4 EVQLLESGG MVWVR | IGGSY  YYADS | ATSPA | gaggigeadetattgoagictaggagagaet | EVALLESGGGL | WGQ
1D04H - GLVQPGGSL QAPGK | GGS VKGRF | f83wW | tggtacagectggggggtcecotgagacticte | VQPGGSLRLS. | GTLY
1 RLSCVASGF 0 GLEWV | (SEQID | TISRDN | viwaY | gtgtgtagectetggattcacttitagecaactat | CVASGFTFSNY | TVSS
1 TFSNYPMVW | QPG NO-. SI{SEQ | NO: SKNTL {SEQ cecatgatetggatecgecagyctecaggg | PMVWVRQAPG | {(SEQ
1 VRQAPGKGL | GGBLR 1 723) ID-NO: | 725) YLQMD: ¢ >Ny | aaggggctggagigggictcaattattggtg | KGLEWWVSIIGG | 1D
1 EWVSIIGGSY | L850V 724) ' NLRVE | 727} gtagttatgggggoteatattacgeagactcc | SYGGSYYADS | NO;
1 GGSYYADSV | A& DTAVY gtgaagggccggticaccatctecagagac - VKGRFTISRDN | 730)
1 KGRFTISRDN: | {3ELk YC aaticcaagaacaccctgtatctccaaatgg + SKNTLYLQMD
§ SKNTLYLGM | i} {(SEQID acaacctgagagicgaggacacggecgtct | NLRVEDTAVYY
DNLRVEDTA | px NO: attactgtgcgacaagcccegeaaccagty | CATSPATSGW
VYYCA (SEQ | 722) 726) gcetggtggtgggectactgyggecagggaa | WWAYWGQGT
ID NO: 721) ccetggtcaccgtetectcagegtegaccaa | LVTVSS (SEQ
gygdcccateggteticcecctggeacceteet | 1D NO:729)
ccaagageaceictgoggycacagegges
ctgggctgeetggtcaaggactacttccecg
aacctgtgacggtcteg (SEQ ID NO:
| 728} _
175 018-  ’ EVLTQSPAIL { EIVLT | QSVGR | LAWYQ : GAS SRATG | HQYDI | gaaattgtgttgacgcagtetccagocatcct | EIVLTQSPAILS | FGQG
1004L ¢ SLSPGERATL  QSPA i NY XKPGQ [ (SEQID [ TRPORF : PPQT | gicittatctccaggggaaagagecacectet | LSPGERATLSC | TKVEI
SCRASQSVG {ILSLS { (SEQID { APRVLI @ NO: SGNHGE  (BEQ cotgcagggcocagtcagagigitggcagaa ;| RASQSVGRNY | K
i RNYLAWYQX { PGER : NO: Y (SEQ: | 735) STOFT IDNO: | aftacttagectggtaccagnagaaacetgg : LAWYQXKPGQ : (SEQ
i KPGQAPRVLI ? ATLS :733) 1D NO: LTISEE [ 737) i ceaggetcocaggotecicatttatggtgeat | APRVLIYGASS (1D
I YGASSRATG [ CRAS 734) EPEDF | ccageagggecactggeaceccagacag | RATGTPORES | NO:
7 TPDRFSGXG 7 (SEQ PAVYYC : gitcagtaggengiagatcigggacagactic | GXGSGTDFTILT | 740)
I SGTDFTLTIS :ID LISEQID ! acgetcaccatcageagactggagectgaa | ISRLEPEDFAV
: RLEPEDFAV ¢ NO: 0 | gattttgcgotgtattactgtcatcagtatgatat | YYCHQYDIPPQ
{YYCHQYDIPP | 732) | 738) | cecaccteagactittggesaggggaccaa | TFGOGTKVEIK
3 (SEQ: ID NO: ggtggaaatcaaacgtacggtggetgeace | (SEQID NO:
731} | atctgtettcatettcecgecatctgatgagea | 739)
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A G Ho K i I 1 o T
Fow | Mame 1VAREGION(1) 1FR1- ' CDR1- ‘FR2- CDRe. @ FEL GO | Baouence Translated FR4-
AMGT IMGT T IMGT L BEGT - L AGT IMGT Sequence (V- IMGT
g Lk . . o REGION?
76 018- EVQLLESGG [ EVQL 7 GFILG & MTWVR | IRKSG [ EYTRS | ARFTR | gagotgcagetottggagictgggggagget §| EVQLLESGGGL | WGQ
2806H { GLVOPGGSLE [ LESG | DYS QAPGK  GDT CWKGRF | YGTT | tggtacagectggggagtecctgagacicte  § VOQPGGSLRLS | GTLY
RLSCAASGF | GGLV | (SEQID | GLEWY (SEQID | TISRDT | WFGR. | ctgtgcagectetggattcacectiggagact | CAASGFTLGDY | TVSS |
TLGDYSMTW | QPG | NO: 83 i NO: P PENTEF (VDS | attccatgacctgggtccgecaggetecagg | SMTWVRQAPG | (SEQ
VRQAPGKGL | GSLR 743) {BEQID  745) PLOMNG | (BEQ gaaggggctggagtgggtcteaagtattag §| KGLEWWVSSIRK ¢ 1D
EWVSSIRKS | LSCA MO: FLRGED D MO | gaasagtggeggtgacacatictacacaga (| SGGDTFYTDS | NO®
GGDTFYTDS : AS 744y PTAVYE | 747) cteegtgaagggecggticaccatetecaga : VKGRFTISRDT | 750)
VKGRFTISRD | (SEQ FC(BED gacactcccaagaacacactgtitctgeaaa | PKNTLFLQMNS
TPKNTLFLQ ID LI MO tgaacagcetgagaggegaggacacgge | LRGEDTAVYFC
MNSLRGEDT | NC: | 746) cgtatatitctgtgegagaccaaceeegtaty | ARPTPYGTTW
AVYFCA 742) " gcaccacttggtttgggegggttgactectgg | FGRVDSWGQG
(SEQ ID'NO: dgccagggaaccctggtcaccgicicetca | TLVIVSS (SEQ
741) gcgtcgaccaagggeccateggtcticecee | 1D NO: 748)
,,,,,,,,, P , ' (SEQ ID NQ: 7483} '
7T 018 PIQMTQSPS. : DIQM : QSISNY | LNWYQ | ATS SLHSG | CHETY | gacatccagatgacccagictccatcetcect | DIQMTQSPSSL | FGPG
:2B05L | SLSASLGDR | TQSP | (SEQID : QKPGK 7 {SEQID | VPSRF | RTFIT | gteigeatetettggagacagagtcaceatea | SASLGDRVTIT | TKVDI
VTITCRTSQS | SSLS { NO: APKLLI ¢ N 5GSGS | {(BEL citgccggacaagicaaageattagtaacta | CRTSQSISNYL (K
ISNYLNWYQ { ASL 753) Y (SEQ 758) GTDFE 3N | cttgaattggtatcagcagaaaccagggaa | NWYQQKPGKA f (SEQ
QKPGKAPKL { DRVT 1D NQ: LTISSL 757 agceccctaaactectgatetatgctacateca | PKLLIYATSSLH | ID
: LIYATSSLHS ¢ ITCRT 754) QPEDF gctigeatagtggggtcecatcaagattcagt | SGVPSRFSGS | NO:
: GVPSRF3GS | 3 ASYYC ggcagtggatctgggacagatticactctca | GSGTDFTLTIS | 780)
| GSGTDFTLTI : (SEQ {SEQID ccatcagcagtetgcaacctgaagattttgea | SLAPEDFASYY
i S3SLQPEDFA | ID NO- agttattactgtcaacagacttacaggaccce | CQQATYRTPITF
i SYYCQQTYR ;| NO: 756) aatcacttteggecctgggaccaaagtggat | GPGTKVDIK
i T(SEQ 1D 752) atcasacgtacggtggctgcaceatetgtett. | (SEQ 1D NO:
catcttccegocatctgatgagcagtigaaat - § 758)

| NO:751)

ctggaactgectctgtigtgtgeetgetgaata

actictatcecagagaggecaaagtacagt

ggaaggtggataacgccctccaategggta
actcccaggagagtgtcacagagcaggac |
agcaaggacagcacctacagecteageag |

caccctgacgetgageaaageanactacg
agaaac (SEQ ID NO: 7584
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(A G H ; 4 K LM N ' P
[ Row:i Name (V-REGION (1) [FR1- JODRI. [ FR2- CEORZ: [ FR3 COR3- | Sequence ! Translated FR4-
. ; VIMGT LIEET  IMGT IMGT [ IMGT MeT i Sequence (V- | IMGT
., ‘ , il A , . REGION)
787 foine EVOEVOSEA | EVQL TGYSET [ INWVR [ LNPSE I NYSPS | TRDSF | gaagtgcagciggtgcagtctggageagag | EVOLVQSGAE | WGK
0T EVERPGESL [ VQSG | 58W UHAGK | BYF FQGHY ! YDVDL | gtgaaaaagcceggggagtcictgaggate | VKKPGESLRIS | GTTV |
i FISORABGYS [ ABVK | (BEQ D ° GLEWW | (3EG D [ TISADN : 8SFY | tccigtaaggcttctggatacagcetttaccagt | CKASGYSFTSS : TVSS
FESSWINWY | KPGE | Nk | GR MO SVITA | MDY toetggatcaactgggtgegecagaaggee | WINWVRQKAG | (SEQ
ROKAGKGLE L SERIS | 783) {(BECLHY [785) LYLQWS | (SEQ | gggaaaggcctggagtggatogogagget | KGLEWMGRLN | (D
WIMGRLNPS [ CKAS WO | SLKAS 1D NO: | taatcctagigactcttaccecaactacagee { PSDSYPNYSES | NO:
BYPNYSPS § (BEQ 764} DTAIYY . 767} cgtcettecaaggecacgteaceatctcaget | FQGHVTISADN:  770%
FOGHVTISAD D C {SEQ gacaactcecgtcaccactgectacetgeagt | SVTTAYLQWS
MESVITFAYLG I NO: ID NO: ggagcagcectgaaggectcggacacegee | SLKASDTAIYY
P WESLKASDT | 762) 766} atatattactgtacaagagattcetttacgaig | CTRDSFYDVOL
TAYYCTR tggacctgtcctecttctacatggacoictggy | SSFYMDVWGK
(SEGD MO gcaaagggaccacggtcaccgtctecteag | GTTVTVSS
TR cgtegaccaagggeccatcggtciteceent | (SEQ ID NO:
ggcaccctectccaagageaccictgggag | 769)
cacagcggesctggactgectggicaagga
ctacticcecgaacetg (SEQID NO: |
........... | ] | 768}
79 018 ¢ 4 EIVLTQSPGT ! EVLT ; QSLSN | LAWYQ | GAS NRATGE | QQYG | gaaatigtgttgacgcagtctecaggeaccet | EIVLTOSPGTL ¢ FGQG
2001 LSLSPGERAT | QSPG i SY QKPGQ : (SEQID | PDRFS | SSRHT | gictitgtctccagggyasagagecaceetet | SLEFPGERATLE | THWVEL
LSCRASQSL {TLSL ((SEQID { APRLU 7} NO: i GSGSG | (SEQ cotgeagggecagicagagicttagcaaca | CRASGSLAENGS 1K
SNSYLAWYQ | SPGE | NO: Y (SEQ 775) TOFTLT {10 NQ: i getacttagectggtatcageagaaacetgg ¢ YLAWYDGKES | (SEG
1 OKPGQAPRL ;| RATL 773} B NO: ISRLEP £ 777) ccaggctcceaggctecteatctatggtgeat | GAPRLLIVGAS I
LIYGASNRAT : SCRA 1 774) EDFAV i ccaacagggcecactggeateccagacagg ¢ NRATGIPDRFS | MG
GIPDRFSGS | S ‘ (FYC | ttcagtggeagigggictgggacagacttca. | GSGSETOFTLY | 7608
: GEGTDFTLTI ! (SEQ L (SEQID | ctetcaccatcageagactggagectgaag | RRLEPEDFAY
SREEPEDFA (ID NO: attttgcgytgtitiactgtcageaatatggtteg: | FYCLOYGEER
YFYCQQYGS i NO: 776) tcacggcacacttttggecagggdaccaag | HTFGOGTRVE
S(SEQID 772) glgpagatcaaacgtacagtggetgcacca | K (BECHHD MOk
NO: 771) tetgtettcateitcecgecatctgatgageagt | 774}
tgaaatctygaactgectetgttgtatgoctge
tgaataactictatcceagagaggccaaagt
i acagtggaaggtqgataacgecctecaate
gogtaactcecay (SEQ IDNO: 7787 |
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ggaagytggaiascgecctcoasicyggla

i acioocaggdgant (SEQ D RO:

798y

FIG. 12 (Page 45 of 75)
A G H E " TK L M N o o P
Row {Name {V-REGION (1) | FRI- [CDR{ FR3Z- ' CDFHZ.  ER3: CDR3- 7 Seguence Translated | FR4-
IMGT {idGT IMGT . IMGT MGT IMGT ¢ - Sequence (V- IMGT
Pl ; . : .. o 1 REGION; G
80 018~ QVOLVGEGE L oVOL T GYTFT LISWVR  TISVYNG [ NYAQK | ARDF| ! caggtgcagctggtgcagictggaggigag | QVQLVQSGGE f WGQ
2D03H | EVEKPGASY | VOEG | 8HG QAPGQ | DT VQDRL  DYVWY | gigaagaagectggggectcagtgaaggte | VKKPGASVKVS | GTMV
KVBCKASGY | BEVIC [{EEQID | GLEWL ; (SEQ D | TVTTDT | DAFDI | teclgcaaggeticiggitacacetitaccagt | CKASGYTFTSH | TVSS
TETEHGISWY | KFGA NG GW PN STSTV | (SEG catggtattagttgggtgcgacaggeccetg | GISWVRQAPG | (SEQ
4 ROAPGOGLE | SVKY | 783 (SEQID | 785} YMELR | I3 NG ! gacaagggetigagtggtigggatggatca | QGLEWLGWIS. | ID
WLGWISVYYN | 8CKA NO: : i SBLRSD | 787y ! gcgittacaatggtgacacaaactatgcaca | VYNGDTNYAQ | NO:
P BODTNYALKY 1 8 784) : DTAVY | . gaaggtecaagacagactcaccgtgacca | KVQDRLEVTTD | 790}
QRRITYTITD [ (BEQ YC cagacacgiccacgagcacagtttacatgyg | TSTSTVYMELR ¢
4 TETSTVOMEL § HD (SEQ1D agctgaggagectgagatetgacgacacy | SERSDDTAVYY |
 RSLRSDETA | WO NO: geegtgtattactgtgegagagatagaattga /| CARDRIDYVVY
L YYYOAR 782 786) ctatgtggtgtatgatgcitttgatatctgggge | PAFDIWGQGT
(BEQID RO: caagggacaatggtcaccgtctcticagegt | MVTVSS (SEQ
7813 cgaccaagggcccateggtettceccetgge ;1D NO: 789)
i accelcctccaagageacctctggaggeac
{ ageggecetgggetgectygicaaggacta
cticccegaacctgtgdcg (SEQ ID NO:
; . i 7883
81 018-  ; DIOMTQSPS (DIOM | QRISG | LAWYQ {RAS ILESGV | QLYD | gacaiccagatgacceagiatociiocacect | DIGMTQSPSTL | FGOE
2D03L | TLSASVGDR | TQSP W (SEQ { QRKPGK (SEQID [ 8SRFS [ DFRT | glctgosicigiagyagacagagicaceatc | SASVGDRVET | THVE!
VTIFCRASQR  STLS [ IDNG: { APKLEL  NO: GSGSG | {B3EQ igoogggesagicagaguatiagigget | CRASORIBGW 1 K
ISGWLAWYQ | ASVG {793} H(SEQ ! 795) TEFTLT : i3 WNO: | ggtiggoctggtatcageagaanceagaga | LAWYQQKPGK | (BEG
QKPGKAPKL | DRVT | IDNO: ISSLQP | 797} asgocectaaacicigaicoataggaeatc | APKLLIBRASIE | D
LIHRASILESG { ITCR 794) | DDSAT zatttisgagagigoogicicateaaggtives | ESGVESRFSG | NO:
VSSRFSGSG | AS iYYC geggeaitagatctyggacagaaitcactot F SGSGTEFTLY | 800)
SGTEFTLTIS | (SEQ ((SEQID gatcaicageagestgoageaigatgalict | SSLGPDDBATY
SLQPDDSAT ID NO: casgcitatacigicaacigtatgaigaitice | YCQEYDDFRTF
YYCQLYDD: NO: 796) guacditcgoreeatggaceangiogges | COGTKVEIK
F(SEQ I NO-  §792) atcasacgtacggiggeigcancatoigiot | (SEQIDNG!
4 791) catstiecegocaicigatgagtagiiganat | 799)
ctggaacigorizigininiyncigetgaata
i acttctateccagagaggoraaagiacagt
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A G H 7l 4 K L’ M N o 0 P
Row i Name §VEREGION{3} (FR1- ICDR1- |ERZ- [ CDR>- [FR% CDR3- | Seguence | Translated FR4.
: ‘ IMGT | IMGT IMGT MGT IMGT IMGT Sequence (V= IMGT
. j. . , REGION; o
182 :018- TEVOLVESGG :EVQAL ; GFTFR | MEAN 1NDGE | RYADS | ARGD | gaggtgcagcigotggagtecgggggags | EVOLVESGGG | WGR
Z2E03H  GLVQPGGSL | VESG | 5YW ROVPG | 883 VKGRF | LVSTA | ctitagticagceggggggoteectgacactgt | EVQPGGSLTLS | GTLV
i TLSCAASGFT | GGLV | (SEG ¥ | KEBPWW { (SEQID | FITRDS ¢ NFDY | cctgtgcagocictggatticaccttcaggage | CAASGFTFRSY | TVSS
: FREYWMHW QPG NG LR N AKNTV ¢ (SEQ tactggatgcactgggtcegecaagttecag : WMHWVRQVP | (SEQ
i VRQVPGKGP | GSLT | 803} (BRI 1 805) FLOLN 1D NO: | gcaaggggccggtgtagetctcacgtattaa | GKGPVYWLSRIN 1D
CVWLSRINND  {ESCA MO SLRVE | 807) caatgatggcagtagetcgaggtacgegga | NDGSSSRYAD | NO:
GSSSRYADS ' AS B0 | DTAIYY ctcegtgaagygecgcticticatcaccaga | SVKGRFFITRD  810)
VKGRFFITRD | (SEQ i C(SEQ gatagegecaagaacacggtgttectecaa | SAKNTVFLQLN
SAKNTVFLQL | 1B ID:NO. ctgaacagtctcagagtcgaggacacggee | SLRVEDTAIYY
NSLRVEDTAL  NO: 806) atttattactgtgcaagaggagatttagtctcta | CARGDLVSTA
YYCAR (SEQ © 802) cggccaactttyactactggggecggggaa ;| NFDYWGRGTL
1D NO: 801) ccetggteacegtctoctcagegtecgaceaa | VTVSS (SEQ 1D
gggcecategatceticecectggeacecteet | NO: 809)
ccaagagcacctctggggycacageggeo
ctgggetgeetggtcaaggactacttceccy
aacctgtgacggteteg (SEQ ID NO;
8083
83 1018. EWVLTQBPGT [ EWLT | QRVDR [ LAWYR | 3TS - TRAPGH 1 QQYE | gaaatigtottoacgcagtctccaggeaccet { EIWVLTQSPGTL | FGQG
ZEQ3L | LSLSPGERAY | OSFG [ 8Y ORPGG [ (SEGID | ADRFIZ | NSOH | gictitgictccaggggaaagagecacectct | SESPGERATLS | TRVE]
LECRASQRY I TESE [ (SEQID { APSLLI | Nk ' G88P | cetgcagugeeagteagagagtigacagg | CRASQRYDRS | K
DESYLAWYR | SPGE | NO: S{8EQ | 818} PYT agctacttagectggtaccgecaaaaaccty | YEAWYRQKPG | {(SEQ
GEPGOQAPSL | RATL | 813) 10 WO {(5EQ gceaggetcecagectectcateteogggae | QAPSLLUISGTS 5
LISGTSTHAR | SCRA B4} 0 NG, ¢ atcecaccagggecectggcatcgeegacag . TRAPGIADRFL  § NO:
GIADRFIGEG 1 8 17y aftcattggcagtgggtctgggacagactica | GSGSGTDFTLT ;| 8204
SCTOFTLTS [ (3EG ctoteaccatcageggactggagectigaayg | ISGLEPEDFAY
GLEPEDFAY | ID aftttgcagtatattactgtcagcagtatgaaa | YYCQQYENSQ
WY CQAYER MO attcgcaacatggaagticacccecgtacac - HGSSPPYTFG
(SECD NO: &1 ttitggccaggggaccaaggtggagatcaa | QGTKVEIK
811) acglacggtggetgcaccatetgtctteatett | (SEQ ID NO:
cccgecatetgatgageagttgaaatcigga | 819)
actgcetotgttgtgtgectgetgaataacttct
atcecagagaggocaaagtacagtggaag
gtggataacgecctccaatcgggtaactcee
aggagagtgtcacagageaggacageaa
ggacagecacctacagectcageageaccct
gacic {SEQ 1D NO" 818)

uonedqng uonedddy yuaeg

06 J0 LS 19YS +T10T ‘LT "AON

IV 1s88¥€0/+10T SN



FiGc. 12 {(Page 47 of 75)

Ba1)

cgcecatctgatgageagtigaaatetagaac
tgcctetigttatytgectgetgaataactictate
ccagagaggecaaagtacagtygaagatg
gataacgcectccaategggtaacteccag
gagagtgtcacagage (SEQ 1D NO:
838}

I A G o H ! L K £ 4 N O o B
Row | #ame | V-REGION (1) [FRi- |CDRi- [ FRZ- ChFZ- FR3- CDR3- | Sequernce | Translated FR4-
IMGT | IMGT AT HAGT IMGT IMGT i Sequence (V- IMGT
_ : . o e o : REGION
g4 019- - EVQLVESGG ;EVQL [GFYFS | MHWV 1 INSAGS | SYAD'S | ARDH | gaggigcagctgatggagtccgogggaaa | EVOLVESGGK | WGL
1BO4H | KVWQPGGSL [ VESG | SSW RQAPG | 8K P VKGRE | DYGBD | ggtegticagocgggggggtcectgagacte | VWQPGGSLRL | GTMV
I RLSCAASGF {GKWV | {SEQID | QGLVW [ (SEQID : TISRDN | YRGN | tectgtgeagcectctggaticaccticagtagtt | SCAASGFTFSS | TVSS
| TESSSWMH | QPG Nix VSR NO: ARMTL | AFDM | cctggatgoactgggtecgecaagetocag | SWMHWVRQA £ (SEQ
WVRQAPGQ { GSLR 822 (SEQ'ID ; 825) YLOMN ¢ (82D ggcaggggctggtgtgggtcicacgtattaa | PGQGLVWWYSR § ID
GEVWVSRIN § LSCA NO: SLRGE { D NG cagtgetgggagtageaaaagetacgegg INSAGSSKSYA | NO:
SAGSSKSYA { AS 824} DTAYY 827} actccgtgaagggecegattcaccateteeay | DSVKGRFTISR  § 830)
: DSVKGRFTIS f (SEQ Y agacaacgccaagaacacgctgtatctgea | DNAKNTLYLGQ
RDNAKNTLY iD EEQID aatgaacagictgagagycgaggacacgy | MNSLRGEDTA
LOMNSLRGE | NO: N ctgigtattactgtgcaagagatcatgactac | VYYCARDHDY
DTAVYYCAR | 822) 3253 ggtgactacagagggaacgctitigatatgty | GDYRGNAFDM
(SEQ 1B NO: gggcctagggacaatggtecacegtetettca | WGLGTMVTVS
; 821) gegtegaccaagygeccateggicticcoee S (SEQ ID NO:
| tggcaccotectecaagageacctctgggg | 829)
gcacagcggcecctgggctgectggtcaagy
actacttcccegaacctgt (SEQ ID NO:;
o 828] R S|
/85 1019 ENOMTOSPS (I DIOM | QDISNY  ENWYQ | DAS KLETG | QQLH: | gacatccagatgacccagtctcoatecteoet | DIGMTQEPSSL. | FOGG
1BO4L | SLSABVGDR [ TOEP ((SEQID [ QKPGK | (SEQID | VPSRF | T (SEQ | gtctgcatetgtgggagacagagtcaccate § SASVEDRVTIT | THVE
VTITCGASGD | S35 | NO: CAPKLLE | NO: SGRQS | IDNO: | acttgccaggcgagteagoacatiageaac § COASDIHENYL | K
ISNYLMWYD, | ASVG | 833) Y (SEQ | 835) GTDYT : 837) tatttaaattgatatcagcagaaaccaggga | NWYQOKPGKA | (380
QUPGKAPKL 1 DREVT IDNO: FTISSL | magccectaagetectgatetacgatgeate ! PRELIYDASKLE | 1D
LIYDASKLET | 1ITCR 834) : QPEDF | caaattggaaacagyggicceatcaagatt | TGVRERFSGR | N
SVPSRFEGR | AR i ATYFC : cagtggaagacaatctgggacagattatact | QSGTRYTFRE | 840)
GEGTOYTFTE | (SEQ i (BEQIB ttcaccatcagcagectgcagectgaagattt | SLOGPEDFATYE
SELOFEDFA | ID ENO: tycaacatattictgtcaacagcticatacttte | CQOLHTFGEGE
TYFGOD P | 836Y dgcggagggaccaaggtggagatcaaac | FRVEIK {(SEL
{SELQD NO: 832 gtacggtggctgeaccatetgicttcatcttee | 1 NG 838
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3 i J K i M N 0 P
Row | Name ' V-REGIOM (1) [FR1-  LCGDR1- | FR2- CDR2- " FR3- CDR3- i Sequence Translated FR4-
‘ ' MGT IMGT IMGT MGt IMGT IMGT Saguenos (- IMGT
, , q RS B i . RECiO“@* i
86 019 QVQLVQSGA | QVQL I GYSFT [ ITWVR ISTYNG | NYAQR | ARRG | caggigeagoiguiuragiclunageigad CLVOSGAE T WGQ
2A02H | EVKRPGASL : VQSG ;TYG QAPGQ YT LQGRV | DYGD | gigsagagocclggogocteactyeaggic | VK“P('A.JLKVS | GTMV
KVSCKASGY (AEVK /(SEQID | GEEWM ;(SEQID | TMTTD [ YRGD |iccigoaaggocicignifacagotiiaccar | CHASGYSBFTYY | TVSS
SFTTYGITWY | RPGA | NO: GW NO: TSTGT ' AFDI stacgggaicaccizgotgegecaggooce | GHWVROAPSG | (SEQ
RQAPGQGLE | SLKV | 843} (SEQ ID ; 845) AYLELR / (SEQ tgganeagogotigactygaigagatygar | QGLEWMGWIS (1D
WMGWISTYN: ;| SCKA NO: SLTYD [DNO: | cagosctzcastygiiacacasscialgea | TYNGYTNYAQ | NO:
GYTNYAQRL |8 844) DTAVY | 847) cagagactccagugedgagictaccatgac | RLOGGRVTMTT /' 850)
4 QGRVTMTTDE f (SEQ YC cacagasacatocaciguuacagerfactt | DTSTGTAYLEL
TSTGTAYLEL ;1D (SEQID gaagoigaggagecigacatatgacyaca | RELTYDDTAVY
RSLTYDDTA j NO: NO: cggeogiclattatigtgegagaegtgggoa | YOARRGDYGD
VYYCAR 842} | 846} | crogoieaciaccgongtystgcatigats | YRGUAFDING
(SEQ 1D NO: { | Wlogggresaggeacasiggloacogtots | QGTMVIVES
841) | fioagegiogaccasggoncratonyiotl | (SEGID MO
cocetggracoeiociooaagagoacoicly | 849)
ggggracagoggercigopcigontagica
agcmatawoccrgaac-wt {BEQID
TN TN i S E\j{j 64 .........
87 1018 DIGMTGEPS  DIQM | QDVSN: JLpWY (& | DTS NLETG | GQvF | gas «trwmfgaa coagichocateatoost | DIGMTURPSSL | FGPG
2A02L | SESASVGDR [ TQSP [ Y (SEQ  OKPGK | (SEQID | VPSRF | 7T {8E( | givigeatclglaggegacagagicaccsts | SASVODRVTIT | TRVDI
VHTOOASAD | SSLS [ IDNO. : APKLLE | NO: SGTGS | HrNO | astigscaggogagicaggrogiageaas | COASQIVENY | K
VENYLNWYQ | ASVG | 853) Y {BEG 7 855) GTDFT | 857 tqét“qeattthatcaccamaaaf‘wcgua LWWYGOQKPGK | (SEQ
CGEPGKAPKL | DRVT N FTISSL angocectmsaciooigatciacgataate | ARKLLIYDTSNL 1 ID
LIYDTSNLET {ITCQ 354; QPEBY caattggasacaggauicccateanggtic | ETGVRERF .’J(JT NO:
GVPSRESGT [AS ATYFC agtggaaciggaicigogacagatittacttic | GELTDFTFTIS | 860)
SOGTOFTFTE | (SEQ {SEQ ID accatcagragseigragioigang gy %Si_.i;‘zPE;DVATYF
SELOPEDVA D NO: cagcataittotglos giticacttiogg | QQOVFTRGPG
FTYFCOQ NO: 358) ceclgggaccasagiggatalcasacytas | TRVIHK (SEG
HBEQ D N 852) gotggcigcaceatcigiclicaicticrogee | D NG 858)
| BET atcigatgagcagiigaastotggasciynal

elgtigtglyscigotgdatanatictaicocag
agagycceaagtacagicgdagmanata
acgeockieaalcggglancinecaggaga
gimcacagage ISEGHID NO: 858)
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K L M

A G H | J N 0 P

Aow i Name | WV-REGIOM{1; FR1- [ CDR1-  FR2- LODR2- T EFR3- CDR3- |'Sequence Translated FR4-

LINGT L IMGT IMGT - IMGT IMGT IMGT Sequence (V- IMGT
i i ' . , [  REGION} .

88 1019- EVOLVESGEG | EVQL [ GFIFSD [ MNWVY | ISSYSG | YYADS | AKDR | gaggtgcagetggtggagtctgggggagge | EVQLVESGGG | 5GQ
2A05H | GLVKPGGEL  VESG | YT RQVPG | YI(SEQ | VKGRF | VRDG | ctggtcaagectggggggtecctgagactgt | LVKPGGSLRLS | GTMV
: RLECAABGE! | GGLY | (SEQID ' KGLEW | 1D NO: TLERE ) DNDW | ctgtgcagectotggaticatattcagtgact | CAASGFIFSDY | TVSS

FRDYTMMAY | KPGG | NO: VSS | 865) NARKS | DSVD | ataccatgaattgggtccgecaggticcagg | TMNWVRQVPG : (SEQ
ROVPEKGLE | SLRL | 863) (SEQID | LYLGM [ ATYW | gaagggcctggagtgggtctcaagtattagt | KGLEWVSSISS | 1D
WWEBISEYS | SCAA NO: ; MMLRA | GYGV | agttacagtggttacatatactacgeagacte | YSGYIYYADSY | NO:
GYIYYADSYK © 8 864) EDTAY [ FDT agtgaaggaccegcticasectitccagagac | KGRFTLSRDNA : 870)
GRFTLERDN | (SECQ ¥V (SEQ aacgccdagaagtcactgtatctgeaaaty | KKSLYLQMNNL
AKKELYLGW: | 1D {SELD { IDNO: | aacaacctgagagcegaggacacggeigt | RAEDTAVYYCA |
NMERAEDTA | NO: NO: 867) ctattactgtgcgaaagatagggtgcgagat | KDRVRDGDND
WYY TAK 862} 856} ggcgacaatgactgggattcagtggacgee | WDSVDATYWG
{SEQ D NO: acttactggggttacggtgitittgatacctegg | YGVFDTSGQG
861} gccaagggacaatggtcacegtetettcage | TMVTVSS (SEQ |
gtegaccaagggeccateggteticceectg | 1D NO: 869)
geaccotcctecaagageacctotggggge
acagcggcectggge (SEQ iD NO:
.~ 868) e

89  1019- DIVMTCGSPD  DIVM TQSVLY FAWYQ | WAS TRESG | QQHY | gacategtgatgacccagtctecagactcce | DIVMTQSPDSL | FGQG
2A05L | SLAVSLGER | TQSP | GSNNK ! QKPGQ | (SEQID : VPDRF ! RIPQT | iggctgtgtcteigggegagagggecaccat | AVSLGERATIN | TKVEI

ATIMOKESOE  DSLA I NY PPKMLI | NO; SGSGS | (SEQ cadctgcaagtccagecagagtgtittatac | CKSSQSVLYG [ K
WVEYGESMMNKN (VSLG 1 (SEQID | Y (SEQ: .| 875) GTDFT {ID NG: | ggctccaacaataagaactactttgcttggta | SNNKNYFAWY | (SEQ
YEAWYOOKE | ERATI | NO: IDNO: LTISSL §877) ccagcagaaaccaggacagectectaags | QUKFGQFPPKM | ID
GOPPRMLIY  NCKS | 873) 874) QAEDV tgcteatttactgggeatctaccegggaatee | LIYWASTRESG | NO:
WASTRESGY | S AVYYC dggotecctgacegeticagtggeagegggt | VPDRFSGSGS | 880)
PORFEGIGS | (SEQ (SEQ IC: ctgggacagatitcactctcaccatcagcag | GTDFTLTISSLQ
GTDETLYISS 1D NO: cctgcaggcetgaagatgtggeagtitattact | AEDVAVYYCQ |
LOAEDVAVY | NO: 878) gtecageaacattatagaattccteagacaite | QHYRIPQTEGQ
YOOQOHYRIP | 872) ggccaagggaccaaggtggaastcaaac | GTKVEIK (SEQ
(SEQHD NO; gtacggtggetgeaccatctgtettcatcttee | 1D NO: 879)

A7)

cgccatetgatgageagtigaaatctagaac
tgcctetgttgtgtgectgctgaataactictate
ccagagagygccaaagtacagiggaagaty
gataacgecctecaategggtaactcecag

gagagtigtcacagagcaggacageaagg

acagcacctacagectcageageacectga
csctgaly [SEQ ID NO: 878}
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Bt G i J K L N K ) P
Row | Name 1 V-REGION (1) i FH CDR1- {FR2- {CDR2. (FR3- 1 CDR3- / Sequence 1 Translated FR4-
BAGT O IMGT LIMGT L IMGT IMGT - IMGT Sequence (V- IMGT
o i L [ i REGION}
90 019-  EMGLVESGS | EVOL  GFSFS | MHWY [ INNDGT ; TYADS | VRDN | gaggtgcagetggtogagtecgggggagg | EVQLVESGGG | WGQ
2A06H | GLVQPGGSEL [ VESG | SFW RQVPG | FT VKGRF | DYGE | cttagttcagccgggoggggtecetgagactet | LVQPGGSLRLS | GTMV
RLSCAASGE | GGLY | (BEQID | KGLLW | (SEQID | TISRDN { YRGN | cctgtgcagectctggatictecticagtagttt | CAASGFSFSSF | TVSS
SFSEFWMH | QPG I NO: VAR NO: AKNTL | AFDI clggatgcactgggtcecgecaagticcaggy | WMHWVYRQVP  : (SEQ
DWYROVPGK | GBLR | 883) {{SEQ ID } 885) NLHMS | (SEQ aagggactgetgtgggtegeacgtattaaca | GKGLLWVARIN : 1D
P GLLWWVARIN 1 L3CA | NO: NLRVE | IDNO: | acgatgggactttcacaacctacgeggactc | NDGTFTTYADS : NO:
PMDGTETTYA | AS : 884) DSALY | 887) | totgaagggcecgattcaccatctecagagac ! VKGRFTISRDN : 890)
DEVEGRETES | (B8 FC ; agcygecaagaatacgetgaatetgeacaty | AKNTLNLHMSN: :
RONAKNTLN (SEQID agcaatctcagagtegaggattcogetetgt | LRVEDSALYFC
| LHMSNLRVE NO: atttctgtgtaagagataatgactacggegac | VRONDYGDYR
T DBALYFOVR 886) tacagagagaacgcttitgatatttggggeca | GNAFDIWGQG !
HESELNID HNO: | ggggacaatggtcaccgicteticagegteg | TMVTVSS (SEQ
8813 accaagggcceateggicticeceetageac | ID NO- 88%)
cetectecaagageaccetetgggggeacag
cggecctgggctgectggtcaaggactactt
I R ceocdaacctaty (SEQ ID NO: 888)
91 019- DIQMTQASPS | DIOM. : QDMSN ; iMWYG { DTS KLEAG ‘| EQLHT | gacatccagatgacecagtctccatectecet ;| DIQMTQSPSSL | FGGG
2A06L . | SLSASVGDR ;| TQSP | Y (SEQ | UKSGK [{SEGQH | VPSRF | (SEQ gtetgcatctgtaggagacagagtcaceate | SASVGDRVTIT | TKVE]
VETCQASQD : SSLS ¢ ID NO: APKLLL NO: SGSGF | IDNO: | acftgccaggegagtcaggacatgagcaa | CQASQDMSNY | K
RMSNYLNWYQ | ASVG : 893) Y (3EQ | 8¢5 GTHYV | 897) | ctatttaaasttggtatcagcazaaatcaggga | LNWYQQKSGK | (SEQ
QKSGKAPKL { DRVT £ WO ESITSL i aagcccctaagetcotgatitacgatacttce | APKLLIYDTSKL | 1D
LIYDTSKLEA :ITCQ 88 QPEDIA | daattggaageagggyteccatcaaggttc | EAGVPSRFSG | NO-
GVPSRFSGS | AS TYYC agtggcagtagatitgggacacattatgtttta | SGFGTHYVLSI ;| 900)
| GFGTHYVLSI | (SEQ (SEQID agcatcaceagtctacagectgaagatatty | TSLOPEDIATY
TSLQPEDIAT :ID NO: caacataftactgtgaacagcticatactitcg | YCEQLHTFGG
YYCEQ (SEQ i NO; 896) gcggagggaccaaggtggagaicaaacgt | GTKVEIK (SEQ
ID NO: 891)  ; 892) acggtggctgeaccatetgicticatettceeg | ID NO: 89%)

ccatctgatyageagttgaaatetggaactg
cctetgitgtotgectgetgaataacttctatee
cagagaggccaaagtacagtggaaggtgg
ataacgccciccaategggtaactcccagyg
agagtgtcacagagcaggacageaagga
cageacctacagectcageageacectgac
gctgagcaaagcagactacgagaaacac
aaagtctac {SEQ ID NO: 8983

uonedqng uonedddy yuajeq
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FE@ 12 ’F’age 5’2 of ?5}

{ mw‘t‘nga?‘a?”'tctaicc
gaganscossslacaniciaagnivg
atagcgoeciccas (EEQ 1D NG

918}

B o SO 5. 30 H ' J 3 L s M 0 P
Row :Name W-REGHINTY (ERT- CDR1- . 2 FR2- CORZ.. CFR3Z. CDR3- | Sequsene i Translated 4 FR4-
IMGT | IMGT IMGT ¢ BT MGT IMGT . Sequence (V- | IMGT
. y ‘ . . L REGION:
92 a19- EVQLVESGG ' EVOL [ GFTFS | MNWV | ISSRSG | YYADS | ARDR | gagolgeagetogtygagicigoggaagge | EVALVESGGG ;| CGH
” 2F05H | GLVKPGGSL. | WESG /DYT RQAPG | YI(SEQ | WKGRF | VRDG | clgglessgocigogygaicociaagaaiel | LVKPGGSLRIS | GTMV
RISCSSSGFT | GGLY [ (SEQID | KGLEW ! IDNO: | TIERDN | DMNYW | caiglicatocicliggaticaceticagigacta | CESSGFTFSDY § TVSS
FSDYTMNWY | KPGG | NO: VSS 905) ARNSL 1 DSVED | acceigastigootocgoceggntncaggg | TMNWVRQAPG | (SEQ
RQAPGKGLE | SLRIS {903) (SEQ D YLOMN | ATYW | sagoogcigoagtygaicieatocatiagia | KGLEWWVSSISS | ID
§ WVSSISSRS. | G55 ¢ NO: SLRAE 1 GYGA | gingaagigotiatatataciesigcagastaa | RSGYIYYADSY | NO;
! GYIYYADSVK | (BEG : 904) OTavyY T FDE gigaagegecaaticaccatatecagagac | KOGRFTISRDNA 7 910)
| GRFTISRDNA | I3 5 Yo {SELE sacgoenangaacicactgtattiocaaatga | KNSLYLQMNSL
F KNSLYEQMN | MO {(SEQID 1D MO | acagecigagagooyaggacacoyotaict | RAEDTAVYYCA
i SLRAEDTAV | 208) NOX: 547 stacigigogagagataguyigogagaty | RORVRDGDNY
YYCAR (SEQ G053 gogacaatanigoyaticagiogacooea | WDBVDATYWG
D NO: 901} ciacigguottacggigctitigataicigrgg | YGAFDICGHGT
ceacgggacastggioscegtnicticageg | MVTVSS (SEQ
tegacraagygcoeategricticseecigg - IDNO: 909)
93 019- DIVMTQSPD | DIVM ; QSVLY | FAWYQ | WAS § TRESG 1 QQHF DIVMTQSPDSL # FGQG
2F05L : SLAVSLGER | TQSP | SSNNK | QRPGQ | {SEQ D (WPDRF | TTPQT : gcq uqchaq«ﬁ;cqgraucﬁ AVSLGERATIN TKVEI |
ATINCKSSQS | DSLA | NY PPKLLI | B S08G% | (SEQ aagtecagecagagtgittiatac | CKSSQSVLYSS ‘
SVLYSSNNKN /VSLG (SEQID ! Y(SEQ | 315 GTEOFT {IDNO: | sgoiceascastasgaactacitiqoticgta | NNKNYFAWYQ (SEQ
YFAWYQQRP | ERATI | NO: ID NO: LTISGE 1 917) ceageagagacoaggacagectociagac | QRPGQPPKLLI | ID
GQPPKELIYW | NCKS ! 913) 9714) GAEDY weisatitacigogesiclaccogagagtes | YWASTRESGY | NO:
ASTRESGVP | S AYYE auagtecctgacogifeagigoeagsggyt | PDRFSGSGSG | 920)
DRFEGSGSG | (SEQ (SEQ Y ctgggacagatiicacgotuaceatcageng | TOFTLTISGLQA |
TOFTLTISGL | ID B coigraggcigeagaigtggoactitatiact | EDVAVYYCQQ
QAEDVAVYY | NO: @18y gieageascaitiartaciontiagacgiog | BFTTPQTFGQ
CQQHFTTP | 912) gtoasgsggscceaggtygasatcaaacgt | GTKVEIK (SEQ
(SEQ ID NO: | acggtggcigoaccalcigictteaicticesy | ID NCQ: 919)
911} ceatclgaigageagtigaaaiciggaacty

uonedqng uonedddy yuajeq
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FIG, 12 (Page 52 of 75)

gagtgaggagcticaagccaacaaggecs
cactggtgtgtctcataagtgactictaccecgg
gagccgtgacagtggectggaaggceagat
agcageccegtcaagge (SEQ IDNO:

.............. A i J K L i N 0 P
Row /Name i Y-REGION{t3 | FR1- . 1CDR1- 1 FR2. CDR2- 1 FR3- CORA- | Boguencs Translated L FR4-
TIMGT FIMGT MGT IMGT IMGT | IMET Sequence (V- LIMGT |
o R o e " ARSI S R B i : o REGION}
94 18- QLQLQESGP {QLQL | GDSITC | WGWIR | MYYSG ! NYNPS | ARLFG | cagetgcagetgeaggagteggacccagy. | QLOLQESGPG | WGL
AA04E - GLVKPSETLS | QESG | S$SCY QPPGK {RT LKSRV | ELVGY | actggigaagecticggagaccetgteecte | LVKPSETLSLT | GTMV
LTCSVSGDS! | PGLY | (SEQID  GLEWIL | (SEQIDZ ; TISVDT | Q&F | acctgcagtgtcictggtgactccattactigta | CSVSGDSITCS | TVSS
TCSSCYWG  : KPSE [ NO: GS NO: SKSQV | WHSEQ | gtagttgctactagggctggateegccagee | SCYWGWIRQP | (SEQ
WIRQPPGKG : TLSL | 923) {SEQ ID: { 925) SLKLRS | ilX NG | cccagggaaggggcetggagtggatiggtict | PGKGLEWIGS | 1D
LEWIGSMYY : TCSV NO: VTAAD | 827} atgtattacagtgggagaaccaactacaatc | MYYSGRTNYN | NO:
SGRTINYNPS ¢ S 924) AAVYY cotcectcaagagtegagtcaceatatecgt | PSLKSRVTISY | 930)
LKSRVTISVD  (SEQ C (SEQ agacacgtccaagagecaggigtecctgaa | DTSKSQVSLKL
TSKSQVSLKL § i 1D NO: gttgegetetgtgacegeegcagatgegget | RSVTAADAAVY |
RSVTAADAA. | NO. 928) gtetattactgtgogagactattegggoagtty | YCARLFGELVG |
VYYCAR i 9227) gteggitatcaggetittigatgictggggecta | YQAFDVWGLG |
{SEQIDNO: gggacaatggtcaccgtctcttcagegtega | TMVTVSS (SEQ |
921) ccaagggeecateggtettceeectggeace | 1D NO: 929)
cfcctccaagagceacciciggaggeacage
ggccctgggcetgectggtcaaggactacttc
‘ e st e ceogaacctataa (SEQ IDNO; 928)
195 {019 GSVLTOPFS [ QSVE | SSNIGS | VNWYQ | Shi ERPSG { AAWD | cagtetgtgctgacgcagecaccetcagegt | QSVLTAPPSAS | FGTG
4ADIL  { ABGTRGQRY | TOPP INT FQLPGT {¢SEQ D | vPDRF { DSEN | ctgggaccocccgggeagagggtcaceatet ! GTPGQRVTISC | TKVT
TIECSGHEESH | SABG [ (SEQID | APKLEL | #M0) SGRKS I GYV citgttetggaageagetecaacateggaag | SGSSSNIGSNT | VL
IGSNTVNWY | TPGO | NO: CY(SEQ f 935) GTSAS | (SEQ taatactgtgaactggtaccagcagetccea | VNWYQQLPGT @ (SEQ
OREPGTAPK | RVTIS 1 933) D NO EAISGL [ IDNO: | ggaacggecoccaaactceteatetatagta | APKLLIYSNIER. 1D
LEBYBNIERPS | C8GS | { 934) OSEDE 1937) atattgagcggeccteaggggteccetgaceg | PSGYPDRFSG | NO:
GYPDRFBGE | (BEQ | AOYYC attctctggetecaagtetggeacctcagegt @ SKSGTSASLAL | 940)
KEGTEASLAE (D (BEQID | ccetggecatcagtgggetccagtetgagga | SGLQSEDEAD
SGLOGEDEA | N e : tgaggctgattattactgtgcagectgggaty | YYCAAWDDSL
DYYCAAWDD | 832y 3683 acagectgaatggttatotcticggaactagy | NGYVFGTGTK
SENG (BEO accaadgtcaccgtectaggteageceaag | VEVL (SEQ 1Dy
DMC83% gccaaccecactgteactcetgitcecgecete | NO: 939)

938)

uonedqng uonedddy yuajeq

06 J0 €9193US $10T ‘LT "AON

IV 1S88¥€0/¥10T SN



FIG. 12 (Page 53 of 75)

A G H i J K L M N 9] ¥
Row 7 Name  V-REGION:(1} . FR1= - CDR1= i FR2- GORZ2. 1 FR3- CPDR3- | Sequence Translated FR4-
' IMGT 1 IMGT IMGT AT MGT IMGT Sequence (V- AT
: : -+ REGION?
96 019- QVQLOESGP {QVQL | GDSINS | WTWIR { ISYNGK | QFNFPS : ARELG | caggtgcagctgcaggagtegageecagg | QVOLQESGPG | WGQ
4C01H | GLVKPSQTL | QESG | GGFS QHPGK. ! E(SEQ | LKSRLS ; DYPYY | actggtgaagecticacagacceigtecete | LVKPSQTLSLT : GTTV
SLTCSVSGD | PGLY  {SEQ ID § GLEWI {ID NO: MSVDT : YAMD | acctgcictotctetggtgaciccatcaacagt | CSVSGDSINSG: | TVSS
SINSGGFSW | KPSQ i NO: GS 945) SKNQF : V (SEQ | ggtggttteicttggacctggatecgecagea | GFSWTWIRQH | (SEQ
TWIRQHPGK : TLSL : 943) (SEQ ID SEKMS : ID NO:. | cccagggaagggectggagtggatiggtte | PGKGLEWIGS! | ID
GLEWIGSISY | TCSV | NO: SVTGA i 947) catctettataatggcaaaattcaattcaacce | SYNGKIQFNPS : NO:
NGKIQFNPSL | S : 944) DTAVY gtecetcaagagtcyggetttceatgtcagtyg | LKSRLSMSVDT ; 950)

P KSRLSMSVD : (SEQ FC acacgtcaaagaaccagtictecctgaaaat | SKNQFSLKMS
TSKNQFSLK / ID (SEQ D gagctcagtaactggegeagacacggecgt | SVTGADTAVYF
MSSVTGADT | NO: NO: ttacttitgtgcgagagaacttggegactatce | CARELGDYPY
AVYFCAR 942} 946) ctattactacgcaatggacgtctggggecag | YYAMDVYWGQ
{SEGIDNO: gggaccacggtcacegtetecteagegtey  + GTTVTVSES
941} accaagggcccatcggtcticeceetggeac | (SEQID NO:

! cetectecaagageacetctgyggocacay | 949)
i cggeoctgggetgectggtcaaggactactt
i ceeegaaccetgtgac (SEQ 1D NO:
948)
97 019- DIGMTQSPS | DiQM: { QGIASF | LAWYQ | AAS SLQTG | QQVIT  gacatccagatgacccagtctceatecticet 7 DIQMTQSPSFL | FGQG
4C01L I FLSASVGDR { TQSP [ (SEQID | QKPGR. | (SEQID ’VPSRF | FPRT | gictgcatctgigggagacagagicaccatc ;| SASVGDRVTIT | TKVEI
VTITCRASQG : SFLS | NO: APNELY : NO: SGGGS { {(SEQ | acttgccgggocagtcagggeattgecagttt | CRASQGIASFL | K
IASFLAWYQ | ASVG | 953) Y (SEQ i 955) GTEFTL | ID NO: i tttagcctggtatcaacaaaagecagggag | AWYQQKPGRA | (SEQ
QKPGRAPNL | DRVT 1D NC~ TINSLQ | 957) agcccctaacctcetggtctatgetgegtecte | PNLLVYAASSL | ID
LVYAASSLQT [ ITCR 954) PEDFA. titgcaaactggggteccatcaaggticage | QEGVPSRFSG | NO:
GVPSRFSGG ! AS L TYYC ggegotgoatctgggacagagticacteica | GGSGTEFTLTE | 960)
GSGTEFTLTE ¢ (5EQ i (SEQID caatcagcageotacagectgaagatittge  § NSLQPEDFATY
NSLQPEDFA {1ID L NO- cacttattactgfcaacaggtcattactitecet | YEQQVITFPRTE
TYYCQQVITF § NO: i 956) cggacgttcggecaagggaccaaggtgga | FGQGTKVEIK
P {SEQ ID 952) astcagacgtacggtggctgcaccatetgtet | (SEQ ID NO«
NO: 95%) tcatcttécegecatctgatgageagtigaaat § 959)

ctggaactgcctetgttgtgtgectgetgaata
actictatcccagagaggecaaagtacagt
ggaaggtggataacgccctccaategggta
actcccaggagagtgtcacagageaggac
agcaaggacagcacctacagccicageag
caccctgacgctgagoaaageagactacy
agaaa {SEQ ID NO: 958)

uonedqng uonedddy yuajeq
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FiG. 12 (Page 54 of 5}

971

aggccacactggtgtatetcataagtgacttc
tacccgggagecgtgacagtggectggaa
ggcagatagcageccegtcaa (SEQ ID
NO: 978)

o A G » H o k. L i N O P
Fow :Name | V-REGION.(1} i FR1- :CDR1- /FR2- CDR2- 1 PR3- CORE Sesuence Transiated FR4-
IMGT +IMGT IMGT 2 IST o GT BAGT Sequence (V- IMGT.
L e . . : dii coaaa o dREGIBNE.
98 1019-. | QEQLQESGP {QLQL | GGSMR i WGWIR | MYYSG | YYSPS | ARRW | cagclgcagctgcaggagtcgggeccagg | QLALQESGPG  ( WGQ
4C02H § GLVKPSETLS [ QESG | S88YY | QPPGK | 87 i LKRRY | FGELD | actggtgaagcctteggagacectgteecte | LVKPSETLSLT { GTTV
LTCAVSGGS [ PGLV  {SEQID | GLEWI {(BEQID  TISVDT | YYGS | acctgegetgteteigggggetecatgagga | CAVSGGSMRS ¢ TVES
MRSSSYYW {KPSE i NO: GG WO SENHF ¢ DV gtagtagtiactactggggctggatcegeca | SSYYWGWIRQ f (SEQ
GWIRQPPGK  TESE : 983) (SEQID | 985} SLELTS | (GEQ goecccagggaagggactagagtggatty | PPGKGLEWIG D
GLEWIGGMY § TCAV NO: YIAAD | i NO: | goggtatgtattatagtgggageacctactac { GMYYSGSTYY { NO:
YSGSTYYSP i S 964) TAVYY  957% agceegteecticaagaggegagteaccata. | SPSLKRRVTIS 970
SLKRRVTISV { (SEQ C{BED tcegtagacacgtcegagaaccactictecct § VDTSENHFSLK
DTFSENHFSL §1D BN gaagttgacctctgtgaccgeegeagacae | LTSVTAADTAV
KLTSVTAADT § NQ: 958} ggctgtetattactgtgegagacgatggttcy | YYCARRWFGE
AVYYCAR 962) gggagetagactactacagtcggacgtetg | LDYYGSDVWG
{SEQ ID NO: gggecaagggaccacggtcacegictecte | QGTTVIVES
961} agcgtegaccaagggeccateggtettceee 2 (SEQ 1D NO!
ctggeaccectccteccaagageacctctgggg © 969)
acacageggcectgggetacetggteaagg
actacticcccgaacctgt (SEQ 1D NO:
9683
99 019-  /QLVLTQSPS [ QLVL [SGXSS | IAWHX | VNXDG ! YKEDGI ; QTWG | cagctigtgctgactcaategeectetgeetet | QLVLTASPSAS | FGGG
40021 7 ASASLGTSY | TQSP {SP QQPEK | SH PDRFS {TDXQ | gectccctgggaaccteggtcaagetcacst | ASLGTSVKLTC | TKLT
KLTCTLSSGX | SASA | (SEQ I : GPRFL | (SEQID | GSXSG }V (SEQ ! geactctgagcagegggnacageagetee | TESSGXSSSPE | VL
SSSPIAWHX | SLGT | NO: MK NO: SERYL /IDNO: ; cccatcgcatggcatcngeageageegga | AWHXQQOPEKG | (SEQ
7 QQPEKGPRF | SVKL {973) (SEQID | 975) TISNLQ: | 977} gaagggccecteggticttgatgaaggttaac | PRFLMKVNXD @ ID
LMKVNXDGS | TCTL NO: ‘ SEDEA antgatggeagicactacaaagaggacgg | GSHYKEDGIPD | NO:
‘HYKEDGIPD S 974y DYYC gatcectgategettctegagetecnagicty | RFSGSXSGSE | 9807
i RFSGSXSGS: | {SEQ (SEQID ggtctgagegcetaccteaccatctccaaccte | RYLTISNLASE
P ERYLTISNLQ :ID NO: cagtccgaggatgagyctgattattactgtea | DEADYYCQTW
| SEDEADYYC | NO: 976} gacciggggeactgacnttcaggtaticgge | GTDXQVFGGG
: QTWGTDX. | 972) ggagggaccaagctgaccgtectgggtca | TKLTVL (SEQ
- (SEQ 1D NO: geccaaggetgeecocteggteactctgttce | 1D NO: 979y
cgecetcgagtgaggageticaagecaaca

uonedqng uonedddy yuajeq
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FIG. 12 (Page 55 of 75)
‘A G H I J K L M; N o o P
Row +Name = PYW-REGION {4} 1 FR1- 1 CDR1- § FR2- SOEZ- O PFR3. T CDR3- 1 Sequence Translated FR4-
' IMGT  LIMGT IMGT MGT IMGT IMGT Sequence (V- IMGT
. . - . o REGION}
100 Q4% QVQLQESRF : QvAOL | GGSMR : WSWIR VYYSG [ EYNPS { ARGV | caggtgcagcigcaggagtegegteccagg | QVQLQESRPG  { WGK
4L05H 1 GLVKPSETLS § QESR  SYY QSPGK  GT LKSRVII { SALVS | actggtgaagcctteggagaccetgteecte | LYKPSETLSLS § GITV

LSCTVYSGGS { PGLV i (SEQID : GLEWI i (SEQID | SVDTS VDYYY | agctgcactgtctetggtggctcecatgagaa | CTVSGGSMRS  TVSS

MRSYYWSWI ; KPSE | NO: GY NO: KNQFS {YYMD ; gitactactggagctggatceggeagteccee | YYWSWIRQSP § (SEQ

RQSPGKGLE { TESL | 983) (SEQ D ; 985) LNLSSV | V (SEQ | sggaaaaggactggagtggatiggetatgt | GKGLEWIGYVY § ID

WIGYVYYSG | SCTV NO: SAADT {ID NO: | ctattatagtgggggcaccgagtacaactee  YSGGTEYNPSL. | NO:

GTEYNPSLK ;8 984) AVYYC {987 tcectcadgagtcgagtaateatatcagtag | KSRVIISVDTSK. £ 990)

SRVHISVDTS { (SEQ (SEQID acacglccaagaaccagttciccctgaacct | NQFSLNLSSVS

KNQFSLNLS: | ID NO: gagetctgtgagegctgeggacacggeegtt | AADTAVYYCAR

i SVSAADTAV | NO: 986} tattactgtgcgagaggggtatcagetettattt | GVSALVSVDYY
P YYCAR (SEQ | 982) ccgtggactactactactactacatggacgte | YYYMDVWGKG
; ID NO: 981) tggggcaaagggaccacggtcaccgtetee | TTVTVSS (SEQ
: tcagegtegaccaagggeceatcggtettee | ID NO: 989) ‘
cectggeaccecteetccaagageaccictgg
gggeacageggecctgggetgectggicaa
ggactacttccccgaac (SEQ ID NO:
o 988}
101 §019- SYELTQPPS | SYEL ! NIGSKS | VQWYQ | YhiR DRPSGI § QWD | tcetatgagetgacacagecacectcagtgt | SYELTQPPSVS | FGTG
4C05L L VSVAPGKTA|I | TQPP | (SEQ B | RKPGQ ! {SEQID { PERFS | RNIDP | cagtggecccaggaaagacgaccataatt | VAPGKTANTCG @ TEVT

ITCGGNNIGS: : SVSV | NO: APVLVI | NG GSNSG | Hi acctgtgggggaaacaacattggaagtaag | GNNIGSKSVQ | VL

KSVQWYQRK | APGK | 993} Y (SEQ | 295 NFATLT : (SEQ agtgtgcagtggtatcageggaagecagge | WYQRKPGQAP | (SEQ

PGQAPVLVIY : TANT (1D NO: ISRVEA 1 ID'NO: | caggcecctgtgttgatcatetatiataatagg § VEVIYYNRDRP ;D

YNRDRPSGI | CGG : 994} GDEAD: : 997) gaccggcccicagggatecctgagegattet | SGIPERFSGSN | NO:

PERFSGSNS | N YYC | ctogetceaactctgggaacacggecaceet | SGNTATLTISR | 1000)

GNTATLTISR | (SEQ {SEQ ID | gaccatcagcagggtcgaggecggggaty | VEAGDEADYY

VEAGDEADY :ID NO: dggccoactattactgtcagotgtgggatag | CQYWDRNIDP

YCQVWDRNI : NO: 998) gaacattgatececacttcggaactgggace § HFGTGTEVTVL

D(SEQID 992} gaggtcaccgtectaggteageecaagges | (SEQ D NO-

NO: 891} aaccccactgtcactotgticecaecetcgag § 999)
tgaggagcticaagecaacaaggccacact
ggtatgteteataagtgacttctaccegggag
ccgigacaglggectggadaggcagatage
ageccegtcaagycgggagtyg (SEQ
IDNO; g98:

uonedqng uonedddy yuajeq
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FIG. 12 (Page 56 of 75)
: A G H | g FK L [ N o) P
{ ' MGT JIMGT  IMGT IMGT i Sequence (V- TIMGT
. i B MR o v e , o REGION;
(102 (019 CWOLOESGP T OvOL | GGSIBT [WIWIR [ VYYTG | EYNSS | ARAVS | caggtgcagetgeaggagtegagceceagg. | QVQALQESGPG | WGK
4DO1H | GLVYKPSEELS | QESE vy QSPGK { GT LKSRY | TLVSV ! aciggtgaagecticggagaccctgtcocte | LVKPSETLSLT | GTTV

LYOTVSEGSE [ PGLY HSECID 'GLEWL | (SEQID | TISVDT | DYYFY | acctgcactgtctetggtggetecatcagtact | CTVSGGSISTY | TVSS

STYYWTWIR 7 KPSE | N GY NO: SKNQF : YIDV tactactggacctggatccgacagtececcag | YWTWIRQSPG | (SEQ

GEPGKGLEW [ TLSL | 10034 (SEQID ; 1005) SLKENS | {SEQ ggaagggactggagtggattggttatgtctat | KGLEWIGYVYY  ID

EWYYTGET | TCTY N ATAAD: : ID NO: | tacactgggggcaccgagtacaactectee: { TGGTEYNSSLK | NO:

EYNSSLKSR 1 8 1004} TAVYY | 1007) ctcaagagtcgagicaceatttcagtagaca | SRVTISVDTSK | 1010)

VTISVITESKN §{SEQ C (SEQ cytccaagaatcagttetecctgaagtigaac | NQFSEKLNSAT

GFSLELNSAT 711D ID NO: tccgecaccgetgeggacacggecgtttatt @ AADTAVYYCAR

AADTAVYYS | N 10086} actgtgcgagagceagtitcgactcetigiticag | AVSTLVSVDYY

AR (BEG D 10020 fggactattacttetactacatagacgictggg | FYYIDVWGKGT

N 1G0T geaagagggaccacggtcaccgictectcag | TVTVSS (SEQ
cgicgaccaagggeceateggtettececet | 1D NO: 1009)
ggcaccctoctccaagageacstetgggog
cacagcggeectgggetgectggtcaagga
ctacttccecgaace (SEQ [DNC:

......................... ; . 1008 o
{103 1019 SYELTQPPS | SYEL | NIGSKS: | VHWYQ ~ HNN ' NRPTGI | QWWD | tcctatgagetgacacagecacecteagtgt | SYELTQPPSVS | FGTG
4D01L | VSLAPGKTAT | TQPP | (SEQID | QKPGQ ; (SEQID | PERFS | RNND | cactggcocccaggaaagacggecacgatt | LAPGKTATITC | TKVT

[TCGGNNIGS | SVSL | NO: APVLVI | NO: GSNSG | PL acctgtgggggaaataacatiggaagtaaa | GGNNIGSKSVH ¢ VL

KSVHWYQQK | APGK | 1013) Y (SEQ | 1015) NTATLT | {SEQ ' agtgtgcactggtatcagcagaagecagge | WYQQKPGQAP | (SEQ

PGQAPVLVIY | TATIT D NO* [SRAAA | IDNO: | caggcecetgtectggteatetateataataat | VLVIYHNNNRP D

HNNNRPTGI | CGG 1014) GDEAE  1017)  aatcggeccacagggatcccigagegattet | TGIPERFSGSN | NO:

PERFSGSNS | N YFC ctggctceaactctgggaacacggecaccet | SGNTATLTISR | 1020)

GNTATLTISR | (SEQ {SEQID | gaccatcagcagggecgcageeqggdgaty | AAAGDEAEYF

AAAGDEAEY | ID NO: aggccgagtacttctgteaggtttgggatagg | CQVWDRNNDP

FCQVWDRN | NO: 1016} aataatgatcceeteticggaactgggacca | LFGTGTRVTVL

ND (SEQ ID 1012) aggtcaccgtectaagtcageccaaggeca | (SEQ ID NO:

NO: 1611) accccactgtcactetgticecacectegagt | 1019)
gaggagcttcaagccaacaaggccacact
ggtotgtctcataagtgacttctacccggaag
ccgtgacagtggectggaaggcagatage
agceecgtcasggegggagtgga (SEQ

,,,,,,,,,,,,,,,, |D NO‘ 10?8;
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0630 L933YS $T0T ‘LT AON

IV 1S88¥€0/¥10T SN



FIG.

12

of 79)

(Page 57
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LA G CH i J K M N ' o P
Row :Name V-REGIOMOE7FRT- (CORI- [FR2- CDR2- ¢ FR3- CDR3- | Sequence Transtetad SRR
; IMGT (MY IMGT IMGT . IMGT IMGE Soguence V- TIMGT
g . e o REGION:
104. 1 019- VOLOESGP | Qval GGBIR T WEWIR | VYYTG | EYNPS ARGV ! caggigcagelgcaggegioggyeccagy | GVQLOESGRPG T WGK
AD02H & GIVKPSETLS | QESG | 8YY QPPGK. | GT LKSRVIE : SALVS | aciggigaagecticggeagacecigiveste | LVERPSETLSLTY | GTTV
LTOTVEGESE  PGEY (SEGHD { GLEWE | (SEQID | SVDTS | VDYYY ! accigcacighoiciggiggotocatoagaag | CTVRGGSIRSY | TVSS
RSYYWIOWIR. | KPSE | NO: [ Gy NO: KNQFS : YYMD ! tactactgpagtiggatcoggeagocsess | YWSWIROPPSG. | (SEQ
L OPPGKGLEW  TLSL 0 1023)  [(SEQID | 1025) | LNLSSV | V(SEQ | ggasaaggactogagignatiogotataicl | KGLEWISYVYY © 1D
ESYNVYYTRGT (TCTV | B TAADT | IDNO.  atistactgggggoacogagtacasicedtc | TOGTEYMPSLK I NO:
EYMPSLKSR | 8 1074 AVYYC | 1027) | coleasgagicgegtaaicatatoagiagac | SRVEEVDTSKN £1030)
VHEWDTEKN ¢ (BEQ (SEQID | acgtecasgaaccagitctecotyaacctgs | RFSLNLSSVTA |
OFSENESSVYT (D NO: getctgigacegaigeggacacggoegitat | ADTAYYYCAR
ARDITAVYYC | NG 1026) tactgtgcoagagusgtateagotet GVSALVBVDYY
PARSER 1R giggactactaciactaciacatggacyicly | YYYMDVWEKG
NG W2 gugcasaguyactacggicaseatctocte | TIWTVSS (BED
agoglogaccaagggoccaicggicttcace | D NO: 4028}
ctggeacooliortccasgageancicigogy
geacagougeociggonigeotagtoaang
actactiveoeyaas (SEQ D NO:
:105 | 018~ SYELTQPPS {SYEL | NIGSKS ; VQWYQ | ¥NR DRPSGH [ OVWD | cotalgageigactcagorecoclcagions | SYELTOPPRVS | FGTG
(AR0ZL | VEBVAPGKTAL { TQPP | (SEQID ; QKPGQ | {SEQID | PERFS | RNIDP | agiggoccoaggaaaganggecataatia | VAPGKTAITCG | TEVT
ITCGGNNIGS | 8V3SV | NO: APVILVE | NG; GBNSG | H cotgigggguasacdscatigdasdisaga | GNNIGSKEVD VL
KSVOWYQQ { APGK | 1033} Y (SEQ | 1035} WTATLT { (SEQ gigtgeagiggiateageagsagecaggee | WYOOKPGOAR | (SEQ
KPGGAPVLVI { TAIIT ID NO- WBRVEA D NG | agocooctylgliguicatctatiataatagay | VEVIYYNRDRE D
YYNRDRPSG { CGG 1034) GLEAD (1037 | scogoccoleagpgatecoigagegattctc | SGIPERFSGSM | NO:
IPERFSGSNS | N PYYE tggetccaacicigggascacggcacact | SGNTATLTISR | 1640)
i GNTATLTISR 7 (8EQ L{BEQID Jaccaitaycagygicsaggocggagaty | VEAGDEADYY
VEAGDEADY /1D NG aggecgaciatiactgicaggigigogatag | COVWDRNIDP
YCQVWDRNI } NO: 10363 gastaligatcioracicqgaactgagace | HFGTETEVIVL
D(SEQID 1032) gaggtcaccgtesteguicageceaagace | {SEQID NG
NO: 1031) | maccenaciyinacicigitcecaceeicgayg | 1029)

igaggagclicasgocascaagyoanact |

gulgtgicicataagigaciclaccoggyag
scgigacagiggscipgasgyrayaiage
agescogicragaegagagioy (SEQ
(0 WO 1038)
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06 JO 89 193US +10T ‘LT "AON

IV 1S88¥€0/+10C SN



8 of 75)

FIG. 12 (Page 5

gasatciggascigocictghigigigottget
gaatasctictaicucagagaggcoanagt
acagisgaaguiggalaacyoeciceasic
Agsactoonangaga (SEGID N

1058)

, A G ‘ H [ J K M N O e
‘Row Name {V-REGION(}) [FR1- ICDR31- | FR2- CDR2- 1FR3-.  CDR3- | Sequence i Transiated P4
: IMGT 1 IMGT 5 IMGT AMGT IMGT IMGT | Sequence (. BAGT
£ b : . dia REGIONY o
106" 019~ QVOLQESGP | QVQL § GGSISK | WRMIR [ WHYAF | GATNY 1 YYCV | cagglgcageigoaggagicggancragy | GvRLOESGRG | WGR
4E01H § GLLKPSETLS | QESG | YY QPPGE [ YI(SEQ [NPSEK | RADG | acigotgasgcchicggasaccoigiooote | LLEPSETLELY 1 OTTV
LTCTVSGGSE | PGLL {(SEQID | TLEWIG (1D NG {SRVTIS {1 DSEG | acclgcantptstoiggiggoicnatoagiaa | OTVSGGSISKY | TVSS
SKYYWTWIR | KPSE Nk Y{SEQ 1045y I VDTAK (FGYH | statisciggecctggsicoggnsgrocooa | YWTWIRQPPG | (BEG
QPPGKTLEW | TLSL 1043 {2 By PNQVSE { YGMD ; ggusagacaciguagiygattygatatgice | KTLEWIGYVRY | D
IGYVHYAFYl (TCTV 10443 CRLTESVT | V (SEQ ! aftatyootitistatiogggecaccaatialaa | AFYHIATNYNP | MCO:
GATNYNPSL S AADTA | IDNO: | cecsicooicmagagiogagicacoatatna | SLESRYTISVD | 1050
KSRVTISVDT : (SEQ VI(SEQ | 1047) | glagscacggesaayasccangiciooott | TAKNGQVSLELY
AKNQVSLRL : ID IDNO: ¢ aggtioecciclgigacogotocgnacacay | SVTAARDTAVYY
TSVTAADTA | NO; 1046} cegittattacigiotgagageagacygtgac | CVRADGDSES
(SEQID:ND:  {1042) | locgaggaottcgootaccactacguaatg | FOYHYGMINGY
1041) i gacgictgyaneonggodascacygteac | GRETTVTVER
cgictocieagoylogaccaanggeteaiog 7 1SEQ D NGO,
gictoonontggoscriootocasgagea | 1048
sClCiggggracageagecciggyetyes
typteaaggaciacion (SEG DN
- ’ b 1048 v
407 1018« DIQMTQSPS | DIQM | QGIGN |iaWwyd | DAS 51085 | LQHN  § gacatecagatoaccoagiclocatoctecct | THOMTOSESESL L EGRG
4E01L ) SLSASVGDR | TQSP | D(SEQ | OKLGT | (SEQID (WPSRF | DYPLT | giclgeatcigisggagecagagicaccate | SASVGDRVTIT | TRVE)
VTITCRASQOG /| SSLS [ID:NQ: | APKRL! | NO: SGIGE | (SEQ actigongogeaayioagaaeaticgasat | CRASOGIGNDL | K
+ IGNDLAWYQ : ASVG § 1053) Y{SEG | 1055 FTEFTL L IDNO: | gectiagecigotelcascageeattagyg AWYOOQKLGETA | (SEQ
QKLGTAPKR. ¢ DRVT 1 N TISELG 1 10567) acagrcclaagogsciyaiitatgatgoats | PHRUYDASSL (1D
LIYDASSLQS :ITCR 1054 PEDFA cagtitgraasgiggggicecaicgagatic | QSGVPSRFSGE | Ny
GVP3RFSGS : AS YV agengcagiygsiciyggacagdaticast | SGSGTEFTLTL | H50)
GSGTEFTLTI § (SEQ (BEQD cicacaaicageagestgcagontgsagatt | SSLOPEDFATY
SSLOPEDFA (ID RO figcnacialtacigociacageaiagigatt | YOLOHNDYPLY
TYYCLQHND  NO: 1058} scocictpacgivggocangggaecadgy | FOOOTKVEIR
YP (SEGHD 1052} : | tgpaastcagangacagioaciacaccat | {SEQID NG
NO: 1051) | cigtetteatoiicneg tpegoagh | 1058)
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FIG. 12 (Page 59 of 75
K L i

aatctggaactgectetutigtotgoctgctga
ataactictatcccagagaggccaaagtac
agtggaaggtggataacgecctecaatcgo:
gtaactcccaggagagtgtcacagageag
gacagcaaggacagcacctacagecteag
cageaccotgacgetgageaaageagact

acgagza 1SEQ ID NO: 1078)

A G HY °J N 0 P
|Row {Name |V-REGION (1) ' FRi- ' CDRi- FR2- CDR2- L FR3- CDR3- | Sequence Translated FR4-
; IMGT. ; IMGT IMGT MGT IMGT  IMGT Saquence (V- MGT

: ' : 0 1l i o REGION}
108 7018- QVOLVQSGA | QVQL | GVIFSKN | IBWYR | ILPIFGT | NYAQR | ARAA | caggtgcagctggtgcagtctggggetgag | QVQLVQSGAE  WGQ
4E03H | EVKKPGSSY | VQSG | Y4 GAPGE | ALSED (FQGRVY ¢ RLYQ | glgaagaagcctgggtecteggtgaagotet | VKKPGSSVKYS | GTMV
KVSCKASGVI | AEVK | (3EG D | GEEWY D NG: | TITADE | GAYDI | ccigcaaggectciggagteatcticageaa | CKASGVIFSNY | TVSS
FSNYAIGWV | KPGS | MO 33 1065) STSTTY ! (SEQ ctatgetatcggetggotgegacaggeccet | AIGWVRQAPG (SEQ
ROAPGGQGLE ! SVKV | 16833 (SEGHDY MELSS {ID NO: ! ggacaagggcttgaatgggiogggagagat : QGLEWVGGILP | ID
WVGGILPIFG | SCKA MO: LRSDD | 1087) cetecctatttttggtacageaaactacgeae | IFGTANYAQRF  § NO:
TANYAQRFQ (S ; 1064} TAVYY agaggtttcagggcagggteacyattaccg | QGRVTITADES | 1070)
GRVTITADES { (SEQ C {SEQ cggacgaatccacgageacaacctacatg | TSTTYMELSSL
TSTTYMELSS { ID ID NO: gagctgageagectgagatetgacgacas | RESDDTAVYYC
LRSDDTAVY { NO: 10686) . ggccgtatattactgtgcgagggcggeeeg. | ARAARLYQQA
YCA (SEQID | 1062} | actitatcaacaggettatgatatctggggee | YDIWGQGTMY
NO: 1061) aagggacaatggtcaccgteteticagegte | TVSS (SEQ ID
gaccaagggcecateggtcttcecectggea | NO: 7069)
ceotoctccaagagceaccetetgggggeaca
geggeectgggctgestggtcaaggactact
tececgaacetgtgacggtete {(SEQ ID
: e ‘ NO:1068:
109 018 AJQLTQSPSS | alGLT | QGISSA | LAWYD | DAS SLOSG | QQFH | gcoatccagtigacccagicteeatccteeet | AIQLTQSPSSL | FGPG

AEQ3L [/ LSASVGDRY § ISPE | (BEQD | GKPSE [ {BEQ [ VPSRF | SYPLF | gictgcatctgtaggagacagagtcaccatc | SASVGDRVTIT 7 TKVDI

TITCRASQGI | 8184 | NO: PRRLLL { NCe SGSGS | T (SEQ ¢ acttgccgggeaagtcagggeattageagt | CRASQGISSAL | K
SSALAVWYQQ | 3VisD ¢ 1073 SBEQ §1aTEy GTDFT | ID NO: | gcttiagectggtatcagcagaaaccaggty | AWYQQKPGEP | (SEQ
KPGEPPKLLI : RWTiT Y MO LTISSL ;1077) aaccicctaagetectaatetetgatgecteca ;| PKLLISDASSLQ | ID

: SDASSLAQSG | TRAS HiTe; QPEDF gtttgcaaagtggggtcccateaaggttcag | SGVPSRFSGS | NO:
VPSRESGSG | (SEQ ATYYC cggcagtggatetgggacagatitcactete | GSGTDFTLTIS | 1080}
SGTDFTLTIS ;i (SEQID : accatcageagcectgeagectgaagatitty | SLQPEDFATYY
SLQPEDFAT } 8¢ i NO: ; caacttattactgtcaacagtitcacagttace | CQQFHSYPLFT
YYCQQFHSY | 4372} 10786) | clotgttcactttcggecctgggaccaaagty | FGPGTKVYDIK
F (SEQ ID gatatcagacytacggtggctgcaccatety | (SEQ 1D NO®
NO-.1071) teitcatettccegeoatotgatgageagttga £ 1079)
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FIG. 12 (Page 60 of 75)

i BN G s 5 A K Lo M N o P
'Row iName V-REGION(1) i FRi- ' CDR1-  FR2- iCDR2- (FR3- | CDR3- | Sequence 4 Translated FR4-
» GT BT IMGTE T IMGT IMGT - IMGT Sequence (V- | IMGT
) ; o Lo : G ke 7 : REGIONY. ,
10 :1019-  QLQLOESGP | QLQL | 3DESMS I WGWIR | SHYTG f SHNPS | ARLFG | cagetgcagetgcaggagtcgggeceegg | QLALQESGPG 7 WGL
. 4F03H 7 GLVKPSETLS j QESG | 380Y | QPPGK | RT LKERY | ELVGY : actggtaaagocticggagacectgteecte | EVKPSETLSLIC { GTMV
; LICSVSGDSM [ PGLV | {SEQID | GLEYIG § (SEQID : TisSvDT | QAFDF | atitgcagtgtctetggtgactccatgagetgt ¢ SVSGDRSMSCS | TVSS
SCSSCYWG i KPSE | M S (BEQ [ NO: SRRGL ¢ (SEQ agtagttgctactggggctggatcegecage | SCYWGWIRQP ! (SEQ
WIRQPPGKG { TLSEI | 1383} ID NO: 1085) | SLRLSS [ IDNO: | ccecagggaaggygctggaatacattggg | PGKGLEYIGSS ¢ 1D
{ LEYIGSSHYT | C8VS L 1084) (VTAADY {1 1087) | agttcccattatactgggegeacctcecaca | HYTGRTSHNP | NO:
GRTSHNPSL | {SEQ | P TAVYY | accegtctctcaaaagtegagteaccatitce | SLKSRVTISVD | 1090)
KSRVTISVDT D 8RR gttgacacgtecaagaggcagetctccetga | TSKRQLSLRLS
SKRQLSLRES | NO: HE Ry goctgagetctgtgaccgeegeagatacgg | SVTAADTAVYY
SVTAADTAV | 1082) 10885} cigtatattactgtycgagactgticggggaat | CARLFGELVGY
YYCAR (SEQ | tagttggttatcaggetttigatttctggagtcta | QAFDFWGLGT
D NO: 1081) gggacaatggtcaccgtctettcagegtcga | MVTVSS (SEQ
i ccaagggcceateggtetteceeetggcace (1D NO: 1089)
ctcctecaagageacctctgggggeacage
ggccctgggetgectggtcaaggactacite
cecgaacctgtga: (SEQ 1D NO;
| .1 1088
M1 7 019- QSVLTOPPS | QSVL | SSNIGS | VNWYQ | SNN 'ERPSG | AAWD | cagictgtgctgactcagecacecteagegte | QSVLTQPPSAS | FGSG
4F03% { ASGTPGQRVY  TQPP | NS {QLPGT | (SEQID | VPDRF | DSLD | tgggacccocgggcagagggtcaceatetc ;| GTPGQRVTISC | TKVT
TISCSGSSSN : SASG | (SEQID : APKLEF  NC: i 8GSKS | GYV ! tigiictggaageagctecaacatcggaagt: | SGSSSNIGENS | vl ;
IGSNSVNWY ; TPGQ | NC: F(SEQ | 1095) GTSAS (SEQ | aattcigttaactggtaccagcaactcccagy | VNWYQQLPGT | (SEQ
QGLPGTAPK | RVTIS | 1083) ID NO: LAISGL | IDNO: | aacggceeccaaactcctcatcittagtaata { APKLLIFSNNE | ID
i LLIFSNNERP | CSGS 1094) QSEDE | 1097) | atgagcggecctcaggggtecctgacegatt | RPSGVPDRFS  : NO:
SGVPDRFSG | (SEQ ADYYC ctétggetecaagictggeacctcagecteee | GSKSGTSASLA | 1100
SKSGTSASL {ID {SEQ ID tggecateagtygacteeagtctgagyatga | ISGLQSEDEAD:
AISGLQSEDE ; NO: NC: ggctgattactactgtgcageatgggaigac | YYCAAWDDSL
ABYYCAAWD 7 1092) : 1096) agcctygatagtiatgtettcggaagtgggac | DGYVFGSGTK
DSLOG: (SEQ: cagggtcaccgtcctaggtecageccaagge | VIVL (SEQID
ID NO; 1091} caaccccacigtcactctgttccegecetega | NO: 1099)
gtgaggagcticaagcecascaaggecaca
ctggtatgtetcataagtgactictacecggy
agecgtgacagtggectggaaggeagata
geageecegtcaagg (SEQ 1D NO:
10983
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LA G e H o ] J K M N . P
Row | Name {V-REGION{T: [FR% 1CDR1- | FR2- CDR2- FR3- CDR3- | Sequence i Transigted FR4-
: FIGT | IMGT IMGT IMGT IMGT IMGT. i Seguence (V. IMGT
; . G ke 5 . L REGION!
1127 019- 1 QVQLVESGG | QVQL | GFTFS ™ | IHWAR | ISYDGY | YYADS | AMIES | cagatycasctygigoagictaggogagac | OVOLVESGGE | WGQ
4G01H - GWQPGRSL : VESG | 8YG RVPGK | NK VEGRFE P WOUOL | glgstecagorigggaggieccigagactet | VWIRIPGRSLRLE | GTTV
: RLSCAASGF : GGVV [ (SEQID : GLEWV | (SEQID | ISRDNS : DYYYY | entgigeageciciggaifcaccticagticet | CAASGFTFSEY | TVSS
TFSSYGIHW | QPGR | NO: ¢ AL NO- P BMRVE  AMDV | elggoatocacigggonogongggticcag | GIHWARRVIPG | (SEQ
ARRVPGKGL | SLRL 1103) ((SEQID ; 1105} LOMNE [ (SEQ caagggacigoagtoggtggeactiaiale | KGLEWVALISY | ID
EWVALISYD ;| SCAA | : NO: ERAED (1D NG | alsfgstgoaictaataaaiatiatgoagact | DOYNKYYADRS | NO:
GYNKYYADS | S 1104} ABWYY | 1167} ceglasegggongaticalcatetocagaga | VKGRFISRDN £ 1110)
i VKGRFIISRD ‘ (SEQ G {BEG casctucaggancagegtigalcigoaaat | SRNRVDLOMN |
i NSRNRVDLQ ‘D 10 MO gancagcclgagageigaygacyoygciy | SLEAEDAAVYY
MNSLRAEDA | NO: 1108} igtatacigigrganasiciticttgaeagea | CAKIFSWQOLD
AVYYCA 1102) getcgactactatiatacyotatggangicly | Y YYAMINVWG
(SEQ 1D NO: gogocasnggeacaggicacegiotocts | QGTTVTVES
1101) agogiegaceaaggyoceatoquicticase | (SEQ D NG
ciggosnenionizceagageaceiclgagy | 1108
goacagegs angclgcctggteangs
actacticoengaa (SEQHI N
(113 019 | QSVLTOPPS [QSVL | SSNVG i vHWYQ [ SDR ' QRPSE | AAWD | cagtoigigoigacgeagcoacccteggoyl | QSVLTQPPSAS | FGGG
4GOML  ASGTPGQTV | TQPP | SHP GLPGY [ (SEQID | VPGRF ! DSLD | cigggaccocnggooagacgaicccoatet 7 GTPGQTVPRISC | TKLT
i | PISCSGSSSN | SASG | (SEQID | APWLLE | NO? | 8GSKS i GVV | clighuiggasgeagticeaacyfeganast § SGSSSNVGSH  F VL
VGSHPVHWY | TPGQ | NO: YA{EEQ [ 1115) GTSAS | (SEQ | calccigtscactyggtaccagesacicecag | PYHWYQQLPG ¢ (SEQ
QAQLPGTAPK | TVPIS | 1113y | D NO: LRISGL | IDNO: | gascggoocccasactocioatiatagigat | TAPKLLIYSDR (1D
LLEYSDRQRP : €SGS P 1114 QSDDE  1117) sgttagegrencicagagaicuciggecgat | GRPSEVRPGRF | NO:
SEVPGRFSG i (SEQ GDYYC | totctggoicoaaglotygcacaicagocics § SGSKSGTSASL | 1120)
SKSGTSASL ! ID (SEQID clgageaicagingustceagicigacgaly . | RISGLQSDDEG
RISGLQSDDE : NOT NO: agogtgattatiatigicrageatgygacgae | DYYCAAWDDS
GDYYCAAWD | 1112Y 1118) agestggatupagtagioticaseguaasy | LDGWFGGGT
DSLD (SEQ . accaazcigaccgicctaguicagescaay | KLTVL (SEQ (D
LD NG 1111) gotgencocteggicactoigicesgonets | NOL 1119)
i gaglgaggagel Crantgagacea
castggigtpicicataagiyacticiancigy
gageogtgacagtggosiggasyggoagat
ageagercrgtcaay (SEQHD NG:
A N R 11183
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| , J K L M N 0 ‘P
Row i Name [V-REGION {1} :FR1- 'CDR%- (ER2- i CDR2- | FR3- CDR3- | Sequence Translated i FR4-
IMGT = IMGT IMGT IMGT IMGT MGT Sequence (V- IMGT:
. . . _ o , - . i REGION) ;
114 7018 EVQLVESGG | EVOL | 3FTFS [ MHWY | INSGG | KYADS {ARDH | gaggtgcagctgotogagicgggoggaga | EVOLVESGGD [ WGQ |
4G05H  DLVQPGGSL | VESG | 88W RQAPG: } NFK ! VRGRF | DYGD ! cttagticagccgggagggtcectgagactct | LVQPGGSLRLS | GTMV |
RLSCAGSGF | GDLV | (SEQHD | KGLVW 7 (SEQID | TISRDN : YRGN | cctgtgeaggctetggattcaceticagtagtt ;| CAGSGFTFSSS | TVSS
TESSSWMH QPG | NI VSR NO: TRNTL {AYDI cctggatgeactgggtecgecaagetecag | WMHWVYRQAP | (SEQ
WVRQAPGK | GSLR | 1123) (SEQ D § 1125) YLHMS ! (SEG ggaaggggctggtgtgagteicacgtattaat ! GKGLYWVSRIN | 1D
| GLYWVSRIN | LSCA i NO: SERHE {ID NO- | agtggtgggaatttcaaaaaatacgeggact | SGGNFKKYAD | NO:
| SGGNFKKYA | GS 1124) DTALY 1127) | ccgtgaggggcegaticaccatctecagag | SVRGRFTISRD | 1130)
: DSVRGRFTIS | (SEQ YC acaacaccaggaacaccctatatetgeatat | NTRNTLYLHMS
RDNTRNTLY | ID: (SEQID gagcagteigagacacgaggacacggete | SLRHEDTALYY
EHMSSLRHE | NO: NO: titattactgtgcaagagateatgactacggty | CARDHDYGDY
DTALYYCAR | 1122} 11286) actacagagggaacgegtatgatatetggy | RGNAYDIWGG:
(SEQ ID'NOC: gccaagggacaatggtcacegtetettcage | GTMVTVSS
M21) gtcgaccaagggeccategotettceccetg | (SEQ ID NO:
geacccteotecaagageacctetgggdge | 11295
acagcdgcectaggeigectggtcaaggac
 tacttccecgaacetgty (SEQ 1D NO:
e 3 G 128Y e
15 1019 DIGMTQSPS  (DIQM: | QDISNY | FNWYQ | D375 KLETG :QQLD | gacatccagatgacccagtctecatceteoct | DIQMTQSPSSL | FGGG |
4G05L P SESASVODR TQSP ((SEQID | QKPGK | (3EZ 1D | VPSRF | S(SEQ | gictgeatetgtgggagacagagtcaccate | SASVGDRVTIT | TKVEI |
VTHTCOASGD | SSLS | NO: PAPKLLE | MG SGRQS | IDNQO: | acfigccaggegagtecaggacattageaac | CQASGDISNYF | K
ISNYFRWYD @ ASVG [ 1133) F{SEQ { %£3%} GTDYT | 1137y | tatttcaattggtatcagcagaaaccaggga | NWYQQKPGKA ;| {SEQ
OEPGKAPKL | DRVT ID NO: FTISSL | aagcccctaagetectaatcticgatacatee | PKLLIFDTSKEE 1D
LIFDTSKLET L IFCQ 1134) QPEDIA | dagttggaaacaggggtcccatcaaggttc | TGVPSRFSGR fNO:
GVPSRFBGR | AS TYFC agtggaagacaatctgggacagattatacttt | QSGTDYTFTIS. | 1140)
| QSGTDYTFT! | (SEQ (SEQ ID caccatcagcagectgeagectgaagatatt | SLQPEDIATYF
SELOPEDIAT 1 ID NO- gcaacatattfctgicageagcettgatagttte | CQQLDSFGGG
YECOO (B8 NO: 113B) ggcggagggaccaaggtggagatcaaac | TKVEIK (SEQ
M 1131y 1 1M32) gtacggtggctgeaccatctgtcticatettee | 1D NO: 1139)

cgccatctgatgageagsttgaaatetggaac
tgcctctatigtgtgectgeigaataacttctate
ccagagaggocaaagtacagtggaaggtg
gataacgccctccaategggtaactccecag
gagagtgtcacagage (SEQ 1D NO:

| 1138)

uonyedrqng uonednddy judjed
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PNQUTIET

seatohgictic tetgatgage
%ﬁmaafrmq%acrqcctch datatgee
fgcigaaigactintateccagagagoecas
aglacagigeaagaigaaiaacgortoes
ateggsaattc qSES I NG 1 158,";

NE 1159

A G H I J iK N ] P
Row i Name [ VRESION I | FRT- 1 CDR1- (FR3. FCDR2. FRS- CD%RS.- Sequence Transisten FRA.
: AT HINGT . ST 2 IMGT IMGT IMGT  Sequence - JIMGT
j o . { REGION ‘
116 | 020- QLQLQESGP & QLQL | GGSIS WTWIR {IYYSGN [ YYNPS | ARHR | cagclacagotycaggagicgggccoagy | QLOLOESGRG | wWiEQ
2C05H ¢ GLVKPSETLS | QESG NNIYY QPEGE ¢ 1{SEQ LKSRV VGTG | actygigasgocticgyagacocigioocte | EVKPRETLELT JGTLY
LTCTVSGGSI | PGLY | (SEQID: § GEEWD ¢ ID NO: TISVDT | PEVG | acclgoactgintiggiggotecateagoas | CTYSGESISNN | TVES
SNNIYYWTWI | KPSE | NO: G5 1145) SKNQF | DWFD | iastsifacizciggacciygatcegooagn | IYYWTWIRQPE | (BEG
RQPPGKGLE | TLSL i 1143) (SEQ > SLKERS | P (SEQ : cocosgugasysgectooasiosatigny § GRGLEWIGSTY 1D
WIGSIYYSGN | TCTV WO VTAAD | IDNC:. ! agiaictaftatagtgogaacatctactacaa | YOONYYNPSL 1 NG
IYYNPSLKSR' | S 1444} TAVYY | 1147) | zcegicactcasgagtagagicaceatater | KSRVTISVDTS | #1150}
VTISVDTSKN | (SEQ C(SEQ gtagecacgiccaagaaccaaticiocotga | KNOFSLKLRSY
QFSLKLRSVT | ID D NG: agctoaogictatgaccgoegeagacecgy | TAADTAVYYDA |
AADTAVYYC | NO: 1146} clatgtattactgtgogagacataggaigage | RHRVGTGPEY
AR (SEQ IB 1142} actggeecogaagtiugggactiggticqact | GIDWFDPWED
NO: 1141) scigangecagggaaceniggicanoatet | GTLVIVES
: coivagegicgaceaagquyercatogoiott | (SEQ D NO:
ocnciag toctceaagagnacoio! | 1148}
gegggeacagoggeraigggcigenigatc
saggactaciicecogaaccigigacggled
| e ISEQ 1D NG 11483 L
17 7020-  ENVMTOSPAT  EIVM L QSVSS | LAWYQ | BAS TRATGI | QQYN | geeatagigstgacpoagicicoagoeace | EIVMTQBEATL | FGGG
2C05L  LBVSPGERA | TQSP | N(SEQ | QKPGQ | (SEQ I { PARFS | SWPP | cigteigigicicoaguouaasgagocacce | SYSPGERATLE | TRVE!
CTLSCRABGS  ATLS [ IDNO: | APRLLI §nO: GSGSG | MYT inlcctgoagggocagivagagigitageag | CRASQEBVESN K
CUSSNLAWYCG | VSPG | 1153) | Y(SEQ {4185}  TEFTLT | (SEQ | casctiagccigaticcageagaanccing | LAWYOOKRPGO | (SEG
| QEPGOAPEL | ERAT 1D NO: ISSLAS | ID NO: | coaggeioncaggetocicatelatgatgeat | APRLLIYDAST il
PLIYDASTEAT | LSCR 1154) EDFAYV | 1157 | coaccagogooactgiatoscgaccagyt | RATGIPARFSG | NO.
, GiZ‘ARFﬁﬁs ' AS YYC icagiogoagigagtclggaacagagticas | SESGETEFTLTT | 116l
P GEGTERELT | (SEQ (SEQID icicacoateageageotgeagicigaagalt | BSLOSEDORAYY
j ‘SELQ‘SEE&FA 1D NO: tgoagtitatiacigteagoagiatasiagity | YCOHIYNEWPP |
CVYYOQOYNS | NO 1156) gectecoalgiacaciiligrecagggaace | MYTFGUHETKY
WP (SEQID | 1162) aaggtygag togoigod | B (SEQ D
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FIG 12 (P

of 75)

age 64

PA &) H I J K L i) M 9] P
Row | Name [V-BEGION{1} ) FR1= 1 CDR1- | FR2- 7 CDR2- ' FR3- 2533 Sequence Clranalated FR4-
: IMGT | IMGT IMGT - IMGT IMGT WGT | Qeguence M- IMGT
e g ) s ; S REGKOM L ,
118 020~ EVOLLESGS | EVOL [ GFTFS I MSWVR | ISGRG | YYADS | AKDH f gaggtgcagctgtogagtcigogagagget | EVOLLESCGGGL | WGQ
3B04H: ¢ GLVOPGGEL | LESG | DYA QAPGK : DST VKGRF | RG tggtacageoiggguggioccigagacicic | VOPGSGELRLE | GTLY
RESCAASGE | GGLY | (SEQID | GLEWV | (SEQID ; TISRDN | (SEQ ctotgcageotciguaticacoiliagtpaciat | CAASGFTFEDY | TVSS
TRSDYAMSW | QPG NO: SG NO: SQONTL | ID NO: | goestgagrtyggicngenaggoiceagag | AMBSWWYROAPS | (BEQ
VROAPGHGEL | GSLR | 1183) (SEQID | 1165) YLQMIS | 1167} ! saguggctquagigogtcicaggiattagty | RGLEWVEGISG: | 1D
EWWSGIBGR | L5CA NO: LRAED gtewiantsatageacataciaigoagacte | RGOSTYYADS | NG
GOSTYYADS | AS 1164) TAEYY cgigasgagonggitcaccaiciccagega | VRGRFTISREN | 117D
VHGRFTISRE | {SEQ G (SEQ fagticccagaacacgoigiateigcaaaty | SONTLYLOMEG
P MBONTLYLG 1D ID NO: atvagocigagagoogaggacacggenga | LRAEDTAEYYED
P MISLRAEDTA | NG 1166) astatiactglgegassgateatagggoetys | AKDHRGWGO
FEYYOAK 1162) goocagguaacooigglcacogiciectoa . | GTLYTVES
(SEQ D O gockocacesagggcctatnygicticocos | (BEQID KO,
C1181) tggraccciocicoaagagcecoictygas | 1169)
: geacagoguecelgy (SEQID N
11685
119 {020~ | DIOMTGSPS | DICM | QDISNY | ENWYD | DAS NLDTG : QQFD | gacsiccagatgacceagiclocatecteaet | DIGMTQEPESL | FGQG
3B04L. | SLEASVEGRR | TAGEP | (SEQID | GKSGK | (SEQID § VPSRF | KFPW ! gicigoatcigtaggagacagagicaccats | SABVODRVTIT | THVE!
YTITCOASGD | 85L8 1 NO: CAPKELE | NO: SGSGS | T(SEQ | avtinccaggryagicaggacatiageaas | COASGIISNYL (K
ISNYLNWYQ  ABVG | 1173) 1Y (BEQ | 1475) GTDFT : IDNC: | taittasatiggiatcageaganaicaggge | MAVYQOKSOKA | {BED
QKEGKAPKL | DRV E NCH FTISSL | 1177} aageccctaageteotgatclacgatgeale | PKLLIYDASNLD (4D
LIVDASHLDT | IT00 | 1474) QPEDF cagtitggatacaguagtccoatcaagatte | TOVPERFSGE. | NO:
GVFBRFESEE | AS ATYYC agtgoeagiguaictogoacagatittactite | GSGTDFTETIS | 1180)
GEGTOFTETE | (SEQ (SEQ ID accatcagtagoclyragecigagatitty ¢ SLOPEDFATYY |
SELOPEDRA 1D NO: caacataltaclgicaacagtigataastics | COOUFDEFPWT |
TYYOOROFDK | N 1176) cltggacgiigaecssgguacceaagiuy | FGOGTEVEIK
FRO(SBEGID 11723 asagicaazegaaciglggotgeaccalotgt | (BEQ HY NG
MO TITT cticatcticcegooaicigaigageagtigas | 1174)
| atclggaactgesicigitgigigocigelgas
i tagct (SEGHID MO 1178}
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FiG. 12 (Page 65 of 75)

| agttgasatctggaactgactetgttgigtgee
_ tootga 1SEQ 1D NO: 1198

A G H i J B L M N Q P
"Row | Mame 1 V-REGION{1) | ¥Rt~ | CDR1= [ FR2- CGORZ- 1 FR3= CDR3- | Sequencs Translated  FR4-
- MGT L IMGT IMGT BAGT IMGT  {IMGT Sequence (V- | INGT
b | | . | . REGION}
120 #028- HOLQESGP 1 QL0L 7 GGHISE | WEWIR [LYYSG | DFNPS | ARHA | cagctgcagetgcaggagtcgggcccagg | QLQLQESGPG | wGQ
:3BO6H | GLVKPSETLE | QESG 7 8TvY QFPGEK ST LKSRV | KAPDS : actggtgaagcecticggagaccetgtecetc | LVKPSETLSLT | GTLVI
ETCSVYBGGS! [ POLY [ {SEQID | GLEWL {(SEQID  TISVDT (FGGA ! acctgctetgtctctggtggctecatcageag | CSVSGGSISSS | VSS
PRESTYYWS [ KPSE NG G3 NO: SNNRY  EYFDY | cagtactiactactggggctggatccgecag: | TYYWGWIRQP § (SEQ
PWIRQPPGKS [ TLSE 1183 {SEQ D 1 11856) SLKLRS | (SEQ | cccceagggaaggogctggagtgoattgg | PGKGLEWIGSE | ID
LEWIGSLYYE | Tesv N VTAAD | IDNO: | gagtctctactatagtgggagcaccgacttc | YYSGSTDFNPS | NO:
SOETDFNPSE 1 B 1184} TAVYY | 1187) aacccgtccctcaagagtcgagtcaceatat | LKSRVTISVDT | 1190}
KERVTIGVDT | 5EDQ C (BEQ cegtagacacgiccaacaaccgggictecet | SNNRVSLKLRS
SHNRVELKE | IR 1D NO: gaagetgaggictgtgacegecgeagatac | VTAADTAVYYC
FEVTAADTA N 1188) ggctgtgtattactgtgcgagacacgegaaa | ARHAKAPDSF
WYYCAR 11823 gcaccegaticgtitgggggagetgagtactt | GGAEYFDYWG
ISEQ B MO tgactactggggecagygaaccetgateate | QGTLVIVES
181} gtctecicagectccaccaagggeccategy | (SEQ IDNG:
teticeecetggeae (SEQ 1D NO: 1189)
1188)
121 020~ EIVMTQSPAT | EIVM | QSVSS | EAWYQ | DAS TRATG :QQYN ! gaaatagigatgacgcagictccagecace | EIVMTQSPATE | FGQG
3B06L | LSVSPGEGA | TQSP !N (SEQ | QRPGQ ! {SEQID | VPARF ' EWPP ! cigtetgtgtctccaggggaaggagecacce | SVSPGEGATLS | TKLEI
TLSCRASQS [ ATLS :ID'NO: §APRLLE | b SGSGS | MYT tctcetgcagggecagtecagagtgttageag | CRASQSVSESN | K
VSSNLAWYQ | VSPG § 1193) Y (SEQ | 1135 GTEFTL : (SEQ caacttagcetggtatcageagagacctgge ;| LAWYQQRPGQ | (SEQ
QRPGQAPRL | EGAT ID NC: TISSLQ | IDNO: | caggeteccaggetecteatetatgatgeate | APRLLIYDAST 1D
LIYDASTRAT | LSCR 1194) SEDFA | 1187) caccagggecactggtgtcccagecaggtt | RATGVPARFS | NO:
GVPARFSGS © AS vYYC cagtggeagtgggtctgggacagagticact | GSGSGTEFTLT | 1200)
GSGTEFTLT! | (SEQ {SEQ ID  ctcaccatcageagectgeagtetgaagatit | ISSLQSEDFAY
SSLQSEBFA | ID NO: - tgcagtttattactgtcagcagtataatgagtg | YYCQQYNEWP
VYYCQQYNE | NO: 1196) | gectectatgtacactittggecaggggacea | PMYTEGQGTK
WP (SEQ ID 1192) - agetggagatcaaacgaactgtggetgeac ¢ LEIK (SEQ ID
NO: 1191) | cafctgtettcatetteccgecatetgatgage | NO: 1199)
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FIG. 12 (Page 66 of 75)

atctggaactgectetgtigtgtgectyctgas
taacttctatcccagagaggecaaagtaca

gtggaaggtggataacgcecetceaatcggy

taactecoaggagagtgteacagageag
(SEQ D NO: 1218y

A G H I 4 K L M N 9] P
Row i Name | V-REGION.{1} | FRt L CDR1- FRZ- CDR2- [ FR3- CDR3- /| Sequence - Translated FR4-
GT TIMGT BaGT IMGT AMGT IMGT Sequence (V- IMGT
s . BT : . . _ REGION:
122 1020- ¢ QVOLVESGG ! QvQL [ GFSFS | IHWVR [ ISHTGS YYADS |ATLGG | caggtgcagctgatggagtctgggggagge | QVOLVESGGG | WGQ
3F04H 7 GVWQOPGRSL 1 VESG | NYG QAQGK : NK VKGRF :DIVLE  gtggtccagectgggaggicectgagactet | VWQPGRSLRLS | GTTV
RLSCAASGF | GGVV | (SEQID | GLEWV : (SEQID [ TISRDN | PGTR | cctgtgcagectetggattcagtttcagtaatt ;| CAASGFSFSNY | TVSS
F SESNYGIHW | QPGR §{ NO: AV NO: SKNML | SDYYY ! atggcatacactgggtcecgecaggetcaag | GIHWVRQAQG | (SEQ
VRQAQGKGL ' SLRL | 1203) (SEQ ID ;| 1205} YLOMN { GLDV | gcaaggggctgoagtgggtggeagttatatc | KGLEWVAVISH | ID
EWVAVISHT | SCAA NO: SLRVE | (SEQ acacactggaagtaataaatattatgecagac ; TGSNKYYADS  NO:
1 GSNKYYADS | S 1204} DTAVY ! IDNO: | tecgtgaagggecgattcaccatetccagay | VKGRFTISRDN | 1210}
VKGRFTEISRD: | (SEQ YC 1207) | acaattccaagaacatgtigtatctgcaaatg | SKNMLYLOMN
P NSKNMLYLQ : ID (SEQID aacagectgagagttgaggacacggetgly | SLRVEDTAVYY
MNSLRVEDT : NO: NO: tattactgtgcgacactgggtagggacattgtt ¢ CATLGGDIVLE
AVYYCA 1202) 1208) ctagaaccaggtactaggicggactactact | PGTRSDYYYG
(SEQID NO: acggtttggacgtctggggecaagggacea | LDVWGQGTTY
1201) cggtcaccgtetectcageateccegaceag | TVSS (SEQID
L - o ceceaagotet (SEQ D NO; 12083 ©NO.1209% &
123 1020= DIQMTQSPS i DIQM | QSIST LAWYQ | KAS SLKSG | QQYY | gacatccagatgacceagicteeticcaceet | DIQMTQSPSTL | FGOG
3F04L. 7 TLSASVGDR | TQSP { W (SEQ | QKPGK { (SEQHD {VPSRF | TNSR : gtengcatctgtaggggacagagtcaccat | SASVGDRVTIT | TKVE!
VTITCRASQS | STLS {IDNQ; | APNLLI | NO: SGSGS M cacttgcegggecagtcagagtattagtacet - CRASQSISTWL § K
ISTWLAWYQ | ASVG | 1213) Y (SEQ {1215} GTDFT | (SEQ ggttggectggtatcageagaaaccaggga | AWYQQKPGKA | (SEQ
4 QKPGKAPNL i DRVT ID NO: LTISSL | IDNO: | aagcecctaacctectgatctataaggegtc | PNLLIYKASSLK | D
EIYKASSLKS {ITCR 1214} QFDDF | 1217) cagtttaaaaagtggggtceccatcacgtttca | SGVPSRFSGS | MO
GVPSRFSGS | AS ATYYC geggeagtogatetgggacagacttcactct | GSGTDFTLTIS  § 1220)
GSGTDFTLTI & (SEQ (SEQID caccatcagcagcctgcagectgatgatitty | SLQPDDEATYY
SSLQPBDFA  ID NO: caactiaitactgccaacaatattatactaatt | CQQYYTNSRM
TYYCQQYYT | NO: 1216) ctaggatgticggccaagggaceasgatgg | FGQGTKVEIK
NS (SEQ I 1212} aaatcaaacgaactgtggetgcaccatetgt | (SEQ 1D NO»
1 NO: 1211} citcatcticccgecatctgatgageagtigaa  1219)
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FIG. 12 (Page 67 of 75)
A G H i J K L M N 0 _ p
Row  Mame %-REGIONOLIFR]- (CDEY. 1FRX. CDR2- FR3 CDR3- ! Sequence Translated FRa
IMGT - £ 1GT WGT o IMGT IMGT IMGT Sequence (V- IMGT
. | G o T REGIONY ‘
124 1020 QVQLVESGG | QVQL i GFNFS | MSWIR |iS3530D (LYADS | ARASA | caggigcagciggtgoagtctgggggagge | QVQLVESGGG | WGQ
1 3G06H ; GLVKPGGSL | VESG iDYY QAPGK | WNT MRGRF : YYYDS i ttggtcaagectggaggotecctgagactete | LVKPGGSLRLS | GTRV
4 RLSCAASGF | GGLV { (SEQID | RLEWV | {(SEGH: | TISRDN { SGRA | gtgtgcagcectetggaticaacttcagtgact | CAASGFNFSD [ TVSS
NFSDYYMSW | KPGG: ; NO: SY MO AKKSL  AAFDI | actacatgagetggatccgecaggetccag | YYMSWIRQAP  (SEQ
IRQAPGKRLE ;| SLRL | 1223) (SEQID | 1225} YLQLS | (SEQ ggaageggctggagtgggtttcatacattag | GKRLEWVSYIS 7 ID
WVSYISSSG | SCAA NG SLRAE | IDNO. | cagtagtggtgataacacactctacgcaga : SSGDNTLYADS | NO?
DNTLYADSM 8 1224} DTAVF | 1227) ctetatgaggggecgtttcaccatctccaggg | MRGRFTISRDN | 1230}
RGRFTISRDN § (SEQ ¥YC acaacgccaagaagtcactgtattigeaatt  : AKKSLYLQLSS
AKKSLYLOLS | IDx {SELYID gageaagcctgagagecgaggacacgges | LRAEDTAVEYC
SLRAEDTAVF | NO: NO: gigttttactgtgcgagagectecgegtattatt @ ARASAYYYDSS
YCAR (SEQ +222) 1226} atgatagtagtggcegggcagctyctittgat | GRAAAFDIWG
ID:NG: 1221) atctggggccaagggacaagggteaccgt | QGTRVTVSS
cicttcagectccaccaagggeccateggtet { {SEQ 1D NO:
tecceetggcac (SEQ 1D NO: 12285 ¢ 12293
125 7020- | DIVMTQSPLS | DIVM ; QSLLH | LEWYV | LGS NRASG | MQVL : gatattgtgatgactcagiciceacteteeetg | DIVMTQSPLSL | FGPG
3G06L ‘| LPVTPGEPA | TQSP | SNGYN | QKPGQ { (SEQID :VPDRF | QTPLF f ccegtcaccectggagagecggectceatet @ PVTPGEPASIS | TKVDI
i SISCRSSQSL | LSLP (Y (SEQ | SPQLLE | NO: SGSGS T (SEQ : cctgcaggtetagtcagagectectgeatagt  CRSSQSLLHEN | K
i LHSNGYNYL (VTPG [ IDNO: {Y(SEQ | 1235) GRDFT ! ID NGO | aatggatacaactatttggagtggtacgtgca | GYNYLEWYVQ ! (SEQ
| EWYVQKPG EPASI | 1233) ID:NO: LKISRY §1237) gaagccaggacagictccacageteetgat | KPGQSPQLLIY 1D
: QSPQLLIYLG | SCRS 1234) EAEDV ctatttgggttctaatcgggecteceggggtece | EGSNRASGVP | NO:
: SNRASGVPD | S GVYYC tgacaggticagtggcagtgagatcaggecag | DRFSGSGSGR ¢ 1240)
i RFSGSGSGR | (SEQ {SEQID agattttacactgaaaatcageagagtggag | DFTEKISRVEA
i DFTEKISRVE | ID NC: gctgaggatgtagggotttattactgcatgea | EDVGVYYCMQ
FAEDVGVYYC | NO: 1236) agttctacaaactcctctattcactitcggecet | VLQTPLEFTFGP
{ MQVLQTP 1232) gggaccaaagiggatatcaaacgaactgty | GTKVDIK {SEQ
i (SEQ ID'NO: getgcaccatetgictecatetteccgecatet | 1D NO: 1239)
:1231) gatgageagttgaaatciggaactgectetgt
tgtgtgccetgetgaataacttctateccagag
aggccaaagtacagtggaaggtggataac
gcectceaategggtaacteecag (SEQ
,,,,,,,,,,,,,,,,,, IDNO; 1238)
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NO; 17583

A G i H i J N O P
Fow ' Name {V-REGION(1) {FR1- CORi- | FR2- CDR2- | FR3- CDR3- | Sequence Translated FR4-
AMGT GT  IMGT IMGT IMGT IMGT i Sequence (V- IMGT
. ; o 5 , i REGIONY
126 ;014 7 QVQLQESGP | QVQL | GGSISS | WSWIR | LYTSG | NYMPS | ARGH. ! acatccagatgacceagtctceatetgecat | QVQLQESGPG | WGQ
2A04H £ GLVKPSQILS | QESG | GSYY QPAGK | TT PLESRY | GLYS | gictgeatotgtaggagacagagicaccate | LVKPSQILSLSC | GTLV
LSCNVSGGSE | PGLY ¢ (SEQID | GLEWI | (EEQID | TMSVD | GGAN | acttgfcgggegagtcagggeattageaatt | NVSGGSISSGS. | TVSS
SSGSYYWS KPSQ {NO: GR [S10K PTSENGQ  WFDP | atttagectggtttcageagaaaccagggaa | YYWSWIRQPA. | (SEQ
4 WIRQPAGKG: | ILSLS { 1243) {(SEQID | 1245} | FSLELE [ (SEQ agtccctaagegectgatctattctgeatcca | GKGLEWIGRLY | 1D
LEWIGRLYTS | CNVS NO: SYTAM | IDND: | cttgeaaagtyggoicccatcaaggticag | TSGTTNYNPSL | NO:
GTTNYMPSL ¢ (SEQ 1244Y DTAVY | 1247} cggcagtggatcigggacagaaticactetc | KSRVTMSVDT | 1250)
KSRVTMSVD £ ID h 4 ' acaatcagcageetgeagoctgaagatttty | SKNQFSLKLSS
: TSKNQFSLKL | NO: (SEQ D / caactiattactgtctacageataatagtiace | VTAADTAVYYC
i SSVTAADTA | 1242) M cteicacttteggeggagggaccaagatgg | ARGIKGDYGG
EVYYCAR. 245y aaatcaaac (SEQ ID NO: 1248) GANWFDPWG
(SEQ I1D NO: QGTLVTVSS
1241) ; (SEQ 1D NO:
“ - g '''''''''' e e 1249" .- ;
127 1014~ EIVMTGEPAT | EIVME [ QSVSES | LAWYQ | RAS TRATG! : QQYN | caggtgcagcetgcaggagtegggcceagy | EWMTQSPATL | FGQG
ZAD4L - LEVSPGERA | TQSP {N(SEQ ' QKPGQ | (SEQID : PARFS | NWPP | actggtgaagccttcggagaccetgteecte | SVSPGERATLS | TKVE!
TLSCRASOS | ATES ¢ IDNO: | APRLELL : NO: GEGESG YT i acctgcactatctetacttactccatcageagt | CRASQSVSSN | K
VESNLAWYD | VSPG | 1263) Y (SEQr :1255) TEFTLT [(SEQ | ggttaciactggggctggatecggeageses | LAWYQQKPGQ | (SEQ
CHPEOAPRL | ERAT IDNO. ISEL0E [ IDNO: | cagggaaggagetagagtggatiggaagt | APRLLIYRAST (D
LIYRASTRAT | LSCR 1254) LEDFAY 11257) | alctetcatagtgggaccacctactacaace | RATGIPARFSG | NO:
GIPARFESGE [ AS FYYE cotcectcaagagtcgaatcaccacateagt | SGSGTEFTLTI | 1260)
GRGTEFTLTE ¢ (SEQ ESECHID agacacgtccaagaaccagttctcectgad | SSLOSEDFAVY
SSLGSEDFA TID NO: actgacctetgtgacegecgeagacacgge ¢ YCQQYNNWPP
WYY CQOYNN { NO? FIE6) cgtotattatigtgegaggtatatagtgtetacy | YTFGQGTKVE!
WHSEGID 1252} atcaactactttgacgactggggecaggga  K(SEQID NC:
MOE 1251 accetggteacegtetecteag (SEQ ID 1259)
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FIG. 12 (Page 69 of 75)

NO. 1278

P A G H I J K L M N O P
i Row i Name 7 V-REGION(1) / F&i- 1 CDR1- | FR2- CDR2- i FR3- CDR3- | Sequence P lvansiated I FR4-
: : L IGT 1 IMGT IMGT IMGT | IMGT IMGT Saousoce MGT
P 3 . : . BRGNS
£128 [ 014- QVQLOESGP | QUL | GGBISE T WSWIR © IYTSGS | NYNPS i ARARF | gaaattgtgttgacgcagtctccaggeaceet | QWi QESGPG { WGQ
£ 2B03H | GLVKPSQTL § QESG [ GNYY QPAGK | T{SEQ | LKSRIT {FGISN | gictitgtctccaggggaaagagecacectet | LVERPSGTLSLT | GTLY
SLTCTVSGG ;7 Paly 1 (BEQ D | GLEWI 1D NO: MSVDM : WFDP | cctgcagggccagtcagagtgtgaacage L,Ff:,«fafabihh’a TVSS
SISSGNYYW | KPRSQ § M GR 1265) SKNQF : (SEQ atctacttagcctggtaccagcagaaaccty | MYYWSWIRQP | (SEQ
SWIRQPAGK | TL&L 7 1283 (SEQID SLKLSS i ID NO.  gccaggetcecagggtectcatetatggtac PAGKGLEWIGRE | 1D
GLEWIGRIYT § TCTW NO: LTAADT 7 1267) atccagcagggcecactggeatcecagaca | YTSGETNYMNPS | NO:
SGSTNYNPS | 3 1264) AVYYC ggticagtggcagtggotctgggacagactt | LESRITMBVIN | 1270)
LKSRITMSVD | (BEG i (SEQID cacteteaccattagcagactggagectgas | SKNOFSLILES
MSKNQFSLK {3 NC: gattttgcagtotattactgtcagetgtatggtg | ETAADTAVYYC
i LSSLTAADTA | NCx 1266) gctcacctitaticgetitoggecctgggacca | ARARFFEGISNWY
P VYYCA (BEQ | 12€82) aagtggatatcaaac (SEQ D NO: PEDPWGERETLY
i ID NO: 1261) 1268) TVSE (BEQ D
128 014~ DIGMTGSFS | DIQM  QTISSY | LNWYQ | GAS SLQSG | QQSY | gaggtgcagctgttggagtctgagggagget | THOMTGSPESL | FGOG
2B03L 4 SLSASVEDR | TQSP  (SEQID | QKPGK § (SEQID | VPSRV { SAPLT ! tggtacagcctgggggatecctgagactete | SASVGDREVTIT | TRVE]
YTITORASGT | SSLS | NO: APKLLI | NO: SGSGS | (SEQ | etgtgcagectetggattcacetitageageta | CRASQTISSYL | K i
IGSYLNWYS | ABVG | 1273) Y (SEQ { 1275) GTDFT | ID NO: ! tgccatgagttgggicegecaggctecaagg | WWYQOHPGKA | {8EQ
GRPGEAPKL | DRVT ID NO: LTISSL §1277) ! gaaggagctggagtoggtcteaactattagt | #RLLIVGASSL 1D
LIYGASELAS | ITCR 1274) QPEDF gogagtggtggtagcacatactacgeagac | QEGVFESRVEE | NG.
GYPSRVEES | AS ATYYC fccgtgaagggecggticaccatctccagag | BGEGTOFTLY! | 12300
GEGTIFTLE | (SEQ (SEQID acaatictaagaacacgttatatctgeaaaty | SGLGPEDFATY
SSLOPEDFA | 1D NO: aacagcctgaaagecgaggacacggeegt | YOLOSYSARLT |
TYYGRASYE | NO: 1276) atactactgtgcgaaagatcecegtagtagt | FOQETRVERK
AR (SEQ D 1272y ¢ gtccectgggtggectactggggecaggga | {HEG ) MO
MO 1271 : accctggtcaccgtctecicag (SEQ ID 1279
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FiG, 12 (Page 70 of 75)
A J K L i B 0 P
Row : Name FR2- {CHRp. (ERAR U CDRA. | Seduence Translated i FR4-
FIMGT G MGT | IMGT Sequence (V- MGT
o ; ' f . , L REGION}
130 (014~ P VQLVQSGDE | VQLY | GSTFS iISWVR [ IIPIVGT | MYAGK | ARV | ttgtgatgactcagtccccactetecctgeceg | VOLVQSGDEY | WGQ
2BO6H | VKKPGSSVR | QSGD | TYP QAPGQ | A(SEQ ; FODRY | GALIR | tcacccttggacageeggectecatcetectge | KKPGSSVRVS  { GTLY
VSCKTSGST : EVKK [ (SEQID | GLEWM | IDNQ: ; AITADG | 3535 | aggictagicaaagectcgtacacagtgaty ;| CKTSGSTFSTY | TVSS
FSTYPISWVR | PGSS | NO: P GG 1285} STSTA DY gaaacacctacttgaattggtttcagcagag | PISWVRQAPG : (SEQ
QAPGQGLE | VRVS | 1283) | (SEQID YMDOLT ¢ (BEQ gecaggecaatctccaaggegectaatitat | QGLEWMGGHP | 1D
WMGGIIPIVG | CKTS NO: SLESE | D MO | aaggtttctaaccgggactctgggateccag § IVGTANYAQKF @ NO:
TANYAQKFQ | (SEQ 1284} YaYY | 1287 acagattcagcggceagtgggtcaggeactg : QDRVAITADQS £ 1290}
DRVAITADQS : ID Y atttcacactgaaaatcagcagggtagagg § TSTAYMDLTSL
TSTAYMDLT | NO: BEQID ctgaggatottgogatttattactgeatgeagg § RSEDTAVYYCA
SLRSEDTAV : 1282) Mil : gtacacactggcecteegtacactittggecag | RVGGALIRSSG
YYCAR (SEQ 1288} | gggaccaaggtygagatcaaac (SEQ SDYWGQGTLY
ID NO: 1281} : [0 NO: 1288) TVSS (SEQ ID
G - e NOL1288)
131 014 ‘QMTQSPSA | 1QMT | QGISN  LAWFQ | SAS TLRSG | LOHN | gaggtgcagetattggagtctggaggagact | IOMTQSPSAMS | FGGG
2BO6L i MSASVGDRV | QSPS | Y (SEQ { QKPGK i (SEQID FWPSRE  BYPLT | tggtacagccaggggggtcectgagactetc | ASVGDRVTITG | TKVEI
TITCRASQGI | AMSA | IDNO: | VPKRLI : NO: P BG5S (GEQ ctgtgcagectctggaticacatttageaacta | RASQGISNYLA (K
SNYLAWFQQ | SVGD ¢ 1293) Y (SEQ | 1285) | GTEFTL 1B NG | tgecatgagetdggteegecaggetecagg | WFQQKPGKVYP | (SEQ
KPGKVPKRLE | RVTIT ID NO: FTISSLO 128N gaagogactggagtgggteteagatattagt | KRLIYSASTLQ } ID
YSASTLQSG | CRAS 1284) | PEDFA geotggtgatagtaacaaatactacgcagact | SGVPSRFSGS | NO:
VPSRFSGSG | (SEQ FTYYE cegtgaagggecggticacegtctecagag | GSGTEFTLTIS | 1300)
SGTEFTLTIS | ID CSEQID acaattccaagaacacgcigtitctgcaaat | SLQPEDFATYY
SLQPEDFAT § NG el gaacagcctgagagtcgaggacacggee | CLQHNSYPLTF |
YYCLQHNSY | 1282) | 1288} gtatattattgtgcgaatcggatgggactacg | GGGTKVEIK '
P{SEQID f gccggactactitgactactggggecaggg | {SEQ ID NO:
NO: 1291) aaccetggteaccytetectcag (SEQ ID | 1299)
........................................... NO: 1298}
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FIG. 12 (Page 71 of 75)
A £ BT 5 S £ T L M N 0 P
How | Name | V-REGION(1} FRi1- (CDR1- [FR2. | CDR2- [ FR3- | CDR3- ’ Sequence 4 Translated ; FR4-
: f GT ¢ IMGT  IMGT ¢ IMGT IMGT IMGT 1 Bequence (V- 1 IMGT
i Ty : : , REGION; 5
132 (015  QVQLQESGP ; QVQL | TYSISS | WGWIR | IYHSGT : YYNPS | ARYIV ! gaaattgtgttgacgcagtctccaggeacect | QVQLQESGPG | WGQ ¢
2F03H | GLVKPSETLS : QESG | GYY i QPPGK | T(SEQ | LKSRIT : STINY | gtetitgtctccaggggaaagagecaceetet | LVKPSETLSLT | GTLV
4 LTCTVSTYSE | PGLY | (SEQID | GLEWI | ID NO: TSVDT | FDD cetgcagggecagicagagtgttagecagea ¢ CTVSTYSISSG | TVSS
1 8SGYYWGWI | KPSE | NO- GS i 1305) SKNQF | (SEQ | getecttagectggtaccageagaaacctgg @ YYWGWIRQPP | (SEQ
t RQPPGKGLE | TLSL ; 1303) (SEQID SLKLTS | ID NO: | ccaggetceccaggcetecteatctatgatgeat @ GKGLEWIGSIY : 1D
7 WIGSIYHSGT | TCTV NO: : VTAAD | 1307} | ccagcagggecactggeatecccagacagg | HSGTTYYNPSL | NO:
# TYYNPSLKS S 1304) P TAVYY ttcagtggcagtgggtctgggacagactica | KSRITTSVOTS £ 1310)
4 RITTSVDTSK © (SEQ | C (SEQ cictcaccatcagcagactggagectgagg | KNQFSLKLTSY
NQFSLKLTSV ! ID 1D NO: attttgcagtatattactgteageagtatggtac | TAADTAVYYCA
TAADTAVYY | NO; i 1308) clcagctaaaactittggecaggggaccaa | RYIVSTINYFDD
CA (SEQ D 1302} ggtggagatcazac (SEQ 1D NO; WGEQGTLVTVS
NC: 1301) 1308) S(SEQID NO:
i b 1309;
P133 015- EIVLTQSPGT | EIVLT { QSVNSI ; LAWYG | 378 SRATGI ; QLYG { gaggtgeagcetgttogagtetgggggagget | EIVLTQSPGTL | FGPG
i 2BQ3L i LSLSPGERAT ! QSPG | Y (SEQ | QKPR 1 (SEGID | PDRFS § GSPLF | tggtacagcctggggggteccigagactcte | SLSPGERATLS | TR
LSCRASQSY | TLSL { IDNO: APRVLE © NO: GSGSG § A(SEQ i cigtgeagectetggattcacctttageageta | CRASQSVNSIY | K
NSIYLAWYQ | SPGE | 1313) YA{SEQ 1315 TDFTLT 1D NO: | tgccatgaactgggtecgccaggetceagg | LAWYQQKPGQ | (SEQ
QKPGQAPRY | RATL i NO: ISRLEP % 1317) gaaggggctggagtgggictcagotattagt ~ APRVLIYGTSS | D
LIYGTSSRAT | SCRA 1314y EDFAV ggtagtggtggtagcacataccacgcagac - RATGIPDRFSG | MNO:
GIPDRFSGS | S YYC tecotgaagygecygticaccatttccagag - SGSGTDFTLTY | 1320}
GSGTDFTLTI | (SEQ (SEQID acaattccaagaacacgctgtatctgcaaat | SRLEPEDFAVY
SRLEPEDFA | ID NO: gagcagcctgagagecgaggacacggee | YCQLYGGSPLF
F VYYCQLYGG | NO: 1316) gtatattactgtgcgaaatecccggegagea | AFGPGTKVDIK.
; SP{SEQID 1312) getggtactitgaccactggggccagggaa | (SEQ ID NO: :
P NO: 1311 ccctggteaccgtetecteag (SEQ D | 1319)
.............. é | NO: 1318
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FIG. 12 (Page 72 of 75)
;, 'y a H | J K P M N . O P
. Row [ Name | V-REGION(1) i FR1- / CDR1- | FR2- CDR2- | FR3- CDR3- | Sequence Translated FR4-
/ : IMGT 2 IMGT IMGT IMGT IMGT AMGT Sequence (V- IMGT
: 134 1 020- EVQLLESGG { EVQL : GFTFS { MSWVR /ISGSG | YYADS { AKDP | gaaatagtgatgacgcagtetecagecace | EVQLLESGGGL | WGQ
(2A04H | GLVQPGGSL | LESG | SYA QAQGK 7 GST VKGRF | RSSVP | ctgtetgtgtetccaggggaaagagecacce | VQPGGSLRLS | GTLV
: RLSCAASGF § GGLV : (SEQID ; GLEWVY (SEQID ;| TISRDN § WVAY ! tctcctgcagggecagtcagagtgttagcag | CAASGFTFSSY | TVSS
TFSSYAMSW { QPG : NO: ST NO: SKNTL § (SEQ caacttagectggtaccagcagaaacctgg | AMSWVRQAQ (SEQ
VRQAQGKGL. | GSLR § 1323) (SEQID } 1325) YLQMN : ID NO: ! ccaggeteccaggetegteatetatggtgeat | GKGLEWVSTIS | ID
EWVSTISGS | LSCA NO: SLKAE 1§ 1327) ccaccagggecactggtateccagecaggt | GSGGSTYYAD | NO:
GGSTYYADS § AS 1324) DTAVY tcagtggcagtggatctgagacagagttcac | SYKGRFTISRD | 1330)
VKGRFTISRD ; (SEQ YC tctcaceatcageagectgeagtctgaagatt | NSKNTLYLGM
NSKNTLYLQ § ID {(SEQ D ttgeagtitattactgtcagcaagataataact | NSLKAEDTAVY
MNSLKAEDT § NO: NO: ggeccacgtggacgticggecaagggace | YCAKDPRSSY
AVYYCAK 1322) 1326) aaggtggaaatcaaac (SEQ ID NO: PWVAYWGQG
(SEQ ID NO: 1328) TLVTVSS (SEQ |
: 1321 IDNG; 13293 |
135 {020- VMTQSPLSL  VYMTQ | GSEVH 1 ENWFQ | KVS NRDSG | MQGT | gaggtgcagcetgttggagtctgggggagget | VMTQSPLSLPY | FEOG
- 2A04L ¢ PVTLGQPASI | SPLS | SDGNT § QRPGQ | (SEQID ¢ VPDRF | HWPP § tggtacagcctggggggtcectgagactcte | TLGQPASISCR | TRVEL
SCRSSQSLY | LPVT [ ¥ {BEQ { SPRRLI | NO: SG8GS | YT ctgtgcagectctggattcacatctaatagettt | SSQSLVHSDG K
HSDGNTYLN : LGQP §ixG: ¢ Y (BEQ § 1335) GTDFT * (SEQ gtcatgaattgggteegecagyetecaggy | NTYLNWFQQR - (8E4Q)
WFQQRPGQ  ASIS | 1333) I NO: LKISRY | ID NO: | aaggggctggagtgggtcteggcetattaagg | PGQSPRRLIYK | iy
SPRRLIYKVS | CRSS 1334) EAEDV | 1337) | gtactgtaaatagtacattctacgcagattec | VSNRDSGVPD | M
: NRDSCGVPDR | {SEQ GVYYC gtgaagggcecgcticaceatetceagagac | RFSGSGSGTD | 4340)
| FSGSGSGTD | ID (SEQID | aattctaagaacacggigtatctgcaaatga | FTLKISRVEAE
! FTLKISRVEA | NO: NO: geagcctgagagtcgaggacacggecattt | DVGVYYCMQG |
: EDVGVYYCM | 1332) 1336) attactgcegegaatagttcggagagggaat | THWPPYTFGQ
QGTHWP caacggtigggacgtctggggecaaggga | GTKVEIK (SEQ
(SEQ ID NO» ccacggtcacegtctectea (SEQ 1D 0 NO: 1339)
| 13513 NO: 1338}
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FIG. 12 (Page 73 of 75)
A G M . K o L .M N 0 P

Row | Name | V-REGION 1) (FR1. ODRY. | FR2- CDR2- { FR3- CDR3- | Sequence Translated i FR4-

WIGT o IMGT IMGT IMGT ~ {1 IMGT 7 IMGT Sequence (V- IMGT
o . i ' L REGIONp '

136 ; 020- EVOLESGGE | EVAQL { GFTFE | MSWVR | ISAGGS | YYADS | ANRM i gatattotgatgactcagtctecgetetecctg | EVQLLESGGGL § WGQ |

2BO3H 1 GLYQFGGEEL | LESG | NYA QAPGK | NK YKGRF | GLRP  ccegteacccctggagegecggectecatet | VOPGGSLRLS | GTLV
RLSCAABGF | GGLV | (BEQD | GLEWV | (SEQID : TW3SRD | DYFDY ! cctgcagatccagtcggagectectgeatag ! CAASGFTFSNY | TVSS
TFSMNYAMESYW | QPG | N SG NO: ¢ MBKMT | (SEQ agatggatacaactatgtagattggtacctge | AMSWVRQAPG | (SEQ
VROAPGKGL | GSLR | 1343 (SEQID | 1345) | LFLOM | IDNO: | agaagccagggeagtctecacagetectga | KGLEWVSGISA | 1D
EWVYRGISAG | LSCA NO: PNBLRY 1347y | tetatttggottctaatcgggecteeggggtee | GGSNKYYADS | NO:
GEMIYYADS | AS 1344) P EDTAY ctgacaggttcagtggcagtggatcaggea | VKGRFTVSRD | 1350)
VEGRFTYSR ¢ (SEQ YL cagatttcacactgaaaatgagcagagtgg | NSKNTLFLQMN
GNSENTLEL D {(SEG D aggctgaggatottgogatttattactgeatge | SLRVEDTAVYY
CHANSLRVER | NO: N aagclctacaaactcegtacaattttggecag | CANRMGLRPD
TAVYYCA 1342) 1348) gggaccaaggtygagatcaaac {SEQ YFDYWGQGTL
(BEG I NG ID NO: 1348) VTVSS (SEQ ID

1361} NO: 1349)

137 020~ ENLTOEPGT | EIVLT { QSVSS | LAWYQ [ DA SRATGI | QQYG | acatccagatgacccagtctccatetgecat | EIVLTQSPGTL | FGQG
[ 2B03L ¢ ESELSRGERAT | QSPG { S8 QKPGQ ! {8E 1 | PDRFS | TSAKT | gtctgcatctgtaggagacagagtcaccate | SLSPGERATLS | TKVEL
LSORABOSY [ TLSL | (SEQID | APRLLI § MG GSGSG | (SEQ acttgtcgggegagtcagggeatiageaatt | CRASQSVSSS | K

SESSLAWYG | SPGE | NO: Y (SEQ {1385 TDFTLT : ID NO: | atttagcctagtitcagcagaaaccagggaa | SLAWYQQKPG | (SEQ
GRPGOAPRL | RATL ¢ 1353) D NO: ISRLEP i 1357) agtccctaagegectgatctatictgeatcca | QAPRLLIYDAS | ID
LIYDASESRAT 7 SCRA 1354) EDFAY ctttgcaaagtggggteccatcaaggticag | SRATGIPDRES | NO:
CIPRREFSES S YYC cggcagtggatetgggacagaattcactete | GSGSGTDFTLT | 1380)
GSGINFTET! § (SEQ (SEQID acaatcagcagcctgcagectgaagattity | ISRLEPEDFAY
SRLEPEDFA 1D NO: caacttattactgictacagcataatagttace | YYCQQYGTSA
VYYCQQYST | NO: i 1356) ctetcactttcggeggagggaccaaggtgg | KTFGQGTKVEI
BAGEQID 1352) i aaatcaaac (SEQ ID NO: 1358) K (SEQ ID NO:

MO 13817 1359)
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FIG. 12 (Page 74 of 75)

A G - i P4 K L ‘M i N N P
Row i Name | V-REGION (1) { F&%.  GDR1» [ FR2 ./ CDRZ-.. FR3- CDR3- / Beguence ! Translated ERa-
BT IMGT BGT  HIMGT IMGT [ IMGT i Sequence (V= | iMOT
138 1 020- EVOLLESGG | EVQL [ GFTFS | MNWV | I8G8G | YHADS | AKSPA | caggtgeagcigecaggagtcgggeccagg | EVQLLESGGGL | WGQ
2B05H | GLVQPGGSE | LESG | SYA RQAPG | GBT PWVKGRF | SEWY | actggtgasgecticggagacecigteectc | VOPGGSLRLS | GTLY
RLSCAASGF | GGLV [ (SEQID | KGLEW | (2EQ I | TISRON | FDH acctgeactgtetctacttactccatcageagt | CAASGFTFSSY | TVSS
TFSSYAMNW | QPG NO: VSA MG SKNTL 1 (8EQ gottactactggagctggatccggeageces @ AMNWVRQAPG | (SEQ
VRQAPGKGL ; GSLR | 1363) (SEQ ID : 1365} YEQMS | 1D NOr- | cagggaaggggctggagtggatiggaagt | KGLEWVSAISG ¢ ID
EWVSAISGS | LSCA NO: SLRAE | 1387} atctatcatagtgggaccacctactacaace | SGGSTYHADS ¢ NO:
GGSTYHADS | AS 1364} DTAVY egteecteaagagtegaatcaceacateagt ? VKGRFTISRDN | 1370)
VKGRFTISRD | (SEQ Y agacacgiccaagaaccagtictecetgaa | SKNTLYLOMSS
NSKNTLYLQ :ID {(SEQID actgacctetgtgacegeegeagacacgge | LRAEDTAVYYC
MSSLRAEDT ; NO: MO cgtgtattattgtgcgaggtatatagtgtctacg | AKSPASSWYF
AVYYCAK 1362) 1356) atcaactacttfgacgactggggccaggga | DHWGQGTLVT
(SEQID NO: accctggtcacegtetecteag (SEQID | VSS (SEQ ID
o o L1381 , i S N N  NO; 1368" NO; 1369)
136 7020 | EIVMTQSPAT | EIVM | QSVSS | LAWYQ | GAS TRATGI | QQDN 7 gaaattgtgtigacgcagtctccaggeaceet | EIVMTQSPATL | FGQG
2BO5L ¢ LSVSPGERA | TQSP | N{SEQ : QKPGQ ! (SEQID | PARFS | NWPT ¢ gtctitgtetceaggggaasgagecacectet | SVSPGERATLS ¢ TKVEL |
TLSCRASQS { ATLS  IDNOv | APRLVI { NO: GSGSG | WT cctgcagggecagtcagagtgtgaacage | CRASQSVSSN | K
VSSNLAWYQ § VSPG | 1373) Y (SEQ { 1375) TEFTLT § (SEQ atctacttagcotggtaccagcagaaaccty | LAWYQQKPGQ | (SEQ
QKPGQAPRL | ERAT ID NG IS5LQS | ID NO: | gecaggcteccagggtecteatetatggtac © APRLVIYGAST | ID
VIYGASTRAT | LSCR 1374) EDFAV | 1377) | atccagcagggccactggcatcccagaca | RATGIPARFSG | NO:
GIPARFSGS ! AS YYC ggticagtggcagtggatetgggacagactt | SGSGTEFTLTI | 1380)
GSGTEFTLTI | (SEQ (SEQID cacictcaccattagcagactggageetgaa ;| SSLASEDFAVY |
SSLQSEDFA | ID NO: gatttgeagtatattactgtcagetatatggty | YCQQDNNWPT |
VYYCQQDNN | NO: 1378) geteaccttiattegetticggeectgggacca | WTFGQGTKVEI |
W(SEQID 1372) aagtggatatcaaac (SEQ 1D NO: K (SEQ ID NO:
NO" 13713 13783 11379
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I, 12 {Page 75 of 75}

A G H | J K ‘ M N 5 B
Row { Name /| V-REGION({1) | FR1- | CDR1- /FRS. ODRG. F'Ri‘z» CBERE. Hequence i Translated FR4-
: ‘ IMGT | IMGT HAGT AMGT WAGT G IMBYT Baguence (¥ AT
e , REGHIN) o
140 1.020- i EVQLLESGG | EwQL | GFTSN § MMWY | IKGTVH | FYADE | RGWF | gaggtycageige (;;agiuigc Gigacgct EVOLIESEGGL TWGhH
2D03H ¢ GLVQPGGSL | LEBG | SFV RGAPG | ST VKGRF | BEGIM | igglacagocigugggatcoctoagactsie | VRPGRSLRLE  § GTTY
i RLSCAASGF | GGLY [ (SEQID | KGLEW | (SEQID | TISRON | GWDY | cigigcagcoictygaiicacotiisgragnts | CAASGETENSE | TVSS
i TSNSFVYMNW ¢ G20 NO: WEA ML SKMTY  §(BED toccaigagtinggiocgocaggeicasgg | VMNWVRGARPG | (BEQ
¢ VRQAPGKGL 7 3E8LR | 1383) (BEQID | 1385 YLOME D NG | gangggociggagiggototcanciatiagt | MGLEWVSAIKG 11D
| EWVSAIKGT | LSCA NG SLRVE 11387y | qouagiggigaiagoacatacdiacgcagac | TYNETEYADEY | NO;
{ VNSTFYADS A5 1384 DTAYY ceglgaagggocgaiicaccalttecagag | KGRETISRDNG | 1360
VKGRFTISRD § {S£( PO REG i : KNTVYLOMSSL
NSKNTVYLQ D PHI NG RVEDTAIYYCR
MSSERVEDT | N(x [ 1388) atacia,Lgtqmmegaimmgmgta g GWEGEGINGYY
: AYY (SEQ ID @ 1342} ; gococigggiggosiadigyggocaggga DVWGC;BTTVE
i NO: 1381) accciggicacegtatocicag (SEQ D | wBE (SEQ D
,,,,,,,,,,,,,,,,,,,,,,,,,,, | | NO: 1388 NO 1369 ;
141 1.020- DIVMTQSPLS : DIVM | RBLEH  § VDWYL | LGS NRASG | MDAL | dgtgalgacieagiccooacivioontgccy | EAVMTOEPLEL | EGOG
2003L : LPVTPGAPA : TQSF | RDGYN | QKPGQ | (SEQID | WPDRF | QTPY | teaccctiggacegecggocteoaictosign | PYTPEAPASIS | TRVE
SISCRSSRSL | LSLP | Y (SEQ | SPQLLI | NG P BGEGEE N aggictagteaaagectogiacacagtysty | CHESRSLLHRD (K
LHRDGYNYV { VTPG |2 ND: | Y (SEQ | 1395) GTOFT L {BEQ gaaacacctactigaatipgittcaguagag | GYNYVIPAYLG | (SEQ
DWYLQKPGG | APASEH | 1383 ID NO: LHMSRE LD N | gocagoocsattiecaagpogictastial | KPGQEPOLLY 1D
SPQLLIYLGS | SCRS 1354) EVEAED 1 1397) | asgotttciracogagaecicigoagtocean | LGSNRASGVP | NG
NRASGVPDR | S EVEVYY acagalicagoggragicootoaggeacty | DRFSGEGEGT | 1400
F8GSGSGTD | (SEQ FOBEQ aticanactgasantCaglagyotygagy E‘FELVM SRVEA
FTLKMSRVE : ID FHNO: ctgaggeigiggystitatiacigeatgoagy WVEVYYO MO
AEDVGVYYC | NO: {15903 gtacacaciggectecatacactitiggocag ALQTPY?'\EFGQ
MQALGQT 1392} | gagactaaggtygagatcaaat (SEQ GTEVEIK (BEQ
(SEQ ID NO: § 0 NO1388) D NGO 1308
13913 ;
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ANTIBODIES DIRECTED AGAINST
INFLUENZA

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This claims the benefit of U.S. Provisional Applica-
tion No. 61/548,704, filed Oct. 18, 2011 and U.S. Provisional
Application No. 61/603,895, filed Feb. 27, 2012. Both of the
prior provisional applications are incorporated herein by ref-
erence in their entirety.

ACKNOWLEDGMENT OF GOVERNMENT
SUPPORT

[0002] This invention was made with government support
under AI057266, HHSN266200700006C and RR025008
awarded by The National Institutes of Health. The govern-
ment has certain rights in the invention.

FIELD

[0003] This relates the field of influenza viruses, specifi-
cally to monoclonal antibodies, and antigen binding frag-
ments thereof, that specifically bind an influenza virus pro-
tein.

PARTIES TO JOINT RESEARCH AGREEMENT

[0004] There is a joint research agreement between Emory
University and The University of Chicago.

SEQUENCE LISTING

[0005] The instant application contains a Sequence Listing
which has been submitted in ASCII format via EFS-Web and
is hereby incorporated by reference in its entirety. Said ASCII
copy, created on Oct. 18, 2012 is named 69758888.txt and is
611,150 bytes in size.

BACKGROUND

[0006] Influenza isthe seventh leading cause of death in the
United States (Beigel JH (2008), Crit Care Med 36(9):2660-
2666). The elderly, the very young, pregnant women and
otherwise immune-compromised populations account for
over 90% of influenza-related deaths. The pandemic HIN1
influenza virus strain is immunologically distinct from other
influenza viruses, leaving large population groups susceptible
to infection (Brockwell-Staats et al., Influenza Other Respi
Viruses 3:207-21, 2009; Dawood et al., N Engl J Med 360:
2605-2615, 2009; Garten et al., Science 325:197-201, 2009;
Hancock K, et al. (2009) N Engl J Med 361(20):1945-1952).
The Center for Disease Control (CDC) reports that the 2009
HINT1 pandemic strain caused an estimated 60 million cases
and 256,000 hospitalizations. An unusually high frequency of
severe disease occurred in younger and otherwise healthy
patients (Hancock et al., 2009, supra). In addition, rare infec-
tions with avian H5N1 influenza strains in humans had close
to a 50% mortality rate (Subbarao and Joseph, 2007, Nat Rev
Immunol 7:267-278). Emergence of a zoonotic or antigeni-
cally distinct strain that combined even a fraction of the
morbidity and mortality of the pandemic HIN1 and H5N1
viruses would have dire consequences.

[0007] Antibodies play a key role in protection against
influenza infection in vivo (Gerhard et al., 1997; Immuno-
logical reviews 159:95-103; Luke et al., 2006, Annals of
internal medicine 145:599-609; Puck et al., 1980, Journal of
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infectious diseases 142:844-849; Simmons et al., 2007, PloS
Medicine 4:e178). The fact that there was little or no pre-
existing antibody titers present prior to the emergence of this
pandemic virus, and that the virus atypically caused such
severe disease in young adults illustrates the importance of
comprehensively understanding the B cell responses and anti-
body specificities induced by infection with this influenza
virus. A need remains for reagents to treat and diagnose an
influenza virus infection in a subject.

SUMMARY

[0008] Antibodies that specifically bind influenza virus
hemagglutin A (HA), and antigen binding fragments thereof
are disclosed herein. In some embodiments, these antibodies
are broadly cross reactive. In additional embodiments, the
antibodies inhibit hemmagglutination activity and neutralize
more than one of HIN1, H5N1 and H3N2. In some embodi-
ments, the antibody specifically binds HIN1 and H5N1. In
other embodiments, the antibody specifically binds HIN1
and H3N2. In yet other embodiments, the antibody specifi-
cally binds HIN1, H5N1 and H3N2. In further embodiments,
the antibody specifically binds HA of one or more of Pan-
demic (HIN1) 2009; A/Brevig mission/1/18(HIN1) 1918;
and  A/Brisbane/59/07(HIN1)  2007A/Indonesia/5/05
(H5N1) 2005; A/Brisbane10/07 (H3N2) 2007. The antibody
can bind the HA globular head and or the HA stalk. In some
embodiments, the antibody specifically binds a complex of
HA1 and HA2.

[0009] In several embodiments, nucleic acids encoding
these monoclonal antibodies, vectors including these nucleic
acids, and host cells transformed with these vectors are also
disclosed. Compositions are disclosed that include these anti-
bodies, antigen binding fragments, nucleic acids, vectors and
host cells.

[0010] Methods of using these antibodies, and antigen
binding fragments, nucleic acids, vectors and host cells, such
as for diagnosis and treatment of an influenza virus infection
are also provided. In some embodiments, these antibodies
and antigen binding fragments are used to diagnose an influ-
enza virus infection is provided. In other embodiments, these
antibodies, antigen binding fragments, nucleic acids, vectors,
orhost cells are used for the treatment and or prevention of an
influenza virus.

[0011] The foregoing and other objects, features, and
advantages of the invention will become more apparent from
the following detailed description, which proceeds with ref-
erence to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIGS. 1A-1D. Rapid and potent plasmablast and
serological responses after vaccination with the monovalent
pandemic HIN1 2009 vaccine. Healthy adult volunteers were
vaccinated with the pandemic HIN1 2009 monovalent vac-
cine. A control group was vaccinated with the 2008/09 TIV in
2008. (A) Fold change in serum antibody titers between day
0 and day 28 were determined by HAI. (B) The number of
vaccine-specific 1gG-producing plasmablasts were deter-
mined by ELISPOT at 0, 7, 14 and 28 days post-vaccination.
(C) The number of vaccine-specific plasmablasts correlates
with improved serum antibody titers by HAI (Spearman’s
rank correlation). (D) The numbers of vaccine-specific 1gG-,
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IgA-, and IgM-producing plasmablasts at day 7 after vacci-
nation as determined by ELISPOT. Dotted lines=limit of
detection.

[0013] FIGS.2A-2D. Stem-binding antibodies are induced
following pandemic HIN1 2009 vaccination. Human mAbs
were generated from plasmablasts isolated from individuals
vaccinated with the pandemic HIN1 2009 vaccine. (A) Bind-
ing to the pandemic HIN1 2009 virus by ELISA. (B) Binding
to pandemic HIN1 2009 HA by ELISA. (C) All HA-binding
mAbs were tested for HAI and neutralization activity. Three
putative stem-binding mAbs are highlighted in blue. Dotted
lines represent the highest concentration of mAb tested. Data
are representative of 2-4 repeat experiments. (D) The 3 puta-
tive stem-binding mAbs were tested by competition ELISA
with 2 known stem-binding mAbs (70-1F02 and 70-5B03)
(8). Percentage inhibition is the ratio of binding with or with-
out competitor. The reciprocal stem-binding mAb for each
assay in the pair was used as a positive control and EM4C04
which binds the HA head was used as a negative control. Bars
represent means+/—SEM for three repeats. The V, gene usage
of'the individual stem-binding mAbs is indicated on the right.
[0014] FIGS. 3A-3C. The pandemic HIN1 2009 vaccine
induces highly cross-reactive HA-specific antibodies. (A)
Twenty-eight pandemic HIN1 HA-binding mAbs were
tested for binding to HAs from the indicated influenza strains
by ELISA. (B) Twenty-five HA head-binding mAbs were
tested for neutralizing activity against the indicated panel of
HINI virus strains. Two mAbs (20-3G06 and 15-1A03)
expressed poorly and were not tested for cross-reactivity
(ND). (C) Three stem-binding mAbs were tested for neutral-
izing activity against various influenza virus strains. Influ-
enza strains are arranged from left to right in order of
sequence similarity to the pandemic HIN1 2009. Monoclonal
antibodies are arranged according to degree of binding by
ELISA to pandemic HIN1 2009 HA and grouped according
to cross-reactivity by ELISA (blue: stem-binders, bind all
HIN1, H5N1 and H3N2; black: bind all HIN1; red: bind
A/California/04/09 and A/Brevig Mission/1/18; green: bind
A/California/04/09 only). Dotted lines represent limits of
detection. Data are representative of 2-4 repeats.

[0015] FIGS. 4A-4B. Monoclonal antibodies induced fol-
lowing the pandemic HIN1 2009 vaccine display high levels
of somatic hypermutation consistent with a recall response.
Variable genes from plasmablasts induced following the pan-
demic HIN1 2009 vaccine were amplified by single-cell RT-
PCR and scored for numbers of somatic mutations. (A) The
number of mutations per V gene following pandemic HIN1
2009 vaccination are compared with previously published
data (12, 27-29). The red line shows the mean (p-values are
from Student’s t-tests). (B) The number of mutations per V,
gene in HA-specific mAbs only. Colors represent the degree
of cross-reactivity as in FIG. 3.

[0016] FIGS. 5A-5B. Memory B cells reactive to the pan-
demic HIN1 2009 influenza are detectable even prior to the
emergence of the pandemic strain. PBMCs obtained prior to
vaccination were tested for the presence of memory B cells
reactive against the pandemic HIN1 2009 HA by polyclonal
activation followed by detection using ELISPOT. The per-
centage of I[gG-secreting memory B cells compared with total
IgG-secreting cells is shown in subjects from (A) the year that
the pandemic HIN1 2009 emerged (2009/10) and (B) the
previous year (2008/09).

[0017] FIG. 6. A model contrasting the antibody response
induced after vaccination with seasonal versus pandemic
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influenza vaccines. The pre-existing influenza-specific B cell
pool primarily consists of memory cells that recognize
epitopes in the globular head of HA from recent seasonal
strains that undergo antigenic drift and thus change relatively
little year to year (shown in green). These are highly
expanded due to recurrent stimulation over several winter
seasons while memory B cells specific for epitopes in the
stem of HA (shown in red) are crowded out. Following an
infection or vaccination with drifted seasonal influenza
strains, the large numbers of immunodominant head-reactive
memory B cells undergo re-expansion while those against
conserved epitopes cannot compete. In a pandemic strain,
many epitopes in the HA head are replaced while conserved
epitopes in the stem and head remain. Cross-reactive memory
B cells specific for the conserved epitopes now have a greater
chance of being recruited into the response.

[0018] FIG. 7. The 2008/09 trivalent inactivated influenza
vaccine induces a rapid plasmablast response. Healthy adult
volunteers were vaccinated with the 2008/09 TIV. PBMCs
were taken at 0, 7, 14 and 28 days post-vaccination and the
number of vaccine-specific IgG-producing plasmablasts
were determined by ELISPOT. Dotted lines represent the
limits of detection for each assay.

[0019] FIG. 8. Sequence homology of HAs from HIN1
strains. HA sequences were obtained from GENBANK®
(ncbi.nlm.nih.gov/protein/). Sequences were aligned using
ClustalW2 and displayed as a phylogenetic tree. Numbers in
brackets represent pairwise alignment scores. Correlation
analysis was done using Spearman’s rank correlation and
comparison between groups using Student’s t-test.

[0020] FIGS. 9A-9D. Plasmablasts induced by the
monovalent (HIN1) 2009 vaccine cross-react with the 2009/
10 seasonal TIV. Healthy adult volunteers were vaccinated
with pandemic (HIN1) 2009 vaccine. (A) The numbers of
IgG-producing plasmablasts in day 7 PBMCs that reacted
against pandemic (HIN1) 2009 virus or the 2009/10 TIV
(which contained the A/Brisbane/59/07 HIN1 strain) were
determined by ELISPOT. (B) Example of plasmablast isola-
tion by flow cytometry. (C) Representative ELISPOT images
showing total IgG-producing plasmablasts and those reactive
against indicated HA proteins. (D) ELISPOT scoring of
sorted plasmablasts reactive against HA derived from the
indicated viruses. ELISPOT for 1 donor is not shown due to
insufficient plasmablast numbers post-sort.

[0021] FIGS. 10A-10C. Patterns of crossreactivity among
HA specific vaccine-induced monoclonal antibodies. The 28
HA specific monoclonal antibodies were analyzed by ELISA
for their binding to HA proteins derived from either the pan-
demic HIN1 2009 or the Brisbane HIN1 (A/Brisbane/59/07
(HIN1)) influenza strains. The antibodies showed binding
patterns that conformed to three distinct categories. One cat-
egory (9/28 antibodies) showed very similar binding to both
HAs (A). Another category (14/28) showed better binding to
the pandemic HIN1 HA, likely representing ongoing adap-
tation through affinity maturation (B), while the last category
(5/28) bound better to the Brisbane HA (C), consistent with
OAS (original antigenic sin).

[0022] FIG. 11. Cross-reactivity of HA-specific mono-
clonal antibodies by HAI. Twenty-eight pandemic (HIN1)
HA-binding mAbs were tested for neutralizing activity
against a panel of HIN1 virus strains. Influenza strains are
arranged in order of sequence similarity to the pandemic
(HINT1) 2009 and mAbs are arranged according to cross-
reactivity and degree of binding to pandemic (HIN1) 2009
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HA. Dotted lines represent limits of detection. Data are rep-
resentative of 2-4 repeat experiments.

[0023] FIG.12(Table 1). Amino acid sequence information
for HIN1 binding antibodies. Table 1 provides detailed infor-
mation, including sequence information, about each of the
antibodies that were confirmed to bind influenza. Each anti-
body is identified in Col. A by antibody name and an indica-
tion of whether the heavy or light chain is being described.
Heavy chains are indicated by H and light chains are indicated
by L at the end of the identifier in Col. A. For example, line 2
of Table 1 discloses 005-2G02H, which is a heavy chain for
one of the cloned antibodies, and line 3 of Table 1 discloses
005-2G02L, which is the light chain for the same antibody.
Accordingly, each pair of rows (2/3, 4/5, 6/7, 8/9, 10/11,
12/13,14/15,16/17,18/19,20/21,22/23,24/25,26/27, 28/29,
30/31,32/33,34/35,36/37,38/39,40/41,42/43,44/45, 46/47,
48/49,50/51,52/53,54/55,56/57,58/59, 60/61,62/63, 64/65,
66/67,68/69,70/71,72/73,74/75,76/77,78/79,80/81, 82/83,
84/85, 86/87, 88/89, 90/91, 92/93, 94/95, 96/97, 98/99, 100/
101,102/103, 104/105, 106/107,108/109,110/111, 112/113,
114/115,116/117,118/119,120/121,122/123, 124/125, 126/
127,128/129, 130/131, 132/133, 134/135, 136/137, 138/139,
and 140/141) represent paired heavy and light chains from a
cloned human antibody. Col. G provides the V region amino
acid sequence. Col. H provides the FR1 amino acid sequence.
Col. I provides the CDR1 amino acid sequence. Col. J pro-
vides the FR2 amino acid sequence. Col. K provides the
CDR2 amino acid sequence. Col. L provides the FR3 amino
acid sequence. Col. M provides the CDR3 amino acid
sequence. Col. N provides the nucleotide sequence. Col. O
provides the translated V region amino acid sequence. Col-
umn P provides the FR4 amino acid sequence.

[0024] FIG.13.Clinical characteristics of study and control
groups (Table 2). Number of subjects, age, gender and time
interval between receiving pandemic (HIN1) 2009 vaccine
and 2009/10 TIV are shown. Age and interval between vac-
cinations are expressed as median and range.

[0025] FIGS. 14A and 14B. Sequence, mutation and
V-gene rearrangement data for pandemic (H1N1) 2009 virus-
specific mAbs (Table 3). Variable genes were amplified from
plasmablasts stimulated by pandemic (HIN1) 2009 vaccine
by single-cell RT-PCR and then determined using in-house
analysis software compared with the Immunogentics V gene
dataset and the IMGT search engine. F1G. 14A discloses SEQ
ID NOS 1401-1478, residues 2-28 of SEQ ID NO: 1479 and
SEQ ID NOS 1480-1498, respectively, in order of appear-
ance, and FIG. 14B discloses SEQ ID NOS 1499-1540,
respectively, in order of appearance.

DETAILED DESCRIPTION

[0026] Influenza viruses are segmented negative-strand
RNA viruses that belong to the Orthomyxoviridae family.
There are three types of Influenza viruses, A, B and C. Influ-
enza A viruses infect a wide variety of birds and mammals,
including humans, horses, marine mammals, pigs, ferrets,
and chickens. In animals, most influenza A viruses cause
localized infections of the respiratory and intestinal tract.
Animals infected with influenza A often act as a reservoir for
the influenza viruses and certain subtypes have been shown to
cross the species barrier to humans.

[0027] The influenza A virus genome encodes nine struc-
tural proteins and one nonstructural (NS1) protein with regu-
latory functions. The influenza virus segmented genome con-
tains eight negative-sense RNA (nsRNA) gene segments
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(PB2, PB1, PA, NP, M, NS, HA and NA) that encode at least
ten polypeptides, including RNA-directed RNA polymerase
proteins (PB2, PB 1 and PA), nucleoprotein (NP), neuramini-
dase (NA), hemagglutinin (subunits HA1 and HA2), the
matrix proteins (M1 and M2) and the non-structural proteins
(NS1and NS2) (Krugetal., In “The Influenza Viruses,” R. M.
Krug, ed., Plenum Press, N.Y., 1989, pp. 89 152).

[0028] HA is a viral surface glycoprotein generally com-
prising approximately 560 amino acids and representing 25%
of' the total virus protein. It is responsible for adhesion of the
viral particle to, and its penetration into, a host cell in the early
stages of infection. Cleavage of the virus HAO precursor into
the HA1 and HA2 sub-fragments is a necessary step in order
for the virus to infect a cell. Thus, cleavage is required in order
to convert new virus particles in a host cell into virions
capable of infecting new cells. Cleavage is known to occur
during transport of the integral HAO membrane protein from
the endoplasmic reticulum of the infected cell to the plasma
membrane. In the course of transport, hemagglutinin under-
goes a series of co- and post-translational modifications
including proteolytic cleavage of the precursor HA into the
amino-terminal fragment HA1 and the carboxy terminal
HA2.

[0029] Antibodies, including human and/or humanized
forms, as well as fragment, derivatives/conjugates and com-
positions thereof that bind to an HA domain of influenza A are
provided herein. Methods of using these antibodies are also
provided.

[0030] In several embodiments, these antibodies are
broadly cross reactive. In additional embodiments, the anti-
bodies inhibit hemmagglutination activity and neutralize
more than one of HIN1, H5N1 and H3N2. In some embodi-
ments, the antibody specifically binds HIN1 and H3N2. In
further embodiments, the antibody specifically binds HA of
one or more of Pandemic (HIN1) 2009; A/Brevig mission/1/
18 (HIN1) 1918; and A/Brisbane/59/07(HIN1) 2007 A/Indo-
nesia/5/05 (HSN1) 2005; A/Brisbanel0/07 (H3N2) 2007.
The antibody can bind the HA globular head and or the HA
stalk. In some embodiments the antibodies are broadly cross-
reactive and provide heterosubtypic protection.

Terms

[0031] Unless otherwise noted, technical terms are used
according to conventional usage.

[0032] Definitions of common terms in molecular biology
can be found in Benjamin Lewin, Genes V, published by
Oxford University Press, 1994 (ISBN 0-19-854287-9); Ken-
drew et al. (eds.), The Encyclopedia of Molecular Biology,
published by Blackwell Science Ltd., 1994 (ISBN 0-632-
02182-9); and Robert A. Meyers (ed.), Molecular Biology
and Biotechnology: a Comprehensive Desk Reference, pub-
lished by VCH Publishers, Inc., 1995 (ISBN 1-56081-569-8).
Terms describing protein structure and structural elements of
proteins can be found in Creighton, Proteins, Structures and
Molecular Properties, W.H. Freeman & Co., New York, 1993
(ISBN 0-717-7030) which is incorporated by reference
herein in its entirety.

[0033] Unless otherwise explained, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
disclosure belongs. The singular terms “a,” “an,” and “the”
include plural referents unless context clearly indicates oth-
erwise. Similarly, the word “or” is intended to include A, B or
both unless the context clearly indicates otherwise.
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[0034] It is further to be understood that all base sizes or
amino acid sizes, and all molecular weight or molecular mass
values, given for nucleic acids or polypeptides are approxi-
mate, and are provided for descriptive purposes, unless oth-
erwise indicated. Although many methods and materials
similar or equivalent to those described herein can be used,
particular suitable methods and materials are described
below. In case of conflict, the present specification, including
explanations of terms, will control. In addition, the materials,
methods, and examples are illustrative only and not intended
to be limiting.

[0035] To facilitate review of the various embodiments of
this disclosure, the following explanations of terms are pro-
vided:

[0036] Administration: The introduction of a composition
into a subject by a chosen route. Administration can be local
or systemic. For example, if the chosen route is intravenous,
the composition is administered by introducing the composi-
tion into a vein of the subject. In some examples a disclosed
antibody that specifically binds HA, or a nucleic acid encod-
ing the antibody, is administered to a subject.

[0037] Amino acid substitution: The replacement of one
amino acid in peptide with a different amino acid.

[0038] Amplification: A technique that increases the num-
ber of copies of a nucleic acid molecule (such as an RNA or
DNA). An example of amplification is the polymerase chain
reaction, in which a biological sample is contacted with a pair
of oligonucleotide primers, under conditions that allow for
the hybridization of the primers to a nucleic acid template in
the sample. The primers are extended under suitable condi-
tions, dissociated from the template, and then re-annealed,
extended, and dissociated to amplify the number of copies of
the nucleic acid. The product of amplification can be charac-
terized by electrophoresis, restriction endonuclease cleavage
patterns, oligonucleotide hybridization or ligation, and/or
nucleic acid sequencing using standard techniques. Other
examples of amplification include strand displacement
amplification, as disclosed in U.S. Pat. No. 5,744,311; tran-
scription-free isothermal amplification, as disclosed in U.S.
Pat. No. 6,033,881; repair chain reaction amplification, as
disclosed in PCT Publication No. WO 90/01069; ligase chain
reaction amplification, as disclosed in EP-A-320 308; gap
filling ligase chain reaction amplification, as disclosed in U.S.
Pat. No. 5,427,930; and NASBA™ RNA transcription-free
amplification, as disclosed in U.S. Pat. No. 6,025,134.
[0039] Animal: Living multi-cellular vertebrate organisms,
a category that includes, for example, mammals and birds.
The term mammal includes both human and non-human
mammals. Similarly, the term “subject” includes both human
and veterinary subjects.

[0040] Antibody: A polypeptide substantially encoded by
an immunoglobulin gene or immunoglobulin genes, or anti-
gen binding fragments thereof, which specifically binds and
recognizes an analyte (antigen) such as HA or an antigenic
fragment of HA, such as a conserved domain from the stalk or
head of the HA protein. Immunoglobulin genes include the
kappa, lambda, alpha, gamma, delta, epsilon and mu constant
region genes, as well as the myriad immunoglobulin variable
region genes. encompass monoclonal antibodies (including
full-length monoclonal antibodies), polyclonal antibodies,
multispecific antibodies formed from at least two different
epitope binding fragments (e.g., bispecific antibodies),
human antibodies, humanized antibodies, camelised antibod-
ies, chimeric antibodies, single-chain Fvs (scFv), single-
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chain antibodies, single domain antibodies, domain antibod-
ies, Fab fragments, F(ab'), fragments, antibody fragments
that exhibit the desired biological activity (e.g. the antigen
binding portion), disulfide-linked Fvs (dsFv), and anti-idio-
typic (anti-Id) antibodies (including, e.g., anti-Id antibodies
to antibodies of the invention), intrabodies, and epitope-bind-
ing fragments of any of the above. In particular, antibodies
include immunoglobulin molecules and immunologically
active fragments of immunoglobulin molecules, i.e., mol-
ecules that contain at least one antigen-binding site. Immu-
noglobulin molecules can be of any isotype, for example,
1gG, IgE, IgM, IgD, IgA and IgY), subisotype (e.g., IgG,
1gG,, 1gG;, 1gG,, IgA1 and IgA2) or allotype (e.g., Gm, e.g.,
Glm(f, z, a or x), G2m(n), G3m(g, b, or ¢), Am, Em, and
Km(1, 2 or 3). Antibodies can be derived from any mammal,
including, but not limited to, humans, monkeys, pigs, horses,
rabbits, dogs, cats, mice, etc., or other animals such as birds
(e.g. chickens).

[0041] Native antibodies are usually heterotetrameric gly-
coproteins of about 150,000 daltons, composed of two iden-
tical light (L) chains and two identical heavy (H) chains. Each
light chain is linked to a heavy chain by one covalent disulfide
bond, while the number of disulfide linkages varies between
the heavy chains of different immunoglobulin isotypes. Each
heavy and light chain also has regularly spaced intrachain
disulfide bridges. Each heavy chain has at one end a variable
domain (V) followed by a number of constant domains
(Cpp- Each light chain has a variable domain at one end (V)
and a constant domain (C;) at its other end; the constant
domain of the light chain is aligned with the first constant
domain of the heavy chain, and the light chain variable
domain is aligned with the variable domain of the heavy
chain. References to “V,” or “VH” refer to the variable
region of an immunoglobulin heavy chain, including that of
an antibody fragment, such as Fv, scFv, dsFv or Fab. Refer-
ences to “V,” or “VL” refer to the variable region of an
immunoglobulin light chain, including that of an Fv, scFv,
dsFv or Fab. Light chains are classified as either lambda
chains or kappa chains based on the amino acid sequence of
the light chain constant region. The variable domain of a
kappa light chain may also be denoted herein as V..

[0042] Light and heavy chain variable domains contain a
“framework” region interrupted by three hypervariable
regions, also called “complementarity-determining regions”
or “CDRs.” The CDRs are primarily responsible for binding
to an epitope of an antigen. The precise amino acid sequence
boundaries of a given CDR can be readily determined using
any of a number of well-known schemes, including those
described by Kabat et al. (“Sequences of Proteins of Immu-
nological Interest,” 5th Ed. Public Health Service, National
Institutes of Health, Bethesda, Md., 1991; “Kabat” number-
ing scheme), Al-Lazikani et al., (IMB 273,927-948, 1997,
“Chothia” numbering scheme), and Lefranc, et al. (“IMGT
unique numbering for immunoglobulin and T cell receptor
variable domains and Ig superfamily V-like domains,” Dev.
Comp. Immunol., 27:55-77, 2003; “IMGT” numbering
scheme). The CDRs of each chain are typically referred to as
CDR1, CDR2, and CDR3, numbered sequentially starting
from the N-terminus, and are also typically identified by the
chain in which the particular CDR is located. Thus, a V,
CDR3 is located in the variable domain of the heavy chain of
the antibody in which it is found, whereas a V; CDR1 is the
CDRI1 from the variable domain of the light chain of the
antibody in which it is found. Light chain CDRs are some-
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times referred to as CDR L1, CDR L2, and CDR L3. Heavy
chain CDRs are sometimes referred to as CDR H1, CDR H2,
and CDR H3. The location of the framework region and
CDRs readily can be identified (see, Kabat et al., Sequences of
Proteins of Immunological Interest, U.S. Department of
Health and Human Services, 1991, which is hereby incorpo-
rated by reference in its entirety). Thus one of ordinary skill in
the art will recognize the numbering of the residues in the
disclosed antibodies when made with reference to the Kabat
convention; the Kabat database is now maintained online.
The sequences of the framework regions of different light or
heavy chains are relatively conserved within a species. The
framework region of an antibody, that is the combined frame-
work regions of the constituent light and heavy chains, serves
to position and align the CDRs in three-dimensional space.

[0043] A “monoclonal antibody” is an antibody produced
by a single clone of B-lymphocytes or by a cell into which the
light and heavy chain genes of a single antibody have been
transfected. Monoclonal antibodies are produced by methods
known to those of skill in the art, for instance by making
hybrid antibody-forming cells from a fusion of myeloma cells
with immune spleen cells. These fused cells and their progeny
are termed “hybridomas.” Monoclonal antibodies include
humanized and fully human monoclonal antibodies. In some
examples monoclonal antibodies are isolated from a subject.
The amino acid sequences of such isolated monoclonal anti-
bodies can be determined.

[0044] A “humanized” immunoglobulin is an immunoglo-
bulin including a human framework region and one or more
CDRs from a non-human (such as a mouse, rat, or synthetic)
immunoglobulin. The non-human immunoglobulin provid-
ing the CDRs is termed a “donor,” and the human immuno-
globulin providing the framework is termed an “acceptor.” In
one embodiment, all the CDRs are from the donor immuno-
globulin in a humanized immunoglobulin. Constant regions
need not be present, but if they are, they must be substantially
identical to human immunoglobulin constant regions, such as
at least about 85-90%, such as about 95% or more identical.
Hence, all parts of a humanized immunoglobulin, except
possibly the CDRs, are substantially identical to correspond-
ing parts of natural human immunoglobulin sequences. A
“humanized antibody” is an antibody comprising a human-
ized light chain and a humanized heavy chain immunoglobu-
lin. A humanized antibody binds to the same antigen as the
donor antibody that provides the CDRs. The acceptor frame-
work of a humanized immunoglobulin or antibody may have
a limited number of substitutions by amino acids taken from
the donor framework. Humanized or other monoclonal anti-
bodies can have additional conservative amino acid substitu-
tions, such as in the framework region, which have substan-
tially no effect on antigen binding or other immunoglobulin
functions. Humanized immunoglobulins can be constructed
by means of genetic engineering (for example, see U.S. Pat.
No. 5,585,089).

[0045] Antigen: A compound, composition, or substance
that can stimulate the production of antibodies or a T cell
response in an animal, including compositions that are
injected or absorbed into an animal. An antigen reacts with
the products of specific humoral and/or cellular immunity,
including those induced by heterologous antigens, such as the
disclosed antigens. “Epitope” or “antigenic determinant”
refers to the region of an antigen to which B and/or T cells
respond. In one embodiment, T cells respond to the epitope,
when the epitope is presented in conjunction with an MHC
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molecule. Epitopes can be formed both from contiguous
amino acids or noncontiguous amino acids juxtaposed by
tertiary folding of a protein. Epitopes formed from contigu-
ous amino acids are typically retained on exposure to dena-
turing solvents whereas epitopes formed by tertiary folding
are typically lost on treatment with denaturing solvents. An
epitope typically includes at least 3, and more usually, at least
5, about 9, or about 8-10 amino acids in a unique spatial
conformation. Methods of determining spatial conformation
of epitopes include, for example, x-ray crystallography and
nuclear magnetic resonance.

[0046] Examples of antigens include, but are not limited to,
peptides, lipids, polysaccharides, and nucleic acids contain-
ing antigenic determinants, such as those recognized by an
immune cell. In some examples, antigens include peptides
derived from a pathogen of interest. Exemplary pathogens
include bacteria, fungi, viruses and parasites. In specific
examples, an antigen is derived from influenza, such as HA or
antigenic fragment thereof, such as the HA stalk or globular
domain.

[0047] A “target epitope”is a specific epitope on an antigen
that specifically binds an antibody of interest, such as amono-
clonal antibody. In some examples, a target epitope includes
the amino acid residues that contact the antibody of interest,
such that the target epitope can be selected by the amino acid
residues determined to be in contact with the antibody of
interest.

[0048] Binding affinity: Affinity of an antibody or antigen
binding fragment thereof for an antigen. An antibody specifi-
cally binds its target epitope. In one embodiment, affinity is
calculated by a modification of the Scatchard method
described by Frankel et al., Mol. Immunol., 16:101-106,
1979. In another embodiment, binding affinity is measured by
an antigen/antibody dissociation rate. In yet another embodi-
ment, a high binding affinity is measured by a competition
radioimmunoassay. In several examples, a high binding affin-
ity is at least about 1x107% M. In other embodiments, a high
binding affinity is at least about 1.5x107%, at least about
2.0x107% at least about 2.5x107%, at least about 3.0x107%, at
least about 3.5x107%, at least about 4.0x107%, at least about
4.5x107% or at least about 5.0x10™% M.

[0049] Chimeric antibody: An antibody which includes
sequences derived from two different antibodies, which typi-
cally are of different species. In some examples, a chimeric
antibody includes one or more CDRs and/or framework
regions from one human antibody and CDRs and/or frame-
work regions from another human antibody. In other
examples, a chimeric antibody includes one or more CDRs
and/or framework regions from one human antibody and
CDRs and/or framework regions from a chimpanzee anti-
body.

[0050] Contacting: Placement in direct physical associa-
tion; includes both in solid and liquid form, which can take
place either in vivo or in vitro. Contacting includes contact
between one molecule and another molecule, for example the
amino acid on the surface of one polypeptide, such as an
antigen, that contacts another polypeptide, such as an anti-
body. Contacting can also include contacting a cell for
example by placing an antibody in direct physical association
with a cell.

[0051] Epitope: A protein determinant that is specifically
bound by an antibody. Epitopes usually consist of chemically
active surface groupings of molecules such as amino acids or
sugar side chains and usually have specific three dimensional
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structural characteristics, as well as specific charge charac-
teristics. Conformational and non-conformational epitopes
are distinguished in that the binding to the former but not the
latter is lost in the presence of denaturing solvents.

[0052] Framework Region: Amino acid sequences inter-
posed between CDRs. Includes variable light and variable
heavy framework regions. The framework regions serve to
hold the CDRs in an appropriate orientation for antigen bind-
ing.

[0053] Fc polypeptide: The polypeptide comprising the
constant region of an antibody excluding the first constant
region immunoglobulin domain. Fc region generally refers to
the last two constant region immunoglobulin domains of IgA,
IgD, and IgG, and the last three constant region immunoglo-
bulin domains of IgE and IgM. An Fc region may also include
part or all of the flexible hinge N-terminal to these domains.
For IgA and IgM, an Fc region may or may not comprise the
tailpiece, and may or may not be bound by the J chain. For
IgG, the Fc region comprises immunoglobulin domains
Cgamma?2 and Cgamma3 (Cy2 and Cy3) and the lower part of
the hinge between Cgammal (Cyl) and Cy2. Although the
boundaries of the Fc region may vary, the human IgG heavy
chain Fc region is usually defined to comprise residues C226
or P230 to its carboxyl-terminus, wherein the numbering is
according to the EU index as in Kabat. For IgA, the Fc region
comprises immunoglobulin domains Calpha2 and Calpha3
(Ca2 and Ca3) and the lower part of the hinge between
Calphal (Cal) and Ca2. Encompassed within the definition
of'the Fc region are functionally equivalent analogs and vari-
ants of the Fc region. A functionally equivalent analog of the
Fc region may be a variant Fc region, comprising one or more
amino acid modifications relative to the wild-type or naturally
existing Fc region. Variant Fc regions will possess at least
50% homology with a naturally existing Fc region, such as
about 80%, and about 90%, or at least about 95% homology.
Functionally equivalent analogs of the Fc region may com-
prise one or more amino acid residues added to or deleted
from the N- or C-termini of the protein, such as no more than
30 or no more than 10 additions and/or deletions. Function-
ally equivalent analogs of the Fc region include Fc regions
operably linked to a fusion partner. Functionally equivalent
analogs of the Fc region must comprise the majority of all of
the Ig domains that compose Fc region as defined above; for
example IgG and IgA Fc regions as defined herein must
comprise the majority of the sequence encoding CH, and the
majority of the sequence encoding CH;. Thus, the CH,
domain on its own, or the CH; domain on its own, are not
considered Fc region. The Fc region may refer to this region
in isolation, or this region in the context of an Fc fusion
polypeptide (such as an immunoadhesin)

[0054] Hemagglutinin (HA): An influenza virus surface
glycoprotein that is a homotrimeric integral membrane gly-
coprotein. HA mediates binding of the virus particle to a host
cells and subsequent entry of the virus into the host cell. The
nucleotide and amino acid sequences of numerous influenza
HA proteins are known in the art and are publically available,
such as through the NCBI Influenza Virus Resource database
(Bao etal., J Virol 82:596-601, 2008). HA (along with NA) is
one of the two major influenza virus antigenic determinants.
The crystal structure of hemagglutinin is deposited as PDB
code 5 hmg. The three identical monomers that constitute HA
are constructed into a central a helix coil; three spherical
heads contain the sialic acid binding sites. In nature, HA
monomers are synthesized as precursors that are then glyco-
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sylated and cleaved into two smaller polypeptides: the HA1
and HA2 subunits. Each HA monomer consists of a long,
helical chain anchored in the membrane by HA2 and topped
by a large HA1 globular head which contains the sialic acid
receptor binding sites. The HA2 protein chain facilitates
membrane fusion; the C-terminal end of the protein is embed-
ded in the viral membrane. The stalk of HA is comprised of
portions of HA1 and HA2.

[0055] Hostcells: Cells in which a vector can be propagated
and its DNA expressed, for example a disclosed antibody can
be expressed in a host cell. The cell may be prokaryotic or
eukaryotic. The term also includes any progeny of the subject
hostcell. It is understood that all progeny may not be identical
to the parental cell since there may be mutations that occur
during replication. However, such progeny are included when
the term “host cell” is used.

[0056] Immunoadhesin: A molecular fusion of a protein
with the Fc region of an immunoglobulin, wherein the immu-
noglobulin retains specific properties, such as Fc receptor
binding and increased half-life. An Fc fusion combines the Fc
region of an immunoglobulin with a fusion partner, which in
general can be any protein, polypeptide, peptide, or small
molecule. In one example, and immunoadhesin includes the
hinge, CH,, and CH; domains of the immunoglobulin gamma
1 heavy chain constant region. In another example, the immu-
noadhesin includes the CH,, and CH; domains of an IgG.

[0057] Immunologically reactive conditions: Includes ref-
erence to conditions which allow an antibody raised against a
particular epitope to specifically bind to that epitope to a
detectably greater degree than, and/or to the substantial
exclusion of, binding to substantially all other epitopes.
Immunologically reactive conditions are dependent upon the
format of the antibody binding reaction and typically are
those utilized in immunoassay protocols or those conditions
encountered in vivo. See Harlow & Lane, supra, for a descrip-
tion of immunoassay formats and conditions. The immuno-
logically reactive conditions employed in the methods are
“physiological conditions” which include reference to condi-
tions (e.g., temperature, osmolarity, pH) that are typical
inside a living mammal or a mammalian cell. While it is
recognized that some organs are subject to extreme condi-
tions, the intra-organismal and intracellular environment nor-
mally lies around pH 7 (e.g., from pH 6.0 to pH 8.0, more
typically pH 6.5 to 7.5), contains water as the predominant
solvent, and exists at a temperature above 0° C. and below 50°
C. Osmolarity is within the range that is supportive of cell
viability and proliferation.

[0058] IgA: A polypeptide belonging to the class of anti-
bodies that are substantially encoded by a recognized immu-
noglobulin alpha gene. In humans, this class or isotype com-
prises IgA, and IgA,. IgA antibodies can exist as monomers,
polymers (referred to as plgA) of predominantly dimeric
form, and secretory IgA. The constant chain of wild-type IgA
contains an 18-amino-acid extension at its C-terminus called
the tail piece (tp). Polymeric IgA is secreted by plasma cells
with a 15-kDa peptide called the J chain linking two mono-
mers of IgA through the conserved cysteine residue in the tail
piece.

[0059] IgG: A polypeptide belonging to the class or isotype
of antibodies that are substantially encoded by a recognized
immunoglobulin gamma gene. In humans, this class com-
prises IgG,, IgG,, IgG;, and 1gG,. In mice, this class com-
prises IgG, 1gG,,, 1gG,,, 1gG;.
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[0060] Influenza virus: A segmented negative-strand RNA
virus that belongs to the Orthomyxoviridae family. There are
three types of influenza viruses, A, B and C. Influenza A
viruses infect a wide variety of birds and mammals, including
humans, horses, marine mammals, pigs, ferrets, and chick-
ens. In animals, most influenza A viruses cause mild localized
infections of the respiratory and intestinal tract. However,
highly pathogenic influenza A strains, such as H5N1, cause
systemic infections in poultry in which mortality may reach
100%. In 2009, HIN1 influenza was the most common cause
of human influenza. A new strain of swine-origin HIN1
emerged in 2009 and was declared pandemic by the World
Health Organization. This strain was referred to as “swine
flu” HIN1 influenza A viruses were also responsible for the
Spanish flu pandemic in 1918, the Fort Dix outbreak in 1976,
and the Russian flu epidemic in 1977-1978. Influenza A
viruses are categorized into subtypes based on the type of two
proteins, hemagglutinin (H) and neuraminidase (N) that are
on the surface of the viral envelope. Different influenza
viruses encode for different hemagglutinin and neuramini-
dase proteins. Influenza A viruses include the following sub-
types: HIN1 (Spanish flu or Swine flu), H2N2 (Asian flu),
H3N2 (Hong Kong flu), H5N1 (bird flu), H7N7, HIN2,
HON2, H7N2, H7N3 and HI1ON7. An antibody that is
“broadly neutralizing” or “broadly crossreactive,” specifi-
cally binds to a polypeptide on more than one subtype and/or
strain and inhibits viral entry and/or replication. For example,
a broadly neutralizing antibody can specifically bind HA
from at least two of HIN1 (Spanish flu or Swine flu), H2N2
(Asian flu), H3N2 (Hong Kong flu), HSN1 (bird flu), H7N7,
HIN2, HON2, H7N2, H7N3 and HION7.

[0061] Inhibiting or treating a disease/infection: Inhibiting
the full development of a disease or condition, for example, in
a subject who is at risk for a disease such as an influenza
infection. “Treatment” refers to a therapeutic intervention
that ameliorates a sign or symptom of an infection or patho-
logical condition (such as the flu) after it has begun to
develop. The term “ameliorating,” with reference to a disease/
infection or pathological condition, refers to any observable
beneficial effect of the treatment. The beneficial effect can be
evidenced, for example, by a delayed onset of clinical symp-
toms of the disease in a susceptible subject, a reduction in
severity of some or all clinical symptoms of the disease, a
slower progression of the disease, a reduction in the viral
load, an improvement in the overall health or well-being of
the subject, or by other parameters well known in the art that
are specific to the particular disease. A “prophylactic” treat-
ment is a treatment administered to a subject who does not
exhibit signs of a disease/infection or exhibits only early signs
for the purpose of decreasing the risk of developing pathol-

ogy.

[0062] Isolated: An “isolated” biological component (such
as a cell, for example a B cell, a nucleic acid, peptide, protein
or antibody) has been substantially separated, produced apart
from, or purified away from other biological components in
the cell of the organism in which the component naturally
occurs, such as, other chromosomal and extrachromosomal
DNA and RNA, and proteins. Nucleic acids, peptides and
proteins which have been “isolated” thus include nucleic
acids and proteins purified by standard purification methods.
The term also embraces nucleic acids, peptides, and proteins
prepared by recombinant expression in a host cell as well as
chemically synthesized nucleic acids. In some examples an
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antibody, such as an antibody specific for HA can be isolated,
for example isolated from a subject infected with an influenza
virus.

[0063] K The dissociation constant for a given interac-
tion, such as a polypeptide ligand interaction or an antibody
antigen interaction. For example, for the bimolecular interac-
tion of an antibody (such as05-2G02, 09-2A06, and 09-3A01)
and an antigen (such as HA) it is the concentration of the
individual components of the bimolecular interaction divided
by the concentration of the complex.

[0064] Label: A detectable compound or composition that
is conjugated directly or indirectly to another molecule, such
as an antibody or a protein, to facilitate detection of that
molecule. Specific, non-limiting examples of labels include
fluorescent tags, enzymatic linkages, and radioactive iso-
topes. In some examples, a disclosed antibody as labeled.
[0065] Neuraminidase (NA): Aninfluenza virus membrane
glycoprotein. NA is involved in the destruction of the cellular
receptor for the viral HA by cleaving terminal sialic acid
residues from carbohydrate moieties on the surfaces of
infected cells. NA also cleaves sialic acid residues from viral
proteins, preventing aggregation of viruses. NA (along with
HA) is one of the two major influenza virus antigenic deter-
minants.

[0066] Neutralizing antibody: An antibody which reduces
the infectious titer of an infectious agent by binding to a
specific antigen on the infectious agent. In some examples the
infectious agent is a virus. In some examples, an antibody that
is specific for HA reduces the infectious titer of influenza
virus.

[0067] Nucleic acid: A polymer composed of nucleotide
units (ribonucleotides, deoxyribonucleotides, related natu-
rally occurring structural variants, and synthetic non-natu-
rally occurring analogs thereof) linked via phosphodiester
bonds, related naturally occurring structural variants, and
synthetic non-naturally occurring analogs thereof. Thus, the
term includes nucleotide polymers in which the nucleotides
and the linkages between them include non-naturally occur-
ring synthetic analogs, such as, for example and without
limitation, phosphorothioates, phosphoramidates, methyl
phosphonates, chiral-methyl phosphonates, 2-O-methyl ribo-
nucleotides, peptide-nucleic acids (PNAs), and the like. Such
polynucleotides can be synthesized, for example, using an
automated DNA synthesizer. The term “oligonucleotide”
typically refers to short polynucleotides, generally no greater
than about 50 nucleotides. It will be understood that when a
nucleotide sequence is represented by a DNA sequence (i.e.,
A, T, G, C), this also includes an RNA sequence (i.e., A, U, G,
C) in which “U” replaces “T.”

[0068] Conventional notation is used herein to describe
nucleotide sequences: the left-hand end of a single-stranded
nucleotide sequence is the 5'-end; the left-hand direction of a
double-stranded nucleotide sequence is referred to as the
5'-direction. The direction of 5' to 3' addition of nucleotides to
nascent RNA transcripts is referred to as the transcription
direction. The DNA strand having the same sequence as an
mRNA is referred to as the “coding strand;” sequences on the
DNA strand having the same sequence as an mRNA tran-
scribed from that DNA and which are located 5' to the 5'-end
of the RNA transcript are referred to as “upstream
sequences;” sequences on the DNA strand having the same
sequence as the RNA and which are 3' to the 3' end of the
coding RNA transcript are referred to as “downstream
sequences.”
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[0069] “cDNA” refers to a DNA that is complementary or
identical to an mRNA, in either single stranded or double
stranded form.

[0070] “Encoding” refers to the inherent property of spe-
cific sequences of nucleotides in a polynucleotide, such as a
gene, a cDNA, or an mRNA, to serve as templates for syn-
thesis of other polymers and macromolecules in biological
processes having either a defined sequence of nucleotides
(i.e., rRNA, tRNA and mRNA) or a defined sequence of
amino acids and the biological properties resulting therefrom.
Thus, a gene encodes a protein if transcription and translation
of mRNA produced by that gene produces the protein in a cell
or other biological system. Both the coding strand, the nucle-
otide sequence of which is identical to the mRNA sequence
and is usually provided in sequence listings, and non-coding
strand, used as the template for transcription, of a gene or
c¢DNA can be referred to as encoding the protein or other
product of that gene or cDNA. Unless otherwise specified, a
“nucleotide sequence encoding an amino acid sequence”
includes all nucleotide sequences that are degenerate versions
of'each other and that encode the same amino acid sequence.
Nucleotide sequences that encode proteins and RNA may
include introns.

[0071] “Recombinant nucleic acid” refers to a nucleic acid
having nucleotide sequences that are not naturally joined
together. This includes nucleic acid vectors comprising an
amplified or assembled nucleic acid which can be used to
transform a suitable host cell. A host cell that comprises the
recombinant nucleic acid is referred to as a “recombinant host
cell.” The gene is then expressed in the recombinant host cell
to produce, e.g., a “recombinant polypeptide.” A recombinant
nucleic acid may serve a non-coding function (e.g., promoter,
origin of replication, ribosome-binding site, etc.) as well.

[0072] A first sequence is an “antisense” with respect to a
second sequence if a polynucleotide whose sequence is the
first sequence specifically hybridizes with a polynucleotide
whose sequence is the second sequence.

[0073] Terms used to describe sequence relationships
between two or more nucleotide sequences or amino acid
sequences include “reference sequence,” “selected from,”
“comparison window,” “identical,” “percentage of sequence
identity,” “substantially identical,” “complementary,” and

“substantially complementary.”

[0074] For sequence comparison of nucleic acid sequences,
typically one sequence acts as a reference sequence, to which
test sequences are compared. When using a sequence com-
parison algorithm, test and reference sequences are entered
into a computer, subsequence coordinates are designated, if
necessary, and sequence algorithm program parameters are
designated. Default program parameters are used. Methods of
alignment of sequences for comparison are well known in the
art. Optimal alignment of sequences for comparison can be
conducted, e.g., by the local homology algorithm of Smith &
Waterman, Adv. Appl. Math. 2:482, 1981, by the homology
alignment algorithm of Needleman & Wunsch, J. Mol. Biol.
48:443, 1970, by the search for similarity method of Pearson
& Lipman, Proc. Nat’l. Acad. Sci. USA 85:2444, 1988, by
computerized implementations of these algorithms (GAP,
BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics
Software Package, Genetics Computer Group, 575 Science
Dr., Madison, Wis.), or by manual alignment and visual
inspection (see, e.g., Current Protocols in Molecular Biology
(Ausubel et al., eds 1995 supplement)).
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[0075] One example of a useful algorithm is PILEUP.
PILEUP uses a simplification of the progressive alignment
method of Feng & Doolittle, J. Mol. Evol. 35:351-360, 1987.
The method used is similar to the method described by Hig-
gins & Sharp, CABIOS 5:151-153, 1989. Using PILEUP, a
reference sequence is compared to other test sequences to
determine the percent sequence identity relationship using
the following parameters: default gap weight (3.00), default
gap length weight (0.10), and weighted end gaps. PILEUP
can be obtained from the GCG sequence analysis software
package, e.g., version 7.0 (Devereaux et al., Nuc. Acids Res.
12:387-395, 1984.

[0076] Another example of algorithms that are suitable for
determining percent sequence identity and sequence similar-
ity are the BLAST and the BLAST 2.0 algorithm, which are
described in Altschul et al., J. Mol. Biol. 215:403-410, 1990
and Altschul et al., Nucleic Acids Res. 25:3389-3402, 1977.
Software for performing BLAST analyses is publicly avail-
able through the National Center for Biotechnology Informa-
tion (ncbi.nlm.nih.gov). The BLASTN program (for nucle-
otide sequences) uses as defaults a word length (W) of 11,
alignments (B) of 50, expectation (E) of 10, M=5, N=-4, and
a comparison of both strands. An oligonucleotide is a linear
polynucleotide sequence of up to about 100 nucleotide bases
in length.

[0077] A polynucleotide or nucleic acid sequence refers to
a polymeric form of nucleotide at least 10 bases in length. A
recombinant polynucleotide includes a polynucleotide that is
not immediately contiguous with both of the coding
sequences with which it is immediately contiguous (one on
the 5' end and one on the 3' end) in the naturally occurring
genome of the organism from which it is derived. The term
therefore includes, for example, a recombinant DNA which is
incorporated into a vector; into an autonomously replicating
plasmid or virus; or into the genomic DNA of a prokaryote or
eukaryote, or which exists as a separate molecule (e.g., a
c¢DNA) independent of other sequences. The nucleotides can
be ribonucleotides, deoxyribonucleotides, or modified forms
of either nucleotide. The term includes single- and double-
stranded forms of DNA. An HA polynucleotide is a nucleic
acid encoding a HA polypeptide; and an HA antibody poly-
nucleotide is a nucleic acid encoding an antibody that spe-
cifically binds HA.

[0078] Pharmaceutically acceptable carriers: The pharma-
ceutically acceptable carriers of use are conventional. Rem-
ington’s Pharmaceutical Sciences, by E. W. Martin, Mack
Publishing Co., Easton, Pa., 19th Edition, 1995, describes
compositions and formulations suitable for pharmaceutical
delivery of the disclosed antibodies.

[0079] In general, the nature of the carrier will depend on
the particular mode of administration being employed. For
instance, parenteral formulations usually comprise injectable
fluids that include pharmaceutically and physiologically
acceptable fluids such as water, physiological saline, bal-
anced salt solutions, aqueous dextrose, glycerol or the like as
avehicle. For solid compositions (e.g., powder, pill, tablet, or
capsule forms), conventional non-toxic solid carriers can
include, for example, pharmaceutical grades of mannitol,
lactose, starch, or magnesium stearate. In addition to biologi-
cally neutral carriers, pharmaceutical compositions to be
administered can contain minor amounts of non-toxic auxil-
iary substances, such as wetting or emulsifying agents, pre-
servatives, and pH buffering agents and the like, for example
sodium acetate or sorbitan monolaurate.
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[0080] Pharmaceutical agent: A chemical compound or
composition capable of inducing a desired therapeutic or
prophylactic effect when properly administered to a subject
or a cell. In some examples a pharmaceutical agent includes
one or more of the disclosed antibodies.

[0081] Polypeptide: Any chain of amino acids, regardless
of length or post-translational modification (e.g., glycosyla-
tion or phosphorylation). In one embodiment, the polypeptide
is an HA polypeptide. In one embodiment, the polypeptide is
a disclosed antibody or a fragment thereof. A “residue” refers
to an amino acid or amino acid mimetic incorporated in a
polypeptide by an amide bond or amide bond mimetic. A
polypeptide has an amino terminal (N-terminal) end and a
carboxy terminal end.

[0082] Purified: The term purified does not require absolute
purity; rather, it is intended as a relative term. Thus, for
example, a purified peptide preparation is one in which the
peptide or protein (such as an antibody) is more enriched than
the peptide or protein is in its natural environment within a
cell. For example, other molecules, e.g. polypeptide, nucleic
acid molecules that have been identified and separated and/or
recovered from a component of its natural environment. In
some examples, purified antibodies have been separated from
one or more components of their natural environment In one
embodiment, a preparation is purified such that the protein or
peptide represents at least 50% of the total peptide or protein
content of the preparation.

[0083] The antibodies that specifically bind HA as dis-
closed herien can be purified by any of the means known in
the art. See for example Guide to Protein Purification, ed.
Deutscher, Meth. Enzymol. 185, Academic Press, San Diego,
1990; and Scopes, Protein Purification: Principles and Prac-
tice, Springer Verlag, New York, 1982. Substantial purifica-
tion denotes purification from other proteins, antibodies, or
cellular components. A substantially purified protein is at
least 60%, 70%, 80%, 90%, 95% or 98% pure. Thus, in one
specific, non-limiting example, a substantially purified pro-
tein is 90% free of other proteins or cellular components.
[0084] Outbreak: As used herein, an influenza virus “out-
break” refers to a collection of virus isolates from within a
single country in a given year.

[0085] Recombinant: A recombinant nucleic acid is one
that has a sequence that is not naturally occurring or has a
sequence that is made by an artificial combination of two
otherwise separated segments of sequence. This artificial
combination is often accomplished by chemical synthesis or,
more commonly, by the artificial manipulation of isolated
segments of nucleic acids, e.g., by genetic engineering tech-
niques.

[0086] Sequence identity: The similarity between amino
acid sequences is expressed in terms of the similarity between
the sequences, otherwise referred to as sequence identity.
Sequence identity is frequently measured in terms of percent-
age identity (or similarity or homology); the higher the per-
centage, the more similar the two sequences are. Homologs or
variants of a polypeptide will possess a relatively high degree
of sequence identity when aligned using standard methods.
[0087] Methods of alignment of sequences for comparison
are well known in the art. Various programs and alignment
algorithms are described in: Smith and Waterman, Adv. Appl.
Math. 2:482, 1981; Needleman and Wunsch, J. Mol. Biol.
48:443, 1970; Pearson and Lipman, Proc. Natl. Acad. Sci.
U.S.A. 85:2444, 1988; Higgins and Sharp, Gene 73:237,
1988; Higgins and Sharp, CABIOS 5:151, 1989; Corpetet al.,
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Nucleic Acids Research 16:10881, 1988; and Pearson and
Lipman, Proc. Natl. Acad. Sci. U.S.A. 85:2444, 1988. Alts-
chul et al., Nature Genet. 6:119, 1994, presents a detailed
consideration of sequence alignment methods and homology
calculations.

[0088] The NCBI Basic Local Alignment Search Tool
(BLAST) (Altschul et al., J. Mol. Biol. 215:403, 1990) is
available from several sources, including the National Center
for Biotechnology Information (NCBI, Bethesda, Md.) and
on the internet, for use in connection with the sequence analy-
sis programs blastp, blastn, blastx, tblastn and tblastx. A
description of how to determine sequence identity using this
program is available on the NCBI website on the internet. The
BLASTP program (for amino acid sequences) uses as
defaults a word length (W) of 3, and expectation (E) of 10, and
the BLOSUMG62 scoring matrix (see Henikoff & Henikoff,
Proc. Natl. Acad. Sci. US4 89:10915, 1989).

[0089] Homologs and variants of a V; or a V of an anti-
body that specifically binds a polypeptide are typically char-
acterized by possession of at least about 75%, for example at
least about 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98% or 99% sequence identity counted over the
full length alignment with the amino acid sequence of inter-
est. Proteins with even greater similarity to the reference
sequences will show increasing percentage identities when
assessed by this method, such as at least 80%, at least 85%, at
least 90%, at least 95%, at least 98%, or at least 99% sequence
identity. When less than the entire sequence is being com-
pared for sequence identity, homologs and variants will typi-
cally possess at least 80% sequence identity over short win-
dows of 10-20 amino acids, and may possess sequence
identities of at least 85% or at least 90% or 95% depending on
their similarity to the reference sequence. Methods for deter-
mining sequence identity over such short windows are avail-
able at the NCBI website on the internet. One of skill in the art
will appreciate that these sequence identity ranges are pro-
vided for guidance only; it is entirely possible that strongly
significant homologs could be obtained that fall outside of the
ranges provided.

[0090] Specifically bind: When referring to an antibody,
refers to a binding reaction which determines the presence of
atarget protein, peptide, or polysaccharide in the presence of
a heterogeneous population of proteins and other biologics.
Thus, under designated conditions, an antibody binds prefer-
entially to a particular target protein, peptide or polysaccha-
ride (such as an antigen of a pathogen, for example HA) and
do not bind in a significant amount to other proteins or
polysaccharides present in the sample or subject. Specific
binding can be determined by methods known in the art. With
reference to an antibody antigen complex, specific binding of
the antigen and antibody has a K, of less than about 1079
Molar, 10~7 Molar, 10~ Molar, 10~°, or even less than about
107'° Molar. Generally, an antibody specifically binds the
target antigen with a K, of is less than 10~ Molar.

[0091] Therapeutic agent: Used in a generic sense, it
includes treating agents, prophylactic agents, and replace-
ment agents. A therapeutic agent is used to ameliorate a
specific set of conditions in a subject with a disease or a
disorder.

[0092] Therapeutically effective amount: A quantity of a
specific substance, such as a disclosed antibody, sufficient to
achieve a desired effect in a subject being treated. For
instance, this can be the amount necessary to inhibit influenza
virus replication or treat the flu. In several embodiments, a
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therapeutically effective amount is the amount necessary to
reduce a sign or symptom of the flu, and/or to decrease viral
titer in a subject. When administered to a subject, a dosage
will generally be used that will achieve target tissue concen-
trations that has been shown to achieve a desired in vitro
effect.

[0093] Vector: A nucleic acid molecule as introduced into a
host cell, thereby producing a transformed host cell. A vector
may include nucleic acid sequences that permit it to replicate
in a host cell, such as an origin of replication. A vector may
also include one or more selectable marker genes and other
genetic elements known in the art.

[0094] Virus: Microscopic infectious organism that repro-
duces inside living cells. A virus consists essentially ofa core
of'a single nucleic acid surrounded by a protein coat, and has
the ability to replicate only inside a living cell. “Viral repli-
cation”is the production of additional virus by the occurrence
of at least one viral life cycle. A virus may subvert the host
cells’ normal functions, causing the cell to behave in a manner
determined by the virus. For example, a viral infection may
result in a cell producing a cytokine, or responding to a
cytokine, when the uninfected cell does not normally do so.

Antibodies that Specifically Bind Influenza HA

[0095] Antibodies and antigen binding fragments of these
antibodies are disclosed herein that specifically bind HA of
influenza virus. In some embodiments, the antibody or anti-
gen binding fragment specifically binds to HA of HIN1 influ-
enza. In some embodiments, it specifically binds the HA of
HS5NI influenza. In some embodiments, the antibody or anti-
gen binding fragment specifically binds the HA of both HIN1
and H5N1. In some embodiments, the antibody or antigen
binding fragment also specifically binds to the HA of H3N2.
In further embodiments, the antibody specifically binds
HIN1, H5N1 and/or H3N2. Thus, in some embodiments, the
antibody, antibody fragment binds to the HA domain of two
or more different subclasses of influenza A, such as HIN1,
H5N1 and/or H3N2. These antibodies are broadly cross reac-
tive. In some embodiments, the antibodies bind the stem of
HA.

[0096] The antibody, antibody fragment can cross-react
with two different influenza strains/subtypes (e.g., two or
more different strains of HIN1 such as the 2009 pandemic
strain or the 1918 pandemic strain). In some cases, the anti-
body, antibody fragment or peptide may cross-react with
three or more, five or more or ten or more different influenza
strains and/or subtypes. Thus, the antibody, antibody frag-
ment binds to the HA domain (and in some cases can neutral-
ize) two or more of the following HIN1 strains: Pandemic
(HIN1) 2009; A/Brevig mission/1/18(HIN1) 1918; and
A/Brisbane/59/07(HIN1) 2007. Some antibodies, antibody
fragments immunospecifically bind to a particular type of
influenza, e.g., HIN1 or H5N1. In some cases the antibody,
antibody fragment immunospecifically binds to an influenza
virus, e.g., influenza A, HA domain. In some cases the anti-
body, antibody fragment or peptide binds or binds and neu-
tralizes a HIN1 strain and/or subtype and an HINS strain
and/or subtype. In some non-limiting examples, the purified
antibody or antibody fragment binds to at least three H1
influenza strains selected from the strains in panel A of FIG.
3.

[0097] In specific non-limiting embodiments, the isolated
antibody binds the HA stalk. The HA stalk includes portions
of'the HA1 and HA2 subunits of HA. Thus, the antibody can
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bind epitopes on HAL epitopes on HA2, or an epitope found
on a complex of HA1 and HA2.

[0098] In other non-limiting embodiments, the isolated
antibody binds the HA globular head. In further non-limiting
embodiments, the strain and/or subtype antibody neutralizes
one or more strains and/or subtypes of HIN1 influenza, one or
more strains and/or subtypes of HSN1 influenza or one or
more strains and/or subtypes of both HIN1 and H5N1 influ-
enza. In yet other non-limiting embodiments, the antibody
has hemagglutination inhibition activity. In additional
embodiments, the antibody binds one (e.g., 2, 3, 4 or 5) or
more of: Pandemic (HIN1) 2009; A/Brevig mission/1/18
(HIN1) 1918; and A/Brisbane/59/07(H1N1) 2007 A/Indone-
sia/5/05 (H5N1) 2005; A/Brisbanel0/07 (H3N2) 2007.
[0099] In other embodiments, the antibody is an IgG anti-
body; such an IgG1 antibody; is an IgG1, kappa antibody; is
an IgG1, lambda antibody, or a IgM, IgA, IgD or IgE anti-
body. The antibody can be a humanized antibody or a fully
human antibody. Antigen binding fragments of these antibod-
ies are also provided herein. In some embodiments, that anti-
gen binding is selected from a Fab, a F(ab'), fragment, a Fd
fragment, an Fv fragment, a scFv, and a domain antibody
(dAb) fragment.

[0100] Generally, an anti-influenza antibody immunospe-
cifically bind an epitope specific to an HA domain of an
influenza A virus and does not specifically bind to other
polypeptides. Isolated monoclonal antibodies that specifi-
cally bind HA are disclosed herein. Also disclosed herein are
compositions including these monoclonal antibodies and a
pharmaceutically acceptable carrier. Nucleic acids encoding
these antibodies, expression vectors comprising these nucleic
acids, and isolated host cells that express the nucleic acids are
also provided.

[0101] Compositions comprising the monoclonal antibod-
ies specific for HA can be used for research, diagnostic and
therapeutic purposes. In one embodiment, the monoclonal
antibodies disclosed herein can be used to diagnose or treat a
subject having an influenza infection. In another embodi-
ment, the antibodies can be used to determine viral titer in a
subject. The antibodies disclosed herein also can be used to
study the biology of the human immunodeficiency virus.
[0102] Naturally-occurring antibodies are immunoglobu-
lin molecules comprised of four polypeptide chains, two
heavy (H) chains and two light (L) chains inter-connected by
disulfide bonds. Each heavy chain is comprised of a heavy
chain variable region (VH) and a heavy chain constant region.
The heavy chain constant region is comprised of three
domains, CH1, CH2 and CH3. Each light chain is comprised
of'alight chain variable region (VL) and a light chain constant
region. The light chain constant region is comprised of one
domain, CL. The VH and VL regions can be further subdi-
vided into regions of hypervariability, called complementar-
ity determining regions (CDR), interspersed with regions that
are more conserved, called framework regions (FR). Each VH
and VL is composed of three CDRs and four FRs, arranged
from amino-terminus to carboxy-terminus in the following
order: FR1,CDR1,FR2,CDR2,FR3,CDR3,FR4. CDRs and
FRs may be defined according to Kabat or IMGT. Thus,
antibodies are provided herein that include the CDRs of the
variable domains presented in FIG. 12. Antibodies are also
provided herein that include the CDRs presented in FIG. 12.
[0103] Each CDR can include amino acid residues from a
complementarity determining region as defined by Kabat (i.e.
about residues 24-34 (CDR-L1), 50-56 (CDR-1.2) and 89-97
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(CDR-L3) in the light chain variable domain (SEQ ID NOS
11,31,51,71,91,111,131,151,171,191, 211,231,251, 271,
291, 311, 331, 351, 371, 391, 411, 431, 451, 471, 491, 511,
531, 551, 571, 591, 611, 631, 651, 671, 691, 711, 731, 751,
771,791, 811, 831, 851, 871, 891, 911, 931, 951, 971, 991,
1011,1031,1051,1071,1091,1111,1131,1151,1171,1191,
1211, 1231, 1251, 1271, 1291, 1311, 1331, 1351, 1371, and
1391) and 31-35 (CDR-H1), 50-65 (CDR-H2) and 95-102
(CDR-H3) in the heavy chain variable domain (SEQ ID NOS
1,21,41,61,81,101, 121, 141, 161, 181, 201, 221, 241, 261,
281, 301, 321, 341, 361, 381, 401, 421, 441, 461, 481, 501,
521, 541, 561, 581, 601, 621, 641, 661, 681, 701, 721, 741,
761, 781, 801, 821, 841, 861, 881, 901, 921, 941, 961, 981,
1001,1021,1041,1061,1081,1101,1121,1141,1161, 1181,
1201, and 1221, 1241, 1261, 1281, 1301, 1321, 1341, 1361,
and 1381) (Kabat et al., (1991) Sequences of Proteins of
Immunological Intevest, 5™ Edition, U.S. Department of
Health and Human Services, Public Health Service, National
Institutes of Health, Bethesda, Md. (NIH Publication No.
91-3242, which is specifically incorporated herein by refer-
ence in its entirety). In some embodiments, the antibody
includes those residues from a hypervariable loop (i.e. about
residues 26-32 (CDR-L1), 50-52 (CDR-L2) and 91-96
(CDR-L3) in the light chain variable domain (SEQ ID NO:1)
and 26-32 (CDR-H1), 53-55 (CDR-H2) and 96-101 (CDR-
H3) in the heavy chain variable domain (SEQ ID NO:2), see
Chothia and Lesk J. Mol. Biol. 196:901-917 (1987)). In some
instances, a complementarity determining region can include
amino acids from both a CDR region defined according to
Kabat and a hypervariable loop.

[0104] Framework regions are those variable domain resi-
dues other than the CDR residues. Each variable domain
typically has four FRs identified as FR1, FR2, FR3 and FR4.
Ifthe CDRs are defined according to Kabat, the light chain FR
residues are positioned at about residues 1-23 (LCFR1),
35-49 (LCFR2), 57-88 (LCFR3), and 98-107 (LCFR4) of
SEQ ID NO:1) and the heavy chain FR residues are posi-
tioned about at residues 1-30 (HCFR1), 36-49 (HCFR2),
66-94 (HCFR3), and 103-113 (HCFR4) of SEQ ID NO:2. If
the CDRs comprise amino acid residues from hypervariable
loops, the light chain FR residues are positioned about at
residues 1-25 (LCFR1), 33-49 (LCFR2), 53-90 (LCFR3),
and 97-107 (LCFR4) in the light chain (SEQ ID NO:1) and
the heavy chain FR residues are positioned about at residues
1-25 (HCFR1), 33-52 (HCFR2), 56-95 (HCFR3), and 102-
113 (HCFR4) in the heavy chain (SEQ ID NO:2). In some
instances, when the CDR comprises amino acids from both a
CDR as defined by Kabat and those of a hypervariable loop,
the FR residues will be adjusted accordingly.

[0105] The monoclonal antibodies can also include heavy
and light chain variable domains including a CDR1, CDR2
and CDR3 with reference to the IMGT numbering scheme
(unless the context indicates otherwise). The person of ordi-
nary skill in the art will understand that various CDR num-
bering schemes (such as the Kabat, Chothia or IMGT num-
bering schemes) can be used to determine CDR positions.
This numbering also can be used in reference to the heavy and
light chains sequences disclosed herein. FIG. 12 provides the
CDRs and framework regions according to the IMGT num-
bering scheme.

[0106] In certain embodiments, the anti-influenza antibod-
ies are isolated and/or purified and/or pyrogen free antibod-
ies. The present anti-influenza antibodies include at least one
antigen binding domain that comprises at least one comple-
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mentarity determining region (CDR1, CDR2 and CDR3). In
one embodiment, the anti-influenza antibodies or antigen
binding fragments thereof include a V, that includes at least
one V, CDR (e.g.,, CDR-H1, CDR-H2 or CDR-H3). In
another embodiment, the anti-influenza antibodies include a
V; that comprises at leastone V; CDR (e.g., CDR-L.1, CDR-
L2 or CDR-L3). In further embodiments the anti-influenza
antibodies or antigen binding fragments thereof include three
V,CDRs (e.g., CDR-H1, CDR-H2 or CDR-H3) and or three
V; CDRs (e.g., CDR-L1, CDR-L2 or CDR-L3)

[0107] Disclosed herein are antibodies, antibody (antigen-
binding) fragments wherein the antibody or the antibody
fragment or the peptide binds to an HA domain of influenza
(e.g., HIN1, H5N1, H3N2 or two or more of HIN1, H5N1
and H3N2) virus and comprises: (a) a V, CDR1 comprising
or consisting of an amino acid sequence identical to or having
1,2, or 3 amino acid residue substitutions or deletions relative
to a V; CDRI1 in column I of Table 1 (FIG. 12); (b) a V,,
CDR2 comprising or consisting of an amino acid sequence
identical to or having 1, 2, or 3 amino acid residue substitu-
tions or deletions relative to aV,,CDR2 in column K of Table
1 (FIG. 12); (¢) a V5 CDR3 comprising or consisting of an
amino acid sequence identical to or having 1, 2, or 3 amino
acid residue substitutions or deletions relative to a V,, CDR3
in column M of Table 1 (FIG. 12); (d) aV,; CDR1 comprising
or consisting of an amino acid sequence identical to or having
1,2, or 3 amino acid residue substitutions or deletions relative
toaV; CDRI1incolumnIofTable 1 (FIG.12);(e)aV,CDR2
comprising or consisting of an amino acid sequence identical
to or having 1, 2, or 3 amino acid residue substitutions or
deletions relative to aV; CDR2 in column K of Table 1 (FIG.
12); and (f) a V,; CDR3 comprising or consisting of an amino
acid sequence identical to or having 1, 2, or 3 amino acid
residue substitutions or deletions relative to a V, CDR3 in
column M of Table 1 (FIG. 12). In certain embodiments the
V;and VL CDRs are all from the same antibody in Table 1
(FIG. 12). In certain embodiments, the anti-influenza anti-
bodies or antigen binding fragments comprise a V,, CDR1
having an amino acid sequence identical to or comprising 1,
2,or 3 amino acid residue substitutions relative to aV,; CDR1
incolumn I of Table 1 (FIG. 12), aV,;CDR2 having an amino
acid sequence identical to or comprising 1, 2, or 3 amino acid
residue substitutions relative to a V,; CDR2 in column K of
Table 1 (FIG. 12) and a V CDR3 having an amino acid
sequence identical to or comprising 1, 2, or 3 amino acid
residue substitutions relative to a V; CDR3 in column M of
Table 1 (FIG. 12). In another embodiment, the anti-influenza
antibodies comprise a V; CDR1 having an amino acid
sequence identical to or comprising 1, 2, or 3 amino acid
residue substitutions relative to a V;, CDR1 in column I of
Table 1 (FIG. 12),aV,; CDR2 having an amino acid sequence
identical to or comprising 1, 2, or 3 amino acid residue sub-
stitutions relative to aV, CDR2 in column K of Table 1 (FIG.
12), and a V; CDR3 having an amino acid sequence identical
to or comprising 1, 2, or 3 amino acid residue substitutions
relative to a V; CDR3 in column M of Table 1 (FIG. 12). In
certain embodiments, the anti-influenza antibodies or antigen
binding fragments thereof comprise a V; CDR1 having an
amino acid sequence identical to a V,, CDR1 in column I of
Table 1 (FIG.12),aV,,CDR2 having an amino acid sequence
identical to aV;CDR2 in column K of Table 1 (FIG. 12) and
a'V;CDR3 having an amino acid sequence identical to a V,
CDR3 in column M of Table 1 (FIG. 12). In another embodi-
ment, the anti-influenza antibodies comprisea V; CDR1 hav-
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ing an amino acid sequence identical to a V; CDR1 in column
I of Table 1 (FIG. 12), a V, CDR2 having an amino acid
sequenceidenticaltoaV; CDR2 in column K of Table 1 (FIG.
12); and a V; CDR3 having an amino acid sequence identical
to a VL. CDR3 in column M of Table 1 (FIG. 12). In certain
embodiments the V, and V; CDRs are all from the same
antibody in Table 1 (FIG. 12).

[0108] Insomeembodiments, the antibody orantibody (an-
tigen binding) fragment comprises a CDR1, CDR2 and
CDR3 (V or V;) having 1, 2, or 3 amino acid residue sub-
stitutions or deletions relative in Table 1 (FIG. 12)toa CDRI1,
CDR2 or CDR3 Table 1, wherein the substitutions are con-
servative. In some embodiments, a CDR contains 2, 3, 4, 5, 6,
7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18 or 19 contiguous
amino acids of a CDR depicted in Table 1. In certain embodi-
ments, the anti-influenza antibodies comprise a heavy chain
V-region having an amino acid sequence identical to or hav-
ing 1, 2,3,4,5,6,7,8, 9 or 10 amino acid substitutions
relative to a heavy chain V-region in column G or O of Table
1 (FIG. 12) and/or alight chain V-region having an amino acid
sequence identical to or having 1, 2,3, 4,5, 6,7, 8, 9 or 10
amino acid substitutions relative to a light chain V-region in
column G or O of Table 1 (FIG. 12). In other embodiments,
the antibody or antibody (antigen binding) fragment includes
a deletion, such as a deletion of contiguous amino acids, such
as at the amino or carboxy terminus.

[0109] In some embodiments, the isolated antibody or the
antibody (antigen binding) fragment: (i) comprises a Vg
domain comprising three CDRs and a V; domain comprising
three CDRs; and (ii) binds an HA domain of influenza virus
(such as HIN1, H5N1 or both; or such as HIN1, H5N1,
H3N2 ortwo ormore of HIN1, HSN1 and H3N2) wherein the
three CDRs of the V,, domain comprise: (a) a V; CDRI1
comprising the amino acid sequence ofa V,;CDR1 in column
TofTable 1 (FIG. 12); (b) a V,, CDR2 comprising the amino
acid sequence of a V,, CDR2 in column K of Table 1 (FIG.
12); and (¢) a V, CDR3 comprising the amino acid sequence
ofaV,CDR3 in column M of Table 1 (FIG. 12). In additional
embodiments, the isolated antibody or antibody (antigen
binding) fragment: (i) comprises a V chain domain compris-
ing three CDRs and a V, chain domain comprising three
CDRs; and (i) binds an HA domain of influenza virus (e.g.,
HIN1, H5N1 or both) wherein the three CDRs of the V; chain
domain comprise: (a) a V; CDR1 comprising the amino acid
sequence of V; CDR1 in column I of Table 1 (FIG. 12); (b) a
V; CDR2 comprising the amino acid sequence ofa V, CDR2
in column K of Table 1 (FIG. 12); and (¢) a V; CDR3 com-
prising the amino acid sequence of a V; CDR3 in column M
of Table 1 (FIG. 12). In certain embodiments the V,and V,
CDRs are all from the same antibody in Table 1 (FIG. 12).

[0110] Anantibody or antibody (antigen binding) fragment
can optionally comprise: (a) a V, FR1 having the amino acid
sequence of a V FR1 shown in Table 1 (FIG. 12) (b) a V
FR2 having the amino acid sequence of a V,; FR2 shown in
Table 1 (FIG. 12); (¢) a V FR3 having the amino acid
sequence of a V; FR3 shown in Table 1 (FIG. 12); (d) a V
FR4 having the amino acid sequence of a V,; FR4 shown in
Table 1 (FIG. 12); (e) a V,; FR1 having the amino acid
sequence of V; FR1 shownin Table 1 (FIG. 12)1; (f)aV,; FR2
having the amino acid sequence of a V; FR2 shown in Table
1 (FIG. 12); (g) a V, FR3 having the amino acid sequence of
aV; FR3 shown in Table 1 (FIG. 12); and (h)aV, FR4 having
the amino acid sequence of a V; FR4 in shown in Table 1
(FIG. 12).
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[0111] Inadditional embodiments an antibody or antibody
(antigen binding) fragment is disclosed, wherein the antibody
or the fragment binds HA of an influenza A virus (e.g., HIN1,
HS5N1 or two of more of HIN1, HSN1 and H3N2) and com-
prises a heavy chain variable domain having an amino acid
sequence identical to or comprising up to 10 (e.g., up to 9, 8,
7,6,5,4,3,2o0r 1) amino acid residue substitutions relative to
the amino acid sequence of the heavy chain variable domain
(column G or O) of a selected antibody in Table 1 (FIG. 12)
and comprises a light chain variable domain having an amino
acid sequence identical to or comprising up to 10 (e.g., up to
9,8,7,6,5,4,3,2or 1) amino acid residue substitutions
relative to the amino acid sequence of the light chain variable
domain (column G or O) of the selected antibody in Table 1
(FIG. 12). In certain embodiments the heavy chain variable
domain and the light chain variable domain are from the same
antibody in Table 1 (FIG. 12). In additional embodiments,
disclosed is a purified antibody or antibody (antigen binding)
fragment, wherein the antibody or the fragment binds HA of
influenza virus (e.g., HIN1, H5N1 or two of more of HIN1,
H5N1 and H3N2) and comprises a heavy chain variable
domain having at least 90% or 95% identity to the amino acid
sequence of the heavy chain variable domain (column G or O)
of a selected antibody in Table 1 (FIG. 12) and comprises a
light chain variable domain having at least 90% or 95% iden-
tity to the amino acid sequence of the light chain variable
domain (column G or O) of the selected antibody in Table 1
(FIG. 12). In certain embodiments the heavy chain variable
domain and the light chain variable domain are from the same
antibody in Table 1 (FIG. 12). In some examples, the antibody
orantibody (antigen binding) fragment binds HA of influenza
virus (e.g., HIN1, H5N1 two of more of HIN1, H5N1 and
H3N2) and includes a heavy chain variable domain having the
amino acid sequence of the heavy chain variable domain
sequence (column G or O) of a selected antibody in Table 1
(FIG. 12) and the light chain variable domain having the
amino acid sequence of the light chain variable domain
sequence (column G or O, respectively) of the selected anti-
body in Table 1 (FIG. 12).

[0112] In yet other embodiments, disclosed is a purified
antibody or antibody (antigen binding) fragment, wherein the
antibody or the fragment binds the same epitope on HA of
influenza virus (e.g., HIN1, H5N1 or two of more of HIN1,
H5N1 and H3N2) as that bound by an antibody comprising:
(a) a heavy chain variable domain having the amino acid
sequence of the heavy chain variable domain sequence (col-
umn G) of a selected antibody in Table 1 (FIG. 12); and (b) a
light chain variable domain having the amino acid sequence
of'the light chain variable domain sequence (column G) ofthe
selected antibody in Table 1 (FIG. 12).

[0113] In yet other embodiments, disclosed is a purified
antibody or antibody (antigen binding) fragment, wherein the
antibody or the fragment binds to an HA domain of influenza
virus (e.g., HIN1, HSN1 or both), comprising: (a) a polypep-
tide comprising an amino acid sequence identical to or having
1,2,3,4,5,6,7,8,9or 10 amino acid substitutions, or having
up to 5 amino acid substitutions, as compared to a V-D-J
sequence (FIG. 14); and (a) a polypeptide comprising an
amino acid sequence identical to, identical to or having 1, 2,
3,4,5,6,7,8,9 or 10 amino acid substitutions, or having up
to 5 amino acid substitutions compared to a V-J sequence
(FIG. 14). In certain embodiments, the anti-influenza anti-
bodies comprise a heavy chain VDT-region having an amino
acid sequence identical to a heavy chain VDJ-region in col-
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umn F of Table 1 (FIG. 12) and a light chain VJ-region
identical to a light chain VJ-region in column G of Table 1
(FIG. 12). In certain embodiments, the anti-influenza anti-
bodies comprise a heavy chain V-region having an amino acid
sequence identical to a heavy chain V-region in column G of
Table 1 (FIG. 12) and a light chain V-region identical to a light
chain V-region in column G of Table 1 (FIG. 12).

[0114] In one embodiment, the anti-influenza antibodies
bind HA of an H1N1 influenza virus, or an antigenic fragment
thereof, wherein the antibody has at least 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95% or 100% identity to the amino
acid sequence of an antibody disclosed herein. In a further
embodiment, the anti-influenza antibodies bind to HA of an
HINI influenza virus, or an antigenic fragment thereof,
wherein the antibody has at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% identity to the amino
acid sequence of an antibody described herein. In other
embodiments, an anti-influenza antibody binds HA of an
HIN1 influenza virus and an H5N1 influenza virus, or an
antigenic fragment thereof, wherein the antibody has at least
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 100% iden-
tity to the amino acid sequence of an antibody disclosed
herein. In further embodiments, the anti-influenza antibodies
bind to HA of an HIN1 influenza virus polypeptide and an
HS5N1 influenza virus polypeptide, or an antigenic fragment
thereof, wherein the antibody has at least 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity to
the amino acid sequence of an antibody disclosed herein. In
yet other embodiments the an anti-influenza antibody binds
HA of an HIN1 influenza virus, an HSN1 influenza virus, and
an H3N2 influenza virus, or an antigenic fragment thereof,
wherein the antibody has at least 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95% or 100% identity to the amino acid sequence
of an antibody disclosed herein. In further embodiments, the
anti-influenza antibodies bind to HA of an HINT1 influenza
virus polypeptide, an H5N1 influenza virus polypeptide and
an H3N2 influenza virus polypeptide, or an antigenic frag-
ment thereof, wherein the antibody has at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or having at
least 100% identity to the amino acid sequence of an antibody
disclosed herein.

[0115] Conservative variants of the antibodies can be pro-
duced. Such conservative variants employed in antibody frag-
ments, such as dsFv fragments or in scFv fragments, will
retain critical amino acid residues necessary for correct fold-
ing and stabilizing between the V,; and the V; regions, and
will retain the charge characteristics of the residues in order to
preserve the low pl and low toxicity of the molecules. Amino
acid substitutions (such as at most one, at most two, at most
three, at most four, or at most five amino acid substitutions)
can be made in the V; and the V; regions to increase yield. In
particular examples, the V,, sequence and/or V; sequence is
shown in FIG. 12. Conservative amino acid substitution
tables providing functionally similar amino acids are well
known to one of ordinary skill in the art. The following six
groups are examples of amino acids that are considered to be
conservative substitutions for one another:

[0116] 1) Alanine (A), Serine (S), Threonine (T);
[0117] 2) Aspartic acid (D), Glutamic acid (E);
[0118] 3) Asparagine (N), Glutamine (Q);

[0119] 4) Arginine (R), Lysine (K);
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[0120] 5) Isoleucine (I), Leucine (L), Methionine (M),
Valine (V); and

[0121] 6) Phenylalanine (F), Tyrosine (Y), Tryptophan
(W).
[0122] In further embodiments, the antibody, antibody

fragment or peptide comprises a heavy chain and/or light
chain CDRs of an antibody selected from: 05-2G02,09-2A06
and 09-3A01.

[0123] Insome embodiments the antibody, antibody (anti-
gen binding) fragment or peptide comprises:

[0124] a)a CDRI1 comprising at least 7 contiguous amino
acids of GYTFSNYG (SEQ ID NO: 3); a CDR2 comprising
at least 7 contiguous amino acids of ISAYNGHT (SEQ ID
NO: 5); and a CDR3 comprising at least 14 or 15 contiguous
amino acids of ARDRRDLLTGSLGDY (SEQ ID NO: 7;
[0125] b)a CDRI comprising GYTFSNYG (SEQ ID NO:
3); a CDR2 comprising ISAYNGHT (SEQ ID NO: 5); and a
CDR3 comprising ARDRRDLLTGSLGDY (SEQID NO: 7);
[0126] c¢) a heavy chain variable domain comprising: a
CDRI1 comprising or consisting of GYTFSNYG (SEQ ID
NO: 3); a CDR2 comprising or consisting of ISAYNGHT
(SEQ ID NO: 5); and a CDR3 comprising or consisting of
ARDRRDLLTGSLGDY (SEQ ID NO: 7);

[0127] d) a heavy chain variable domain comprising:
QVQLVQSGPEVKKPGASIKVSCRAS
GYTFSNYGITWVRQAPGQGLEWMGWISAYNGHTN
SAQKFQGRVTMTTDTSTSTAYMEVRSL-
RSDDTAVYYCAR (SEQ ID NO: 1) or comprising the
05-2G02 heavy chain variable domain sequence provided in
column 0 of FIG. 12;

[0128] e) a CDRI1 comprising at least 5 contiguous amino
acids of RGLLYIDGNTY (SEQ ID NO: 13); a CDR2 com-
prising at least 2 contiguous amino acids of NVS (SEQ ID
NO: 15); and a CDR3 comprising at least 8 contiguous amino
acids of MQGTYWPFT (SEQ ID NO: 17);

[0129] f) a CDRI1 comprising or consisting of RGLLY-
IDGNTY (SEQ ID NO: 13); a CDR2 comprising or consist-
ing of NVS (SEQ ID NO: 15); and a CDR3 comprising
MQGTYWPFT (SEQ ID NO: 17);

[0130] g) a light chain variable domain comprising: a
CDRI1 comprising or consisting of RGLLYIDGNTY (SEQ
ID NO: 13); a CDR2 comprising or consisting of NVS (SEQ
ID NO: 15); and a CDR3 comprising or consisting of MQG-
TYWPFT (SEQ ID NO: 17);

[0131] h) a light chain variable domain comprising:
DVVMTQSPLSLPVTLGQPASISCRSS
RGLLYIDGNTYLNWFQQRPGQSPRRLIHNVSNRDSG
VPDRFSGSGSRTDFTLKISRVEAEDVGVYYC
MQGTYW (SEQ ID NO: 11) or comprising the 05-2G02
light chain variable domain sequence provided in O of Col-
umn FIG. 12.

[0132] Insomeembodiments the antibody (09-2A06), anti-
body fragment or peptide comprises:

[0133] a)a CDRI1 comprising at least 8 contiguous amino
acids of GGSFTSFV (SEQ ID NO: 23); a CDR2 comprising
at least 7 contiguous amino acids of VIPIFATP (SEQ ID NO:
25); and a CDR3 comprising at least 14 or 15 contiguous
amino acids of ASPDLTMVEFVPHTGPLDF (SEQ ID NO:
27);

[0134] b) a CDR1 comprising GGSFTSFV (SEQ ID NO:
23); a CDR2 comprising VIPIFATP (SEQ ID NO: 25); and a
CDR3 comprising ASPDLTMVFVPHTGPLDF (SEQ ID
NO: 27);
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[0135] c¢) a heavy chain variable domain comprising: a
CDRI1 comprising or consisting of GGSFTSFV (SEQID NO:
23); aCDR2 comprising or consisting of VIPIFATP (SEQ ID
NO: 25); and a CDR3 comprising or consisting of ASPDLT-
MVFVPHTGPLDF (SEQ ID NO: 27);

[0136] d) a heavy chain variable domain comprising:
QVQLVQSGAEVKRPGSSVTVSCKASG
GSFTSFVISWVRQAPGQGLEWMGGVIPIFATPKY
AQKFQGRLTITADKSTNTAYMELTSLRSEDTAMYYCA
(SEQ ID NO: 21) or the 09-2A06 heavy chain variable
domain amino acid sequence provided in column 0 of FIG.
12;

[0137] e)a CDRI1 comprising at least 5 contiguous amino
acids of QSIDNW (SEQ ID NO: 33); a CDR2 comprising at
least 2 contiguous amino acids of KAS (SEQ ID NO: 35); and
a CDR3 comprising at least 8 contiguous amino acids of
QHYDTYSGT (SEQ ID NO: 37);

[0138] f)a CDRI1 comprising QSIDNW (SEQ ID NO: 33);
a CDR2 comprising KAS (SEQ ID NO: 35); and a CDR3
comprising QHYDTYSGT (SEQ ID NO: 37);

[0139] g) a light chain variable domain comprising: a
CDR1 comprising or consisting of QSIDNW (SEQ ID NO:
33); a CDR2 comprising or consisting of KAS (SEQ ID NO:
35); and a CDR3 comprising or consisting of QHYDTYSGT
(SEQ ID NO: 37);

[0140] h) a light chain variable domain comprising:
DIQMTQSPSTLSASVGDRVTITCRAS
QSIDNWLAWYQQKPGKAPNLLIYKASSLRSGVPSR
FSGSGSGTEFTLTISSLQPDDFATYYCQHYDTY (SEQ
IDNO:31) or the 09-2A06 light chain variable domain amino
acid sequence provided in column O of FIG. 12.

[0141] In further embodiments, the antibody (09-3A01),
antibody fragment or peptide comprises:

[0142] a)a CDRI1 comprising at least 8 contiguous amino
acids of GGSITSNTYY (SEQ ID NO: 43); a CDR2 compris-
ing at least 7 contiguous amino acids of ISFSGRT (SEQ ID
NO: 45); and a CDR3 comprising at least 14 or 15 contiguous
amino acids of ARQLTGMVYAILLPSYFDF (SEQ ID NO:
47);

[0143] b) a CDRI1 comprising GGSITSNTYY (SEQ ID
NO: 43); a CDR2 comprising ISFSGRT (SEQ ID NO: 45);
and a CDR3 comprising ARQLTGMVYAILLPSYFDF (SEQ
1D NO: 47);

[0144] c¢) a heavy chain variable domain comprising: a
CDRI1 comprising or consisting of GGSITSNTYY (SEQ ID
NO: 43); a CDR2 comprising or consisting of ISFSGRT
(SEQ ID NO: 45); and a CDR3 comprising or consisting of
ARQLTGMVYAILLPSYFDF (SEQ ID NO: 47);

[0145] d) a heavy chain variable domain comprising:
RLQLQESGPGLVKPSETLSLTCTVS
GGSITSNTYYWGWIRQPPGKGLESIGSISFSGRTYYSP
SLKSRVIMSVDTSKNQFSLKLSSVTAADTAFYYCAR
(SEQ ID NO: 41) or the 0 9-3A01 heavy chain variable
domain amino acid sequence provided in column 0 of FIG.
12;

[0146] e)a CDRI1 comprising at least 5 contiguous amino
acids of QSIGSW (SEQ ID NO: 53); a CDR2 comprising at
least 2 contiguous amino acids of KAS (SEQ ID NO: 55); and
a CDR3 comprising at least 8 contiguous amino acids of
QQHNSYSGA (SEQ ID NO: 57);

[0147] f)a CDRI comprising QSIGSW (SEQ ID NO: 53);
a CDR2 comprising KAS (SEQ ID NO: 55); and a CDR3
comprising QQHNSYSGA (SEQ ID NO: 57);
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[0148] g) a light chain variable domain comprising: a
CDRI1 comprising or consisting of QSIGSW (SEQ ID NO:
53); a CDR2 comprising or consisting of KAS (SEQ ID NO:
55); and a CDR3 comprising or consisting of QQHNSYSGA
(SEQID NO: 57);

[0149] h) a light chain variable domain comprising:
DIQMTQSPSTLSASVGDRVTITCRAS
QSIGSWLAWYQQKPGKAPKWYKASTLESGVPSRF
SGSGSGTEFTLTISSLQPDDLATYYCQQHNSY (SEQ ID
NO: 51) or the 0 9-3A01 light chain variable domain amino
acid sequence provided in column 0 in FIG. 12.

[0150] In some embodiments, antibodies are disclosed
herein, wherein the antibody includes:

[0151] a) a heavy chain variable domain comprising: a
CDRI1 comprising or consisting of GYTFSNYG (SEQ ID
NO: 3); a CDR2 comprising or consisting of ISAYNGHT
(SEQ ID NO: 5); and a CDR3 comprising or consisting of
ARDRRDLLTGSLGDY (SEQ ID NO: 7) and a light chain
variable domain comprising: a CDR1 comprising or consist-
ing of RGLLYIDGNTY (SEQ ID NO: 13); a CDR2 compris-
ing or consisting of NVS (SEQ ID NO: 15); and a CDR3
comprising or consisting of MQGTYWPFT (SEQ ID NO:
17);

[0152] b) a heavy chain variable domain comprising: a
CDRI1 comprising or consisting of GGSFTSFV (SEQID NO:
23); a CDR2 comprising or consisting of VIPIFATP (SEQ ID
NO: 25);

[0153] and a CDR3 comprising or consisting of ASPDLT-
MVFVPHTGPLDF (SEQ ID NO: 27) and a light chain vari-
able domain comprising: a CDR1 comprising or consisting of
QSIDNW (SEQ ID NO: 33); a CDR2 comprising or consist-
ing of KAS (SEQ ID NO: 35); and a CDR3 comprising or
consisting of QHYDTYSGT (SEQ ID NO: 37); or

[0154] c¢) a heavy chain variable domain comprising: a
CDRI1 comprising or consisting of GGSITSNTYY (SEQ ID
NO: 43); a CDR2 comprising or consisting of ISFSGRT
(SEQ ID NO: 45); and a CDR3 comprising or consisting of
ARQLTGMVYAILLPSYFDF (SEQ ID NO: 47) and a light
chain variable domain comprising: a CDR1 comprising or
consisting of QSIGSW (SEQ ID NO: 53); a CDR2 compris-
ing or consisting of KAS (SEQ ID NO: 55); and a CDR3
comprising or consisting of QQHNSYSGA (SEQ ID NO:
57).

[0155] Insome embodiments, an antibody or antigen bind-
ing fragment thereof is provided that includes a heavy chain
variable domain and a light chain variable domain, wherein
the heavy chain variable domain includes one of: a) the amino
acid sequence set forth as SEQ ID NO: 3, the amino acid
sequence set for the as SEQ ID NO: 5 and the amino acid
sequence set forth as SEQ ID NO: 7 [005-2G02]; b) the amino
acid sequence set forth as SEQ ID NO: 23, the amino acid
sequence set for the as SEQ ID NO: 25 and the amino acid
sequence set forth as SEQ ID NO: 27 [09-2A06]; or c) the
amino acid sequence set forth as SEQ ID NO: 43, the amino
acid sequence set forth as SEQ ID NO: 45 and the amino acid
sequence set forth as SEQ ID NO: 47 [09-3A01]. In further
embodiments, the antibody or antigen binding fragment
thereof includes a) a heavy chain variable domain including
the amino acid sequence set forth as SEQ ID NO: 3, the amino
acid sequence set forth as SEQ ID NO: 5 and the amino acid
sequence set forth as SEQ ID NO: 7, and a light chain variable
domain including the amino acid sequence set forth as SEQ
ID NO: 13, the amino acid sequence set for the as SEQ ID
NO: 15 and the amino acid sequence set forth as SEQ ID NO:
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17 [005-2G02]; b) a heavy chain variable domain including
the amino acid sequence set forth as SEQ ID NO: 23, the
amino acid sequence set for the as SEQ ID NO: 25 and the
amino acid sequence set forth as SEQ ID NO: 27, and a light
chain variable domain including the amino acid sequence set
forth as SEQ ID NO: 33, the amino acid sequence set for the
as SEQ ID NO: 35 and the amino acid sequence set forth as
SEQ ID NO: 37 [09-2A06]; or ¢) a heavy chain variable
domain including the amino acid sequence set forth as SEQ
ID NO: 43, the amino acid sequence set for the as SEQ ID
NO: 45 and the amino acid sequence set forth as SEQ ID NO:
47[09-3A01]; and alight chain variable domain including the
amino acid sequence set forth as SEQ ID NO: 53, the amino
acid sequence set for the as SEQ ID NO: 55 and the amino
acid sequence set forth as SEQ ID NO: 57. These monoclonal
antibodies and antigen binding fragments specifically bind
influenza HA.

[0156] In further embodiments, the heavy chain variable
domain of the antibody or antigen binding fragment includes
one of a) the amino acid sequence set forth as SEQ ID NO: 1;
b) the amino acid sequence set forth as SEQ ID NO: 21; orc)
the amino acid sequence set forth as SEQ ID NO: 41. In other
embodiments, the heavy chain variable domain includes or
consists of one of: a) the amino acid sequence set forth as SEQ
IDNO: 9; b) the amino acid sequence set forth as SEQ ID NO:
29; or ¢) the amino acid sequence set forth as SEQ ID NO: 49.
In further embodiments, the heavy chain variable domain has
an amino acid sequence at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% identical to the amino
acid sequence set for the as the amino acid sequence set forth
as SEQ ID NO: 9, SEQ ID NO: 29 and/or SEQ ID NO: 49. In
yet other embodiments, the heavy chain variable domain
includes 1, 2, 3,4, 5, 6,7, 8, 9 or 10 amino acid substitutions
in the amino acid sequence set forth as SEQ ID NO: 9, SEQ
1D NO: 29 and/or SEQ ID NO: 49. These monoclonal anti-
bodies and antigen binding fragments specifically bind influ-
enza HA.

[0157] Inadditional embodiments, the light chain variable
domain includes one of'a) the amino acid sequence set forth as
SEQID NO: 11; b) the amino acid sequence set forth as SEQ
ID NO: 31; or ¢) the amino acid sequence set forth as SEQ ID
NO: 51. In other embodiments, the light chain variable
domain includes or consists of a) the amino acid sequence set
forth as SEQ ID NO: 19; b) the amino acid sequence set forth
as SEQ ID NO: 39; or ¢) the amino acid sequence set forth as
SEQ ID NO: 59. In further embodiments, the light chain
variable domain has an amino acid sequence at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
identical to the amino acid sequence set for the as the amino
acid sequence set forth as SEQ ID NO: 19, SEQ ID NO: 39
and/or SEQ ID NO: 59. In yet other embodiments, the light
chain variable domain includes 1, 2,3, 4, 5,6, 7, 8, 9 or 10
amino acid substitutions in the amino acid sequence set forth
as SEQ ID NO: 19, SEQ ID NO: 39 and/or SEQ ID NO: 59.
These monoclonal antibodies and antigen binding fragments
specifically bind influenza HA.

[0158] In some embodiments, a) the heavy chain variable
domain includes the amino acid sequence set forth as SEQ ID
NO: 1 and the light chain variable domain includes the amino
acid sequence set forth as SEQ ID NO: 11; b) the heavy chain
variable domain includes the amino acid sequence set forth as
SEQ ID NO: 21 and the light chain variable domain includes
the amino acid sequence set forth as SEQ ID NO: 31; or¢) the
heavy chain variable domain includes the amino acid

Nov. 27,2014

sequence set forth as SEQ ID NO: 41 and the light chain
variable domain includes the amino acid sequence set forth as
SEQID NO: 51, wherein the monoclonal antibody or antigen
binding fragment specifically binds influenza HA. In yet
other embodiments, a) the heavy chain variable domain
includes or consists of the amino acid sequence set forth as
SEQID NO: 9 and the light chain variable domain includes or
consists of SEQ ID NO: 19; b) the heavy chain variable
domain includes or consists of the amino acid sequence set
forth as SEQ ID NO: 29 and the light chain variable domain
includes or consists of the amino acid sequence set forth as
SEQ ID NO: 39; or c¢) the heavy chain variable domain
includes or consists of the amino acid sequence set forth as
SEQ ID NO: 49 and the light chain variable domain includes
or consists of the amino acid sequence set forth as SEQ ID
NO: 59, wherein the monoclonal antibody or antigen binding
fragment specifically binds influenza HA.

[0159] In some embodiments, an antibody is provided that
binds the same epitope of HA as does the monoclonal anti-
bodies 05-2G02, 09-2A06 and 09-3A01. These antibodies
can be identified using assays such as, but not limited to,
competitive binding assays.

[0160] Also disclosed herein is a sterile composition
including the purified antibody or antibody fragment and a
sterile composition comprising the purified antibody or anti-
body fragment and a pharmaceutically acceptable carrier.
Pharmaceutical compositions are disclosed below.

[0161] The antibodies can be modified in the Fc region to
provide desired effector functions or serum half-life. With the
appropriate Fc regions, the naked antibody bound on the cell
surface can induce cytotoxicity, e.g., via antibody-dependent
cellular cytotoxicity (ADCC) or by recruiting complement in
complement dependent cytotoxicity (CDC), or by recruiting
nonspecific cytotoxic cells that express one or more effector
ligands that recognize bound antibody on a influenza cell and
subsequently cause phagocytosis of the influenza cell in anti-
body dependent cell-mediated phagocytosis (ADCP), or
some other mechanism.

[0162] Where it is desirable to eliminate or reduce effector
function, so as to minimize side effects or therapeutic com-
plications, certain other Fc regions may be used. The Fc
region of the antibodies of the invention can be modified to
increase the binding affinity for FcRn and thus increase serum
half-life. Alternatively, the Fc region can be conjugated to
PEG or albumin to increase the serum half-life, or some other
conjugation that results in the desired effect.

[0163] Itis known that variants of the Fc region (e.g., amino
acid substitutions and/or additions and/or deletions) enhance
or diminish effector function of the antibody (See e.g., U.S.
Pat. Nos. 5,624,821, 5,885,573, 6,538,124, 7,317,091, 5,648,
260; 6,538,124; PCT Publication Nos. WO 03/074679; WO
04/029207, WO 04/099249; WO 99/58572; and US Pub-
lished Patent Application Nos. 2006/0134105; 2004/
0132101; 2006/0008883) and may alter the pharmacokinetic
properties (e.g. half-life) of the antibody (see, U.S. Pat. Nos.
6,277,375 and 7,083,784). Thus, in certain embodiments, the
anti-influenza antibodies include an altered Fc region (also
referred to herein as “variant Fc region”) in which one or more
alterations have been made in the Fc region in order to change
functional and/or pharmacokinetic properties of the antibod-
ies. The serum half-life of proteins comprising Fc regions
may be increased by increasing the binding affinity of the Fc
region for FcRn. The term “antibody half-life” as used herein
means a pharmacokinetic property of an antibody that is a
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measure of the mean survival time of antibody molecules
following their administration. Antibody half-life can be
expressed as the time required to eliminate 50 percent of a
known quantity of immunoglobulin from the patient’s body
(or other mammal) or a specific compartment thereof, for
example, as measured in serum, i.e., circulating half-life, orin
other tissues. Half-life may vary from one immunoglobulin or
class of immunoglobulin to another. In general, an increase in
antibody half-life results in an increase in mean residence
time (MRT) in circulation for the antibody administered. In a
specific embodiment, the present invention provides an Fc
variant antibody, wherein the Fc region comprises at least one
non-naturally occurring amino acid at one or more positions
selected from the group consisting of 252, 254, and 256. In
one embodiment, the non-naturally occurring amino acids are
selected from the group consisting of 252Y, 254T and 256E.
[0164] Diabodies are also provided herein. Diabodies are
small antibody fragments with two antigen-binding sites,
which fragments comprise a heavy chain variable domain
(V) connected to a light chain variable domain (V) in the
same polypeptide chain (Vand V;). By using a linker that is
too short to allow pairing between the two domains on the
same chain, the domains are forced to pair with the comple-
mentary domains of another chain and create two antigen-
binding site (see e.g., Holliger et al. (1993) Proc. Natl. Acad.
Sci. USA 90:6444; Poljak et al. (1994) Structure 2:1121).
[0165] Linear antibodies are also provided herein. Linear
antibodies include a pair of tandem Fd segments (V-CHI1-
V~CH1) which, together with complementary light chain
polypeptides, form a pair of antigen binding regions. Linear
antibodies can be bispecific or monospecific.
[0166] The antibodies disclosed herein specifically include
chimeric antibodies (immunoglobulins) in which a portion of
the heavy and/or light chain is identical with or homologous
to corresponding sequences in antibodies derived from a par-
ticular species or belonging to a particular antibody class or
subclass, while the remainder of the chain(s) is identical with
or homologous to corresponding sequences in antibodies
derived from another species or belonging to another anti-
body class or subclass, as well as fragments of such antibod-
ies, so long as they exhibit the desired biological activity.
[0167] An antigen binding portion of an antibody specifi-
cally binds to an antigen (e.g., HIN1, HSN1 and/or H3N2). It
has been shown that the antigen-binding function of an anti-
body can be performed by fragments of a full-length anti-
body, including:
[0168] (i) a Fab fragment, a monovalent fragment con-
sisting of the V;, V,,, C; and CH1 domains;
[0169] (ii) a F(ab'), fragment, a bivalent fragment com-
prising two Fab fragments linked by a disulfide bridge at
the hinge region;

[0170] (iii) a Fd fragment consisting of the V,and CH1
domains;
[0171] (iv) a Fv fragment consisting of the V; and V,,

domains of a single arm of an antibody,
[0172] (v) a dAb fragment (Ward et al, (1989) Nature
341:544 546), which consists of a V, domain; and
[0173] (vi) an isolated complementarity determining
region (CDR).
Antibody portions, such as Fab and F(ab'), fragments, can be
prepared from whole antibodies using conventional tech-
niques, such as papain or pepsin digestion, respectively, of
whole antibodies. Furthermore, although the two domains of
the Fv fragment, V; and V, are coded for by separate genes,
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they can be joined, using recombinant methods, by a synthetic
linker that enables them to be made as a single protein chain
in which the V, and V, regions pair to form monovalent
molecules (known as single chain Fv (scFv); see e.g., Bird et
al. (1988) Science 242:423 426; and Huston et al. (1988)
Proc. Natl. Acad. Sci. USA 85:5879 5883). Single chain Fv
and other forms of single chain antibodies, such as diabodies
are also encompassed by the present disclosure.

[0174] Any of the antibody or antigen-binding fragments
disclosed herein can be part of a larger immunoadhesion
molecule, formed by covalent or noncovalent association of
the antibody or antibody portion with one or more other
proteins or peptides. Examples of such immunoadhesion
molecules include use of the streptavidin core region to make
a tetrameric scFv molecule (Kipriyanov et al. (1995) Human
Antibodies and Hybridomas 6:93) and use of a cysteine resi-
due, a marker peptide and a C-terminal polyhistidine tag to
make bivalent and biotinylated scFv molecules (Kipriyanov
et al. (1994) Mol. Immunol. 31:1047).

[0175] Human antibodies are also disclosed herein that
include antibodies having variable and constant regions
derived from (or having the same amino acid sequence as
those derived from) human germline immunoglobulin
sequences. Human antibodies can include amino acid resi-
dues not encoded by human germline immunoglobulin
sequences (e.g., mutations introduced by random or site-
specific mutagenesis in vitro or by somatic mutation in vivo),
for example in the CDRs and in particular CDR3.

[0176] The antibodies or antibody fragments disclosed
herein can be derivatized or linked to another molecule (such
as another peptide or protein). In general, the antibody or
portion thereof is derivatized such that the binding to HA is
not affected adversely by the derivatization or labeling. For
example, the antibody can be functionally linked (by chemi-
cal coupling, genetic fusion, noncovalent association or oth-
erwise) to one or more other molecular entities, such as
another antibody (for example, a bispecific antibody or a
diabody), a detection agent, a pharmaceutical agent, and/or a
protein or peptide that can mediate associate of the antibody
or antibody portion with another molecule (such as a strepta-
vidin core region or a polyhistidine tag).

[0177] One type of derivatized antibody is produced by
cross-linking two or more antibodies (of the same type or of
different types, such as to create bispecific antibodies). Suit-
able crosslinkers include those that are heterobifunctional,
having two distinctly reactive groups separated by an appro-
priate spacer (such as m-maleimidobenzoyl-N-hydroxysuc-
cinimide ester) or homobifunctional (such as disuccinimidyl
suberate). Such linkers are available from Pierce Chemical
Company (Rockford, I11.).

[0178] An antibody that specifically binds HA can be
labeled with a detectable moiety. Useful detection agents
include fluorescent compounds, including fluorescein, fluo-
rescein isothiocyanate, rhodamine, 5-dimethylamine-1-
napthalenesulfonyl chloride, phycoerythrin, lanthanide phos-
phors and the like. Bioluminescent markers are also of use,
such as luciferase, green fluorescent protein, or yellow fluo-
rescent protein. An antibody can also be labeled with
enzymes that are useful for detection, such as horseradish
peroxidase, f-galactosidase, luciferase, alkaline phos-
phatase, glucose oxidase and the like. When an antibody is
labeled with a detectable enzyme, it can be detected by adding
additional reagents that the enzyme uses to produce a reaction
product that can be discerned. For example, when the agent
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horseradish peroxidase is present the addition of hydrogen
peroxide and diaminobenzidine leads to a colored reaction
product, which is visually detectable. An antibody may also
be labeled with biotin, and detected through indirect measure-
ment of avidin or streptavidin binding. It should be noted that
the avidin itself can be labeled with an enzyme or a fluores-
cent label.

[0179] An antibody may be labeled with a magnetic agent,
such as gadolinium. Antibodies can also be labeled with
lanthanides (such as europium and dysprosium), and manga-
nese. Paramagnetic particles such as superparamagnetic iron
oxide are also of use as labels. An antibody may also be
labeled with a predetermined polypeptide epitopes recog-
nized by a secondary reporter (such as leucine zipper pair
sequences, binding sites for secondary antibodies, metal
binding domains, epitope tags). An antibody can also be
labeled with a radiolabeled amino acid. The radiolabel may
be used for both diagnostic and therapeutic purposes.
Examples of labels include, but are not limited to, the follow-
ing radioisotopes or radionucleotides: *°H, **C, N, *°S, *°Y,
99T¢, 'n, 251, 1. In some embodiments, labels are
attached by spacer arms of various lengths to reduce potential
steric hindrance.

[0180] An antibody can also be derivatized with a chemical
group such as polyethylene glycol (PEG), a methyl or ethyl
group, or a carbohydrate group. These groups may be useful
to improve the biological characteristics of the antibody, such
as to increase serum half-life or to increase tissue binding.
[0181] Means of detecting such labels are well known to
those of skill in the art. Thus, for example, radiolabels may be
detected using photographic film or scintillation counters,
fluorescent markers may be detected using a photodetector to
detect emitted illumination. Enzymatic labels are typically
detected by providing the enzyme with a substrate and detect-
ing the reaction product produced by the action of the enzyme
on the substrate, and colorimetric labels are detected by sim-
ply visualizing the colored label.

Polynucleotides and Expression

[0182] Nucleotide sequences encoding the amino acid
sequences disclosed herein, including V,,, V;, CDR and FR
sequences can be prepared; exemplary nucleic acid
sequences encoding a V and a V; are shown in FIG. 12.
Expression vectors are also provided for efficient expression
in cells (e.g. mammalian cells).

[0183] Recombinant expression of an antibody, antigen
binding fragment thereof or portion thereof (such asa CDR or
FR) generally requires construction of an expression vector
containing a polynucleotide that encodes the antibody or
antibody fragment. Replicable vectors are provided including
a nucleotide sequence encoding an antibody molecule, a
heavy or light chain of an antibody, a heavy or light chain
variable domain of an antibody or a portion thereof, or a
heavy or light chain CDR, operably linked to a promoter.
Such vectors may include the nucleotide sequence encoding
the constant region of an antibody molecule (see, e.g., U.S.
Pat. Nos. 5,981,216; 5,591,639; 5,658,759 and 5,122,464)
and the variable domain of the antibody may be cloned into
such a vector for expression of the entire heavy, the entire
light chain, or both the entire heavy and light chains.

[0184] Nucleic acid molecules (also referred to as poly-
nucleotides) encoding the polypeptides provided herein (in-
cluding, but not limited to antibodies) can readily be pro-
duced by one of skill in the art. For example, these nucleic
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acids can be produced using the amino acid sequences pro-
vided herein (such as the CDR sequences, heavy chain and
light chain sequences), sequences available in the art (such as
framework sequences), and the genetic code. Thus, degener-
ate variants are provided herein.

[0185] V,, nucleic acid sequences are set forth as SEQ ID
NOS 8, 28, 48, 68, 88, 108, 128, 148, 168, 188, 208,228, 248,
268, 288, 308, 328, 348, 368, 388, 408, 428, 448, 468, 488,
508, 528, 548, 568, 588, 608, 628, 648, 668, 688, 708, 728,
748, 768, 788, 808, 828, 848, 868, 888, 908, 928, 948, 968,
988, 1008, 1028, 1048, 1068, 1088, 1108, 1128, 1148, 1168,
1188,1208, 1228, 1248, 1268, 1288, 1308, 1328, 1348, 1368,
and 1388 and include degenerate variants; V, nucleic acid
sequences are set forth as SEQ ID NO S 18, 38, 58, 78, 98,
118, 138, 158, 178, 198, 218, 238, 258, 278, 298, 318, 338,
358, 378,398, 418, 438, 458, 478, 498, 518, 538, 558, 578,
598, 618, 638, 658, 678, 698, 718, 738, 758, 778, 798, 818,
838, 858, 878, 898, 918, 938, 958, 978, 998, 1018, 1038,
1058,1078,1098,1118,1138,1158,1178,1198,1218, 1238,
1258, 1278, 1298, 1318, 1338, 1358, 1378, and 1398, and
include degenerate variants thereof. One of skill in the art can
readily use the genetic code to construct a variety of function-
ally equivalent nucleic acids, such as nucleic acids which
differ in sequence but which encode the same antibody
sequence, or encode a conjugate or fusion protein including
the V; and/or V nucleic acid sequence.

[0186] Nucleic acid sequences encoding the antibodies that
specifically bind HA, such as the stalk of HA can be prepared
by any suitable method including, for example, cloning of
appropriate sequences or by direct chemical synthesis by
methods such as the phosphotriester method of Narang et al.,
Meth. Enzymol. 68:90-99, 1979; the phosphodiester method
of Brown et al., Meth. Enzymol. 68:109-151, 1979; the dieth-
ylphosphoramidite method of Beaucage et al., 7etra. Lett.
22:1859-1862, 1981; the solid phase phosphoramidite triester
method described by Beaucage & Caruthers, Tetra. Letts.
22(20):1859-1862, 1981, for example, using an automated
synthesizer as described in, for example, Needham-VanDe-
vanter et al., Nucl. Acids Res. 12:6159-6168, 1984; and, the
solid support method of U.S. Pat. No. 4,458,066. Chemical
synthesis produces a single stranded oligonucleotide. This
can be converted into double stranded DNA by hybridization
with a complementary sequence or by polymerization with a
DNA polymerase using the single strand as a template. One of
skill would recognize that while chemical synthesis of DNA
is generally limited to sequences of about 100 bases, longer
sequences may be obtained by the ligation of shorter
sequences.

[0187] Exemplary nucleic acids can be prepared by cloning
techniques. Examples of appropriate cloning and sequencing
techniques, and instructions sufficient to direct persons of
skill through many cloning exercises are found in Sambrook
et al., supra, Berger and Kimmel (eds.), supra, and Ausubel,
supra. Product information from manufacturers of biological
reagents and experimental equipment also provide useful
information. Such manufacturers include the SIGMA Chemi-
cal Company (Saint Louis, Mo.), R&D Systems (Minneapo-
lis, Minn.), Pharmacia Amersham (Piscataway, N.J.), CLON-
TECH Laboratories, Inc. (Palo Alto, Calif.), Chem Genes
Corp., Aldrich Chemical Company (Milwaukee, Wis.), Glen
Research, Inc., GIBCO BRL Life Technologies, Inc. (Gaith-
ersburg, Md.), Fluka Chemica-Biochemika Analytika (Fluka
Chemie AG, Buchs, Switzerland), Invitrogen (Carlsbad,
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Calif.), and Applied Biosystems (Foster City, Calif.), as well
as many other commercial sources known to one of skill
[0188] Nucleic acids can also be prepared by amplification
methods. Amplification methods include polymerase chain
reaction (PCR), the ligase chain reaction (LCR), the tran-
scription-based amplification system (TAS), the self-sus-
tained sequence replication system (3SR). A wide variety of
cloning methods, host cells, and in vitro amplification meth-
odologies are well known to persons of skill

[0189] Any of the nucleic acids encoding any of the anti-
bodies, CDRs, FRs, V,and/or V;, disclosed herein (or frag-
ment thereof) can be expressed in a recombinantly engi-
neered cell such as bacteria, plant, yeast, insect and
mammalian cells. These antibodies can be expressed as indi-
vidual V; and/or V; chain, or can be expressed as a fusion
protein. An immunoadhesin can also be expressed. Thus, in
some examples, nucleic acids encoding a V, and V;, and
immunoadhesin are provided. The nucleic acid sequences can
optionally encode a leader sequence.

[0190] To createa single chain antibody, (scFv) the V- and
V;-encoding DNA fragments are operatively linked to
another fragment encoding a flexible linker, e.g., encoding
the amino acid sequence (Gly,-Ser); (SEQ ID NO: 1541),
such that the V and V; sequences can be expressed as a
contiguous single-chain protein, with the V, and V, domains
joined by the flexible linker (see, e.g., Bird et al., Science
242:423-426, 1988; Huston et al., Proc. Natl. Acad. Sci. USA
85:5879-5883, 1988; McCafferty et al., Nature 348:552-554,
1990). Optionally, a cleavage site can be included in a linker,
such as a furin cleavage site.

[0191] The nucleic acid encoding the V,, and/or the V,
optionally can encode an Fc domain (immunoadhesin). The
Fc domain can be an IgA, IgM or IgG Fc domain. The Fc
domain can be an optimized Fc domain, as described in U.S.
Published Patent Application No. 20100/093979, incorpo-
rated herein by reference. In one example, the immunoad-
hesin is an IgG, Fe.

[0192] The single chain antibody may be monovalent, if
only a single V,and V; are used, bivalent, if two Vand V,
are used, or polyvalent, if more than two Vand V; are used.
Bispecific or polyvalent antibodies may be generated that
bind specifically to HA and another antigen, such as, but not
limited to another influenza protein, or that bind two different
HA epitopes. The encoded V;and V; optionally can include
a furin cleavage site between the V; and V; domains.

[0193] Itis expected that those of skill in the art are knowl-
edgeable in the numerous expression systems available for
expression of proteins including E. coli, other bacterial hosts,
yeast, and various higher eukaryotic cells such as the COS,
CHO, Hel.a and myeloma cell lines. Once the expression
vector is transferred to a host cell by conventional techniques,
the transfected cells are then cultured by conventional tech-
niques, such as to produce an antibody. Thus, host cells are
provided containing a polynucleotide encoding an antibody
or fragments thereof, or a heavy or light chain thereof, or
portion thereof, or a single-chain antibody of the invention,
operably linked to a heterologous promoter. In certain
embodiments for the expression of double-chained antibod-
ies, vectors encoding both the heavy and light chains may be
co-expressed in the host cell for expression of the entire
immunoglobulin molecule, as detailed below.

[0194] Mammalian cell lines available as hosts for expres-
sion of recombinant antibodies are well known in the art and
include many immortalized cell lines available from the
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American Type Culture Collection (ATCC), including but not
limited to Chinese hamster ovary (CHO) cells, Hel.a cells,
baby hamster kidney (BHK) cells, monkey kidney cells
(COS), human hepatocellular carcinoma cells (e.g., Hep G2),
human epithelial kidney 293 cells, and a number of other cell
lines. Different host cells have characteristic and specific
mechanisms for the post-translational processing and modi-
fication of proteins and gene products. Appropriate cell lines
or host systems can be chosen to ensure the correct modifi-
cation and processing of the antibody or portion thereof
expressed. To this end, eukaryotic host cells which possess
the cellular machinery for proper processing of the primary
transcript, glycosylation, and phosphorylation of the gene
product may be used. Such mammalian host cells include but
are not limited to CHO, VERY, BHK, Hela, COS, MDCK,
293,373, W138, BT483, Hs578T, HTB2, BT20 and T47D,
NSO (a murine myeloma cell line that does not endogenously
produce any functional immunoglobulin chains), SP20,
CRL7030 and HsS78Bst cells. In one embodiment, human
cell lines developed by immortalizing human lymphocytes
can be used to recombinantly produce monoclonal antibod-
ies. In one embodiment, the human cell line PER.C6. (Cru-
cell, Netherlands) can be used. Additional cell lines which
may be used as hosts for expression of recombinant antibod-
ies include, but are not limited to, insect cells (e.g. Sf21/S19,
Trichoplusia ni Bti-TnSb1-4) or yeast cells (e.g. S. cerevisiae,
Pichia, U.S. Pat. No. 7,326,681; etc), plants cells (for
example, see US Published Patent Application No.
20080066200); and chicken cells (for example, see PCT Pub-
lication No. WO2008142124).

[0195] Thehost cell can be a gram positive bacteria includ-
ing, but not limited to, Bacillus, Streptococcus, Streptomyces,
Staphylococcus, Enterococcus, Lactobacillus, Lactococcus,
Clostridium, Geobacillus, and Oceanobacillus. Methods for
expressing protein in gram positive bacteria, such as Lacto-
baccillus are well known in the art, see for example, U.S.
Published Patent Application No. 20100/080774. Expression
vectors for lactobacillus are described, for example in U.S.
Pat. No. 6,100,388, and U.S. Pat. No. 5,728,571. Leader
sequences can be included for expression in Lactobacillus.
Gram negative bacteria include, but not limited to, . coli,
Pseudomonas, Salmonella, Campylobacter, Helicobacter,
Flavobacterium, Fusobacterium, llyobacter, Neisseria, and
Ureaplasma.

[0196] One or more DNA sequences encoding the antibody
or fragment thereof can be expressed in vitro by DNA transfer
into a suitable host cell. The cell may be prokaryotic or
eukaryotic. The term also includes any progeny of the subject
hostcell. It is understood that all progeny may not be identical
to the parental cell since there may be mutations that occur
during replication. Methods of stable transfer, meaning that
the foreign DNA is continuously maintained in the host, are
known in the art.

[0197] The expression of nucleic acids encoding the iso-
lated proteins described herein can be achieved by operably
linking the DNA or cDNA to a promoter (which is either
constitutive or inducible), followed by incorporation into an
expression cassette. The promoter can be any promoter of
interest, including a cytomegalovirus promoter and a human
T cell lymphotrophic virus promoter (HTLV)-1. Optionally,
an enhancer, such as a cytomegalovirus enhancer, is included
in the construct. The cassettes can be suitable for replication
and integration in either prokaryotes or eukaryotes. Typical
expression cassettes contain specific sequences useful for



US 2014/0348851 Al

regulation of the expression of the DNA encoding the protein.
For example, the expression cassettes can include appropriate
promoters, enhancers, transcription and translation termina-
tors, initiation sequences, a start codon (i.e., ATG) in front of
a protein-encoding gene, splicing signal for introns,
sequences for the maintenance of the correct reading frame of
that gene to permit proper translation of mRNA, and stop
codons. The vector can encode a selectable marker, such as a
marker encoding drug resistance (for example, ampicillin or
tetracycline resistance).

[0198] To obtain high level expression of a cloned gene, it
is desirable to construct expression cassettes which contain,
at the minimum, a strong promoter to direct transcription, a
ribosome binding site for translational initiation (internal
ribosomal binding sequences), and a transcription/translation
terminator. For E. coli, this includes a promoter such as the
T7, trp, lac, or lambda promoters, a ribosome binding site,
and preferably a transcription termination signal. For eukary-
otic cells, the control sequences can include a promoter and/
or an enhancer derived from, for example, an immunoglobu-
lin gene, HTLV, SV40 or cytomegalovirus, and a
polyadenylation sequence, and can further include splice
donor and/or acceptor sequences (for example, CMV and/or
HTLV splice acceptor and donor sequences). The cassettes
can be transferred into the chosen host cell by well-known
methods such as transformation or electroporation for E. coli
and calcium phosphate treatment, electroporation or lipofec-
tion for mammalian cells. Cells transformed by the cassettes
can be selected by resistance to antibiotics conferred by genes
contained in the cassettes, such as the amp, gpt, neo and hyg
genes.

[0199] When thehost is a eukaryote, such methods oftrans-
fection of DNA as calcium phosphate coprecipitates, conven-
tional mechanical procedures such as microinjection, elec-
troporation, insertion of a plasmid encased in liposomes, or
virus vectors may be used. FEukaryotic cells can also be
cotransformed with polynucleotide sequences encoding the
antibody, labeled antibody, or functional fragment thereof,
and a second foreign DNA molecule encoding a selectable
phenotype, such as the herpes simplex thymidine kinase
gene. Another method is to use a eukaryotic viral vector, such
as simian virus 40 (SV40) or bovine papilloma virus, to
transiently infect or transform eukaryotic cells and express
the protein (see for example, Eukaryotic Viral Vectors, Cold
Spring Harbor Laboratory, Gluzman ed., 1982). One of skill
in the art can readily use an expression systems such as
plasmids and vectors of use in producing proteins in cells
including higher eukaryotic cells such as, but not limited to,
COS, CHO, HelLa and myeloma cell lines.

[0200] Modifications can be made to a nucleic acid encod-
ing a polypeptide described herein without diminishing its
biological activity. Some modifications can be made to facili-
tate the cloning, expression, or incorporation of the targeting
molecule into a fusion protein. Such modifications are well
known to those of skill in the art and include, for example,
termination codons, a methionine added at the amino termi-
nus to provide an initiation, site, additional amino acids
placed on either terminus to create conveniently located
restriction sites, or additional amino acids (such as poly His)
to aid in purification steps.

[0201] Once expressed, the recombinant immunoconju-
gates, antibodies, and/or effector molecules (such as a label)
can be purified according to standard procedures of the art,
including ammonium sulfate precipitation, affinity columns,
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column chromatography, and the like (see, generally, R.
Scopes, PROTEIN PURIFICATION, Springer-Verlag, N.Y.,
1982). The antibodies, immunoconjugates and effector mol-
ecules need not be 100% pure. Once purified, partially or to
homogeneity as desired, if to be used therapeutically, the
polypeptides should be substantially free of endotoxin.
[0202] Methods for expression of antibodies and/or refold-
ing to an appropriate active form, including single chain
antibodies, from bacteria such as E. coli have been described
and are well-known and are applicable to the antibodies dis-
closed herein. See, Buchner et al., Anal. Biochem. 205:263-
270, 1992; Pluckthun, Biotechnology 9:545, 1991; Huse et
al., Science 246:1275, 1989 and Ward et al., Nature 341:544,
1989.

[0203] Often, functional heterologous proteins from . coli
or other bacteria are isolated from inclusion bodies and
require solubilization using strong denaturants, and subse-
quent refolding. During the solubilization step, as is well
known in the art, a reducing agent must be present to separate
disulfide bonds. An exemplary buffer with a reducing agent
is: 0.1 M Tris pH 8, 6 M guanidine, 2 mM EDTA, 0.3 M DTE
(dithioerythritol). Reoxidation of the disulfide bonds can
occur in the presence of low molecular weight thiol reagents
in reduced and oxidized form, as described in Saxena et al.,
Biochemistry 9: 5015-5021, 1970, and especially as
described by Buchner et al., supra.

[0204] Renaturation is typically accomplished by dilution
(for example, 100-fold) of the denatured and reduced protein
into refolding buffer. An exemplary buffer is 0.1 M Tris, pH
8.0, 0.5 M vr-arginine, 8 mM oxidized glutathione (GSSG),
and 2 mM EDTA.

[0205] As a modification to the two chain antibody purifi-
cation protocol, the heavy and light chain regions are sepa-
rately solubilized and reduced and then combined in the
refolding solution. An exemplary yield is obtained when
these two proteins are mixed in a molar ratio such thata 5-fold
molar excess of one protein over the other is not exceeded.
Excess oxidized glutathione or other oxidizing low molecular
weight compounds can be added to the refolding solution
after the redox-shuffling is completed.

[0206] Inaddition to recombinant methods, immunoconju-
gates, effector moieties, antibodies, antigen binding frag-
ments, and CDRs and FRs of the present disclosure can also
be constructed in whole or in part using standard peptide
synthesis well known in the art. Solid phase synthesis of the
polypeptides of less than about 50 amino acids in length can
be accomplished by attaching the C-terminal amino acid of
the sequence to an insoluble support followed by sequential
addition of the remaining amino acids in the sequence. Tech-
niques for solid phase synthesis are described by Barany &
Merrifield, The Peptides: Analysis, Synthesis, Biology. Vol. 2:
Special Methods in Peptide Synthesis, Part A. pp. 3-284;
Merrifield et al., J. Am. Chem. Soc. 85:2149-2156, 1963, and
Stewart et al., Solid Phase Peptide Synthesis, 2nd ed., Pierce
Chem. Co., Rockford, I11., 1984. Proteins of greater length
may be synthesized by condensation of the amino and car-
boxyl termini of shorter fragments. Methods of forming pep-
tide bonds by activation of a carboxyl terminal end (such as by
the use of the coupling reagent N,N'-dicylohexylcarbodim-
ide) are well known in the art. Once an antibody molecule has
been produced, it may be purified by any method known in the
art for purification of an immunoglobulin molecule, for
example, by chromatography (e.g., ion exchange, affinity,
particularly by affinity for the specific antigens Protein A or
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Protein G, and sizing column chromatography), centrifuga-
tion, differential solubility, or by any other standard technique
for the purification of proteins. Further, the antibodies or
fragments thereof may be fused to heterologous polypeptide
sequences (referred to herein as “tags™) described above or
otherwise known in the art to facilitate purification.

Compositions and Therapeutic Methods

[0207] Methods are disclosed herein for the prevention or
treatment of an influenza virus infection. Prevention can
include inhibition of infection with influenza. Treatment
includes diminishing signs and symptoms of an influenza
virus infection and/or reducing viral titer. The methods
include contacting a cell with an effective amount of the
monoclonal antibodies disclosed herein that specifically
binds HA, or an antigen binding fragment therecof. The
method can also include administering to a subject a thera-
peutically effective amount of a monoclonal antibody, or a
nucleic acid encoding the antibody. The subject can be a
human or a veterinary subject.

[0208] Methods are disclosed herein for reducing the risk
of infection with HIN1 and/or HSN1 and/or H3N2 influenza
virus in a human subject, the method including administering
the antibody or antibody (antigen-binding) fragment. Meth-
ods are also disclosed for treating a human subject infected
with HIN1 and/or HSN1 influenza virus, the method includ-
ing administering the antibody or antibody (antigen-binding)
fragment. Methods are also disclosed for preventing HIN1
and/or H5N1 and/or H3N2 influenza disease in a human
subject, the method including administering the antibody or
antibody (antigen-binding) fragment. Methods are also dis-
closed for ameliorating one or more symptoms associated
with an HIN1 and/or H5N1 or H3N2 influenza infection in a
human subject, the method including administering the anti-
body or antibody (antigen-binding) fragment. The method
can include selecting a subject with an influenza virus infec-
tion.

[0209] In certain embodiments, the anti-influenza antibod-
ies and compositions including one or more of the antibodies
can be administered for prevention and/or treatment of influ-
enza disease caused by an HIN1 influenza infection. Methods
are provide for preventing, treating, ameliorating a symptom
of, or reducing the risk of an influenza-mediated infection,
disease or disorder, wherein the methods comprise adminis-
tering anti-influenza antibodies of the invention.

[0210] Influenza virus infection does not need to be com-
pletely eliminated for the composition to be effective. For
example, a composition can decrease influenza infection in a
population by a desired amount, for example by at least 10%,
at least 20%, at least 50%, at least 60%, at least 70%, at least
80%, at least 90%, at least 95%, at least 98%, or even at least
100%, as compared to the rate of infection in the absence of
the composition.

[0211] Compositions are provided that include one or more
of'the antibodies that specifically bind HA, or antigen binding
fragments, and nucleic acids encoding these antibodies (and
antigen binding fragments) that are disclosed herein in a
carrier. The compositions can be prepared in unit dosage
forms for administration to a subject. The amount and timing
of'administration are at the discretion of the treating physician
to achieve the desired purposes. The antibody can be formu-
lated for systemic or local administration. In one example, the
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antibody that specifically binds HA is formulated for
parenteral administration, such as intravenous administra-
tion.

[0212] The compositions for administration can include a
solution of the antibody that specifically binds HA, or an
antigen binding fragment thereof, dissolved in a pharmaceu-
tically acceptable carrier, such as an aqueous carrier. A variety
of'aqueous carriers can be used, for example, buffered saline
and the like. These solutions are sterile and generally free of
undesirable matter. These compositions may be sterilized by
conventional, well known sterilization techniques. The com-
positions may contain pharmaceutically acceptable auxiliary
substances as required to approximate physiological condi-
tions such as pH adjusting and buffering agents, toxicity
adjusting agents and the like, for example, sodium acetate,
sodium chloride, potassium chloride, calcium chloride,
sodium lactate and the like. The concentration of antibody in
these formulations can vary widely, and will be selected pri-
marily based on fluid volumes, viscosities, body weight and
the like in accordance with the particular mode of adminis-
tration selected and the subject’s needs.

[0213] A typical pharmaceutical composition for intrave-
nous administration includes about 0.1 to 10 mg of antibody
per subject per day. Dosages from 0.1 up to about 100 mg per
subject per day may be used, particularly if the agent is
administered to a secluded site and not into the circulatory or
lymph system, such as into a body cavity or into a lumen of an
organ. Actual methods for preparing administrable composi-
tions will be known or apparent to those skilled in the art and
are described in more detail in such publications as Reming-
ton’s Pharmaceutical Science, 19th ed., Mack Publishing
Company, Easton, Pa. (1995).

[0214] Antibodies may be provided in lyophilized form and
rehydrated with sterile water before administration, although
they are also provided in sterile solutions of known concen-
tration. The antibody solution is then added to an infusion bag
containing 0.9% sodium chloride, USP, and typically admin-
istered at a dosage of from 0.5 to 15 mg/kg of body weight.
Considerable experience is available in the art in the admin-
istration of antibody drugs, which have been marketed in the
U.S. since the approval of Rituxan® in 1997. Antibodies can
be administered by slow infusion, rather than in an intrave-
nous push or bolus. In one example, a higher loading dose is
administered, with subsequent, maintenance doses being
administered at a lower level. For example, an initial loading
dose of 4 mg/kg may be infused over a period of some 90
minutes, followed by weekly maintenance doses for 4-8
weeks of 2 mg/kg infused over a 30 minute period if the
previous dose was well tolerated.

[0215] A therapeutically effective amount of a nucleic acid
encoding the antibody or an antigen binding fragment thereof
can be administered to a subject. One approach to adminis-
tration of nucleic acids is direct immunization with plasmid
DNA, such as with a mammalian expression plasmid. The
nucleotide sequence encoding the antibody or fragment
thereof can be placed under the control of a promoter to
increase expression of the molecule. Immunization by
nucleic acid constructs is well known in the art and taught, for
example, in U.S. Pat. No. 5,643,578, and U.S. Pat. No. 5,593,
972 and U.S. Pat. No. 5,817,637. U.S. Pat. No. 5,880,103
describes several methods of delivery of nucleic acids to an
organism. The methods include liposomal delivery of the
nucleic acids.
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[0216] Inanother approach to using nucleic acids, an anti-
body or antigen binding fragment thereof can also be
expressed by attenuated viral hosts or vectors or bacterial
vectors, which can be administered to a subject. Recombinant
vaccinia virus, adeno-associated virus (AAV), herpes virus,
retrovirus, cytomegalovirus, poxvirus or other viral vectors
can be used to express the antibody. For example, vaccinia
vectors are described in U.S. Pat. No. 4,722,848. BCG (Bacil-
Ius Calmette Guerin) provides another vector for expression
of the disclosed antibodies (see Stover, Nature 351:456-460,
1991).

[0217] In one embodiment, a nucleic acid encoding the
antibody or an antigen binding fragment thereof is introduced
directly into cells. For example, the nucleic acid can be loaded
onto gold microspheres by standard methods and introduced
into the skin by a device such as Bio-Rad’s Heliosa Gene
Gun. The nucleic acids can be “naked,” consisting of plas-
mids under control of a strong promoter.

[0218] Typically, the DNA is injected into muscle, although
it can also be injected directly into other sites. Dosages for
injection are usually around 0.5 mg/kg to about 50 mg/kg, and
typically are about 0.005 mg/kg to about 5 mg/kg (see, e.g.,
U.S. Pat. No. 5,589,466).

[0219] A therapeutically effective amount of an HA-spe-
cific antibody or antigen binding fragment (or the nucleic acid
encoding the antibody or antigen binding fragment) will
depend upon the severity of the disease and/or infection and
the general state of the patient’s health. A therapeutically
effective amount of the antibody is that which provides either
subjective relief of a symptom(s) or an objectively identifi-
able improvement as noted by the clinician or other qualified
observer. These compositions can be administered in con-
junction with another therapeutic agent, either simulta-
neously or sequentially.

[0220] In one embodiment, administration of the antibody
(or nucleic acid encoding the antibody) results in a reduction
in the establishment of influenza virus infection and/or reduc-
ing subsequent disease progression in a subject. A reduction
in the establishment of influenza virus infection and/or a
reduction in subsequent disease progression encompass any
statistically significant reduction in viral activity. In some
embodiments, methods are disclosed for treating a subject
with an influenza virus infection. These methods include
administering to the subject a therapeutically effective
amount of an antibody, or a nucleic acid encoding the anti-
body, thereby preventing or treating the influenza virus infec-
tion.

[0221] In additional embodiments, the subject is also
administered an effective amount of an additional agent, such
as anti-viral agent. The methods can include administration of
one on more additional agents known in the art. For any
application, the antibody, antigen binding fragment, or
nucleic acid encoding the antibody or antigen binding frag-
ment can be combined with antiretroviral therapy. Antiretro-
viral drugs include, but are not limited to, a neuraminidase
inhibitor or an M2 protein inhibitor. Exemplary antiretroviral
agents include oseltamivir, zanamivir, flutimide, rimantadine,
adamantane derivatives, umifenovir, laninamivir, favipiravir,
peramivir, and nitazoxanide.

[0222] Single or multiple administrations of the composi-
tions including the antibody, antigen binding fragment, or
nucleic acid encoding the antibody or antigen binding frag-
ment, that are disclosed herein, are administered depending
on the dosage and frequency as required and tolerated by the
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patient. In any event, the composition should provide a suf-
ficient quantity of at least one of the antibodies disclosed
herein to effectively treat the subject. The dosage can be
administered once but may be applied periodically until
either a therapeutic result is achieved or until side effects
warrant discontinuation of therapy. In one example, a dose of
the antibody is infused for thirty minutes every other day. In
this example, about one to about ten doses can be adminis-
tered, such as three or six doses can be administered every
other day. In a further example, a continuous infusion is
administered for about five to about ten days. The subject can
be treated at regular intervals, such as monthly, until a desired
therapeutic result is achieved. Generally, the dose is sufficient
to treat or ameliorate symptoms or signs of disease without
producing unacceptable toxicity to the subject.

[0223] Controlled-release parenteral formulations can be
made as implants, oily injections, or as particulate systems.
For a broad overview of protein delivery systems see, Banga,
A. 1., Therapeutic Peptides and Proteins: Formulation, Pro-
cessing, and Delivery Systems, Technomic Publishing Com-
pany, Inc., Lancaster, Pa., (1995). Particulate systems include
microspheres, microparticles, microcapsules, nanocapsules,
nanospheres, and nanoparticles. Microcapsules contain the
therapeutic protein, such as a cytotoxin or a drug, as a central
core. In microspheres the therapeutic is dispersed throughout
the particle. Particles, microspheres, and microcapsules
smaller than about 1 um are generally referred to as nanopar-
ticles, nanospheres, and nanocapsules, respectively. Capillar-
ies have a diameter of approximately 5 pm so that only nano-
particles are administered intravenously. Microparticles are
typically around 100 um in diameter and are administered
subcutaneously or intramuscularly. See, for example, Kreu-
ter, J., Colloidal Drug Delivery Systems, J. Kreuter, ed., Mar-
cel Dekker, Inc., New York, N.Y., pp. 219-342 (1994); and
Tice & Tabibi, Treatise on Controlled Drug Delivery, A.
Kydonieus, ed., Marcel Dekker, Inc. New York, N.Y., pp.
315-339, (1992).

[0224] Polymers can be used for ion-controlled release of
the antibody compositions disclosed herein. Various degrad-
able and nondegradable polymeric matrices for use in con-
trolled drug delivery are known in the art (Langer, Accounts
Chem. Res. 26:537-542, 1993). For example, the block
copolymer, polaxamer 407, exists as a viscous yet mobile
liquid at low temperatures but forms a semisolid gel at body
temperature. It has been shown to be an effective vehicle for
formulation and sustained delivery of recombinant interleu-
kin-2 and urease (Johnston et al., Pharm. Res. 9:425-434,
1992; and Pec et al., J. Parent. Sci. Tech. 44(2):58-65, 1990).
Alternatively, hydroxyapatite has been used as a microcarrier
for controlled release of proteins (Ijntema et al., Int. J. Pharm.
112:215-224, 1994). In yet another aspect, liposomes are
used for controlled release as well as drug targeting of the
lipid-capsulated drug (Betageri et al., Liposome Drug Deliv-
ery Systems, Technomic Publishing Co., Inc., Lancaster, Pa.
(1993)). Numerous additional systems for controlled delivery
of therapeutic proteins are known (see U.S. Pat. No. 5,055,
303; U.S. Pat. No. 5,188,837; U.S. Pat. No. 4,235,871, U.S.
Pat. No. 4,501,728; U.S. Pat. No. 4,837,028; U.S. Pat. No.
4,957,735, U.S. Pat. No. 5,019,369; U.S. Pat. No. 5,055,303,
U.S. Pat. No. 5,514,670; U.S. Pat. No. 5,413,797, U.S. Pat.
No. 5,268,164; U.S. Pat. No. 5,004,697; U.S. Pat. No. 4,902,
505; U.S. Pat. No. 5,506,206; U.S. Pat. No. 5,271,961; U.S.
Pat. No. 5,254,342 and U.S. Pat. No. 5,534,496).
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Diagnostic Methods and Kits

[0225] A method is provided herein for the detection of the
expression of HA in vitro or in vivo. In one example, expres-
sion of HA is detected in a biological sample, and can be used
to detect an influenza virus infection. The sample can be any
sample, including, but not limited to, tissue from biopsies,
autopsies and pathology specimens. Biological samples also
include sections of tissues, for example, frozen sections taken
for histological purposes. Biological samples further include
body fluids, such as blood, serum, plasma, sputum, spinal
fluid, nasopharyngeal secretions or urine.

[0226] Inoneembodiment, methods are provided for deter-
mining the presence of influenza in a sample suspected of
containing influenza, wherein the method includes exposing
the sample to an anti-influenza antibody, and determining
binding of the antibody to the influenza virus in the sample
wherein binding of the antibody to the influenza virus in the
sample is indicative of the presence of the influenza virus in
the sample. In one embodiment, the sample is a biological
sample. In another embodiment, the sample is a nasopharyn-
geal wash. The method can detect HIN1, HSN1, H3N2, or
combinations thereof.

[0227] In several embodiments, a method is provided for
detecting an influenza infection in a subject. The disclosure
provides a method for detecting HA in a biological sample,
wherein the method includes contacting a biological sample
with the antibody under conditions conducive to the forma-
tion of an immune complex, and detecting the immune com-
plex, to detect the HA in the biological sample. In another
example, detection of HA in the sample confirms a diagnosis
of an influenza infection in a subject. The method can detect
HIN1, H5N1, H3N2, or combinations thereof.

[0228] In certain embodiments, the anti-influenza antibod-
ies and compositions thereof can be used in vivo and/or in
vitro for diagnosing influenza associated diseases. This can
be achieved, for example, by contacting a sample to be tested,
optionally along with a control sample, with the antibody
under conditions that allow for formation of a complex
between the antibody and influenza. Complex formation is
then detected (e.g., using an ELISA). When using a control
sample along with the test sample, complex is detected in
both samples and any statistically significant difference in the
formation of complexes between the samples is indicative of
the presence of influenza in the test sample. The influenza
virus can be HIN1, H5N1, H3N2, or combinations thereof.
[0229] In some embodiments, the disclosed antibodies are
used to test vaccines. For example to test if a vaccine compo-
sition can induce or bind neutralizing antibodies to HA. Thus
provided herein is a method for detecting testing a vaccine,
wherein the method includes contacting a sample containing
the vaccine, such as an HA protein, with the antibody under
conditions conducive to the formation of an immune com-
plex, and detecting the immune complex, to confirm the vac-
cine will be effective. In one example, the detection of the
immune complex in the sample indicates that vaccine com-
ponent, such as such as a HA antigen, assumes a conforma-
tion capable of inducing neutralizing antibodies, such as
broadly neutralizing antibodies.

[0230] Inone embodiment, the antibody is directly labeled
with a detectable label. In another embodiment, the antibody
that binds HA (the first antibody) is unlabeled and a second
antibody or other molecule that can bind the antibody that
binds HA is utilized. Asis well known to one of skill in the art,
asecond antibody is chosen that is able to specifically bind the
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specific species and class of the first antibody. For example, if
the first antibody is a human IgG, then the secondary antibody
may be an anti-human-IgG. Other molecules that can bind to
antibodies include, without limitation, Protein A and Protein
G, both of which are available commercially.

[0231] Suitable labels for the antibody or secondary anti-
body are described above, and include various enzymes, pros-
thetic groups, fluorescent materials, luminescent materials,
magnetic agents and radioactive materials. Non-limiting
examples of suitable enzymes include horseradish peroxi-
dase, alkaline phosphatase, beta-galactosidase, or acetylcho-
linesterase. Non-limiting examples of suitable prosthetic
group complexes include streptavidin/biotin and avidin/bi-
otin. Non-limiting examples of suitable fluorescent materials
include umbelliferone, fluorescein, fluorescein isothiocyan-
ate, thodamine, dichlorotriazinylamine fluorescein, dansyl
chloride or phycoerythrin. A non-limiting exemplary lumi-
nescent material is luminol; a non-limiting exemplary a mag-
netic agent is gadolinium, and non-limiting exemplary radio-
active labels include '*°1, 131, *°S or *H.

[0232] The immunoassays and method disclosed herein
can be used for a number of purposes. Kits for detecting an
HA polypeptide will typically comprise an antibody that
binds HA, such as any of the antibodies disclosed herein. In
some embodiments, an antibody fragment, such as an Fv
fragment or a Fab is included in the kit. In a further embodi-
ment, the antibody is labeled (for example, with a fluorescent,
radioactive, or an enzymatic label).

[0233] In one embodiment, a kit includes instructional
materials disclosing means of use. The instructional materials
may be written, in an electronic form (such as a computer
diskette or compact disk) or may be visual (such as video
files). The kits may also include additional components to
facilitate the particular application for which the kit is
designed. Thus, for example, the kit may additionally contain
means of detecting a label (such as enzyme substrates for
enzymatic labels, filter sets to detect fluorescent labels,
appropriate secondary labels such as a secondary antibody, or
the like). The kits may additionally include buffers and other
reagents routinely used for the practice of a particular
method. Such kits and appropriate contents are well known to
those of skill in the art.

[0234] Inone embodiment, the diagnostic kit comprises an
immunoassay. Although the details of the immunoassays may
vary with the particular format employed, the method of
detecting HA in a biological sample generally includes the
steps of contacting the biological sample with an antibody
which specifically reacts, under immunologically reactive
conditions, to HA. The antibody is allowed to specifically
bind under immunologically reactive conditions to form an
immune complex, and the presence of the immune complex
(bound antibody) is detected directly or indirectly.

[0235] The following examples are provided to illustrate
certain particular features and/or embodiments. These
examples should not be construed to limit the disclosure to the
particular features or embodiments described.

EXAMPLES

[0236] Described below is an analysis of plasmablast and
monoclonal antibody responses induced by pandemic HIN1
infection in humans (see FIG. 13). Unlike antibodies elicited
by annual influenza vaccinations, most neutralizing antibod-
ies induced by pandemic HIN1 infection were broadly cross-
reactive against epitopes in the hemagglutinin (HA) stalk and
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head domain of multiple influenza strains/subtypes. The anti-
bodies were from cells that had undergone extensive affinity
maturation. Thus, it is possible that the plasmablasts produc-
ing these broadly neutralizing antibodies were predominantly
derived from activated memory B cells specific for epitopes
conserved in several influenza strains. Consequentially, most
neutralizing antibodies were broadly reactive against diver-
gent HIN1 and H5N1 influenza strains. Certain of the anti-
bodies generated potently protected and rescued mice from
lethal challenge with pandemic HIN1 or antigenically dis-
tinct influenza strains.

[0237] Described below are studies in which the B cell
responses in 24 healthy adult volunteers immunized with the
monovalent subunit pandemic HIN1 2009 vaccine were stud-
ied. In all cases a rapid, predominantly IgG-producing plas-
mablast response was found. These plasmablasts were iso-
lated and monoclonal antibodies were generated by single-
cell PCR. Over half (45/78) were virus-specific and 62%
(28/45) bound to the pandemic 2009 HA. Strikingly, the
majority of these antibodies (25/28) neutralized more than
one influenza strain and exhibited high levels of somatic
hypermutation, suggesting they were derived from recall of B
cell memory. Indeed, memory B cells that recognized the
pandemic HIN1 HA were detectable prior to vaccination not
only in this cohort but also in stored samples obtained prior to
the emergence of the pandemic strain. Three antibodies dem-
onstrated extremely broad cross-reactivity and were found to
bind the HA stem. Furthermore, one of them was found to
recognize not only H1 and HS but also H3 influenza viruses.
This exceptional cross-reactivity indicates that antibodies
capable of neutralizing most influenza subtypes might indeed
be elicited by vaccination. These antibodies can be used to
design influenza vaccines that can elicit these broadly cross-
reactive antibodies at sufficiently high levels to provide het-
erosubtypic protection.

Example 1

Monovalent Pandemic HIN1 2009 Vaccine Induces
Rapid Expansion of Antigen-Specific Plasmablasts

[0238] Humoral immune responses in 24 healthy adult vol-
unteers immunized with the monovalent pandemic HIN1
2009 vaccine was examined (FIG. 1). Subjects entered the
study approximately 6 months after the first reports of pan-
demic HIN1 2009 cases. The vaccine administered contained
the HA subunit from the pandemic influenza A/California/04/
09 and was given separately after the 2009 seasonal influenza
vaccine which contained a different HIN1 strain (A/Bris-
bane/59/07) as well as H3N2 and influenza B strains. Seven-
teen individuals (71%) receiving pandemic HIN1 2009 vac-
cine demonstrated an increase in hemagglutination inhibition
(HALI) titer at 28 days post-vaccination (accepted as at least a
4-fold increase in HAI titer) (FIG. 1a). Eighteen individuals
(75%) exhibited HAI titers conventionally considered protec-
tive (1:40) at day 28. Seroconversion rates were comparable
to those seen with seasonal influenza vaccination (Hancock et
al., 2009, N Engl J Med 361(20):1945-1952).

[0239] An earlier study using seasonal TIV demonstrated
that seroconversion is associated with a large, transient
expansion of antibody-secreting cells (plasmablasts) in the
blood (Wrammert et al., 2008, Nature 453(7195):667-671).
The current study quantified the plasmablast response to pan-
demic HIN1 2009 vaccine in PBMCs at day 0, 7, 14 and 30
post-vaccination by ELISPOT using this approach. The vac-
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cine-specific plasmablast response was found to peak at day 7
before returning to background levels by day 14 (FIG. 15).
These kinetics were the same as those seen in controls who
were given the 2008/09 TIV, which contained components
from influenza A/Brisbane/59/07 H1N1, A/Brisbane 10/07
(H3N2) and B/Florida/4/06 (FIG. 7). Following immuniza-
tion with the pandemic HIN1 2009 vaccine, there was a
positive correlation between the increases in HAI titer and
peak plasmablast numbers (r*=0.53, p<0.0001) (FIG. 1c).
The rapidity of the plasmablast response strongly suggested a
recall rather than primary response. Indeed, IgG-producing
cells greatly outnumbered IgM-producing cells (p=0.0483,
mean+/-SEM: 520+/-254 SFU/10° vs. 5.36+/-1.48 SFU/
10°). This was also seen in the response to 2008/09 TIV
(p=0.0066, 535.8+/-154 SFU/10° vs. 63.3+/-50.0 SFU/10%),
aknown recall response (FIG. 1d). Together, these data show
that the B cell responses induced by seasonal TIV and the
pandemic HIN1 2009 vaccine were similar in terms of speed
and isotype, suggesting that both are due to memory recall.

Example 2

Plasmablasts Induced by the Monovalent HIN1
2009 Vaccine Cross-React with the 2009/10 Seasonal
Vaccine

[0240] Since features of the plasmablast response to the
pandemic HIN1 2009 vaccine were suggestive of memory
recall, the extent to which plasmablasts could also be induced
that were reactive against the seasonal influenza strain from
the previous two years found in the 2009/10 TW (A/Brisbane/
59/07) was examined. The HA of the pandemic HIN1 2009
strain diverged considerably from that of influenza A/Bris-
bane/59/07 with only 79% sequence homology (FIG. 8).
Despite this, most individuals, after vaccination with the pan-
demic HIN1 2009 vaccine, generated a large number of plas-
mablasts that reacted with the 2009/10 TIV (FIG. 9a). In
order to enrich for plasmablasts, next these cells by flow were
sorted by cytometry from 10 individuals at day 7 (FIG. 96). A
high proportion of sorted plasmablasts were antigen-specific
(representative donor in FIG. 9¢). This was similar to previ-
ous findings with seasonal influenza vaccination (Wrammert,
2008, supra). In addition, plasmablasts with specificity for
A/Brisbane/59/07 HA as well as pandemic HIN1 2009 HA
were detected in all sorted samples (FIG. 94). Thus, the bulk
of the humoral response to vaccination was against HA and
that the pandemic HIN1 2009 vaccine induced a plasmablast
response against both the homologous antigen and a heter-
ologous antigen from the seasonal influenza strain of the
preceding two years.

Example 3

The Pandemic HIN1 2009 Vaccine can Induce
Antibodies that Bind the HA Stem

[0241] To examine the specificities of the antibody
response to pandemic HIN1 2009 vaccine at the monoclonal
level, single-cell RT-PCR of sorted individual plasmablasts
was used to produce mAbs as previously described (Wram-
mert et 1., 2009, supra; Smith et al., 2009, Nat Protoc 4(3):
372-384.). The advantage of this method lies in the ability to
generate mAbs from B cells that are proliferating acutely in
response to vaccination as opposed to resting memory B cells.
Furthermore, bias is reduced by analyzing the whole vaccine-
induced plasmablast response without preferentially select-
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ing for particular sub-populations using an antigen bait. In
total, 78 mAbs from 8 subjects were generated. By ELISA,
58% (45/78) bound to purified pandemic HIN1 2009 virus
(FIG. 2a). Of these, 62% (28/45) bound to recombinant HA
from the pandemic strain.

[0242] As ELISA is only capable of demonstrating binding
of the antibody to antigen, functional assays were used to
characterize HA-specific mAbs. The hemagglutination inhi-
bition assay (HAI) measures the concentration of antibody
required to inhibit the agglutination of red blood cells by the
virus and is indicative of the capacity of the antibody to
prevent viral attachment to cells. In contrast, neutralization
assays show how effectively the antibody prevents viral infec-
tivity by measuring the concentration required to block lytic
infection of cultured cells. Out of the m Abs that demonstrated
HA-specific binding, 89% (25/28) were shown to have func-
tional activity against pandemic HIN1 2009 virus by HAI
and/or neutralization assay (FIG. 26).

[0243] It was previously shown that mAbs recognizing
epitopes in the globular head of the influenza HA demon-
strated binding by ELISA, positive HAI and neutralization of
infectivity (Wrammert etl a., 2011, J. Exp. Med. 208(1):
181-193, 2011). In contrast, stem-binding mAbs showed
binding by ELISA and neutralization, but negative HAIL In
this set of mAbs, while there was generally good correlation
between HAI and neutralization activities, three mAbs (05-
2G02, 09-2A06 and 09-3A01) were found to have no HAI
activity despite binding by ELISA and neutralization, a pat-
tern suggestive of stem-binding mAbs. In order to confirm
their HA binding site, their binding was compared with
known stem-binding antibodies by competition ELISA (FIG.
2¢). ELISA plates coated with influenza A/California/04/09
HA were pre-incubated with one of two known stem-binding
mAbs (70-1F02 or 70-5B03) (Wrammert et al, 2011, supra).
The putative stem-bind mAbs were biotinylated and added,
according to a standard ELISA protocol, to either pre-incu-
bated or non-pre-incubated plates. The amount of antibody
binding in each plate was determined and percentage inhibi-
tion of each mAb was subsequently calculated using the ratio
of binding in the pre-incubated plates to binding in non-pre-
incubated plates.

[0244] Whether in competition with the previously
described 70-1F02 or 70-5B03, all 3 potential stem-binding
mAbs were inhibited by greater than 80%, which was com-
parable to the stem-binding mAbs used as positive controls
(the reciprocal antibody of either 70-1F02 or 70-5B03
depending on which was used to pre-incubate). This con-
trasted with a previously described negative control
(EM4C04), which was highly specific to pandemic HIN1
2009 HA and mapped to an epitope in the head region (Wram-
mert et al., 2011, supra). Thus, by competition ELISA, it was
demonstrated that the mAbs 05-2G02, 09-2A06 and 09-3A01
all compete for binding to an epitope in the HA stem. The
three stem-binding mAbs all used different V,, gene segments
(FIG. 2¢ & FIG. 14), compared with the pandemic HIN1
2009 infection where the majority of mAbs induced by the
infection used the V;1-69 gene segment, also shared by other
reported stem-binding antibodies (Ekiert etal., 2009, Science
324(5924):246-251; Sui et al., 2009, Nat Struct Mol Biol
16(3):265-273). Here, only one mAb used the V,1-69,
although a second used the highly similar V,1-18. Together
our data suggest that stem-reactive antibodies can indeed be
elicited by the pandemic HIN1 2009 vaccine, but occur at a
lower frequency.
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Example 4

Monoclonal Antibodies Elicited by Pandemic HIN1
2009 Vaccine Cross-React with Antigenically
Divergent Strains

[0245] All HA-specific mAbs were tested for binding, HAI
and neutralization capacity against a panel of antigens and
virus strains, including antigenically similar strains such as
the pandemic HIN1 1918 strain and antigenically diverse
HINT1, H5N1 and H3N2 strains. Strikingly, the majority of
mAbs that bound the HA head also demonstrated broad cross-
reactivity (FIG. 3a) with three-quarters binding to both
A/Brisbane/59/07 HA and 1918 HA. The majority (18 of 28)
were able to bind all 3 HIN1 HAs whilst 6 out of 28 bound
both pandemic HIN1 2009 and 1918 influenza HAs, in a
similar manner to several antibodies previously described
(Wrammert et al., 2011, supra; Xu et al., 2010, Science 328
(5976):357-360). The high degree of cross-reactivity sug-
gested that many of these plasmablasts had arisen by second-
ary expansion of cross-reactive memory B cells that
presumably targeted conserved epitopes. Comparing the
binding of these antibodies to the most recent seasonal HIN1
strain in circulation prior to the emergence of the pandemic,
A/Brisbane/59/07, the patterns of cross-reactivity generally
conform to three categories (FIG. 10). Most (14/28) of the
antibodies bound better to the pandemic HIN1 HA, suggest-
ing ongoing adaptation through affinity maturation. Other
antibodies bound equally well to both HAs (9/28) while the
last category (5/28) bound better to the Brishane HA, consis-
tent with OAS (original antigenic sin).

[0246] Next, HAI and neutralization assays were per-
formed using a more extensive panel of HIN1 virus strains
including recent seasonal strains (A/Brisbane/10/07, A/So-
lomon Islands/3/06 and A/New Calcdonia/20/99) and historic
outbreak strains (A/New Jersey/76 and A/Fort Monmouth/1/
47) (FIG. 3b & FIG. 11), which displayed a broad range of
sequence divergence compared to the pandemic HIN1 2009
virus. As expected from sequence homology (FIG. 8), the
highest degree of cross-reactivity by neutralization assay was
seen with A/New Jersey/76, with 68% of mAbs cross-neu-
tralizing. Of the more recent seasonal strains, up to 43% of
mAbs demonstrated cross-reactivity between the seasonal
strains and pandemic HIN1 2009 virus. In general, the frac-
tion of cross-neutralizing antibodies paralleled sequence
homology. Still, given the large antigenic differences mea-
sured by standard reference sera, the fraction of cross-neu-
tralizing antibodies was much larger than expected.

[0247] The three stem-binding mAbs demonstrated the
widest cross-reactivity by ELISA with detectable binding to
all the H1 HAs tested plus HA from the H5N1 strain (A/In-
donesia/05/2005) (FIG. 3a). Furthermore, 05-2G02 dis-
played even greater cross-reactivity by also binding H3, albeit
weakly. Their ability to neutralize both HIN1 and H3N2
strains were tested (FIG. 3¢). Once again, all three stem-
binding mAbs demonstrated broad cross-reactivity with the
capacity to neutralize all HINT1 strains tested. In addition, the
exceptional breadth of 05-2G02 was again shown, with neu-
tralizing activity against H3N2 as well as the HIN1 strains.
Antibodies that neutralize influenza strains from both phylo-
genetic group 1 and group 2 are exceedingly rare and have
only been reported once in the literature (Corti et al., 2011,
Science 333: 850-856). These data demonstrate the high
degree of cross-reactivity of mAbs generated following pan-
demic HIN1 2009 vaccination. This is true not only of the
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stem-reactive mAbs, one of which had unusually broad cross-
reactivity against H1, HS and H3, but also of the majority of
non-stem-binding mAbs, which demonstrated substantial
cross-reactivity within HINT1 strains in contrast to the more
strain-specific mAbs generated following seasonal TIV
(Wrammert et al., 2008, supra).

Example 5

Pandemic HIN1 2009 Vaccine Induces Monoclonal
Antibodies with High Levels of Somatic
Hypermutation

[0248] Together, the kinetics of the response, the domi-
nance of IgG-secreting cells and the remarkable cross-reac-
tivity of individual plasmablasts point to a memory origin for
most clones. This was further supported by sequence analysis
of virus-specific mAbs (FIG. 4a). When the somatic muta-
tions per V,, gene were calculated, the majority of clones
showed an exceptionally high number of mutations (median
21 range 8-41). This was significantly higher (p<0.0001) than
the average IgG-producing memory B cell or germinal center
B cell (median 11 range 1-35) but similar to the number found
following the recall of the memory B cell response by the
seasonal influenza vaccination (median 18.5 range 6-51).
These were also similar to the results of a previous study of
mAbs from patients infected with the pandemic HIN1 2009
virus, where high levels of somatic hypermutation were
observed. When the HA-specific mAbs were analyzed alone
(FIG. 4b), they displayed similar levels of mutation compared
to the virus-specific mAbs as a whole. Furthermore, there was
no obvious correlation between the number of mutations and
the degree of cross-reactivity of each individual mAb (FIG.
3.

Example 6

Presence of Memory B Cells Reactive to the
Pandemic Strain Present Prior to its Emergence

[0249] It appeared possible that cross-reactive memory B
cells capable of reacting to the pandemic HIN1 2009 vaccine
were already present prior to vaccination. Thus, samples from
pre-vaccination subjects were analyzed with a memory B cell
assay (Crotty et al., J Immunol Methods 286(1-2):111-122,
2004) (FIG. 5a). Using this technique, all subjects had detect-
able memory B cells reactive against pandemic HIN1 2009
HA prior to vaccination (median 0.4%, range 0.013%-1.
98%). However, subclinical infections with influenza that
induce seroconversion without symptoms do occur and go
unreported (Papenburg, Clin Infect Dis 51(9):1033-1041,
2010). It was therefore possible that vaccinees had been
exposed to the pandemic HIN1 2009 virus at some point
between its emergence and their vaccination. In order to
exclude this possibility, baseline samples were retrieved from
a different healthy cohort taken in 2008/09 before the emer-
gence of the novel pandemic strain (FIG. 56). Once again the
majority of these specimens contained detectable memory B
cells which reacted against the pandemic HIN1 2009 HA. In
summary, these data show that the pandemic HIN1 2009
vaccine preferentially activates cross-reactive memory B
cells generated by encounters with HA from previous influ-
enza strains, including broadly cross-reactive stem-specific
Abs with neutralizing activity.

[0250] Following infection with pandemic HIN1 2009
influenza virus, an earlier study showed that the humoral
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response was dominated by antibodies that bound to the con-
served stem of HA and neutralized multiple influenza sub-
types (Wrammet et al., 2008, supra). A vaccine that could
induce these antibodies might provide heterosubtypic protec-
tion but seasonal influenza vaccines had not been shown to
induce them (Hancock, 2009, supra; Wrammert et al., 2008,
supra). The question therefore remained as to whether
broadly cross-reactive stem-binding antibodies could, in fact,
be generated following influenza vaccination. The current
studies have shown that these antibodies could be induced by
the monovalent inactivated pandemic HIN1 2009 vaccine.
Healthy adults were vaccinated with the pandemic HIN1
2009 vaccine and mAbs generated from plasmablasts isolated
at the peak of the response. These data suggest that, like the
seasonal TIV, the pandemic vaccine induced an antibody
response by stimulation of pre-existing memory B cells.
However, in contrast to the seasonal vaccine, mAbs induced
by the pandemic HIN1 2009 vaccine displayed striking
cross-reactivity. Furthermore, although they were less fre-
quent than with infection, stem-binding mAbs could readily
be detected and one was even capable of neutralizing both
HINI (phylogenetic group 1) and H3N2 (group 2) strains.

[0251] The approach used here for the cloning of mAbs
from plasmablasts has two major advantages. Firstly, these
were influenza-specific B cells proliferating in response to the
challenge of a specific vaccine and not just resting memory B
cells, which consist of a range of clones generated by a variety
of previous antigenic challenges. Since plasmablasts gener-
ated in response to vaccine disappear within 14 days, those
induced by seasonal influenza vaccine administered several
weeks previously would not have directly contributed to the
plasmablasts that were analyzed. Memory B cells against the
HAs of seasonal strains may have been boosted by seasonal
vaccination but would not have fundamentally changed in
terms of repertoire. Secondly, while other techniques use
antigen to preferentially enrich for B cells with the specifici-
ties of interest, analysis of all the proliferating plasmablasts
allowed examination of the repertoire of influenza-specific
antibodies with minimal bias. Using these techniques, the
current studies showed that the B cell responses to the pan-
demic HIN1 2009 and seasonal vaccines were comparable in
many ways (Wrammert et al., 2008, supra). Both vaccines
induced large and rapid plasmablast responses with similar
magnitudes and kinetics. In addition, both responses were
predominantly made up of isotype switched IgG-producing
plasmablasts and mAbs generated from these plasmablasts
showed evidence of extensive somatic hypermutation. These
features characterize a secondary response (Schittek and
Rawjewsky, 1990, Nature 346(6286):749-751; McHeyzer-
Williams et al., 1991, Nature 350(6318):502-505; and Aprin
et al,, 1997, J Exp Med 186(6):931-940) and imply that the
response to the pandemic HIN1 2009 vaccine is derived from
pre-existing memory B cells in a similar fashion to the sea-
sonal vaccine. This was conclusively demonstrated by the
presence of memory B cells specific for pandemic HIN1
2009 HA in individuals even prior to the emergence of the
new virus, strongly implying they were induced by exposure
to previous seasonal strains.

[0252] However, the antibody response to pandemic HIN1
2009 vaccine clearly differed in one important respect: the
high degree of cross-reactivity. Unlike previous studies of
seasonal TIV (Hancock et al., 2009, supra; Wrammert et al.,
2008, supra), the current data suggest that cross-reactive anti-
bodies against both the head and stem of HA were readily
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induced by the pandemic HIN1 2009 vaccine and made up a
large proportion of the response. Cross-reactive antibodies
against both the head and stem of HA from the seasonal TIV
have been described in humans using a number of systems
(Thorsby et al., 2008 PLoS One 3(12):e3942; Ekiert et al.,
2009, Science 324(5924):246-251; Sui et al, 2009, Nat Struct
Mol Biol 16(3):265-273; Cori et al., 2010, J Clin Invest 120
(5):1663-1673). However, the antibodies that were identified
previously were not effective. While different stem-binding
antibodies have been identified following vaccination, these
have primarily relied upon phage display libraries (Thorsby et
al., 2008, supra; Ekiert et al., 2009, supra; Sui et al, 2009,
supra) and immortalization of memory B cells (Corti et al,
2010, supra). A recent study has shown that the MF59 adju-
vant can enhance the diversity and affinity of the antibody
response to pandemic influenza vaccine (Khurana, 2011, Sci
Transi Med 3(85):85ra48).

[0253] The majority of the cross-reactive mAbs here were
directed against the globular head of HA. However, three
stem-binding mAbs were identified and shown to be broadly
cross-reactive. One of them, 05-2G02, demonstrated an
extraordinary breadth of neutralizing activity, with activity
against all HIN1 strains tested as well as binding to HSN1 HA
and neutralization of a H3N2 strain. The capacity to recog-
nize HAs from both phylogenetic groups does not appear to
be dependent on a unique antigen-binding structure. The anti-
bodies provide important proof of concept that a universal
vaccine capable of stimulating antibodies that neutralize all
influenza subtypes.

[0254] Itis also clear that cross-reactive stem-binding anti-
bodies are very rare after vaccination with seasonal strains.
Studies that have found stem-binding memory B cell clones
have required high throughput techniques to screen large
numbers of cells (Corte et al., 2006, supra). In the work
disclosed herein, stem-reactive antibodies were readily found
with 3 out of 28 HA-specific mAbs generated from 8 vac-
cinees showing stem-reactivity. This implies that the pan-
demic HIN1 2009 vaccine induces these antibodies more
frequently as a consequence of the major change in epitopes
from the HA head while the stem remains relatively con-
served. In addition, while 2 stem-specific mAbs came from
one subject and one from another, several subjects had none,
suggesting that some individuals might have a stronger pro-
pensity for developing cross-reactive antibodies by nature of
their underlying B cell repertoire and their previous antigenic
history. In animal models, sequential immunization with dif-
ferent HAs can preferentially stimulate broadly cross-reac-
tive antibodies (Wang et al, 2010, PLoS Pathog 6(2):
€1000796), a phenomenon recapitulated in nature with the
emergence of a pandemic strain.

[0255] The low frequency of broadly cross-reactive stem-
binding antibodies following the pandemic HIN1 2009 vac-
cine contrasts with the antibody responses seen following
natural infection. Earlier studies demonstrated that broadly
cross-reactive antibodies that bound to the HA stem region
dominated the humoral response in patients infected with
pandemic HIN1 2009, with as many as half of these neutral-
izing mAbs recognizing the same epitope (Wrammert et al.,
2008, supra). These stem-binding mAbs shared a common
V,, gene rearrangement which was not observed following
vaccination. Immunization with the subunit pandemic HIN1
2009 vaccine, which primarily consists of HA and NA,
induces a quantitatively and qualitatively different immune
response. Specifically, subunit vaccines cannot infect cells,
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therefore preferentially utilizing extrinsic antigen presenta-
tion pathways as well as inducing less potent inflammatory
and innate responses. Infection also results in greater antigen
load and duration, leading to increased recruitment of precur-
sors and signals for differentiation.

[0256] Unlike the humoral response to the seasonal vac-
cine, cross-reactive clones against the pandemic HIN1 2009
vaccine could be readily detected from acutely responding
plasmablasts. The current studies also showed that they were
derived from memory B cells that recognized conserved
epitopes across virus strains. Thus, it might be that broadly
cross-reactive antibodies are produced by low-frequency
memory B cells reactive against conserved but subdominant
epitopes (FIG. 6). In the context of seasonal influenza, these
are not recruited into the response, remaining relatively qui-
escent due to competition by the more numerous B cells
specific for immunodominant epitopes exposed in the globu-
lar HA head. However, following a major change in the HA,
most of these immunodominant epitopes are replaced with
novel structures. With their disappearance, cross-reactive
memory B cells against conserved epitopes in both the head
and stem no longer need to compete with memory cells spe-
cific for the previous strains. Thus, cross-reactive antibodies
make up a greater proportion of the humoral immune
response following antigenic shitt.

[0257] This also offers an explanation as to why the pre-
ceding seasonal HIN1 strain almost completely disappeared
following the emergence of the pandemic HIN1 2009 virus
(Palese P & Wang TT (2011), MBio 2(5)). The current studies
in individuals infected or vaccinated with pandemic HIN1
2009 have shown that in either situation large numbers of
cross-reactive antibodies with activity against A/Brisbane/
59/07 are generated (Wrammert et al, 2008, supra). Thus,
most individuals who have encountered the pandemic HIN1
2009 strain will also have developed protective immunity
against A/Brisbane/59/07 leading to a rapid decrease in the
number of susceptible hosts.

[0258] The data herein show that broadly cross-reactive
stem-binding antibodies can be induced by the pandemic
HIN1 2009 vaccine, thus demonstrating that productive
infection is not required. Furthermore, stem-binding antibod-
ies with the capacity to neutralize a broad range of influenza
subtypes can be induced by vaccination. However, the fre-
quency of these stem-binding antibodies following the pan-
demic HIN1 2009 vaccine was low and not all vaccinees were
found to generate them. In order for a truly universal vaccine
to be effective, it must induce cross-reactive antibodies to a
high level in all recipients to provide robust heterosubtypic
immunity.

Example 7

Detailed Information Regarding Antibodies that
Bind Influenza Virus

[0259] Table 1 (FIG. 12) provides detailed information,
including sequence information, about each of the antibodies
that were confirmed to bind influenza. Each antibody is iden-
tified in Col. A by antibody name and an indication of whether
the heavy or light chain is being described. Heavy chains are
indicated by H and light chains are indicated by L at the end
of'the identifier in Col. A. For example, line 1 of Table 1 (FIG.
12) discloses 005-2G02H, which is a heavy chain for one of
the antibodies, and line 2 of Table 1 (FIG. 12) discloses
005-2G02L, which is the light chain for the same antibody.
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Accordingly, each pair of rows (2/3, 4/5, 6/7, 8/9, 10/11,
12/13,14/15,16/17,18/19,20/21,22/23,24/25,26/27, 28/29,
30/31,32/33,34/35,36/37,38/39,40/41,42/43,44/45, 46/47,
48/49,50/51,52/53,54/55,56/57,58/59, 60/61,62/63, 64/65,
66/67,68/69,70/71,72/73,74/75,76/77,78/79,80/81, 82/83,
84/85, 86/87, 88/89, 90/91, 92/93, 94/95, 96/97, 98/99, 100/
101,102/103, 104/105, 106/107,108/109,110/111, 112/113,
114/115,116/117,118/119,120/121,122/123, 124/125, 126/
127,128/129, 130/131, 132/133, 134/135, 136/137, 138/139,
and 140/141) represent paired heavy and light chains from a
cloned human antibody. Col. G provides the V region amino
acid sequence, column O provides the full translated V region
amino acid sequence. Col. H provides the FR1 amino acid
sequence. Col. I provides the CDR1 amino acid sequence.
Col. Jprovides the FR2 amino acid sequence. Col. K provides
the CDR2 amino acid sequence. Col. L. provides the FR3
amino acid sequence. Col. M provides the CDR3 amino acid
sequence. Col. N provides the nucleotide sequence. Column
P provides the FR4 amino acid sequence. FIG. 14 provides
the V gene, J gene D gene allele, and provides the V muta-
tions, CDR lengths and A A junction sequence (“AA junction”
sequences are disclosed in FIGS. 14A and 14B as SEQ ID
NOS 1401-1540, respectively, in order of appearance).

Example 8

Materials and Methods

[0260] Patients and vaccines: All studies were approved by
an institutional review board). Twenty-four healthy adult vol-
unteers were given the monovalent pandemic HIN1 2009
vaccine. Subject 2 was given the seasonal 2009/10 TIV only
4 days before receiving pandemic HIN1 2009 vaccine and
was excluded from all cross-reactivity assays. Memory B cell
and mutational analysis data were derived from clinical stud-
ies 0 2008/09 and 2009/10 season TIV vaccinees. Peripheral
blood mononuclear cells (PBMCs) were isolated using Vacu-
tainer tubes (BD for immediate use or cryopreserved. Plasma
samples were saved at -80° C. for subsequent analysis. All
vaccines were obtained from Sanofi Pasteur Inc.

[0261] Viruses and antigens: The pandemic HIN1 2009
influenza virus (A/California/04/09) was utilized. Other
influenza virus stocks used for the assays were obtained from
the Centers for Disease Control (CDC), grown in eggs and
purified as described (Wrammert et al., 2008, supra). Recom-
binant HA proteins were provided by the CDC and by the
Biodefense and Emerging Infections research repository.
[0262] ELISPOT and Memory B cell assay: Direct
ELISPOT to enumerate the number of either total IgG-secret-
ing, pandemic HIN1 influenza virus-specific, vaccine-spe-
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cific and recombinant HA-specific plasmablasts present in
the PBMC samples was performed as previously described
(Crotty et al., 2003, J Immunol 171(10):4969-4973).

[0263] Flow cytometry analysis and cell sorting. Analytical
and cell sorting flow cytometry analysis was performed as
described (Wrammert et al., 2008, supra).

[0264] Generation of mAbs and variable gene repertoire
analysis. As previously detailed (Wrammert et al., 2008,
supra; Smith et al., 2009, Nat Protoc 4(3):372-384; Ward-
emann et al., 2003, Science 301(5638):1374-1377), VH and
Vk genes were PCR-amplified from the transcripts of single
ASCs and then sequenced. These variable genes were then
cloned into IgG1 or Igk expression vectors and co-transfected
into the 293 A cell line for expression. Variable genes were
analyzed for identity and mutations using in-house analysis
software and the IMGT search engine (Fhrenmann et al.,
2010, Nucleic Acids Res 38(Database issue):D301-307;
Lefranc et al., 2009, Nucleic Acids Res 37(Database issue):
D1006-1012). Background mutation rate by this method is ~1
base-exchange per 1,000 bases sequenced (based on
sequences of constant region gene segments). Comparisons
were made to previously published data (Wrammert et al.,
2008, supra; Zheng et al., 2005, J Clin Invest 113(8):1188-
1201; Zeng et al., 2005b, J Exp Med 201(9):1467-1478).
Antibody sequences were deposited on GENBANK®.

[0265] ELISA, HAI and neutralization assays. Whole
virus, recombinant HA, vaccine-specific ELISA, HAI and
neutralization assays were performed as previously described
(Wrammert et al., 2008, supra). For competition ELISA an
additional pre-incubation with unlabeled competitor antibod-
ies to the HA-stalk epitope at a 10-fold molar excess was then
performed prior to application of the mAbs to the plate.
Competitors consisted of one of two known stem-binding
mAbs (70-1F02 or 70-5B03) or a negative control antibody
specific for the HA globular head (EM-4C04). Competition
level was calculated as the percentage inhibition of the half-
maximal binding concentration of test antibody relative to the
absorbance without competitor.

[0266] Inview ofthe many possible embodiments to which
the principles of the disclosed invention may be applied, it
should be recognized that the illustrated embodiments are
only preferred examples of the invention and should not be
taken as limiting the scope of the invention. Rather, the scope
of'the invention is defined by the following claims. We there-
fore claim as our invention all that comes within the scope and
spirit of these claims.

SEQUENCE LISTING

The patent application contains a lengthy “Sequence Listing” section. A copy of the “Sequence Listing” is available in
electronic form from the USPTO web site (http://seqdata.uspto.gov/?pageRequest=docDetail&DocID=US20140348851A1).
An electronic copy of the “Sequence Listing” will also be available from the USPTO upon request and payment of the

fee set forth in 37 CFR 1.19(b)(3).
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1. A purified monoclonal antibody, wherein the mono-
clonal antibody comprises a heavy chain variable domain and
a light chain variable domain, wherein the monoclonal anti-
body specifically binds hemagglutinin (HA) of at least two of
HINT and H5NT.

2. The purified monoclonal antibody of claim 1, wherein
the monoclonal antibody specifically binds HA of H3N2.

3. (canceled)

4. The purified monoclonal antibody of claim 1, wherein
the heavy chain variable domain comprises one of:

a) the amino acid sequence set forth as SEQ ID NO: 3, the
amino acid sequence set forth as SEQ ID NO: 5 and the
amino acid sequence set forth as SEQ ID NO: 7 [005-
2G02].

5. The purified monoclonal antibody of claim 4, wherein

the heavy chain variable domain comprises one of:

a) the amino acid sequence set forth as SEQ ID NO: 1.

6. (canceled)

7. The purified monoclonal antibody of claim 4, wherein
the light chain variable domain comprises one of:

a) the amino acid sequence set forth as SEQ ID NO: 13, the
amino acid sequence set forth as SEQ ID NO: 15 and the
amino acid sequence set forth as SEQ ID NO: 17 [005-
2G02].

8. The purified monoclonal antibody of, claim 1, compris-

ing:

a) a heavy chain variable domain comprising the amino
acid sequence set forth as SEQ ID NO: 3, the amino acid
sequence set forth as SEQ ID NO: 5 and the amino acid
sequence set forth as SEQ ID NO: 7 and a light chain
variable domain comprising the amino acid sequence set
forth as SEQ ID NO: 13, the amino acid sequence set
forth as SEQID NO: 15 and the amino acid sequence set
forth as SEQ ID NO: 17 [005-2G02].

9. (canceled)
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10. The purified monoclonal antibody of claim 1, wherein
the light chain variable domain comprises one of:
a) the amino acid sequence set forth as SEQ ID NO: 19.
11. The purified monoclonal antibody of a, claim 1,
wherein the antibody is an IgG, IgM or IgA.
12. The purified monoclonal antibody of claim 1, wherein
the antibody is fully human.
13-15. (canceled)
16. The purified monoclonal antibody of claim 1, wherein
the antibody is labeled.
17. The purified monoclonal antibody of claim 16, wherein
the label is a fluorescent, enzymatic, or radioactive label.
18. A composition comprising an effective amount of the
antibody of claim 1, o and a pharmaceutically acceptable
carrier.
19. A purified nucleic acid molecule encoding the mono-
clonal antibody of claim 1.
20. The purified nucleic acid molecule of claim 19, com-
prising the nucleotide sequence set forth as:
a) SEQ ID NO: 8.
21-22. (canceled)
23. An expression vector comprising the purified nucleic
acid molecule of. claim 20.
24. (canceled)
25. A method of detecting an influenza virus infection in a
subject comprising:
contacting a biological sample from the subject with at
least one isolated monoclonal antibody of claim 1, or an
antigen binding fragment thereof; and
detecting antibody bound to the sample,
wherein the presence of antibody bound to the sample
indicates that the subject has an influenza virus infec-
tion.
26-80. (canceled)



