1 BEMAGGLUTI NI N ANTI BODY AND USES THEREOF Field of the Invention

[ 0001] The-invention relates to nmethods of maki ng hemaggl utinin

anti bodi es and uses thereof including prophylaxis and treatnent of

i nfluenza. Background [0002] Hi ghly pathogenic avian H5NL infl uenza
virus is a major public health concern. Gven the |ack of effective
vacci ne and recent evidence of antiviralp drug resistance in sone

I sol ates, alternative strategies for contai nnment of a possible future

pandem ¢ are needed j t.he initial out f pneunoni a
caused by highly patHb ﬁm.mgmvgﬁ%ﬁ Kong in

1997 resulting in the death of 6 of the 18 infected individuals (
Claas et al.: Lancet 1998, 351:472-477.,and Yuen KY, et al. Lancet

1998, 351:4G7- gé 3 g éhe potential for emergence of a pandem c

i nfluenza (do Jong gt al.Nature 1997, 389:554.). Mass
sl aught eri peul the utbr _ er,, H5NL
viruses of aﬂ]ougﬁate%o %‘3@ %\géﬁegbpota %%%&%%‘d&ﬁe&
have cont ithﬂyeﬂmcbldnmmhwmeaxHI@undmmhﬂum poultry and aquatic
birds. Toward the end of 2003, a single genotype (the "Z-genotype")
becane doniBaskgrommd] was responsi ble for outbreaks in |ndonesia,

Thai | and and Vi et nam t hr oughout 2004 (Li et al. Nature 2004,

430: 209- 2130§02] céﬁehlﬁQaMnawaanm/azdIuenziamramamampuhimemhc[omﬁn]
Since this did8, ddadll

popul ati on has %%ér}f? nue&lﬁ@%&%&%ﬁﬁ%@t%@n&gﬁ%ﬂ%ﬁ%gg?sé %IF;%/ TS
has resul t dilatss, ﬂlﬁqmabmtegﬂe@fyabow obd possihle futime pandeintidare eqeded s of
H5NI i nfl uenza causing nortality in poultry and aquatl c birds

t hr oughout 989 @ﬁﬂbfge%wombwpnﬁmmawﬁegMYm&ogmﬁﬂm ity
of H5NL vi ril&fﬁl%ﬁ'zatﬁpwﬁs%ﬁo 4&&@9@@9%&@1 ed\é@cﬁofefafﬂﬁélis ﬂ&&egn' y

fromthe cases of human 1 nfectlion, but a rom ection an

nortality Wﬁ%&(t@%ﬂséhﬁsLaﬂﬁaﬁ%Séﬂ#ﬁ@ﬁﬂ #nd Ynedp¥r e ol Crecstka98r oen

%04al 3525"3 gg%%?#%g%eﬁpﬁfﬁeﬂ%%ﬁg%apﬁg%nm 3&%1 E%Egc%g

i nf ect i on, cHMigrEa1NM7 3% dMas Sbﬂﬁmp%www&%bﬂ@mfbreﬂc
wi despr ead it isN1 APas otV KhdoBR RS AR Sy ARGENRES AR Hd hila!

acqui sition of the properties necessary, throu mutation or genetic

r eassor t mefeAtIpEto ﬁ%ﬂlﬁe¥%°1}’f’erﬁ%lﬁﬁ in FW@C{WG ibisdsoApvyard theeand oF 2008, 2
time. Shoukigglk Bmtype qus Z%bﬁﬁﬁfé YWRkHnsh Jb%&ﬁﬁan%and%ars E&ﬁédsme%- Mmgég i

to such novel vijruses result I n human 1 nfl uenza

of potenti gq T%%@Wl‘@etﬁ% g’@@qgh@ﬁgom (L1 et al. Nature 2004, 430:209-213.),
causing death in ~50% of the confirmed cases.

J0004]  Since this time, the H5NI influenza epidemie of the Asian bird population has .
continued. In addition, infection of migratory birds has resulted in increased global spread of
the virus with reports of H5SN1 influenza causing mortalify in poultry and aquatic birds

. threughout Asia, Europe and Africa, From the beginning, the ability of H5N1 viruses to cross
the species barrier was evident not only from the cases of human infection, but also from
infection and mortality in domestic cats, captive tigers and leopards ( Keawcharoen ez
al.Emerg Infect Dis 2004, 10:2189-2191. and Kuiken et al Science 2004, 306:241.). Taken
together, the increased incidence of human infection, coupled with evidence of expanding
host range and widespread distribution of HSN1 viruses has heightened concern that |
acquisition of the properties necessary, through mutation or genetic reassortrment, for human- .
to-human transmission is only a rmatter of time. Should this occur, humans would have



10005] Currently, control of influenza relies on two options,

vacci nation or antiviral drug treatnent with vaccination being the
preferred option. However, the high virulence of HoSN1 i nfluenza has
i nhi bited the devel opment of vaccines using traditional approaches
(St ephenson at al. Lancet Infect Dis 2004, 4:499-509.) as the
patients actually die fromtheir own hgper- imrune response rather
than the virus itself. Hence, if vaccination with an antigen is used
there is awhtﬂb) né E}ﬁﬁﬁﬁtyt’cb@udh@ldyel\&irbdes FRich P redul R umbATHINEh-h BSHRRE
Q her approdc for ‘'vacci ne production, such as reverse genetics,
DNA vaccin ngﬂ&“?WQﬂHEQKBP Bonbi nant  hemaggl uti ni n (Vébby at

at. Lancet 4.3 1 nd W)Qd and Ropertsopn Nat

M cr obi al I?@@% ‘gw fgmm) of pEipinagaanslichon twp P?F%mwﬂ%?jﬁe%@rﬂéﬁmg
sutccess F%eamenwmﬁefcvﬁﬁwnﬂﬁmgﬂ&%kﬂ:ﬂd ogamﬂb%wr t’@% &gwf&maﬁiSaeN ?ﬁHﬁI\l 'l
not avail ab er Qr sno angem ¢ ari_se que to e
lack of  ariiifehehas qRoysd e #wawg o eweR P Baopel apRrpishes{Sieghease
the ef f ectérwengre: BfecAmit 004 249915000)%s AkDaRéhySdctally 818 RSt dvih I @beblt
viral spread such as socj al _di stanmg%g [ 0006] For treatnment, o

i nf | uenza THBmeFesRAusETafer than the virug tself C%Fféamg%mt@%aﬁasv%r@d 1.
M2 ion changels alwgn dhbitcR Hfe Hoa ol @rintdq: 1 Pék- Wieajsbnsebm@%r&ches for

neur am ni dase inhibitors (NAls; oseltamyvir and zanam vir [ Q007

The pr esenG&RyFPT iory, sych §§§°V?’§%$"§Ft§ﬁ’tmg‘% Vegenatipn gudkhagise @cqﬂthma&
at. Natur %em?ﬁhm&@@eb% 9 21 Bsnc@ 0047863109911 163, andNERGH aﬂ%eﬁ&g@at

- 350: 1179- ejr cannot be reljed. upon.

n
neur ani ni R &@&%8%@7 v eben yost with gy ving d?ggesgggcce(gﬁmt@e for -
prophyl ax llﬁmﬁ@ﬁéoﬂﬁb reaaylfé,r %ﬂaﬂﬁb&ﬁi pro@RESLIRHN n@hvailibB eARR At Shdiidd EONL

virus. Its cacg Hé& %EEIS till unclear duetoalack
hunmn dat PAAEHEAIE® CreAERN, felok ot G Vg TPEe grReR OB BT e gy
effic acy a@mmtthd 4HfeBidch@8 abahtivAlirisk bniSphy§ied] aletfinds i@ Mbivi R iralafiead YENn
at al. J. fect 2005;192: 665-672.). However, reports have al so
appear ed d"& SIS?%??d%faH@n@evel opnent of oseltamvir resistance during

HSN v 1 udO00FT; neoL B gt B ??&%Sseap SR Seperre By adablel
353: 2667- 46 7.1108-1108. While th
current déflgéd%ng%g?\%?mﬁég?%ﬁa%@oc g d}%%’e’ﬁn am vir 120r pi’mgemﬂ(e:

prophyl axi Lﬁegfﬁ?%e%t‘*%%%{%% ﬁ%ﬁ“?f‘(ﬁb%ﬂgiﬂa%%@t olutinin is an
anti geni c @dmOp&ﬂL 8 rStkn P05 fﬁu&ﬁﬁb&o&f S‘t%?\gn%ibruses

as well as man oth acterla and vIruses. 'S respons

bi ndi ng t #804/# QJ%09c'2)138aDdtfﬁéﬂ elall.|\N Engdv Med 2004, ap:1170eld B8 medmrs dheiroge

U ARl el DSOBRBI gk b

for prophylaxis against- and clinical management of- dlsease due to H5N1 virus. Its efficacy

l

~ in both uses is still unclear due fo a Yack of human data. Recent studies in mice have
highlighted prophylactic efficacy against infecﬁon by HS5N1 virus isolated from Vietnam |
(Yent'et al. J. Infect Dis 2005, 192:665-672.). However, reports have also appeared detailing
the development of oseltamivir resistance during treatment of HSN1 infected patients and
isolation of drug resistant HSN1 virus in the same region (de Jong ef al: N Engl J Med 2005,
353:2667-2672, and Le et al: Nature 2005, 437:1108-1108.), While the curreﬁt data does not
deter stockpiling of oseltamivir for pandemic response, it does suggest that alternative

strategies for prophylaxis or treatment are heeded.

[0008] Hemagglutinin is an antigenic glycoprotein found on the surface of the influenza

viruses as well as many other bacteria and viruses. It is responsible for binding the virus to



(140s | oop) and 155-164 (150s |oop), |ocated near the
receptor-binding site that are anti body- binding sites for potent
neutralizing anti bodi es against this virus (Wley et at Nature 1981,
289:373-378.). These | oops are prone to antigenic drift and nutation
i ntroducing a potential glycosylation into this region inhibits

anti body binding (Wley et at Nature 1981, 289:373- 378, and Caton et
aL Cell 1982, 31:417-427.). These antigenic | oops have al so been

i dent i fi edfteRell 8t i e AT . St al
determ nat j one( Ha l_et al . egkm?r%%B@@%WQB@g%@%ﬁé&fr uses
i sol ated fPovacslHein ofmduanza ATEINR ey identifisd 200 Sotmiing LogMOrsidass d40c45n

to differ j ' i bi_ndi.
S te. wt OV IEAA \SHErR 1 R el Ml BbEoch B bR ERE R ARy
at Proc NaPPdipgsites Srpotentgeyiralizing sntodied 2945t thizoR0s (Wilshret mbNakes1 981,

bi nding t {73 [ i neut raldZ i ng. t.0 teric .

hi ndr agce%gfgtst'iﬁg? ?ztlgggéﬁpg%g%é@ve\g%ﬁu 1%9%1%% %‘?’8?%‘?%’8??@“&??8“8@%
and its re@BiEYation e thivwegion inhfhits ewtitiods binfiag EV{GKke b Naamel 1981 | 2893784
Rey Bi och 2 ; = a1GH tion of, thi.s | gop ma

i bi t bie,gr?ogl ] %gf%t&% ﬁgﬁgﬁ? ?9%3’) yl-‘él‘é’g‘?ﬁ?-ﬁi?ﬂﬁ%‘e ?“@%e”\%‘f Toogs ]’r%%@?@qef”}?/ng

pr oper t i esidentifiedin the hepagglniinin bf HANviamses yciiyctuhbdseraiatiap@ia et al. Embo
det erm nan 6 .4xat xRN, : . ' ' 0 nd Le e to
ut at § on rear02 8l WESNIN S AR Fun RS BTy P2t Sud

i dentify s%%ﬁ ware kapvi tpolifferimtpe lbutigthicA¢apuibdatel] QRG] tho¥epptos bindiak site, with

cale ant iR Rodabh kit el fudmfnt el £oPloc YA Bl Ny & 27 9°
utilizing zgﬁﬁ,ilgg-azw;lzgmAang bindBy th frisrntizatc laowlara néubializingdue to
r osont | | roL Mkl Jr MMBBAC ol W PR b ARE LT BB B by

present invention seeks to aneliora
provi di ng ‘estedreihssey sufee(Skehel ensl Weendgla ey Riavheon pa0s, 69:651-569.),

neutral i Zighgeivid | rnbﬁﬁﬁhi g s f | and .using the
sane. Geneg?%l %Bgﬁﬁﬁﬁ%se S |F]1P6ei18mg§5fﬁg§%h?’to dﬁﬁﬁwﬁﬁ%ﬁe‘eﬁuﬁte t hat

t he i nventtPEFligageropetes. Feplly, a npuiralizing amibbishwkost epitope Hetbrtmmtsardchot
nodi fi cat ipgig 9 ; i dl The ..inventi.on
el udes. s el R e DR o eSS Syt el R b

i ncl udes &9 2biity todfeatiftsephsan ngibedymeay, befdififigult. at i ons and conpounds
referred i ol indicated in the specification, individually or

col l ectiv ‘?%P ind Hi gragrback:torths usa of enibodps iafiy cument bich wost of lefget he

steps or sfabadntib@E profiuctiROTRL 1 ERe e W@eﬁﬁfu i 4: SribBALLAlcn a? foa

applicati r_.patent cited in this text 1s expressty Incofporate
herei n i_nﬁgNQéP‘TegW‘ﬁ@FWP@FW%%W%@W%M@DHMWM@MUI d be

read and i dered by the r,eadg&s as part of this text. That the
docunent , E@lr e hEePr akIpyRotion seeks to ameliorate the above mentioned problems by

providing an antibody specific to hemagglutinin capable of neutralizing influenza viruses and
methods of making and using the same,

General

[0011]  Those skilled in the art will appreciate that the invention described herein s
susceptible to variations and modifications other than those speoificelly described. The
invention includes all such variation and modifications, The invention alse includes all of
the steps, features, formulations and compounds referred to or indicated in the specification,

ipdividua!ly or collectively and any and all combinations or any two or more of the steps or
features. -



application or patent cited in this text is not repeated in this text
Is merely for reasons of conciseness. [0013] Any manufacturer's

i nstructions, descriptions, product specifications, and product
sheets for any products nentioned herein or in any document

i ncorporated by reference herein, are hereby incorporated herein by
reference, and may be enployed in the pgactice of the invention.

[ 0014] The present invention is not to be [imted in scope by any of

thte s geg | ]1: il 0123rTbﬁbmme?ﬁ%ﬁfmb@?at?ﬁraﬁ%ﬁbahoﬂw?ﬁ%eﬁ%ﬁ%{l%@felﬁﬁ1§r e

i nt ende e, 0 ification on unctional 'y

equi val ent% I%%Wc‘ﬁ ﬁ?%?"r&ﬁf%‘% Wﬁﬁﬁcﬁwécm@wmﬁtlwhpﬁﬂhet he
scope of th@dlan@mﬂdaﬁdhﬁﬂﬁeadérlabﬁﬂt GEh dxt. mgﬁaéhoéﬁﬂﬁn fb}’&éﬁcb,%tent

descri bed qQne or nore ra . val ues si"ze
concent r at ?ﬁ?%mg'foé‘)m iéﬂe’%&éﬁﬁdnmg?m (%4 15, aef rgpepted B‘g‘hé trorbis snearlvifor seapame bfide
al | val ues concisehess.t he range, including the values defining the
range, and val ues adjacent to the range which lead to the sane or

subst ant i a[00/13] hemammmmch&g ¥abisiRiond, FRRRGU: 8lRintaiRall 36E Aot
to the range.” [0016]

t hat val ue h defi.n undar

Thr oughout lfe%\ﬂsgsaﬁﬁgrl FP%%’P?‘Q’H L ?WW@?P@@&W@@ refelgrgeni se,

the wor d heranpare Bathydnhcorpurated he@dhs bp+fdierds, ané RIAPHE SRSoyedin ?:e ractice of
"conprising:. Vé"tlic! be understood to inply the Inclusion o g tated

i nt eger or gro B Bt |nt egers but not the exclusion of any other

I nt eger up ., hoted that in this

di scl osur et ggg?pa?? nﬁ?f“ﬁﬁ%“ﬁ’%lm‘ta‘?’&ﬁwpﬁ ¥ gt efghesprafic t er ns

such as " cenpriimeds desc‘hbedmerem.emese émmmb:ﬁsﬁsiht@ﬂﬁhbhﬁe%h §se¢an  have
ey can nean

t he meanin t Pat e

"incl udes", &e%hﬁé %%&%y FU‘PEWHHF%V@I ng’f%%npklé“‘m&ﬁﬁﬁ?lﬁ pdstags s
such as " c@lﬁﬁslys’mhngthemgelbﬂhéinyermibnaadﬁﬂcn bed Béteinst s essential ly of
have the neaning ascribed to themin U S. Patent |aw,.e.g., they

al | ow for @Pé%nt'ﬁamten@oapdasmbed Yereia dyéntivde vhe @mmmgebﬁms feslshat

are found X h ffect asic.or el
. char acterliogl?égﬂg?dﬁ{% eo%alﬁes%% Sf‘f’@ﬂ‘ﬂ@'f"?“ﬂ?ﬂ‘@l'o’r? S prijjuin the
sel ect ed tepgesingydiag ﬂ@rveluns M;unb &émgedm&%hmdjd@mtdeﬁatdngdwmch lead to
descri pti og hr gughout t herw se
def i ned, al?.gg&ethogrgug Bl MR uBBRL e i Bk el iR Erof ol e
t he sane n@ﬁ?h%n%h%bﬂmwtothﬂmgstood to one of ordinary skill in

the art tq which the invention belongs. 5 Sumary [0018] The
i nvention B?Wl d ddrenshe thinwmesifieation. vnless the contexhrpghitssiothierwisa fievrod of

2: ﬁ; ral i zimagmprtb' s18RARIGKS 5dsh 85 BRPrIE &Q'gémﬂ{sﬂéﬁ Kl %e %rs?oodr}gmpriy
the inclusion of a stated integer or group of integers but not the exclusion of any other integer
or group of integers. ‘It is also noted that in this disclosure and particularly in the claims
and/or paragraphs, terms such as “comprises”, “comprised”, “comprising” and the like can
have the meaning attributed to it in U.S. Patent law; e.g., they can mean “includes”,
“included”, “including”, and the like; and that terms such as “consisting essentially of” and
“consists essentially of” have the meaning ascribed to them in U.S. Patent law, e.g., they |

-allow for elements not explicitly recited, but exclude elements that are found in the prior art
or that affect a basic or novel characteristic of the invention.

[0017]  Other definitions for selected terms used herein may be found within the detailed
description of the invention and apply throughout. Unless otherwise defined, a1l other
scientific and technical terms used herein have the same meaning as commonly understood to
one of ordinary skill in the art to which the invention belongs.



[ 0019] The anti body of the invention is further directed to the 140s
protrudi ng | oop of the hemagglutinin and maybe capabl e

of neutralizing influenza virus. The anti body may be nonocl onal and
or humani zed. The anti body nmay i nclude an expression product of SEQ
ID NO 1, SEQID NO 2, SEQID NO 3 or SEQ ID NO 4. The anti body may
include SEQID NO5, SEQID NO 6, SEQstD NOO7 or SEQID NO 8. The
anti body maybe expressed froma nucleotide selected fromthe group
of SEQ I D $¥amidry SEQ ID NO. 2, SEQID NO.3 or SEQID NO 4. The

anti body maybe selected fromthe group SEQID NO 5, SEQID NO 6,

SEQ 1D NO.[P008] SEbdliiebin fovi@ AR kbl e B hoRpkifudlbintfid of L Om ¢t he
surprisin rgsutsf?f a gonparative analysis of Feam o acid ,
sequences(‘qrtl)e]11 T4 Sﬁéﬁ%&@‘m‘iﬁﬁ dedusingitheisamger t he | ast
few year S00T8ler eTHeSsmAbYdl SLME Svetioh b BRRer ML ALd 10 1&0%@6&?&% 1 biadc#f‘%ﬁe

h net ¢ ar1t i n

| oops of hemaggl utinins. Surprisingly, however, the
" these regi Wme@&wghoéﬁe pbrileenze wirus. ‘Gheantibgdyandyde sit e

in the 15GRodotiofal @hd M HukBniz&D: | i ng. to
occur rm:]‘\? ion %&%1503 Iooép\l/r\nﬁ% tﬁﬁ}:ﬂé@ﬁ%}ﬁhﬁﬁ%@ %%&ﬁgb%%%%ﬁg%g%ﬁaiﬁe
present i M@k NG %?%Qgﬁw-é oFBERAD N 4 TheantibaiyangydinslattSBQUD at
| east af f @0, 5, BBQIMMNGI&N b N 71 ' | .ses._the step
of ; contacgtin ?%e_i nf ec%?%ﬁbmﬁ%@?ﬁ%%ﬁmﬁ%‘ﬁ%%F@"FSSS“S
hemaggl ut ié‘i’F‘Wg Bcleetige sglectsd fipmdhn eraypcafiSHQUID 10t h SEQIDNQr2 SEQADIND. 300p
of hemagekBEQIDMNO.RL , ' ] f it h Jnf za
viral infecy QB 0y AR i T das b S Rl
‘alternati @e ]?(g - TOREEQIRMMSE. i nvention resides in the use of an
antibody [6028¢1 f The IReRAROG VLT B I -ant | LS h
140s pr)c/)tr[udi n Iog -of hemggﬁﬁ#ﬁaﬁgﬁ {%‘B@%% WE%HHC‘)’%&%%S}SO%

i nf | uenza & qcik segyeness of prmererdEiNt homeselutiningidéntified oveafhedast wan

i nf | uenza ysis. Tierb i 6 bdnk irifl 20 23 hatibAS: A BRADL: %.ﬂ)}ﬂ?g]&iih%aa | 29idce! at es
to conpositians .includi ng pharnaceutical ™ conpositions conprising a

t her apeut FERPFHel @’@Y‘?’aﬁgﬁ Bstrifhin thesy regions andi theoidirodistion dfagotential

hemaggl uf lycasylatior 4 idthe 2503 1@@%&9@&&1&&&&@?&%@&%@2@%2@%@@% CLOOp

of hemaggl uti her ei n_a conpoun peu |y

.ni.n. . used hy
ef fecti venﬁofe’theiléésjllﬁ%wftbﬂ’éﬁlPéT%ﬁl"fQﬁlOPPrfI uenza virus infection.

[0024] Thipo2ay entheyteshiavaatioN islaoRddiml bl ndhg A5k MM eas affoot
I nfluenza_vi gal infection, conprising the steps o e determ ni ng
an anount %@m&&fsﬂéﬁﬂ%’ ‘%5]_?1“1{ FEPESEF AT sterf ofpconipgiinggthe infestionraiting) koop
of ~hemaggiutibody spedific ddBihagdlitinitBor By B BHbIdy APRAENE IRAR0SHRERI Lol

havi n n i nf.l uen i yal _infection
9 ahemagglu&mxy.zfﬁreférajt’ag, the antibody interferes with influenza viral infection by means

that neutralize the virus,

[0 022] An alternative form of the present invention resides in the use of an antibody
specific to hemagglutinin or an antibody specific to the 140s protruding loop of
hemagglutinin for the treatment of an influenza virns infection, preferably the nse af least
affects an influenza virus infection,
[0023]  The present invention also relates to compositions including pharmacentical
compositions comprising a therapeutically effective amount of () an antibody specificto
hemagglutinin or (b) an antibody specific to the 140s protruding loop of hemagglutinin, As
-used herein a compound will be therapeutically effective if it is able to affect an influenza
virys infection, : _
[0024]  The invention also provides a method of diagnosing an influenza viral infection,
comprising the steps of the determining an amount of hemagglutinin or the amount of a 140s



[ 0025] Accordingly, the nethods and conpounds descri bed herein may be
used in diagnostic, prophylactic and therapeutic nethods. O her
aspects and advantages of the invention will becone apparent to
those skilled in the art froma review of the ensuing description,
whi ch proceeds with reference to the following illustrative draw ngs
of preferred enbodinments. Brief Descrigtion of the Draw ngs Figure
1- Humani zation of nmouse mAbs VNO4-2 and VNO4-3 [ 0026] A,
Di agr ammat ipetmeing &mp of duiagplutifin fdTeo 49 MRS Sk MK b BérshSBehetid &Fh%@ihg
chinmeric %QﬁfPOdIES'th and CH refer to the constant regions of the
e XY PRGN 1 9@, respectively: L refers to the

human Kappa

| eader seqii@0R53. ' Beodmihghf) thomsthew a8 G&ﬁifbﬁﬁdscﬂesmi@wﬁéﬂeiﬁ&gﬁ@ﬂed' .
regi ons, antibodies E}gund t o i numosor bent pl ates were detect eﬁl usi ng

secondary ARETEEUPEEILHEE ] Reppruts melnds. Gthen Aperivindedyptzesafieowi ng

addi ti on ofnvEMBn villbssoid bEpaedds R thaB SRIINER (HBASHE S et lewTOR ugd&gure 2
- Prophyl agti c effic 2- and VNO4-3-hud in m ce%'T 7]

cy of VNOA4- - ht I
M ce were ?FSWU@HQ‘%IB%P‘F‘F"%F With whrenge todbe Sownptbstraive frswings of prafersed
Al Vi et nanl &x@batént4h after the introduction of 1, 5, or 10 ng/ kg
bodywei ght of anti body. The percentage of initial body weight after

chal | enge BsiefhdahﬂﬁdhcbfftMDﬂlﬁgsZ-hUGl(A) and VNO4-3-hud (B) .
periodically over 15 days. Each data point represents the average of
5 mice. SHigurebt Hohamikeionedgilsdina®s vand2hegrvega-§ or 21 days after
chal  enge and indicates the |evel ofprotection fromnortality (C).

Figure 3 -I0PR6} apémihgammtﬁﬁmpysl ? snfatiMl\mho '\;feédgi(:)b)@ioﬂ ﬂcﬂsi\rf aed wﬁﬁ% c(%:%f/n%i%

wer e i nocul.a se i et nam,|

virus 24h, %g«ﬂ?s%&n gﬁ ﬁeggri tﬁ’t&'Scfﬁ%%fﬁn(Bﬁe%?nsl?foé‘?ﬁ{&Pa”i Mgyt and

l(:j)odywei gththgan\m@h:@pwg@mm&dmtmyhﬂm?e(sﬁg?ﬁd?B) EBIdmL ﬁ)hﬁ@ﬁ%&@nm D)

ays .pos : centage.of. injti ody wei ght was
noni t or ed %era?%g#s%gf rle%l %\’/gﬁ bfgleﬁg‘g‘fd?%%0@53@%%@?8%‘5%@&
r2 ip(r]I ese n]E zﬂeﬁqvéaﬁwetbgss srfecific n&‘drdmn;aﬁ[g_@éndaﬁougéh 1@1, gmdlmﬁf gion YETMBOr
ays nd indicates the | evel of protection

fromnort al P%ﬁso&%&%ﬁﬁfﬂ&ﬁ}aﬁ?@@%ﬁ_ Sequence of the Anti body

vari abl e rggi - P . D4 - 2 and .VNO4- 3- HUG

[0029] (A) a: i gnnen?ﬂsg%a%c%gﬁ'%{él el ch@gi.ad'%aﬁs%%ﬁbﬁg’qé‘&f"&eof t he heavy

chai n of t[pg27hunyaé 66 HRRAG ?@;ﬂi ch Fgﬁ% show ng the

variable rge i,o]ns. &B) cal i g%érrec_{ﬁtﬂiaol ot 339%%8 el csoigl W{iﬂ% no acid

of the | i gHViEHEY 120804 Pfeatisn fhedntdaictinn b &) % oml 0 me/kg bodyweight of antibody.
The percentage of initial body weight after challenge is indicated for'VNO_4-2-huGl (4) and
VN04-3-huG1 (B) periodically over 15 days. Bach data point represents the average of 5

mice, Survival of challenged mice was observed for 21 days after challenge and indicates the
level of protection from mortality (C).

Figure 3 - Therapeutic efficacy of VN04-2-huG1 in mice

_ [0028] Mice were inoculated with a lethal dose (10 MLD50) of A/Vietnam/1203/04 virus
24h, followed by the introduction of 1, 5, or 10 mg/kg bodyweight of VN04-2-huG1
antibody one (4 and B) and three (C and D) days post infection. The percentage of initial
body weight was monitored periodically over 15 days (B and D) and each data point
represents the average of 5 mice. Survival of mice was observed for 21 days following
infection and indicates the level of profection from mortality (4 and C).



ant i body VNO4-2-Hud showi ng the variable regions., (C alignnment of
the nucleic acid and amno acid of the heavy chain of the humanized
nonocl onal anti body VNO4-3-HuGlL showi ng the variable regions., (D)
al i gnnent of the nucleic acid and am no acid of the light chain of
t he humani zed nonocl onal anti body VNO4-3-HuGl showi ng the variable
regions. Figure 5 - ELISA detection @f 115 Hemaggl utinin protein
fromseveral isolates of HGN1 wusing the VNO4-2 antibody. [0030]

ELI SA det efiy r e Iyl 34 N
From. sever S N oas B HE Agfi iy BHHblR sl oRAinaf PRI M)
t he publ i cande¥NKeddERFLUtinin protein sequences of HS5N1 viruses

I solated in 2005 and 2006 as thef are representative of nutations in

the 140s | B98%bf @nelisrmumgefd the msle asidond pminoppli gfthe deayichain efithe he
B sol oour o fuohtudtaleb ity VIRAGLUL stlviity e prfihe 1bdRdeR) S0

Di scl osure [003 e itnvention is derived fro he surpri $Ing

resul ts of alignmerokfhemucleic asid pybaming,acid ofthe ight plireafithe tensnizsbmenosional
nuner ous | :
RO 1 B DAL, bkl aptEat

There is antigénic dr C rot’r udi ng | oops o

" hemagg! ut i #¥ipg acid efthp heayy plpinyof thedweieized mprocpaplantibody VINOA-3-Hu€hese
‘regi ons an ‘ : :

the 1505 1 5oyl tHERURERE, @) ReRthE b honi LkOSE Ak A G e
occur  noreainef thedumragiged moneciahal antitedy ViNG4t3HEuGYshowing dite vatinble regionne
at position 140 remains constant in all the strains exanm ned. [ 00323
Consi st ent Figneet. + FLIP A deteetionpf il emageintinie profeiy from seggrabiselpten e HSN1

specific tgg g@g@h@éﬁﬁ pa@nd, or (b) an-antibody specific to the
140s prot r%é‘?ér}g | oop o errgggl utinin. Exenplary antibodies include

pol ycl onal [oofs%ya 0CEIORA! deteBidHBHs $8%orni2l 58 8l dfbunfiddeach Bb:ASREARIHIEM €
&;

ant i bodi es. ’_&?ﬂ The foll ow ng enbodi nents are enconpassed by the
present in¥¥ {1 igolatgy, Thess sl %{ﬂqhﬁsemﬁa’fn%&eﬂ%ﬂwhﬁ%%m%l

the 140s pﬁr@tbﬁlté@?‘d'éﬁcdsgpﬁmi virld8s isO1SBRRMAl00S bkt AD06 & thely ard APresentative of
I rmunogl obul i n enmbodi ment. 1, wherein said i mruno%g_bu [ nec%,o, ri ses

Ol
an i munodPBBHADs ip the 4997 legnaf fhedismpspplutingg protejn BLIN) & fh i ng
an ani no R4 SEEIHE N BetifichEihBdtckte@m t he group consisting of SEQ ID
NCS: 5 and 7. 3. The i mmnogl obulin of enbodinment 1, wherein said
i mmunogl obDkdailed DiEAlok®@S an i mmunogl obul in |ight chain conprising a
vari abl e domain conprising an am no acid sequence selected fromthe
group cong0831]ng Tife ifkatidDis Ned Gromrihl Sirprising results of a comparative analysis of

the amino acid sequences of numerous H5N1 hemagglutinins identified over the last few

years. There is antigerdic drift and mutation in the protruding loops of hemagglutinins.
Surprisingly, however, the genetic drift in these r_egioné and the introduction of a potential
glycosylation site in the 150s Ioop of virus isolated in Vietnam duriﬁg 2004 appears to ocour
mére in the 150s loop with less in the 1405 loop. The lysine at position 140 remains constant
in all the strains examined.

[0032] Consistent with the invention there are provided (a) an antibody specific to
hemagglutinin and, or (b) an antibody specific to the 140s protruding loop of hemagglutinin.
Exemplary antibodies include polyclonal, monoctonal, hunianized, bispecific, and
heteroconjugete antibodies.

j0033] The following embodiments are encompassed by the present invention:

1. An immunoglobulin that specifically binds to the 140s protruding loop of the
hemagglutinin. ’



4. The i nmunogl obulin of anyone of enbodinents 1 through 3, wherein
sai d i mmunogl obulin is an 1gGL kappa i munogl obulin. 5. The

i mmunogl obul i n of enbodi nent 4, wherein said i nmunogl obulin conprises
a human 1gG constant region within a heavy chain of said

i mmunogl obulin and a human constant region within a |light chain of
sai d i mmunogl obulin. 6. The i munogl obyd in of enbodi nent 5, wherein
sai d i mmunogl obulin conprises fully or partially human framework

regions within 2. hehyﬁuh@bglebxdmrmbﬂb&ﬁm&ﬁu dwhd@éiﬁ‘!s’édd ﬁﬂﬁhﬂbﬁﬁﬂﬁm%ﬁu ks
t he vari abl e domai n, of s&aﬁl ht chal n. 7. The |mTunog obul i n of

enbodi ment 5, whePRTHm@s e @Bﬁ?mwwﬁovaﬂéﬂg OTFR PHRPIFREABWOT K

regions within theniakkiaMg@eite B8ltdedafons b %&(ﬁémsﬁﬂgbffsMN@slﬂnm
said light chain. 8. The imunoglobulin o nbodlnent wherein said

hemaggl utinin i % UhsimtefoglbhIL YRBdnéR ]| WeRGA s8d ﬁﬁhﬁhogﬁb\!ﬂm%mpnses
Z-genotype of type A i nf | ue‘&qglgitral n HSNI 9. An i mmunogl obul in
t hat specificall ywoslab h@@ﬁ?’ﬁ?ﬁ‘% %@@B‘ﬁ&%ﬂn%@g@au ni,

wherei n sai d i muasigb efdbdgierze BREH@TonhY Boud BhrRisiaMSHOD NOS drHaisD
selected fromthe group consisting of. (a) a pol ypeptide conpri sing

the amno acid cﬁemﬁﬂﬁxﬁmﬁélolﬁﬁﬁof Bhyd ofembBdifients N ih@ung0d, WAGEhissle
havi ng at | east 90% Se%@?ﬂ e %ﬂﬂlentlt to the am ho acid sequence of
SEQ ID NO 5 or 'peC|f|caIIy binds to

the 140s protr ni e e that is
encoded by the%u “ggﬁgt@%ﬂg’ﬁ%‘gg’#fmﬁ%W%‘gW&m%%ﬁﬁ’@P CEIPIEF o
Iool ypept i dedt hat .immmral dgﬂlecbxhtﬁnl ﬁ-egimlﬁid ﬂﬁ@hhéeﬁay&:ﬁﬂ]geﬂs‘aﬂﬁﬂﬁﬂﬁwg'lamﬁhanda
east 90% i denti to the nucleaqti uence SEQ I'D NGO 1 or 3,
wher i nsai d | Y SRR SR pin e Siord sef kRS
protruding | oo emg The nogl obul i n af, enbodi nent
9, wherein thep6| the nog %} %%’988%‘%?% sestgzin'ﬁﬂ-I e?#{mcg ql?ﬁln Cgpprses
chai n conpri sing &ﬂywyadiﬂlghdnmﬂmmbmdsmmm&mdge dupnin of said

e | ooy o eally B RE Bl ins AR 3o PG EffR a0 9 SCquence

7. The immunoglobulin of embodiment 5, wherein said immunoglobulin comprises

mutine framework regions within the variable domain of said heavy chain and
within said light chain,

8. The immunoglobulin of embodimeﬁj; 1, wherein said hemagglutinin is derived
from type A influenza strain H5N1 or Z-genotype of type A influenza strain
H5SN1. | |

9. Animmunoglobulin that specifically binds to the 140s protruding loop of

hemaggluﬁni; wherein said immunoglobulin comprises a variable heavy (VH)
domain selected from the group consisting of;

(8) a polypeptide comprising the amino acid sequence of SEQ ID NO: 5
or7; -

(5) a polypeptide having at least 90% sequence idéntity to the amino
acid sequence of SEQ ID NQO: § or 7, wherein said immunoglobulin

specifically binds to the 140s protruding loop of hemagglutinin;

(c) 2 polypeptide that is encoded by the nucleotide sequence of SEQ ID
NO: 1or3;or



or 8; (b) a polypeptide having at | east 90% sequence identity to the
amno acid sequence of SEQID NGO 6 or 8, wherein said

i munogl obulin specifically binds to the 140s protrudi ng | oop of
hemaggl utinin; (c) a polypeptide that is encoded by the nucl eotide
sequence of SEQID NGO 2 or 4; or (d) a polypeptide that is encoded
by a nucl eoti de sequence that is at |east 90%identical to the

nucl eotide sequence of SEQ ID NO 2 or 4, wherein said

| munog! obul i n speci 1 1 c@) b fi9peiits &t 1 BRoddA®) a oAb ORR s ot

of hemaggl utin. 11. The |nijenunoq% obulin of any one of enbodi ne

t hrough 10, wherein said é@@&%tqfhen@h@m%wwfﬁﬁmlﬁgmr
sel ected fromthe group C@Rﬂieﬁe‘iﬂé&ﬂii&imxﬁoglbﬁ% hﬁylﬁﬂ&n&)ﬂwﬁms
prodrug, a peptide, a protein, an enzyme, a V|rus

bi ol ogi cal response rrodlfPf@P'“d-‘%g]ﬁﬁEl?fth@%ll‘%l agent , and PEG 12. A

conposition co Si.n rmunoglp obul i n of anéeone of enbodi nents 1
t hrough 11, an ‘@Pg" ohgmbadipent & Jvhsaris e Emmprqeipbulinenmrisisng

a nucleic acid enﬁ'ﬁdinﬁﬂogob‘(ﬂﬁhﬁ'cﬁmh%@ﬂﬂnsm&%%%ﬂhﬂ&l&&dﬁ: m the
VI rom

i mmunogl obul i n heavy chal n, mhereln sai d domain Is selecte

the group consi st WESSEEEPEa nucl eic acid nol ecul e conprising the
nucl eoti de sequence of %s ID NO 1 or b) ., a nucleic acid nol ecule
conprising a nucl eoti dd® &M@%WW%@“@E‘&%’%W%@@@@E@@DNO 6

identity to the nucleotidggsequence of SEQID 10 NO 1 or 3, wherein
sai d i mmunogl obulin specifically binds to the 140s protruding | oop

of henaggl utinin; (e) a (h)mﬁoej]ﬁptﬁﬁihdvih@aﬁleﬁfmd u@c@ﬁbﬂﬂ?ﬂi&é‘ﬁnmo
conprlsmgthe am no acid G qﬁgnc%%&jﬁﬁé}gé} 5 or7;

nucl ei ¢ acid nol ecul e t haSREBRMLES ?rCFeWP?FS’PSP’QWuPé@Fl‘“
90% i dentical to the am rupedfidally bdsiRrtte! 406 pREQihSodof Benbpldtining
wherein said i munogl obulin specifically binds to the 140s

protruding | oop of henadg)l agolypeptide titht iskncodedbpthe dugertiie sphart bfSEQ ID
conprising a nucleic aci %@:@&%&9 a variable |light

(d) a polypeptide that is encoded by a neucleotide sequence that is at
least 90% identical to the nucleotide sequence of SEQ ID NO: 2 or
4, wherein said immunoglobulin specifically binds to the 140s
protruding loop of hemagghitin,

11. The immunoglobulin of any one of embodiments 1 throngh 10, wherein said
immunoglobulin is conjugated to an agent selected from the group consisting of & '
therapeutic agent, a prodrug, a peptide, a protein, an enzyme, a virus, a lipid, a
biological response modifier, a pharmaceutical agent , and PEG.

12. A composition coﬁaprising the immunoglobulin of any one of embodiments 1
through 11, and a carrier.

13. An isolated polynucleotide comprising a nucleic acid encoding a variable heavy
(VH) domain of an immunoglobulin heavy chain, wherein said VH domain is
selected from the group consisting of:

(a) anucleic acid molecule comprising the nucleotide sequence of SEQ
IDNO:1or3;

(b) a nucleic acid molecule comprising a nucleotide sequence having at
least 90% sequence identity to the nucleotide sequence of SEQ ID



(VL) domain of an inmmunogl obulin Iight chain, wherein said VL domain
is selected fromthe group consisting of: (a) a nucleic acid

nol ecul e conprising the nucl eoti de sequence of SEQ ID NO 2 or 4,
(b) a nucleic acid nol ecul e conprising a nucl eoti de sequence havi ng
at |east 90% sequence identity to the nucl eotide sequence of SEQ ID
NO 2 or 4, wherein said imunoglobulingspecifically binds to the
140s protrudi ng | oop of hemaggl uti nin; (Oc) a nucleic acid that
encodes a pol ypeptide co .5 -am- i :

NO 6 or 8; or (d) a nucrgf(gqadgigﬂ&%?lg%?e %ﬁé’gl"‘e’ncoﬁggﬁga“gié@%@ﬁ‘lﬁ"?de
that is at |east 90% i derdfiPumpiradingipe ofemeggitinit; sequence of SEQ I D
NO. 6 or 8, wherein said i munogl obulin specifically binds to the
140s protruding | oop of® Haweleigiacid ihat encodes 2 pAlypetide coninyising i asying avd

or treating influenza vi rtééqdeﬁge%ggjfa Rpinb.& 34bdeCct  conpri sing
admi ni stering to said subject an effective anbunt of a conposition

conprising the i munogl p4lhhfleid 689 Mdicdst p%HP j 3 1
through 10. 16. The ma'?i?loél o_?l qnbodi'neﬁ}ﬂaigfwc\lfé\ﬁag?g%esal g]glllﬁﬁ]{a%tnza
virus conprises type A i APYaidensigal & thepminpseid seavenchef SEQARNY for 61

type A influenza strain eindsid iAnRRGYICRE 'ﬁﬁh]gqg?gg iat i
conprising the i nmunogl otl;ﬁlmi&n .acélordi ng Ito ag{/e'c oné o g?rg%&ig%ents I
through 12. 11 18. A net Revrudingipopghkmmagglutivifect i on with an _
i nfluenza virus, jn a sub‘j:lec-t conprising contacting the subject with a
conposi ti on acch lated polynugleatidsrcomppeieg arsleic apid qngpdingmvarizbly Heht
detecting the pregen®nain JTenBathidioBhih igROLHR, fRakinARINAO8 G £0034]
The anti bodi es of the .invention may, conprise polyclonal antibodies.
Met hods of  pr epafSl§etpdfeomyibe aup coissingRfi es are known to the skill ed
artisan. Polycl onal ant&agodgs can ge raised in a mamml, for

exanpl e, by one or nor e APELEF BHS MGIEcUR ComBHTRE Ahs Ayclegiispsegreace of SEQ
desired, an adjuvant. [00&NOlgpkgally, the immunizing agent and/or
adjuvant will be injected in the mammal by multiple subcutaneous or
i ntraperitoneal injecti@®hanuddieadidinelRailé yorgirisinga nhels§iNeSemesce having at

least 90% sequence identity to the nucleotide sequence of SEQ ID
NO: 2 or 4, wherein said immunoglobulin sPeCiﬁcally binds to the
140s protruding loop of hemagglutinin;

(¢) anucleic acid that encodes a polypeptide comprising the amino acid
sequence of SEQ ID NO: 6 or 8; or

(d) a nucleic acid molecule that encodes a polypeptide that is at least
90% identical to the amino acid sequence of SEQ ID NO: 6 or 8, |
wherein said immunoglobulin specifically binds to the 140s
protruding loop of hemagglutinin,

15. A method for preventing or treating influenza virus infection in a subject
comprising administering to said subject an effective amount of a composition
comprising the immunoglobulin according to any one of embodiments 1 through
10.

16. The method of embodiment 15, wherein said influenza virns comprises type A
influenza strain HSN1 or the Z-genotype of type A influenza strain H5N1.

17. A pharmaceutical composition comprising the immunoglobulin according to any
one of embodiments 1 through 12.



determ ned by several factors including the size of the i munogen

nol ecul e, its chem cal characteristics, and how different it is from
the animal's own proteins. Mst natural imrunogens are proteins with
a nol ecul ar wei ght above 5 kDa that come from sources phylogenically
far renoved fromthe host animal (i.e., human proteins injected into
rabbits or goats). It is desirable tojuse highly purified proteins
as i munogens, since the animal will produce antibodies to even
smal | anount s af8. Arpefliddiof Hagivsg aitkctios wivt hh idBedz viriEn ABLKECt comprisi
conponent. The antl?og€$$géﬁpnse i ncreases with_ repeated exposd%eu?o
the i mmunogen, so®taciRg e sbjet With e eomnosition aecprding|tepny qae ef gmhodiments 1
needed to achi evettlsigh 1 Niitctetied the Eseatd diterlizeitinpduct i on and

anti bodies of high affinity. [0036]" To the extent that the antagoni st
is an anti body that engage the 140s | oop of the henmagglutinin in an

i nfluenza virus preventing viral infection the irnunogen wll be an
sel ect ed fPdpelem Aotitadiesls conpri sing the 140s | oop domain from
hemaggl utinin Preferably, the am no acid sequence will be sel ected

fromthe rB§Béh oThedntibidicd4f the inkBhticnmdyttompriftaohgbhaltzititodien MBS of

S ' 7, 8 910, 1 0, 25 Q ' I d
From tn siee RO pulugid gy SR g PO iR gibodes
ant i bodi esbe 1Bisg in albhapymadl ffer senple) Weone seinoftitidctiths of eReh@dRg afent and,

anti body t : cifically interferes with binding of hemaggl utinin
to the hos{?a%:sg?(fe rg%g‘f)atn r. [0037] Not all imunogenic nol ecules wll

.ho;/veve.r t gelf083k e Tilpirally Vied imofuntaivigiapen ynd/stedjuvad will rar% injb@t(fje@ﬂﬁtﬁ?] nbB@mal
intensity i qune response. | nogens a[e, conbi W .

conpl ex ni trﬁélg@eg'éﬁg FEoORYT d’f}%aﬁf’%t."gegﬁﬁn EWS%?@&QQH‘E' ESPEse Bt ur al
or hsynt hetdeterminedrpypseveisl fibtats ;inchidh:[gd_ t‘ﬁﬁ:ﬁﬁdﬂfﬂteﬁmﬁﬁndugehhm@d%ﬁﬁegmfmical
enhance t respo uv.ant are, used tq St ate an
i mune reg%gﬂﬁé%%ﬁgs’gﬁﬁor‘f? ?S"%‘S’i’?étlhﬁ&q“stﬁ%@ﬂm%ﬁi‘?@?é’mt?’?}' %’%’St’? nogeni c,
(2) incr edsmunbgens ae @ridéitsywidf a mblectlarmelght a106P 6 RDE thal dmdTrei snedati al |y
stinul ate ' |1 ul or, | mor al. response, (i .e., protection
from di sed 210%%?%&&2f%%ﬁqgrgcg%om&%ﬁ’ﬁtc@%ﬂ)@:e" prote Fnjﬁ‘ﬁ?ch{}tgﬁ? Its or
whi ch nay teeatglBlisdeeihlsto useizsity puiitd pratenpisdinimnegths) winss tha AdmbRiI T DM
adj uvant ( L. Lipid A .hetic trehal os \

di cor ynonfco| g%%%&ﬁ&r%F %mes%agﬁ%P@y%f%B%%eﬁmsﬁ?a%ﬁ%éﬁ@?’%’ﬂﬁ t hei r
use in i meamponeni. Fhe agtibodyoregposseiiscrepsasewith rapdatehenmisag o e irhats M Boal |
vol . 2, | ...tei | fs cadeni.c_Press, ..Sa . e \ 97, ch.
13. Im*runo*ogﬁ%?h%ﬁé? %ﬁ%‘ﬁlﬁ" vgﬁ‘ & efﬁﬁ%?‘é‘°hé%“§°f3&&ﬁ9‘q€‘6°f%§rféﬂlb%§’é¥,

(Product @uefectosznd a8ibojies ofhighpff@y, ( Product Code Z37, 436-9); or

0o} EEHO S 0 ) b
hemagglutinin in an influenza virus preventing viral infection the immunogen will be an
selected from amino acids comprising the 140s loop domain from hemagghitinin Preferably,
the amino fmid sequence will be selected from the region of about 94 to 156 in the
hemagglutinin protein. Sequences of at least 5, 6, 7, 8, 9, 10, 15, 20, 25, 30 amino acids from
this region will generally be used to generate those antibodies. Desirably, the sequence
selected will generate an antibody that specifically interferes with binding of hemagglutinin
to the host cell receptor.

[0037] Notall immgnogenic molecules will however generéfe the level of antibody
desired. To increase the intensity of the immune response immunogens are combined with
complex mixtures called adjuvants. Adjuvants are a mixiure of natural or synthetic
-compounds that, when administered with antigens, enhance the imimune response. Adjuvants
are used to (1) stimulate an immune response to an éntigen that is not inherently



conjugated to a carrier protein that is nore i munogenic. Smal

nol ecul es such as drugs, organic conpounds, and pepti des and

ol i gosaccharides with a nol ecular weight of less than 2-5 kDa |ike,
for exanple, small segnments if hemagglutinin in their core structure,
are not wusually imunogenic, even when adm nistered in the presence
of adjuvant. In order to generate an jpmmune response to these
compounds, it is necessary to attach themto a protein or other

compound, sinifBidnid, @ffubleflc thdflondi orm@m&fe}b@ons\é\”@??@femﬁﬁ%nﬁmwe

carrier protein he’ smal | nol ecule | nmunogen~i s ca edahaten

Hapt ens arféh“a'la§9‘1‘di§@}' aguperal reepopse(ie. @vteqﬂoat&emrﬂsseﬁwrveﬁ%anﬁ
! mmnoassq;\féd%@g Slegr of Biafils b By 18 $m oyﬁﬁﬁau&f Fré‘ﬁ:uh@%ﬁﬁ&e the

hapten to ort such as a mcroti te or

nitrocel | wdgent MMP&W afigeant (mmnquﬂml&m@ér %@ﬂlﬁé‘}bﬂl@ﬁw be used
or PUTT @By Qllp bR L blRRE BfloRBbA DGty A Me WY in

used to create a mi en tha eabetoformlarge

ant i gen- arprétbrobiyis mmnpllemsolomun Q@dﬁ@uﬂgv@&,ﬂlbﬂmﬁﬁﬁaﬁérﬁ@dw%ﬂ
that the afhfdeotd, gbf (! AERRAMAES Nilthodk Wan il 1 dviiabR/ Al fbuf vétbrse! |
ached re

as to the at ore rel evant to select
carrier prio@adductnde Zﬁﬂ;ﬂﬁﬁ 0 oh 6B-ROM; (PresiughfPase Z88436-8); pr wthe (Brgduchat

nmay be fouRd.iz gﬁ&%ﬂssay sanple. |f haptens are being conjugated
for both imuniZa and assay, the two carrier proteins should be
as di ffer d093&8s. Ifths bipimegerisistll mhsblsiie senkrateantapespiableresponse itigetbe

wi thout hay fru %t dq%ogé-ﬁlaﬂ;rﬁt B{Qg %&re Hﬂtﬂ Eeﬁ@tsiﬁﬁgio?émfeﬁ Qfth b \ngs,

anti-carrie I es ere I muni zi ng _agent 1's ,
hemaggl ut ionganicseynemis, gu@nemasfané nilgoh@clmﬂss wﬂo@gwbméar@rw gfleggdhan
hemaggl ut i

I mrunogeni 25 %%%%PEX@ ég‘gﬁ%ﬁbﬁ%fﬁ?ﬁ%ﬁ% %%4’%#%%%&%5&5?% h

i Mmunogeniusually mtnmemp,cﬂvmhmm@ern@m thy preseees of edikedph 8t erdentp npet
henocyani

R e A e
[0041] KLHr pfbexa:omeglmds termoed,e qaerdnr d1ahis frowpep sewic.ihan atladhed fo ascaprier groteR ze
mekes it ‘f?‘e’ o eﬁ@sdcaﬁgfaﬁa?f q{éb‘tﬁiﬁ?%e afh ch¥Sda 16 @a}h&ues
avai l abl e tor conjugatlon It ver usétul as a carrier for

hapt ens. Dreiptipr sganinemunspasays: Tonrapicr motoin pravides aynemeofrsipshing e

| nCr eases rofig Iy HERPARRLE ok ofAthid drttrdck o imdalRmE WRALT i Vi ty

bet ween ant i es agal ns KLH carrier and naturall occurrl ng

pr ot ei ns mﬁaqhadﬁmmraw theprphseles uspdipa pyrification; of theraptihapiegrtiaodies. | %vmay
native forambbéegeawahagamwmaieh&n 633 wilt B kb1t Gorbd ko8 fithen hfbody

conj ugation via carboxyl groups. Succinylated KLH maybe conj ugat ed to

a hapt en ceBpieEssnVhep elivpties epram protgins, rorcmbendhal din aniraal Wil fprm anfibodies to
cross- | i nkg Qe féxt&te‘ﬁ?&m ds'Td A8 attRREVVRBR IDR tﬁé?éﬁ)ﬁé 16182608 W98 a carrier

car boxyl groups of KLH and t.he am ne groups, of the hapten.
protein. for immunization that is unrelated to proteins that may be found in the assay sample.

H

If haptens are being conjugated for both immunization and assay, the two carrier proteins
should be as different as possible. This allows the antiserum to be used without having to
isolate the anti-hepten antibodies from the anti-carrier antibodies. '

[0039] Whers the immunizing agent is hemagglutinin segment such as from the 140s
loop preferably the hemagglutinin segment is conjugated to 2 protein known fo be
immunogenic in the mammal being immumized.

[0040] Examples of such immunogenic proteins include but are not limited to keyhole
limpet hemocyanin (KLH), serum albumin, bovine thyroglobulin, soybean trypsin inhibifor,

and a toxoid, for example tetanus toxoid.



[ 0043] Protocols for conjugation of haptens to carrier proteins nmay
be found in Antibodies: A Laboratory Manual, E. Harlow and D. Lane,
ed., Cold Spring Harbor Laboratory (Cold Spring Harbor, NY, 1988)
pp. 78-87 (Product Code A 2926) [0044] The imuni zation protocol
maybe sel ected by one skilled in the art w thout undue
experinmentation. Protocols for preparirng i munogens, i nmunization of
animals, and collection of antiserummy be found in Antibodies: A

Lagor at or y [0dpal K}'JH is hla&sbmﬂorapd)tda; fovhdihGuoliiets, Tidage sigpmbIRg itvarbor
Laboratory,

Col d r bor 1.988 Pr.oduct Code
A 2926). Monoc “"&ﬁ%% ‘Eg‘ﬁg‘a %ﬂj‘nf’fFFéa“égg‘iaﬂﬂ’i‘? éEC% ation make it very
zgl ternat i vgéeﬁ;l abecmﬁ%rcfeﬂdhapahs 'ﬁhéh]bﬁg;mébﬂsS ﬁ&iﬂkhmh énaﬁﬁﬁdlsﬁ&ghﬁ)ﬂu%@y
e preparegd usin ridomm. nethods such gs those. describe
Kohl er and™Nft §&’§"ﬁmﬂ Eﬂ%@%ﬁ*@%mweac ?tﬂﬁ?%nﬁ]é‘ld%d, a
mouse, hgmgmtmemdaaferammﬁ@msﬂoa& ; tealgm&mhmga&nkaaﬂmgfl ly
i muni ze i ent as described above to elicit
| ynphocyt e!uoi'lﬁ!i %8% 6‘{][%51} ‘@éﬁ%‘ﬁlf@%@rﬁ%%@%&%ﬁ?‘}%@@es t hat
wi || specédctiagledey, fof ddeljupstion i daibakligZdupél S@%Sﬂatedﬁtlﬂ&dlﬂ:b f]]l}(gateﬁlﬂﬁa

| ynphocyt e maybe muni zed |n vitro. [0046]-Cenerally, eit
peri pher al ﬁa&t PIRINSHEIRR SIS (speh) a-abepfide) via srpsy ]Fﬂl‘é‘gwléh‘é# 0

origin ar ebeiﬁeanrtmhem@y m&@dhﬁ@cﬂcaﬂﬁix&l%r@ips LYREA aﬁa)ﬁﬁ aﬁxﬁie' gPoudk Br S ﬁzﬂ)tdnf

non- human ma ces are desired. The ocyt eS are then
fused wit h[@%g n’n’lf‘ﬁ"%’ ggao%xégapon phbaptenstp qarier @QFP‘P&EF& ¢ b agent,
such as polwitioliys:onEnbahdspWMankdl, B, Halbd ahaﬂnﬂfer@, mkds prinkIERYoL al | zed
cell lines re us?‘?%@é}lﬁﬂr sfor.ned nmal i an_cel | partlcul arly

nyel ona ce{‘ %Y’a]ﬁé SB@F‘@UH"C%MQZ@ rat or

mouse nyel [mm]celThammamp@dmdo@wbeseféa@dbybﬁésiﬂraazﬁﬁhhﬁw%&ube

cultured in.a suitable, c r diumthat preferably contains 14
one or nor&% Eﬁ%@?ﬁﬂﬁ%ﬁ% F‘ﬁﬁFEP’EGP%W?\R%Pn@WWBPfﬁmW}@N

mf used . Gdﬂewﬁoabfaﬁﬁerﬁﬁlnh@be fhad ﬁema@% Alfabb#&?wﬁﬁfa};ﬁi?&lai mﬂh@% Bck
e enzy p 0S ribos ransf erase or .
HPRT), the u?"g“%’ fs?’ﬁ%‘ E‘Fcﬁ )iiagi%&m 88) 1 53529 ude |
hypoxant hl(ﬁmduarﬁodemmzﬂn, and thym di ne ("HAT nedi unt ) whi ch ‘
substances prevent the growth of HGPRT-deficient cells. [0047]
Preferred imortalized cell lines are those that fuse efficiently,
support stable high |Ievel expression of antibody by the sel ected

ant i body- pMemtgloneichntibbdies and are sensitive to a nedium such as HAT

medi um I\/bre referred immortalized cell lines are nurine nyelona
l'i nes, an The aptihodienmey, alternativelys bevenociongirmtibralieSa\ndclmtl t ut e

Cell D's t rduﬁwd.'iéi’ thay be prepared using hybridoma methods, such as those described by Kohler and
Milstein (1975), Nature, 256:495. In a hybridoma method, a mouse, hamster, or other |
appropriate host animal, is typically immunized with an immunizing agent as described -
above to elicit lymphocytes that produce or are capable of producing antjbodies that will
specifically bind to the immunizing agent. Alternatively, the Iymphocytes maybe
mmunized in vitro.

[0046]  Generally, either peripheral blood lymphocytes (*PBLs") are used if cells of
human origin are desired, or spleen cells or Iymph node cells are used if non-human
mamimalian sources are desired. The lymphocytes are then fused with an immortalized cell
line vsing a suitable fusing agent, such as polyethylene glycol, to form a hybridoma cell.
Immortalized cell lines are usuaily transformed mammalian cells, particularly myeloma cells
of rodent, bovine and human origin, Usually, rat or mouse myeloma cell lines are employed.
The hybridoma cells may be cultured in a snitable culiure medium that preferably contains




Center, San Diego, Calif. and the American Type Culture Collection,
Manassas, Va. Human nyel oma and nouse- hurman heteronyel oma cell 1ines
‘al so have been described for the - production of hunman nonocl onal

anti bodi es (Kozbor, 1. (1984) Imunol., 133:3001). [0048] The
culture nmediumin which the hybridoma cells are cultured can then be
assayed for the presence of nonocl onal 1gnti bodi es directed against
hemaggl uti nin and/ or the 140s |oop of hemagglutinin or any of the

sequences SR itk rdubstande@thBt inhBR 4Rlerdifth 6F subifa ngmﬂsebxﬂﬁdgﬁmd%aisl S

are identified, the clones rraﬁ be sub cloned by Timting ‘ution
pr ocedur es FaifFagplesif tie parsntal rels lackihe prevme hexanthipe seayine phasphasigpel f or

this purp | I ! faf | S
Vod Ut an BN L e Aoy Repr o (B A oAty Bt inds
be grown i AYRPXenshing, amineplers, and thymidingGiHAT olcddsy), wiieh syoatrcdsprryent the
ant i bodi es g&98HK SLREPEN dddiGnpitpg! Ones may be isolated or purified

fromthe culture nediumor ascites fluid by conventi onal

i munogl ob{AY4A] puPiefared immprtalisedect] dinescase thosetihai fuse eHicienttn supert sigblot ei n

A- Seph : ' | S
o, g I R ol b TR AR QRN oo Hhods g B ARGl Sl dhrve
ant i bodi esorfefeditm gpchas Hadendsljum.eiorarieferrd iDiartalizef odlblines s otwine
those descpiyhgdl, lifks L41‘r1§¢:h Edlbe o%{nheg,ggr]ﬁ%%@g ot B §L]kmﬁtu?e§?ég%§ﬁ§§ﬁon

maybe nonoval ent antibodi es. ] greparing nmonov
ant i bodi esCaiter, $igiDiegonGalif. ind thédwarican Type CelmnGollection danastayovia. Human

i nvol ves r ' ] | [ ) | i 4. and
o 11 od g AffthousE b B oA AU AL, beehddnd R die A0

poi nt i n t predirgion elfiugian senedonad aniibedies (Kortwandy (10B8)i Immanols 333:3¢0).ng.
Al ternati Vijorg] t hend ﬁiﬁ!%ﬁﬁ%&%{ lgtﬁléigéiﬁéceﬂﬁ GreHintd éaH{ttf‘eﬂbW th

another amno acid residue or are deléet SO as to preven
cross- | i nk#sgyed o éheipregprce @R aionogien! deéibddipsdirestebagamst hethaggiasinin BRQr 1D

No. 2, 6, ek £l Ni¥ | tl{EBs‘éc! I Legted from SEQ I D
No. 1, 3, 5 oroog% é%gag :OSSfEEI@nd}w tr '}gﬁ%&%ﬁggggaﬁ%ga g’o suitable for

preparing MOABL al Afier Terriepierddivbrdon eglisup ishntilisy, thaclobediaydesecimolibe e
fragnent s g aiuion Bloobdiitlsdnl krowd) slab@IEhSds. SABERGRAGE IR ki

using routine techniques known~in the art. Human and Hunmani ze
Ant i bodi esPERRES Pl dorxerpledP@becer's MadifipdGaah's Medinmynd BPME3640

conpri se higBithZ RferdftiveROfE ﬁ?b:ﬂfomar&b!ﬁ%hy%tghﬁ&dﬁ%ﬁn aEWNTRQE £ hafnalT®
of non-hunan q(qe. ., hurine) antibodies arechimeric | m’runogro ul'I'ns,
C 1

i munogl obl8P? erongplongl gafihodies sacreted by the(sgbrioneamaybe isplated orpified
F(ab) 2 or @i clfiré SEMuRl R didies SHRbF CAVERCER HRfauAdliddies &ty Ch

contain m ni nal i
procedures such as, for example, protein A-Sepharose, hydroxylapatite chromatography, gel

electrophoresis, dialysis, or affinity chromatography.

[0051] The monoclonal antibodies may also be made by recombinant DNA methods,
such as those deseribed in U.S. Pat. No. 4,816,567.

[0052] The antibodies may be monovalent antibodies. Methods for preparing monovalent
antibodies are well known in the art. For example, one method involves recombinant
expression of immunoglobulin light chain and modified heavy chain.- The heavy chain is
truncated generally at any point in the Fc region so as to prevent heavy chain cross-linking.
Alternatively, the relevant cysteine residues are substituted with another amino acid residue
or are deleted so as to preveﬁt'cross—linldng. The light chain may be further selected from
SEQ ID No. 2, 6, 4 or 8. The heavy chain may be further selected from SEQ ID No. 1,3, 5 or
7.



sequence derived from non-human i mmunogl obul i n. Humani zed anti bodi es
I ncl ude human i mmunogl obulins (recipient antibody) in which residues
froma conplenentary determning region (CDR) of the recipient are
repl aced by residues froma CDR of a non-human species (donor

anti body) such as nouse, rat or rabbit having the desired
specificity, affinity and capacity. |Igsonme instances, Fv franmework
resi dues of the human inimunoglobulin are replaced by corresponding

non- human [0053](1 Ueke. vitrbaiahods etk AdtshiRdd By %‘ﬁféﬁmﬁ&ﬁ%ﬂlﬁ jes! )9 LiHES

neither in the reci |ent anti body nor 1nt orted

which are f
COR o ﬁoﬁﬁ%ﬂﬁ uerodise fragmsnts %@?fé’rmﬁculaﬂ& Fish Aasmoonis! cambe asm;phvheﬂl

conpri se SusBgiréutink dchiiq@ds kn@fn in#e dreast one, and typically two,
vari abl e domains, in which all or substantially all of the CDR

regi ons correspond to those of a non-human i munogl obulin and all or
substantially all of the PR regions ar e those of a human

| mmunogl ohiiman 206 Bensied sAefbsdiece. The humani zed antibody optinally
also will conprise at |least a portion of an inmunogl obulin constant

][ egi ﬁn ( FApps4ly pi ijlahg(bddbabi;uhé mgeﬂﬂiﬂﬁﬁﬁy ﬁﬂ”ﬁﬂdflébﬁ:lk pﬁMﬂuﬁhﬂtleh@ Qﬁﬁ%m&@r hods
or humani n_antj bodi nown in the art, -
General |y, ]ﬁbg%m#%ﬁfhf% 931?1033"%% éerﬁaff&m&?ﬁ%b%‘?sémrcé%eﬂﬁes
i ntroduc edmmuhogclimmﬂi‘ns dxm;m?)gmmima:f ait bﬁﬂagn‘ienﬁ(ﬂibréw (BReh as'ﬁ‘%e?ﬁ)d By human
anm no aci Sj s are often referred to i npart" resi ues
whi ch ar edﬁt(&L § atéﬁ aﬁ%ﬂ%mppﬁﬂ%w taﬁt%v’éwﬁ)a‘fﬁl@ gt minmal
\l;&’] mani zat |sequemrﬂeﬁeem?ﬁn-laﬁﬂam mﬂﬁﬁdglldmﬁng 8|'I-Hirﬂa%Na Mu’bgigiﬂg&zlﬁ&djz 2 3%‘3“
nter an I ones.. e ture
Ri echmann qjﬂ?‘gﬁ‘%’&"b“{%ﬁ%“é’gl"mﬁ‘ﬁﬁbsaif) hgkkga §?eﬁ) oeplsrRentagy degqrmining
(1988) SciregiumgC2HY: of&%%dﬁ@ig}rﬂ rlacedbsichi s | h&@ﬂz armlﬁ ata ﬁxﬂa%m% shdelRs
sequences ondi ng, se ces man_ant i ho
Accor di ngl'y I(& f%rs u ?ﬁogﬁ P’fg‘ﬁ" g&wg%btg}aggg g"i‘”‘é‘ %’:‘I?H ﬁ%ﬁcﬁi’l‘:&ﬁﬁ%&’dﬁl‘%s
(U.S. Pat capsoity. Iy Sibfe ﬁﬁaa)oes, R fraeéwork ﬁdﬂi@l&ésadl"theaiuiﬁﬁn @S endpttbiilipde | Nt act
human var n h subst tu orres ondi ng
sequence #%or??%ﬂ%g%m l?ﬁ%ﬁg qnéaélms 4‘:‘%&@9@%@* ?ﬁ% LIPS es
are 1g I t yesidoed lecmumﬁmnd nﬁﬂiam’l |ﬂml;-ec:1pllemhnﬁﬁbg§ a6En %d mf o In d
possi bly are stitu si dues nal ogous
sites inrt ogen{ @%%cc?g ﬁ%gen%(ﬁ%‘éi ﬂ“%ﬁ?‘i]y%ﬁ CREPTsE U éﬂ@ﬂg{é’ o
pr oduced atslﬁasgomamddusca;lbmmlvqlm donows, jinfvhidhell oiiﬁﬁbstahﬂilﬂlylall loh@ie phage
di splay | m.angd Wnter 199
227: 381: k%{ B H}’%S%"Hﬁq‘g??%é’%f go-hpga m’é?‘i&"ébb“%ﬂfn%%‘ij’f subgf “f’}é’&ﬂ]rﬁfq ues
of Col e ethedR regions fBothnwrof e humbn iamemaplebulivahdendut Sequdiice! TiR humanized
Vonoe! onalteRady pHiiERlly BB GE) ol el porogios o ﬁnmogf"ivalm ppiy
Boener et regign (Fc),(fmgﬂbyﬂjat of mhammlimit#¢dlobulic- 95]. Sinilarly, human
antibodi efo8s] PfARESHP Humenizing non-human antibodies are well known in. the art.
Generally, a humanized antibody has one or more amino acid residues introduced into it from
a source which is non-human. These non-human amino acid residues are often referred to as
"import" residues, which are typically taken from an ”Jmport" variable domain.
Humanization can be essentially performed following the method of Winter and co-workers
[Jones et al., (1986) Nature, 321:522-525; Riechmann et af,, (1988) Nature, 332:323-327;
Verhoeyen ez al., (1988) Science 239:1534-1536], by substituting rodent CDRs or CDR
sequences for the corresporiding sequences of a human antibody. Accordingly, such
"humanized" antibodies are chimeric antibodies (U.S. Pat. No. 4,816,567), wherein
substantially less than an intact human varizble domain has been substituted by the

corresponding sequence from & non-human species. In practice, humanized antibodies are




i ntroduci ng of human i munogl obulin loci into transgenic ani nal s,
e.g., mce in which the endogenous inmmunogl obulin genes have been
partially or conpletely inactivated. Upon challenge, human anti body
production is observed, which closely resenbles that seen in hunans
in all respects, including gene rearrangenent, assenbly, and anti body
repertoire. This approach is described¢ for exanple, in US. Pat.
Nos. 5, 545,807, 5,545,806, 5,569,825, 5,625,126; 5,633,425,

5, 661, 016, taially Fmananhadics i Weohwome DR residpessnd pessiblyipgme FRirsidugs are
al ., (199%hsithieh BPrRaRs I Aiopdk il rodeMRRbRL @ -, (1994)

Nat ure 368 856-859; Mrrison, 51994 Nat ure 368, 812-13; Fishwld et
al ., (1996J00538] ur Bupmmansibedied g plsa be prodigedusing weigpdedaiquesknows ju the

Nature Bio qﬁgﬁgﬁ&éq% : ?%ﬁi' n. Rev.
| munol . 1%&65- 93. B?%eéiés 1T grdﬁ%?%g?ngg&rg‘g@wt%? 7(55%(??2% bodi es
are monoc| 844381; Medks et ab(199hHndal. Biol h23%a81 1 cThe teahmiaies 9if E9le ef #arndhave

bi ndi ng spegifl.Cits i j a3

pr osent caggrs ol 8 P brafivlt 2 o plsfefla oo nB IR it dhs!(OFle o

and/ or a s@kkie6) Mpnavkamalgdatiboilies anddiangsr (Théragy, AfrorR. Lisap. G7 and%_éoe_m@g‘
| oop, the ﬁ%gg@g@%ﬁ%%ﬁg%%ﬁsﬁﬁﬁ@ ki) CARSkIh A4 -

[ 0058] Met f I pecific antibodies are known 1 n the art.
Tr adi t i onainitpducingef hypadmpramagiobybindebl inéd wansgemidzinimals p&i, oricerin whishithes

is based o = ' ‘ | oo LiDher 5oxm i
IhZavy-Schai %#?%ﬁ@%@a@éﬁpal r%?ﬁg\ﬁﬁé%e%%%q‘kg% C g%aﬁtévaﬁegvgpon

di f f erent chabenspfiugian pedofinpioductiomisahetredeihich closigemtides thabseen in

305: 537- 53 |, chai ) ; D

o o 6. imend Bty Rts SRR Auaplthinh ne B AR It 7

I D No. 1, Bhis&ppevactyis deseribede farrenueply, inHiSe Paniph 54¢ 8807, 6,958306; 5,569,825;

et er 0cON] 5gfY Bea8kINA! 86018, AI0 Yl olnd BRBEOABH ko RIALSEL)!
Het I bo of two

i nventi on. er oconj ugdt e’ ant I'eS are ctonpos

coval ept | y{i8Ph &0 Aerhnelogi K 7795573 Lonhete df ohli (#2594 Matare 368 856223 M@risdseen

proposed t L AERL I 5. Pat.
No. 4,676, gg%‘??ﬁ%‘ﬁé’ RS YRLEI &?{ ﬂ?%ﬂl‘*ﬁﬂﬁ%ﬂ.og% : i, %%3%0; VO
92/ 200373; Negbeygen G9P6) Nature Bigtenhnelags 1 836; Laahers #nd Rnszar{39A5 InterpaRave
prepared i faiidol @3 856859 known nethods in synthetic protein

chem stry, including those involving crosslinking agents. For
exanpl e, i nmunot oxi ns nay be constructed using a disulfide exchange
reaction or by form ng a tbioether bond. Exanples of suitable
reagent s fRipdeificAngivsf@se i nclude im nothiolate and

met hyl - 4- mer capt obut yri m date and those discl osed, for exanple, in
U S. Pat.[0887] 4, BigfeciB@ntibodies are monoclonal, preferably human or humanized, antibodies

that have binding specificities for at least two different antigens. In the present case, one of

the binding specificities is for hemagglutinin and/or a segment of hemagglutinin comprising
portions of the 140s Joop, the other one is for another compound having hemagglutinin,
[0058] Methods f(;r making bispecific antibodies are known in the art, Traditionally, the
recombinant production of bispecific antibodies is based on the co-expression of two
immumoglobulin heavy-chain/light-chain pairs, where the two heavy chains have different
specificities [Milstein and Cuello, (1983) Nature, 305:537-539]. The light chain may be
further selected from SEQ'ID No. 2, 6, 4 or 8. The heavy chain may be further selected from
SEQIDNo.1,3,50r7.




| munoconi ugates [0060] The invention also pertains to

I mrunoconj ugat es conprising an antibody conjugated to a cytotoxic
agent such as a chenot herapeutic agent, toxin (e.g, . an enzynatically
active toxin against hemagglutinin), or a radioactive isotope (i.

a radioconjugate). [00611 Conjugates of the antibody and CytOtOXIC
agent are made using a variety of bifdActional protein-coupling

agents such as N-succinyvnidyl-3-(2-pyridyldithiol) propionate
(SPDP), i rrmw-‘— €8 bi functional derivatives of imidoesters
(such as HCL), active esters (such as

d di pi.m dat e
di succi ni mt@ws uﬁéﬁ%’:f'ﬁ néaaqaaé}@h‘gﬂd@@f‘(%%&aﬁtha%the §ﬂ°9§éé the pretppiayention.

bi s- azi do H@ﬁmbki]ﬂgate(aim@%réﬂoﬁp@sﬁ%f%%%éﬁdy}&ﬁé@dﬁﬁ%nﬁ@ $ifeh, Dis-
di azoni um.de ﬁ at ves (such

bi s- (p-di a %a%rlﬁgheé%@wﬁil todaraet dnmyer spsiva cells to LB wetedeslls

tol yene 2, ﬁisjm.qwaaas aﬁ&@b BieBirRfl df VBV irdfbtoh (such as
1,5-difl uogﬁ%@%@ E(%{Eltro enzer{e Met hod of treg?%@m;%% use of

the antibo ?ﬂlxﬁémc%fﬁmpbt?éﬂ]atthﬁéﬂﬁbﬁ@&%iﬁ@ybwemadom@’pwg
provi des aldashak if fy8dbiid\oRinRAbhRRY, nicﬁldﬁfﬁ thdi@ MvoRideSrdsstin® 2 ents

i nfluenza igl rus i nf ection, which conprises step o cont ac

the i nf ect FEF<eHBlR immpmelpxinymey W@Jﬁ@éwmg:a dienlfidarghynge tenmqngrhs( b)
an anti bodfbnamgcaltﬁlbsal&ggﬂdngéﬁﬁés sitabiddia ané f&?&l@éﬁpﬁss}ﬁﬁﬂ%ut' ni n.

Preferably, . anta oni st interferes mnt vi ral ction by neans
t hat neut’uﬂaﬁl‘? late fad frethys4-megeapiobypinidats awd theserinclose, fos example, iniaS.
present i npgNd, AEx76980.des in the use of an antibody specific to
hemaggl utinin or an anti body specific to the 140s protrudi ng | oop of
hemaggl utinin for the treatnment of an influenza virus infection,
preferably the use at least affects a virus infection. [0064] An

i nfl uenza Ipimuecinhigeieéi on or viral infection may include, all types
of known and new influenza viruses that contain a hemaggl utinin

protei n su@A6@) i THelinrentian also perthiniiorimymaecoaiubkies doftiptisieg abanfibddyNL or

Z- genot A B I Jreatoent” and "treat" and
sygonyrr?;/pt eJ{r}J gﬁ t';c{ ]!rotaéfecggo ?OFH ﬁu?%&gﬁggéﬁqﬂ?e&a??%cﬂgﬁ%tn?ma(ﬁﬁ an
prophyl actﬂnwhcplimmtannwgmma&uaMef eradichétBreddrfadeiied,a t o
prevent or.s “g (I essen) an influenza-virus infection, in
parti cul ar an i enza A virus infection. Treatnment nay i ncI ude

pr ophyl act[ﬂ@ﬁ'ﬂas Lonprgptesofitheattibody aud cymmagdmemmyadb nsing Tedietyalf

B 0t uereangtobll JAR8R oot igbod 18} 3L el 5 @%Sﬁflﬁéﬁwﬁ)d%ﬁ‘?%@%e

i n whom ar(STIAP), ireinothiolane (), bifiuextibnad dem&hwas obiznifresteny (il as dunethyl
adipimidate XICL), active esters (such as disuccinimidyl suberate), aldehydes (sach as
glutareldehyde), bis-azido compounds (such as bis(p-azidobenzoyl)hexanediamine), bis-
diazonium derivatives (such as bis-(p-diazoniumbenzoyl)-ethylenediamine), diiso cyapates
{such as tolyene 2,6-diisocyanate), and bis-active fluorine compounds (such as 1,5- d1ﬂuoro-
2,4-dinitrobenzene).

Method of treatment and or use of the antibodies of the invention.

[0062]  The present invention also provides a method of_tfcaﬁng a patient to at least affect

~ an influenza virus infection, which comprises the step of: contacting the infection with. (2) an
antibody specific to hemagglutinin or (b) an antibody specific to the 140s protruding loop of
hemagglutiniﬁ. Preferably, the antagonist intetferes with viral infection by means that
neutralize the virus.



| nuni zati on maybe introduced in healthy individuals particularly
those at risk of contracting an influenza viral infection either in
an area where several cases of the viral infection have occurred or
a person who has recently been to an area where several cases of the
viral infection have occurred. |Inmunization may al so be introduced to
those nore susceptible to |nfect|on st®h as the el derly or children.

[ 0066] In xa of, t ent I on_passive I nmunpization i s used.
Passive i ﬁﬁgﬁf z agﬁﬁﬁer?w&? é’ﬁ?‘]’iﬁl"ﬁ?ﬁ%ﬁ?*ﬂ&*m%%t‘jﬁﬁl Ftibedya
m croor gansrﬁﬁiﬁbiblaﬁﬁggmﬁﬁ@éﬂaﬂgnnﬂoh?sﬁéaiﬁz% £h8i1 6y t &%‘lﬁf Eﬁ a
eren e

protein of the Cr anism This quite dif

traditiona ?%ﬁﬂ % ?W?%féﬁﬂﬁ?wsﬁﬁcmp@Mﬂlhewaél%ﬁe or
with an adpffdBRlvidSinfatiten to an animal to elicit an inmune response
fromthe h@abﬁﬁhere the host animal produces its own antibodies in

response t Q%ZPWSWCMW@WWnW&MGMWH@mgkaOM|MI
IS given tieyngamys WREE BdhbiadY h 2R Stk %Qiﬂfﬁhnéa %f&&%aa?»
hunanlzednﬂ%é%gﬁdy WI|| be nore readi | ccepted by t

Passi ve i mAffh $I5B% ror Zregnagynoyof i AENher e the antlgen i s

hi ghly patjoogspi O*T@éaﬂn&la%bh@ea@fma si?ﬁbﬂfﬁfl AR BHRG #Eﬂl Sh[%n&QSt

ani mal as there IS a chance traditiona I'gen
ny cause aPRdRIARBYlacticenpreventalivemeesures, whfeezwspbmnmmrmtor slgwlddwm mi ¢

t he synpt qmseﬁfadlhﬂuéﬂhegﬁﬁﬁ%i&@ign,ﬂgarﬁ&ﬁ&aﬁ%ﬁﬂeﬁz f. 8R0St -
A host ani mal be any ani nal h as but not mte t'0 ayes
(birds), rRMiE eRﬁ?ﬁ?ﬁhﬁﬂ@ﬂéswe[lequa@mmmn@ﬂ@mmtrremmengofamdtent

ef fi cacy ofhokdva naéudfla@éﬂu%meﬁeﬂcwdb thike E&Eﬂ dctltoﬁgst. wifas

unwarranted to suggest that passive anti therapy Wit h
ant i bodi eshs8@Toge eﬁ@‘g it 05 Ehpse i whosy %%ﬁ%ﬁ%ﬁ@@%mﬁe b‘?PI&Venthdugs

dr ast i cal |nmiohudo iy HetorRiaaeilin Rt AP aRANs pRR pi | ing
to an achi evabl.e | ev that may b uirte cost conp t|t| 068] As
used her euﬂﬂ%acﬁ%gﬁrlafg‘éﬂaﬁ%m#c@w m@nmwaswaéc@mf il

be an aﬁﬁnmhoﬁhﬁdcbﬁﬁd%gﬁﬁ&s&% 18 réz@RBeth BfaR W%&e@gve% ofdbs of

-| east sl o%%‘%&g,#n (l esseni ng I nfl uenza 1 nfection, parti cul ar
an influe qetien Rayp apcpyr h%@ﬁﬁ@ﬁ%@saéﬁiﬂm’é‘!%tq tb@sewe an

ant agoni stsustptiblo inFyEioh k@A at the dld ‘EhAgehi cal conposition may be
determ negg@%on of ordinary, skill in the art of clinical

phar macol %erféE‘BRlFﬂ {bp inyentiop passiveimewpipsion is used Pawsivei  and
Resci gno, ifkfgiZdtioRhdiReRestihe @ arReseme ol with %anmﬁ}gdhﬁ%
(1991) Phar macag%thcal Re ea%ch 8:1351- 13v5“9 a%%cé&ﬁ rdent’i an téljmg
Chappel | , e e Sath 67 aptife opdestes of be ariprerernism. Fhisdoawiaiifaent fiom
Toxi coki neteimditiond apj&wao@muﬁuﬂemhepﬁm& an a@%&?&ﬂa&t alétle-or GRH SN adfuyant is
(Pergam)n Pre é)oe%c ﬁ%] 42-96: An fective anmount of "t he

anti body &8 PSERIE Iop e h%wmtheﬁ:e&taemhm e,
upon the phﬂﬁ@p @8 bwik artidbied in Y&Ponsh RPthE PaticRatdn. In passive immunization the host

animal is given the ready made antibody, Where the host animal is human 2 bumanized
antibody will be more readily accepted by the host. Passive immunization is particularly
effective where the antigen is highly pathogenic and capable of a hyper-immune response in
the host animal as there is a chance traditional vaccination with the antigen my cause a

- hyper-immune response in the host animal that could mimic the symptoms of the disease and
or even result in death of the host. A host animal may be any animal such as but not limited
to aves (birds), mammals, humans ete, o

[0067]  Given the specificity and efficacy of the antibodies used in the exarnples, it would
not be unwarranted to suggest that passive antibody therapy with these antibodies could be



administration, and the condition of the manmal. Accordingly, it wll
be necessary for the therapist to titer the dosage and nodify the
route of admnistration as required to obtain the optimal
therapeutic effect. A typical daily dosage m ght range from about 10
ng/ kg to up to 100 ngy/ kg of the manmal's body wei ght or nore per

day, preferably about 1 g/kg/day to 10 9ng/kg/day Doses may i ncl ude
an anti bod mount .any where in the range of 0.1 to 20 ng/kg of
bodywei ght X‘Bﬁ% %F’E’ﬂﬁfﬁé‘f@fﬂﬁ%ﬁyﬁ‘@{ﬁl @Pg%éra%ﬁﬁibgw%cmﬁﬂym@mf antibody
Conposi t i omeeded for b6 nmgmmhieo&@@mveﬁmam% EfiBboibGERsaReor ding to

the inventi ca mnistered for the ” treatnent- viral
i nfection |[‘?Fﬂi“l. P‘é eprarkramenicelas et of e coppordillltnss,
the pr eSenhmbﬂit@ﬂédt%‘ag’éﬁt&ﬁatﬁ@éaﬁﬁlﬁ@gfp?eﬁ&iﬂﬁ%ﬁ httlbégf'sﬁ QPM (sening an.

phar maceut i, conpositions conprising a ther apeu

amount  of enza Ideatipg, drpartonlen an influenza Ardrvg drfbation. rmqsam dud agmirigtyation
anti body spesidtagodif of he M%nnﬁ ggﬁaﬂh&%ﬁ@ﬁnfe&?g&ﬁ@f@ SR n@d by &%

used herein_a_conpound wi be therapeutlca ve |

abl e to af P%%flmwﬁlg.llmﬁhﬁﬁ%@fqﬂmmal PlooTrErploph en phaweagpkivetics. Bw,rﬁseaa’tmplb,e
i nventi on mdea’@bﬁiﬁéa&lgwl(ﬁ}@b aﬁn%_éﬁ:ggﬁés%&;g §11?r2'511§1 BAYSP o1

sol utions - uch as sterlle al'i né’ ere wat €

sol uble) o ﬁd3§ @$3% endddowdentisanti §thapyrel, 'The Bsmmqwues
prepar at i ogeafg i k@idokiichiddt fCFAMLinetO LA APH Phoolk

carrier. Aé)t ernatijvel ﬁ%l nj ect abl e so%ﬁ&t I ons P%Q% verg%Eg (eds)

encapsul at EEEEROR P56 ¥e 4949 pas -84, Antelective mnw{;b of the autibodgtodeletployed
menbr ane. mggaﬁguﬂaénﬁ,m HeRhd, I fhr exagls gl\etdpgﬁ' ﬂi%warpgﬁifv%s ‘%B%g'}r sgontain
S es 10

consti tuent f-assenbl i ng re“structu Itate
transport %ﬁ?@%@aﬂpﬁé‘ﬂé glelcmlchﬁm iy rogvamal) Acoordingly ét witlb he:mmféur thé e

condi t i onsthevkpistTE Qi BE bibkage ﬁﬂ%&cﬁﬁrﬁ%ut?ﬂﬁacﬂﬁ%ﬁ%n%@ﬂ{e&?ﬂ

t he contami natjng/ destructive action m Ccr oor gani sns Suc

exampl e, b f He el id Wp@@‘?@ilymégmhﬁrémgem ﬂ?@uialomlksémtpmr

di sper si on10m&ﬁ§/1tgnf@mﬁamﬁh1@%od} 951gﬁc>s?m3}eeperw Pfe %&%‘%& 10-
(for exanple cer ol ene_ gl ycol "and polyet

gl ycol , arfagk¥ ﬁ@yPP??éiﬂaY ﬂﬂ‘{déﬂp éﬂtﬁ’P%{ apaust We’ﬂ?@!ﬁfm ﬂmrehgmgeﬂ 2k

oil's. The :pg/@@@fboﬁwlgitbym@%rbﬁraﬁi?ﬂlné albﬁﬁ%g ofbe&;ﬁé‘ef%a by the use

of a coating such as, for exanple, "lecit |ntenance of
the required partlcle size in the case of dlsperS|on and by the use
of surfactants. Preventing the action of mcroorganisns in the

conposi t i cimuekitibiyefthedewntian i s achi eved by adding antibacteri al
and/ or antifungal agents, for exanple, parabens, cbl orobutanol,

phenol , sdP@Rl doititiodiesyirntcasakording td ’dhedvéliﬂ%n, daﬁbera@mﬁm&br thé will

be preferehtég l; I SO nt s r exa sugars or

sodi um chl ortlsﬁ %I%%‘gl %‘ ??161(%3’ Ei“ﬂ&‘ﬁ ntE’B?e conposi ti ons
[06070] Thus, the present invention also relates to compositions including pharmaceutical
compositions comprising a therapentically effective amount of () an antibody specific to
hemagglutinin and, or (b) an antibody specific to the 140s protruding loop of hemaggiuﬁnin.

As used herein a compound will be therapevtically effective if it is able to affect viral
infection.

[0071] Pharmacentical forms of the invention suitable for injectable use include sterile
aqueous solutions such as sterile phosphate-buffered saline (where water soluble) or
dispersions and sterile powders for the extemporaneous preparation of sterile injectable
solutions and or one or more carrier. Alternatively, injectable solutions may be delivered
encapsulated in liposomes to assist their fransport across cell membrane, Alternatively or in

addition such preparations may contain constituénts of self- -assembling pore structures fo



can be brought about by the use in the conpositions of agents

del ayi ng absorption, for exanple, alum num nonostearate and gel atin.
[0073] Sterile injectable solutions are prepared by incorporating the
active conmpounds in the required anount in the appropriate sol vent

wi th several of the other ingredients enunerated above, as required,

followed by filtered sterilization. Gefrally, dispersions are

pr epar ed b¥¢anoraorat|ng %he various sterilized active_ ingredient

into a ste RAERPROFECIRR Tah cellElsnmembreene. Alemish be sablf wider the ennditians dim

and the r eﬂ%ﬁf%:@%ﬂ&%or gﬁ&ﬁku@r% ﬁregér%ﬂ dehins She BAHAREAM PIL-BRAVSactibl)
the case of sterile p ers for the preparatlon of sterile injectable

sol uti ons, OEWOBW$W%¥‘%SW%Q bagteeand funsh are vacuum drying and

freeze- dryjoagz) t oTid @hflr cﬁbl@@‘éﬁ%ﬂt of dlsﬁe?sﬁﬁﬁédvﬁn bR REE GRlexRAMS vARY,
addi tional desired ingredient from previousl % sterile-filtered

sol ution t tanebpolypldfyy syampife slyeqrolymropyiepeciyceland Hgyid pelypbylene glyasl, aodh
matrix whi @Bigg %ﬁt%1§mhéﬂﬁe§tﬁér&ﬁ%dqffagetébﬁbeoz§0fﬂe %ﬁ@ﬂﬁﬂ&ty &het ehARina,

the matrix conprises a su bstance seleécted from't roup . consi st ng

of |ipid, S6spmDis, by BesEsie cosise yuahey) forerampledecithist, gwsmrﬂé@wef the
pol y(gl ycoﬁehﬁ)e%h&cle@&le )h(d:lé‘é‘a%é &)nﬂ%h@mn%aﬂ FRRL @Qﬁ&%&ntspﬂle‘yén&&‘éth&
aci d, pol yanhydri des, lactid col 1 des, yam no acid

pol yet hy| e¥#Eonsh Ia@roowm J@theeqompﬁah@u of Q@Wé@ﬁpﬁllw@mdmddmg

pol yam des,Bakyat Milde BeFangRCotAE T GBnbie] afa%ensf)%h hgﬂ&eﬁmm

poly(ortho esters), sucrose acet ate 1sobutyrate (SAIB

conbi nat i cavi iFreressl angfae likentymany erseandt willdg erefersble tedaaiudsiispiqnissagents, n

U. S. Pat enfy éﬁﬁl 105 oisotinnPetfotide g n%d%ﬁ%ﬁ of the mﬁé&bﬁ%@m osﬂmns
5,968, 543; 4 07 038 4,093, 709; 4,131 138, 344; 180, 646;

4. 304, 767 canke bweg@s&omaﬂlﬁu@ﬁmmcempp%hwpf %‘Fﬂdﬂﬁ%@?ﬁ@@?ﬁwe@fby

ref erence B8fafleNaHnbir lﬁ%ﬁg&éaﬁ.&ﬁé%d fatgf erably, the matrix sustainedly
rel eases the_anti bo ody. [0 %3‘ har maceuti cal |y acceptabl e

carriers d887% oﬁtﬁrdléﬁn@tahwolau% aranrenReeRd badgcomarting the agtleveppands in
di sper si onpyRghifed a@ﬁaﬁﬂzﬂaﬁa ﬁfﬂﬁﬁa*é@ébh%ﬁ! ﬁlﬂﬁseaaﬂ/o@me%ﬁiek b,

| sotoni ¢ and “absorption delaying gents and the |ike. The use of
such nedi 4maraiedahavs, %?quﬁwb#‘%@@é y Elfpred gerilizpiéons (prcraliyedispersiong ae|

known i n thgafdthy deeaRiking B8 Yhddus 3RHARAM a@%‘iﬁ‘ﬁé&&@ﬂo me&u@v&ﬁd@%@ﬁ
i's inconpatible with the active ingredient, use ther in

t her apeut i C@BsHisasis disrersion medipp éWp"Ihafe@H’IedN@EPF Fnﬂqd@ﬁéfoﬁhthﬁﬁ?l zed
monocl| onalengibialRa db&e. ﬁwd ¥ sfefile poti@erd BRI riffataBbilo Dierfle ifectRBIB Ot VNE

i nfl uenza A H5NI virus [0076] Passive inmmunization nmay_ pr OVI de an

al t er nat | VRIUEPRSy thegreieresf meHiofs HrsmaTAtan ie vaumer dyiag adfaingslp yield
pandeni ¢ idYowder#ahe LEVEHStdib @l hnpitdifinaldRited §sbridnk h@ﬁlp?eﬁmﬂp

sterile-filtered solution thereof.
[0074]  The active ingredient may be held within a matrix which controls the release of

the active agent. Preferably, the matrix comprises a substance selected from the group
consisting of'lipid, polyvinyl alcohol, polyviny! acetste, polycaprolactone,
poly(glycolic)acid, poly(lacticacid, polycaprolactone, polylactic acid, polyanhydrides,
polylactide-co-glycolides, polyamino acids, polyethylene oxide, acrylic terminated
polyethylene oxide, polyamides, polyethylenes, polyacryloni‘m'les,' polyphosphazenes,
poly(ortho esters), sucrose acetate isobutyrate (SAIB), and combinations thereof and other
polymérs such as those disclosed in U.S, Patent Nos. 6,667,371; 6,613,355; 6,596,296;

~ 6,413,536; 5,968,543; 4,079,038; 4,093,709; 4,131,643; 4,138,344; 4,180,646; 4,304,767;
4,946,931, each of which is expressly incorporated by reference herein in its entirety.
Preferably, the matrix sustainedly releases the antibody. |



result in severe anaphyl actoid side effects and the induction of
human anti-species specific antibody responses which limts the
efficacy of the antibodies with repeated use. W report here, the
protective efficacy of neutralizing humani zed nonocl onal anti bodi es
specific for the hemagglutinin of a Z-?enotype i nfluenza A H5NL
virus in mce when used as prophylaxis2 before-, and treatnent
follomﬁng-L ﬁl g?allenge with fully pathogenic H5NL virus. MAbs to
Heraggl uti hif~of ROATPREHEGHLY 3i5ehtehle parvin sndfay dilventswmeyalso dnolude apransiall

A'Vi et nant &t eatsOdisiritibnAndded) GoaaR0idib R4 ARIBHAT ﬁfﬁﬂ%ﬁl@ﬂsoﬁfﬁb dHace
I muni zed %Stphg%%@eianuat ed versjons of the respective H5 VI TUus
y

generate b Y reenty @d s liks. Thepselpf suelmedin awtagemte fonphavpeceutical

descri bed byivkaibbiedceeRavellihsdei . - .
o LT NC e ——

Constructign of n. | gd constant >

Desi gn of {SI’\%C"@Q%#’E‘@% e getve dreredisnt, pepthereeficihe fhespbutivedmporitidnais
descri bed twptempogddpock et al, 2004 (Jhnmunol Met hods, 289:65-80.).
Briefly, a synthetic construct containing the recognition sites for

ApaLl , Pst Noutrlizihg hikeized Mofibelond10lib gt shRlfiolor e Bemm¥RiRE L E 7.
secretion | eader. sequence between Ncol an el was use | ace
the mul ti Ry intuenza AEONI WS ¢ 4 and ER retention signal

of pCWI/ ny¢ (Inyitragen). The internal _ribosonme entry site (IRES)
of encepha’p EPG ocardr ti TRy %‘@@a@é&e‘ﬁé?‘(ﬁe“é'ﬁmﬂs@g%ﬁfﬂp s

fol | owi ng amdpreatinientatiine pﬁ&ﬂd&ﬁﬁ&%}ﬂ%ﬁ&@bﬁ&nﬂ%ﬁ%%ﬁb&dﬁ@m
rel evant Sh For "szl%{t“dolﬁgo t he hunman anti body constant
regi ons, CONA"CTEREEPLY RF'A &de oifestirag the indhetiempiimaian Atk speeies roacifie
al. Genoni cwtitidd9Gesp@BeslhicH Hidity the BrEOAby Y tHe ABHBEARE ith k& ite@&g@j‘ge ort
(Clone ID %7%??@@@%%% | g3  heavy chain (Clone | D 6281248) re
ampl i fi ed 5 TF PRUSCHYS of8Fay 8 oBf ethonasipng qutivodicnenepifip o the
and Ascl ; hemdgghtinireofal BgenptypeBifieaizh MakIN1 wﬁa%@ﬂmewhe@us%h&@ﬁrgﬁﬂﬁm
the anti b%g%aézo:ﬂﬁhg%% r&gﬁons ﬁ&%&%}ﬂrﬁg cloning were renoved by :
site-directed mit agenesi s.otrs enge ik (Yl nagiegenisiiek rusn
vectors [0079] To isolate the cDNA encoding the variabl e regions of
t he nonocl onal anti bodies, tRNA was prepared from hybridoma cells
and used MADY fodlemagelaficinodMAV RNl E20304@ENT) r andom

hexa- nucl eotides. The total cDNA was then used as tenplate in
react i ons 99 ThnpMAhs to e A ofdy Viewainel108/04 ead y/Hong Kang/a13/0hakre gt?hﬁag
¥

the prinmegsmap 1 Fv _rLe i nant antibody
phage systome bR ekt Ve PHE 1 R e-PBOTIT HE° arbtite
cl oned i nfY TR SEHNE ¢ Srodificatipored thefrmathalalgsoeibed gk ohlerrahd Mikteinggo 75),

speci fic peiupEsse.apre used to anplify both the heavy and Iight chain
vari able regions with addition of recognition

Construction of human IgG1 constant region expression vector

[0078] Design of the expression vector for human IgG1 was based on that deseribed by
Jostock et al, 2004 (J Immunol Methods, 289:55-80.). Briefly, a synthetic construct
confaining the recognition sites for Apall, Pstl, Ascl, Neol, Mfel, Xhol and Xbal with a
synthetic secretion leader sequence between Neol and Mel ‘was used to replace the multiple
cloning site, myc-tag and ER reiention signal of pCMV/myc/ER (Invitrogen}. The internal
ribosome entry site (IRES) of encephalomyocarditis virus was inserted between dscl and
Neol following amplification from pIRES (Clontech) to introduce the relevant sites. For
insertion of the human anﬁbody constant regions, cDNA. clones (I.M.A.G.E. Consortium,
cDNA clones Lennon et al. Genomics 1996, 33:151-152.) encoding the Kappa light chain



sites to all ow cloning between the Mel andzhol; and ApalLl andPstl
sites of the human 193 constant regi on expression vector,
respectively. Coning according to this protocol produces constructs
from whi ch expression gives rise to chineric antibodi es containing
the nouse variable and human constant regions. Transient expression
of chineric antibodies and purificatio®?[0080] Chineric antibodies
wer e exprez Ied -u%%i ng t he tgr eeStyl eTM 293 exE)r ession system

(1 nvitroge Sﬁ'OP‘E)D?) T87$0) antt the el dsavy daindelons 1> 6284248) sty amplifiedhofetless
nedi um  Conedioh 6f e 6asRirsiSors DefRES Tafid Shes: Lok
293-F cell ng}/ use of 293 gyé?i,n (I#\ﬁtfb %@g@%@.aﬁ%uper ng?gﬁggesg%%lgdy' ‘
col | ect ed Btigp pifss within ke aibedyrroasient pistame aifestipgieloting wene séomayed by

protein A siepiiedRE &ubgafdsis(Anersham). Purity of 1gG was confirned
usi ng SDS- PAGE anal yses. ELI SA using HRP | abel ed anti-nouse 1gG

(Sigma) and anti-human 1gG (Accurate Chemical & Scientific
Corporation) was used to highlight the. introduction of human |gG

const ant r €lpnimBof\himkFicT2G1 bdiredfoni veboaNd H tests [0081] Virus
neutralization tests were perfornmed in Marlin Darby canine kidney

(MOCK)  ce[d0F9hndTh iohpdhd SDNW Bndotip Hielva@ibld fekibn ASEY SoRlRl REEHRfaEd

with 0.5%c¢ ken red eallﬁ%oc{w%?; cel | sggis previously described

(Hof f mann ZEdt wApreRareiom hybadong cells apd useiin firg siradopDNA ayptheeis with

each H asmagor bese-rnelosided. Thé foi) cDNAl was(idhsdd A fenyilat & 8K Bn S Selpifed

100 50% tfﬁ@gﬁ% culgﬁre mfziéélcsﬂe, doses (TCI D50) were used in each”of

the virus ArFiablg heaty qud gt chalppsipg the primsmiand progsreols pEthemensesrFv | ng

mAbst [ 008 2tecduisimemk dmﬂﬁ'bdﬁ]ﬁ%@m ¢ tqmm;aﬁnaﬁrﬁth&cetyywﬁuﬁﬁfére@i?ﬁ_ﬁt%ﬁp&m

genot ype whi ch.ha i iters in est's agai nst their

respect i vgg?ﬂﬁaﬁﬂi% B‘éﬁ@&ﬁ#@ﬁ%@%ﬂ?@&{’? Hruepriag v apinble sesionspecifia prmeprgvere

ggggbi | ijt itsscézd-dfﬁiﬂm i(d‘ﬂt,l&eﬁedv?%ﬁﬁgﬁcﬁ_ A OVRriabIEBei h8 $A% alaalﬁml ggd%piaﬁ; e
an re.known to differ in_ the antigenic | oop |ocate

Zbove t he SEtHAEH iRy S Bebbe i Xnal of eqrtand dryy bl gr o «

in the | atlig6i coddtif rgion exiression Medder, Pigebienll Clging ot &RER this protocol

102: 12915-&@%95)60 %t{sgﬁ%di =) bi nding t,o this antigenic | oop are

neutral i zifhg dtie CRoSEEPFVEER FRpFesTImLetyes TS & hipericantibosies senteiaian then e

recept or bnede ngiabletand bimddAoasisht kdgfons.ecept or | ocated on the cell

surface (Skehel and WI eyAnnu Rev Bi ochem 2000, 69: 531-569), -

gl ycosylation of this |oop may inhibit binding of the anti body

dest r oyi ngﬁi t virus neutralizing properties. Therefore virus

neut r al i zatreBvientexprsesidnorfichitnerict smtibodierapddmrificadidd 03 i n addition to

Al Victnanm 1203/04 to allow identification of neutralizing mAbs that
vere not dBQRMHdarfthineric antbastias segremrpresved asing the FyeeSHteTM 298 dxgletsinh | n

table 1 be{dlenyNditrdeedh c¥iIM arBinSHLY ﬁ}b&'ﬂ%gi iﬁiarﬁiehl?gd, serum-~free medium. -
Consiructs encoding chimeric IgG1 were transfected into 293-F cells by use of 203 fectin
(Invitrogen). Supernatants were collected 120 h after transfection and proteins purified using
protein A sepharose beads (Amersham). Purity of IgG was confirmed using SDS-PAGE
analyses. ELISA using HRP labeled anti-mouse IgG (Sigma) and anti-human IgG (Accurate

Chemical & Scjentific Corporation) was used to highlight the. introduction of human IeG
constant regidns

Virus neutralization and HI tests

[0081]  Virus nentralization tests were performed in Madin Darby canine kidney (MDCK)
cells and hemagglutinin inhibition (HI) assays were performed with 0,5% chicken red bloed



virus neutralization titers with both of the HoNl isolates, while
VNO4- 6 and HKO3-3 did not. Therefore VNO4-2 and VNO4-3 were sel ected
for humani zati on and efficacy studies in a nouse nodel. Table 1 -
Virus-neutralization titers of mAbs agai nst HA of HSNI Virus
neutralization assays were perforned in IviDCK cells. Titers are the
reci procal |owest dilutions of mAbs t Bt conpletely inhibited 100

TCI D50 of yid.us, mAbt oH5NLHA rus VNO4-2_ VNO4- 3 VNO4- 6 HKO3-
Aot nat 1555 BrVe s deeaed oftmans of ol B Medsload S D 5405 W 915-
Humani zat i 20205, Inléammﬂﬁﬁhbtfoaiheﬁiag uiihPenitsQRRBE) kil BR SR bl S0 305 -
we construgé C‘@Q{f 1&% c 318 ,ﬁg{bve?@rmhere the codi ng regions of the
nmouse anti bod G piEve “eere paed dn qagh pibe wigwsinawralisgion testsf
the const nai ns he huynman kappa |ight chain and 1gGl heavy
chai n usi ngﬂ%’ﬁ% °E%m%ﬁh§%&“aﬂ”é%wgg i n fgl gure | A. Bot thhI meric
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det er m ne Een free o nt nants (data not shown
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| gG confi rmdviteﬁdmhmm&wmm aﬂfﬁg U&%d%&%tﬁéﬂe%&ﬁbm& s1t4,9&)i§4]
| n order té)oe&%&rgz& t hu tio t he s did not des g
speci fi ci tyF ?Pé’&s{eh’e‘ﬂi? Tt & -ﬁ’é"’@@%ﬁ‘%@@%% Bn of
the ant i bol2ei991512920)0 Antlystict bﬁﬂing t2this anfignicledpard/DRa 12z e 1PNGic
VNO4- 3- hu ainst A/ Vietnanr/ 1203/ 04 and

£ f t.h
A Fong. Korii1 5hit? bt RiteciBhiey fartis mieot Biadmecite ¢ i aod it ap-goploseled
Table 2 - dﬂlthawﬂawﬂ®$$kehgaﬁdWﬂGWMeﬁQ@®m$§ SMA—‘S F\YBMOH

assays wer

roliter plates with 0. 5%chi cken

Titers ar eo% &ﬁﬂogé) ]q“hg’ timﬁfi% 'iﬂFW AeRoYigE ityHps Ryplizdng nyeperties.

i nhi bited %ﬂgghmmmaﬁ:%mms petfopiedwithll/Hedp Rbnb 330\ dd8ition to

A/ Vi et nani NO ua VNO4- 3- hu@

A Vi et nam‘i%%%@féii %( %%Wégi%‘é‘ﬁ%@ %W%ﬁ%egg%t&ww depeadanbamo
this region for activity. As highlighted in table 1 both VNO4-2 and VNO4-3 exhibited similar
virus nentralization titers with both of the H5N1 isolates, while VNO4-6 and HK03-3 did not.
Therefore VN04-2 and VN04-3 were selected for humanization and efficacy studies in a
mouse model. :

Table 1 - Virns-neutralization titers of mAbs against HA of HSNI

Virus nentralization assays were performed in MDCK cells. Titers are the reciprocal lowest
ditutions of mAbs that completely inhibited 100 TCIDS50 of virus.

: mAb to H5N1 HA
Virus VNO4-2 | VNO4-3 | VN04-6 | HEKO03-3
A/Vieinam/1203/04 512 >512 >512 256 -
AMK/213/03 512 >512 12 >312

Humanization of HSN1 neutralizing mAbs

[0083]  To humanize the mAbs, we constructed chimeric antibodies where the coding
regions of the mouse antibody variable domains were fused to the coding region of the
constant domains of the human kappa light chain and IgG1 heavy chain using the construct



Epi t ope mappi ng [ 0085] Mappi ng of the epitope recogni zed by VNO4-2
and VNO4-3 was perforned using H assay data asan indication of

anti body recognition, where high titer indicated strong binding and
low titers indicates negligible or non existent binding. H assay
data froma recent paper that exam ned the antigenic properties of
mul tiple H5NL sublineages, using a nuffer of mAbs agai nst vari ous
H5NL i sol at.es .j ncl din% g%g4-é§£neferrqd to_as I5A3 i.n__Chen etal.
Proc Nat ! AGSHHRES I Bgre 36080t fhimenig anibodist)VNUd2shuti land  ING 3@ l) were

Ali gnment  pefifiddiad teir ity avas eoilirmSABEISEP AMRSnANs, SdRtd BlofflofUt at i ons
in positio of the H assay negative isolates

t, -t |
were not i Eﬁ?%ﬁg‘?sﬁ?hgén@?% Faxeiobservedisnd the erapapbetdrieroipedio bro
det er ni ne enentﬁu&ﬁe@@f@ﬂaﬁbﬁnggiamgﬁw teeéiﬁva%aﬁ]sﬁiomyiﬁ% ls&fell oY

VNO4-2 and we exam n the am no acid differeéences between

- 4-31 . - -
HAs of H5NRACHigEERecifisfanivman jef qqufirmed thedruymnizationed thegyousemAhgfigpre
assay resulilBg as a neasure of antibody binding (table 3). The
maj ority oE &iati ons occurred within the 140s and 150s antigenic
| oops i dent948Adq Ty grderia engure dat Brmauiaetionf thevmAbedif gat destmryanecfivitacve

bel ow and @idnfifdd tie FRBMSmEOSF theEERnPed vREBS! ifo6di by

[27]. Two gosi ti onsﬁe\;h\gr e identified mr%%!?%ﬁ%fﬂg%:{et%:ﬁflﬁ%Fﬁ%ﬁﬁp&sﬁﬁéﬁéﬁ}
assay negafPiRot ¥RP42-2uG] and Vi04:3 haGhAhediters forithronssays 822280 wi t hin t he
140s | oop. AFPWeRM@N 203/ @l ! g Lok f - i.nsi.ge of
the HA trinmer and i sglunl i kﬁﬂé{l@n@%&%@%@?%ﬁ%ﬁﬁ@&agée& ndi %\tsg’%srﬁ%rﬂe ore
the epitope recogni.zed by VNO4-2 is nost |likely within or in close
proximty to 140s antigenic |oop, with residue 138, 140 and 141

showi ng si Wablk 2CBIK assayO@stinigluf hindinized nd® 2BHNSIHA GF HENAS even viruses
with nutation only in this residue of the 140 |oop were not

i nhi bi ted HYyassiye verd petfodyediinmitrotitegAyies wilkas 59 dhiskaf RBO\TitkAQrd thop Of

the henmmag i Ni rot.ei.n that .appeas t.o.be inportant .for anti

bi i g P SEPFIoE pgE i ot b RBRS Yo bl PR are @B e nd TS
or am no aecfiwruposition 140 as a Lysine (K), or amno acid position
141 as a Serino (S). mutations at all 3 amno acid positions | owered
the inhipitory effect of VNO4-2. niAbleASietndnpi203f0d HRppi ng of VYNO4- 2
Viruses' WHeme HI assay |t i Vai04dat 4 Wig-2thaken fvNM-Ehenvap4-almGPQ006

[ 26] are [AlGéhangh203D4by asé40i x. |Residddes mat cipoag tlhat BoOO
A Vi et nanf AZIKZETMO3ar e r ¢pr es4not ed [by B2dol St ops40iesi|due smgoberijng
refers to the position in A/Vietnam 1203/ 04. Amno acid position in
HAl visas H 140s Loop 1508 Loo

Epitope mapping

[0085]  Mapping of the epitope recognized by VNO4-2 and VN04-3 was performed using
HI assay data gs'an indication of antibody recognition, where high titer indicated strong
binding and low titers indicates negligible or non existent binding. HI assay data from a
recent paper that examined the antigenic properties of multiple HSN1 sublineages, using a
number of mAbs against various HSN1 isolates including VN04-2 (referred 1o as 15A3 in
Chen et al. Proe Natl dcad Sci U S 4 2006, 103:2845-2850), was also included. Alignment
-of the H5 amino acid sequences was and scattered mutations in positions not common to all

of the HI assay negative isolates were not included in the examination.
Epitope mapping

[0086] To determine the epitope on the HS hemagglutinin protein recognized by VNQ4-2
and VNG4-3, we examined the amino acid differences between HAs of HSN1 viruses (SEQ



Titer 94 124 138 140 141 154 155 156 A/ Vietnam 1203104 -Ht- DS K S
N S T A/ HangKong/?213/03 +f+ N A A/ Dk/Hong Kong/2986.1/00 +}+ N A
A/ Mdk/ Ji angXi / 1653/05 ++ NL P A A/ Mlk/Jiang Xi/2136/05 - NDR N A
Al M Vietnani 568/05 - ND ND A AlQng Hail105 ND R N A Protection
of mce with chineric mAbs [0087] All npuse studies were conducted
under appl i cabl e | aws and gw deI ines ofand aft or approval fromthe

St Jude Chiﬂv\ﬂ i @e&garc}@ |taI Animal Care and Use Conmittee.
Femal e 6-8 5Dt E544| 18k usip @Fﬁ@éﬁ%ﬁﬂ%ﬁﬁwﬁf%@@?d@@n&ﬁﬁb&ed
5 per cag®. Tie xﬁ@&h@bfmmmsea ARG Mbs Wl B0s &iﬁirg@m@fo%é ﬂ@rﬂ#ﬁ@@
[ibitum tﬁlé g ou received the indicated anpunt

ant i body g%"ﬁs e ?@%@fﬁ aIBPD%m%m&hbel%ﬂndadmsmbm@;ﬁc@@mn L

of steril ebipdinggeptesreotid T8 pb:
injection. The c afegp r%ﬂggpr ecglé\;%c?gﬁgogll%&gfﬁb%%% a5 IrseFi}lii%irof(tﬂaﬁﬁI

virus chal FEgee? g}giat @c%a&@é@moﬁpﬁéﬁﬁm@%@h laqp. Rowser

(50% nous etht @h#a hoid @Sbsition 98 Blkesah, GHAS oHf
cl onoe of A/\[ acl 12031 /04 vijrus %]gfﬁ%/ée&h by r&g]%/lgryag}er%ﬁle&*lés %t
virus is Q’H‘g% Briorethe gpitere mgoenised bip %ZMbkehomﬂandrm

synpt ons pal@@@gbxﬁﬂqd@qabb anﬁgewr@é@%h kQffe T@@%e ﬁﬁrﬁi éﬂo édlﬂ'éaﬁty
and the deve] opnent of hind | eg paralysis. For L e By
=3 S

study, m cERFSHMANR dhesResinty pheen dizuset withamiaion @dy
prior to |166ﬁ1@é1'e thﬁEi&té&%'tﬁe%ﬁﬁbdy@HﬂfsEﬁ& rﬂé@ﬁugb‘?‘c‘%qg o?ﬂlteent ial,

m ce were given a 'l ethal virus doSe, fol’lowed cat ed

amount s ofPHARSUHBENPIIP i anpeas tobe ippgient @W’Qﬁhﬂdﬁ mdimglsp@r&}éy are amino

Mor bi di ty agid ﬁﬁéﬁﬁi&és)ém/@lﬁﬁm bPAnsido @{'ﬂjﬁ re
wei ghed o%cggjos 4, 10, 13€g(gjd 15 fow%wgsnhbﬁ\é}}tgﬁs C %QKF&M

Pr ophyl act p@?lﬁ?%]a@fséfsem)’ Juutaions ¢iglLA aning wid peyiiionslowered the

Al Vi et nanfidEBiRrPdfost 6f8N0412. Vi vo [ 0088] To eval uate prophyl actic

ef ficacy of the chineric antibodies, VNO4-2-hud and VNO4-3-hud
were introduced into mce at the indicated doses twenty four hours
prior to lethal virus challenge. Mce receiving | ow doses of

VNO4- 2- hu(sblerk + Epiype(dhappikef vNoady vwei ght) denonstrated few clinical
di sease signs including weight |oss and death after virus chall enge.
Only one rfowsss woge Hiosseayt tian d4i0 Syasftakensirami Clienad: ahozipeaghiewi th 11

highlighted by asterix. Residues matching that in A/Vietnem/1203/04 are represented by full
stop. Residue numbering refers to the position in A/Vietnam/1203/04.

Amino écid position in HA1

Viras I—[[ 140s Loop 150s Loop

Titer | 94 124 | 138 | 140 | 141 | 154 | 155 | 156
AfVietnam/1203/04 ++ | D S Q K S N S T
Af/Hong Kong/213/03 R ] . . . . . N A
A/Dk/Hong Kong/2586,1/00° | 1+ N . - A
A/Mdk/Fang Xi/1653/05" s N L P A
A/Mdk/Hang Xi/2136/05" - N D R N A
A/Dk/Vielmam/568/05 - N | D N D A
AfQing Haif05 - N D R N A

Protection of mice with chimeric mAbs

[0087] All mouse studi@s were conducted under applicable laws and guidelines of and
affer approval from the St. Jude Children’s Research Hospital Animal Care and Use
Comumittee. Female 6-8 weeks old C57BL/6 mice (Jackson Laboratories) were housed 5 per
cage in ABSL3+ containment. Food and water were provided ad libitum. Mice (5 per group)



recovery by day 15 (figure 2A). Increased anounts of this antibody (5
or 10 ng/ kg bodyweight) conpletely protected mce from di sease upon
chal l enge (figure 2, A and C). Prophylactic efficacy was al so
observed for VNO4-3-hud, although not at the extent of VNO4-2-hud,
as three mce receiving | ng/ kg bodywei ght showed significant wei ght
| oss of nore then 10% (figure 2B), twd®of which were found dead by

day 10 after vi hal | enge figure 2C), Treatnent with 5 ng/ kg
bodywei ght "6 ?fhgi c%@@yﬁpﬁw@@wm%wmmwdm@mh 1 ny/ kg
bodywei ght apgroAfiNaély300pChE strilétHokphate HAERA KBinb CEBYYBY Hbtap tigyody
VNO4- 3- huG, gﬁﬁﬁ)g‘ 1tyel rost ec‘?%id m’ ge fromany cli n:ycal Q{t%xﬁﬁl(hﬁ

i ncl udi ng &8 ﬂ'&?ﬂ‘@%ﬁd\ﬁp?%wm u@flmmﬁe@ge,mwe
ef fi cacy Ofweiéhﬁhkuﬁteb iEan AU Wik 1Mﬁs@t%&ﬁ&iiétﬂﬁ dUéeﬁ ﬂoYPB’%oiZa?

[0089] Sin VNO4- 2- hu@ ., shoywed greater prop y actic e
VNO4- 3 G%ﬁly "Fﬁlﬁ?%ﬁ’éfﬁ’ﬁcl?ﬂ%f’f Wa%yﬂm@%o viEpsilerived bmewrm s:nm iThisdy

al one. Thevirdibd!; E@M?Ea@éﬁ%ﬂﬁ%mﬁsmﬁﬂﬁt‘pﬁl@pﬁa Riidi %1) Effi\ﬂ;ﬂ%??rﬁ%ﬁlg%@&h

t hree days pos virus_infection (fi
anti bodi es a&é’%gh 1§y ingetivity endhihe devielpmentd of bind Iapamlsamdt?@)hel
my/ kg bodypﬁp@]ﬁm@fmdy\&ﬁére%m%&e &B%@Qs A BoiG Q&b QD4 h&!&g ﬁ«%’%@le

mce did showscg ni ficant signs of disease but recovered

The hi gher V&% e. ZR feteaEne fbgamluwfwﬁk@lmwmlpmomﬂ@m y

protect ed foiewed aneRdicHBe Of.L bodi es
were intr %L{’d‘ﬁd@?ﬁ ee cda iﬁgﬁ@e‘%ﬁ#{%‘%ﬂét& ?lgﬁé e%%%?%& sﬂ%?&m. B, 10

ng/ kg body ?ﬂqmtowé@rr?éémrae theom%wl@rwe@hmredwsdr 7,

protecti onio,ws b 15GuRswinoviE chheapd 5 moy/ kg bodywei ght) showi ng 80%
protection. The |lower dosages of antibody also showed increased

signs of disease; however all of the mce that did not succunb to
infection recovered the initial weight |oss by day 15. [0090]

Humani zed Popbyhaialfiany bNNIBE3- ADVIF4-3 Bat1 Boishst AV a3 h3 )00 WitSs in
coul d be sed as prophylaxis and treatnment to aid in the contai nnent

of such a p‘éndem c. [0091] Neut r al i zi ng rrAbs agai nst H5 hemaggl utinin
bodywel ght0ael, ol R @B EtacddTinact e S ikl vy i
| et hal cha¥NehgbuGi Wbrelﬂﬁ:rﬁldudbﬂ‘ﬂhtehﬁm‘at 2t dited\dosdd Swenky fob€ RS piiRsto
'(Ij'\i:)embgeﬁeu?r a $Z| néﬁ%fg g‘?{&a%tccl gmﬁ%]t l OS%‘&%Y—.E—L%@@& il [ 0092]
Al Vi et nambrdpeyigh) @mm‘atedrfgv Kimicpl ais&seagmmmudmgngﬁm@@ mﬁueath after
or ophy act 5 SPfkeek 0y ofi 3l el ybisnbin 1005} 8 g PoRBr T o P 1 ¢
requi ri ng reasvery by day lég(ﬁMﬂM| Igd:xtaséd)zmmmt:mlf éitieanpibodyeStok DhmgMen
bodyweight) completely protected mice from disease upon challenge (figure 2, A and C).
Prophylactie efficacy was also observed for VN04-3-huG1, although not at the extent of
VNO04-2-huG1, as three mice receiving 1 mg/kg bodyweight showed significant weight loss
of more then 10% (figure 2B), two of which were found dead by day 10 after virus challenge
(figure 2C). Treatment with 5 mg/kg bodyweight of VNO4-3-huG1 exhibited similar efficacy
as with 1 mg/kg bodyweight of VIN04-2-huG1. Finally, 10 mg/kg bodyweight of antibody
VNO4-3-huG1 completely protected mice from any clinical signs including death after
challenge with H5N1 virus.

Therapeutic efficacy of VN04-2-huGil agaiﬁst A/ Vietnam/1203/04 virus in vivo



used to treat infection VNO4-2-hu@ was al so conpletely protective,
even when introduced- - three days post infection, although higher dose
of anti body was required. [0093] Prophylaxis and treatnent using
neutralizing humani zed mAbs is efficacious against 1ethal challenge
wi th A/Vietnanml 1203104, providing proof, of principle for the use of
passi ve antibody therapy as a cont ai nnéht option in the event of

andem c, i enza. 0 eci,ficity of the VYNO4-2 anti body on
b5 of 1 sol Ldtbgéf [%6&4&&%2*&%65‘@“@@&%@53%%%9?? pagy fhon ‘@{ﬂ‘?r?rlﬁtilﬁlof
VNO4- 2 andtheffeirid effivadyi wed dbtarmibe@iee@isihiittids aloh® Mhédnficeled 8644208/ 04
and A/ Hongk 213/ 03. B%tlh %%84-2 nd VNO4- 3 provide effecCtive

pr ophy! axi %“%ﬁg | P oqdnced on gﬁ?ﬁ%ﬁ%l’?ﬁleﬂ@ﬁl&'ﬁﬁfe%ﬂ s Whende
the abil iM'b@dies\ﬁ)&égﬂeﬁ@e&ﬁ?@ﬁerﬁﬁﬁﬁﬂhgﬁé%@éj?g,im%i ﬂﬁg/ﬂ%tﬂadwei t of
Al Vi et nani 43:/314 HSNa virus and . found efficacy \47nen t he antibodi es
were added B Eaus! &53@%5@2 Krteetion; g, repgininzamionid shesesisnificaptrigng af a
- used to i ddimdabdbat fdﬂ@vemmaﬁm%bﬁflgﬁér s 0P BHHE Sy (Wok EMmfke b%%&fe%% to

humani ze it W?% aglpare t that the T40s | Qop antigenic region o

hermaggl ut | PR eihEErofester theguipg,and;showedlisile enefidingasst When antibedies verand
VNO4- 3. Al ingodieat theh dayd afief infebifon (Bt B.OE Z&ADY) SORGAL Wby e b4y
sequences 1 vi rua}éss i sol at(l,1 ?%EZOOS anj(; Zoggdghaﬁegg?géﬁ?}%%

of H5N
this regi dFtIEsTeRTediosopfsrcomplsieipratertinn, wifl loswer dosesld endhmiedigl owi ng
HENL Vi I uSbodiReIBGYEHatvinp 3086 frBRbtioRathd 1BRer oS AEES anBTRY Biso Howl HeRASA! C

drift to determne if the antibody would still be_e?f.ectlve I n

i sol at es W OhUFses dreevenall efdhemivs tet did noffuprymbde jsfectipn peessird dep
const r uct sinidh! weEHt&seby dayE@, | D NO. 9 - A/ Vi et namf 1203/ 04 SEQ I D NO
11- A Chi %%Sh tou/ 810/ 05, SEQ ID.NQ. 12 - A/%%g Hai / 05 SEQ | D
NO. 14 - K/ AR SpRycienagnibodipsNmAbshat npytralipe AN vigsoguld be

Coast / 178 hisétbas pipRylads bk trebbnent Y A8, tHd RRMHnkRLOGF sREQ JaBadie, 17 -

Al J ndoneskﬁéﬁ?% /06. . SEQ ) D NO .19 - A/ Duck/Guangzhou/20/05 SEQ ID

NO. 20 - APt ckgﬁzﬂ’gﬂb%%‘eﬁ 58070 hepeeipting weredimanipwdand derodpred

protein i ritb C3ZBL/6GES &, §i9r MY mipAEHIRWAcH) &8 aky A¥r 1 Sone@y post- and three

est abl i shed net hf(gha%ot;%hema t%l tinp. protein production in a )

f unct i onal#ERRE FEaEp ﬂ‘gﬁdg I%&uf IAERARY b2 QS o FSliaess e deteained

hemaggl ut ibgiobsertationebweight 3db heheDastsinivakNO4- 2 was able to bind all

t he hema I Ni tesfed (Figure 5). Tahulation of the results

t oget her 93}]_@#],[ hgiswo milt:s neu g for an%l en};:ally vanant H5N1 viruses,
AfVietnam/1203/04 and A/Hong Kong/213/03 were identified and humanized without loss
of specificity. Both antibodies exhibited prophylactic efficacy in mice, however, VN04-2-
huG1 performed better requiring only 1 mg/kg bodyweight for complete protection. When
used to treat infection YNO4—2—huGl was also completely protective, even when introduced
three days post infection, although higher dose of antibody was required.

- [0093]  Prophylaxis and freatment using nentralizing humanized mAbs is efficacious

against lethal challenge with A/Vietnam/1203/04, providing proof of principle for the use of

passive antibody therapy as a containment option in the event of pandemic influenza,
Range of specificity of the VIN04-2 antibody on H5 of isolates,

[0094]  The above results demonstrate the ability of VN04-2 and VN04-3 to bind fo
hemagglutinin from A/Vietnam/1203/04 and A/Hongkong/213/03. Both VN04-2 and VNQ4-
3 provide effective prophylaxis against the A/Vietnam/1203/04 isolate, We demonstrated the
ability of VNO4-2 to treat established infection with A/Vietnam/1203/04 H5Na virus and
found efficacy when the antibodies were added up to 3 days post infection.



protei n sequence at the 140s antigenic |loop identified the

requi renents for “escape' from VNO4-2 binding (Table 4). Generally,
3 nutations within this region are required to weaken binding of
VNO4- 2, specifically a conmbination of mutations at position 138, 140
and 141 relative to the Ist amno actd of the mature protein. The
results suggest that VNO4-2 should bird to HSNL fromall of the
known i sol ates. Table 4 - Conparison of ELISA data to 140 antigenic
| oop protein sequence. Conparison of H data and ELI SA data in
relation tqgog S B3 Re thelataliRE] B hfyq% SEAED I,

conpar ed tg A:g[/111 nani 1203/ 04 v\/ne;Megil Perl%u-gg(ﬁj)onl ndi catﬁgtz&%r@%lgrr%
anino  aci dofdpdin BT G Va5 FPORRR: detbe é@sm@m@cagmyoﬁzmamm
det erm nedu&@ﬂxaﬁ% bndiBIE kot Bibefh vﬁ;ﬂq_

140s | oop ol atﬂy 136, 137 135'%{%%&??8&?4%91 %dﬁﬁgﬁé?@tlaper |ter
Al Vi et nant 192 183299 hemaggiptinig protein sequpnepgof 51 vixnses inghatnd dn 2003/2082006 kad

nd . . . AdKiEh
T R Aot par e SRS e vhorko Aiaion, Wa selelod B RBHERAR i
A CK/ | vor yge%%ag}umwha@haé th?osrqatqat qnwet Ofﬂoﬂ@h&%medqg"vm@ﬂemﬁe Bthejaptibody |

TP Alnd i s
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Al CKf | ndonS¥FEYa/ioltes 1 nd + SL D P [0097] In this study, we have

reported the predens keeoParBhialaelied Wo M speci fi ¢ for
hemaggl uti ni n of enot HS5N1 virus A/ Vi etnam 1203/ 04.

M cro-neutral i Z%EQE?\N s 5k C%W@Wsée/%m 1203/ 04 and A/ Hong

Kong/ 213/ 03, descgmesol & sekged whgys anti bodi es not  dependant on the

150s | oop for bindi nﬁ i dentifled two mAb (VNO4-2 and VNO4-3) which
SEQ ID NO. 14 - A/Duck/Vietnam/376/05

SEQ ID NO. 15 - A/Chicken/Ivory Coast/1787/06
SEQ ID NO. 16 - A/Zhe Jiang/16/06

SEQ ID NO. 17 - A/Indonesia/CDC597/06

SEQ ID NO. 19 - A/Duck/Guangzhon/20/05

SEQ ID NO. 20 - A/Chicken/Indonesia/R60/05

[0096] We then expressed the protein in insect cells using recombinant baculovirus, an
established method for hemaggiutinin protein production in a functional manner, BLISA was
performed on equal amounts of each hemagglutinin. It was established that VN04-2 was able
to bind all the hemagglutinins tested (Figure 5). Tabulation of the results together with the
protein sequence at the 140s antigenic loop identified the requirsments for ‘escape’ from
VN04-2 binding (Table 4). Generally, 3 mutations within this region are required to weaken
binding of VIN04-2, specifically a combination of mutdtions at position 138, 140 and 141
relative to the 1% amino acid of the mature protein. The results suggést that WO4—2 should
bind to H5N1 from all of the known isolates.

Table 4 - Comparison of ELISA data to 140 antigenic loop protein sequence.
Comparison of HI data and ELISA. data in relation to the sequence of the 140s loop. The

sequences are compared 10 A/Vietnam/1203/04 where a Period (.) indicates the same amino

acid in that location. nd denotes were the assay was not determined



showed simlar |evels of neutralization against both H5NL viruses.
The sequences of these nonoclonal antibodies are |isted bel ow

[0098] Since the ultinate goal is to. identify. antibodies which can
be used as passive antibody prophyl axi s agai nst hunman infection with
H5N1 virus, we humani zed the anti body Ig{gri or to efficacy studies by
repl aci ng the constant regions of the mbuse mAb with those of human
| gd heav light _chain The chinmeric antibodies

ret ai ned 1@35%&Wi%ji‘9’3 of the par edtminpAsid payilien in Hiéreafildestlbem i s a
conpl ex i s8M&t® designed tol overcome the prohlens _associated with use
of rouse (Mbs in humans, siucae 3 & hunﬁﬁsén 3¢ | 3 d&- alﬁgc %419/41 FERVA)

responsesw ' thetr—tef et—use—-the e FgH—Zzat t on
versus the regﬁ |%ﬁns7%jﬁc HAI\/Ai resJ on>e¥{_§ St | IY LnQopgn c?ue sﬁ ifoh.| Some
human anj Adlcapgkery2134at | body respohsed hpve|been, dbsefved,. However
sonme hunma ' ' HSHoE-e-canpl yhumgnized mouse nAb
have al so| be ]i')aB 9./8 Ne\?grthéiieas,"""' ant:i bodiles |hunp® zed by |both
net hods upA®isdrei/epeut i calll g2and repeLLITVEry 1T THe Spme |30 .

i ndi vi duaW thelauestion which i t he _bheést Inetlhod
still ren BURm/S68005hansl t e -ul {i Mt ef t-ebt- il I| be| Mh phase |1
NE

clinical fADR/VicMagIF6l0RE [0EY EIORFEMT L [MUTTRT [ant[r DOpGES ggar st
t he int ro%@d humani zed antibady chn be lexperinentlal| et’ernm ned.
PR
!

[0099] As| &FBpiyleast/d’8he B@ssi Bl | ty+of| tesH ng- the i cal -

applicatiigfrof _these antibodies inlbhumanltrials, tlheir etficacy in
an ani nal | #68e0iangde88 t o He2def endi hed+ To .t hi.s| edd, pf1"01 écti on

agai nst | [E1 sy %iaV(EﬁCSﬁPO%U KT [T g & CoL B 6 rouse roderzbothri-n|a
prophyl actic and i rar)yeut | %qc ] %x was |perf or me ti’ VNOE‘- -"hud
per f or med AMREYiapgXilEs30 |t Ban VNE)4 3nluG .ap coripl et e| gr pt.e¢tign

agai nst Wi ilth very ljttle|sian of disease{w th tlhe
| onest t VO Gem 086rjc@at and on oF || nof kg|viad objser yad]| THis

| evel of W ngt—as—_effectvestherapegiteatt-yr—mrenr-used
one or three aysfL a tgr iln ’gci ircl)En, as+ pro?ect'i )H"was rjé)d,l_(?ed td 80%
and significant signs of disease were evident. However | ncreasing

t he dosaggqpsdrit he, rot cti an m t
T noos: o 08977 0 B Yo L RAPAS oERIRI SH SRR S8 R PO

ef fective hpmmm Oﬁa& saslstype HaN1 vires AfVidtnena/l 205/04. Midreneutnflittibh aReywas
evident, agm. QLB achi ey

therapeutlc e |cac . e an%]%&%ﬁ%eltg’%vs\e e@%“ﬁ‘ﬁ?&%ﬁ%‘g?faflwp&“&%s
after i nf depandant owmié@sddopt for bindingdgenfifiad twiomhals (VISMHL-2 Il WNOLBUVlicHTRY
al l ow for QANELP dj Lent | al t hr ee
days post iﬁ‘a(#ectlonleqrr‘illszuIJ ??%&‘g&“ﬁﬁlﬁﬁaﬁ‘e@ﬁﬁﬁﬁmﬁo %guenﬁ‘?ﬂ&) Faxi s
and therawngﬂwémmﬂlbmehmdsb@m body shoul d be considered for
further qulayat sBie 83 uinBSal' S ik i BERP RN Krthe 108 A ghelie

virus inféecti use In
antibody prophylaxis against buman mfect:on with H5N1 virus, we humanized the antibody
prior to efficacy studies by replacing the constant regions of the mouse mAb with those of
human IgG1 heavy chain and kappa light chain. The chimeric antibodies retained the

specificity of the parent mouse mAbs. Humanization is a coniplex issue, designed to

overcome the problems associated with use of mouse mAbs in humans, such as human anti-
mouse-antibody (HAMA) responses that limits their repeated use: the extent of .
humanization versus the reduction of HAMA response is still an open question. Some human
anti-~chimeric antibody responses have been observed, however some human antibodies
against more completely humanized moﬁse mAD have also been observed. Nevertheless,

antibodies humanized by both methods used therapentically and repetitively in the same



[ 00100] A potential drawback to the use of passive antibodies is the
current high cost of large scale antibody production. This raises
the costs of treatnents utilizing antibodies, such as for RSV

i nfection and autoi mune di sease, to several thousands of dollars per
treatnment. It is also worthy of note that these antibodies are anong
the first commercially available anti®8dies for clinical use, a
factor which,.c airlbu,tes t the hi gh cost and also that the anount
of anti bodﬁn"é‘aﬁm‘ pre cifteny andsthe guestion of prhiohishe Geshmethed stillumpainpensdeni c

arise, the PeiBsRASE6aBWEERN 1n pﬁh&é Péﬁﬂé&?&ﬁfs%fh%% HEdvel @?mééﬁ & huinisg! ¥

effect on touri:smand international trad have a 1arge 1 npact

on the ecofBifcdies sgangiihy nigdured hemanized aptbpdy @aﬂbﬁﬁ@eﬂmed@é)pdmlmée
of prot ect wosspt | hedipftudedo %Pbgﬁnﬁysﬂ&aﬁ g BRICRAY \39,%4? SRALE, 2
y through deci si ve

gover nnent a gCI si.on, as er economc recover

and rapi d eHhodierindiman falsstheis gEfiseavdn apanimalreadel nehds tgbsdetmeﬂel‘o this
anti bodi es eﬁtﬁﬂr‘d&ﬁ@i %aiﬂ@ﬁ&hﬂ ?éﬁnta't%mﬂfi‘stmnc@fse m@?a?PﬂL

pandemni c. V\%\é antl od or ever?:[N er o e popul ation
my not b&RBHacs ard/th ﬁFO% Hﬁ%@f@mﬁ ﬁ@»’-dmﬁﬂ @Eﬂfwrmerd better in vivo

strategi es tﬁa@VN@@-BQﬁﬁ?l%s'cGﬁa 1%@%@%%3%5 Q@egﬂ little siem
geogr aphi caﬁl y targete eé&roph axi s w ant|V| ra rugs -an |aI
di st anci ng egtetantifodyiopadepiration of 1 Sigfkiivas obserm&éféusciévcl of

antiviral f c at
the sour ceng‘é??gggﬁgﬁaEﬁ?ﬁﬁ%ﬁ“&?ﬁ&fﬁ@ﬁgﬁﬁﬁ%ﬁéﬁgl i
at Sci ence SVEBAEIPPe ADg figniae4nl g1gns\ol disedsiNGdre 2 criﬂ

|t woul d Heﬁeﬁﬁm%wgtﬁé‘&&d%é&%gﬁﬁg A RLoRAGALIR RRLLBOH hAler APy

with these_anti bodi es coul d a simlar iviral

drugs in tAReSsARFpecte asureaion pf snbiedsi dospee meuiredsion effastive teaatmidnbrhysus
needed forth&hﬁ@'@ﬂtéénﬁ&nhﬁeﬁﬁre%%ﬁﬁﬁ&&i Le¥g eanhﬂc%%% éé}]ﬁﬁédetota

anti bodi es . descri bed here are s&g fic for t nin o eVIEISNl

viruses of SBHe therapsHiis gifieacy wh mm@mmwmw&wmmymw@mn
pr esent ed Mpﬁeawoﬁermypos@ﬁif@hb&%mem% Qﬁefﬁg{r%&éfe%gb%dofﬁ Ilﬁgﬂ pdics

identified the 140s antigenic op, as responsi

bi ndi ng anteRfYHeRqtentisl todhrge ‘iiaé’FrﬁPFF inffption. Jdp piicany of EN%Z&WGM@& aslence
the anti bostbslaxihaidrge s@fgés@scﬁnﬁt‘ﬂﬁs bfttbod) éhomafbla PTGl b T&%@&él wher e

there is a {?‘%Slne at or aroqund position I40 nin

prot ei n. fHam. 25 £ PeYE A PRfthedyY H@PWWWWWH @fmom%y ugedy bemans.
strains cqoo#io] a nAipdieh@d diiwbhasth Béts@drpakiid ain%&&e% i RS Qﬂ#éﬁt hi@C&st

'nS'dethetJj'?d %Iut t.rimer _and, woul'd not be expose

anti body HIETEAe ARoHy proftpqipn. EATsises the gasisiof Spptmenss uilismeeniihedics. of
the H as smcsas mw&f&&l&l SRRt hind Bitedld %e@ral%o%%hwfd%har%é' tion
223 to ”leél Hof f yf@,et at Proc Natl Acad Sci USA 2005;

102: 12915 é‘fg sy %‘E nots that fhese antihodies are amess thediasticommensially t
for the HlavaikbRatitoase Gor¥ihital Asd, lamact@whm cBhtribitEs 1B HRMoh dodtan h1sd RGN

t he abl|lttX of the antibody. to b|n he virus.
e amount of antibody administered is very h1gh Should an influenza pandemic arise, the
increased burden on infrastructure as well as the likely effect on tourism and international

trade would have a large impact on the economies of many countries. Therefore, the

widespread use of protective antibodies to mitigate virus spread would become a
governmental decision, as faster economic recovery through decisive and rapid containment
of a pandemic would make the cost of the antibodies negligible when compared to the cost of
a prolonged pandemic. However, antibody dosage for every member of the population may
not be necessary. Recent studies examining containment strategies for pandemic influenza
using a combination of geo graphically targeted prophylaxis with antiviral drugs and social
distancing have suggested that a stockpile of 3 million doses of antiviral may be sufficient to



[ 00102] A panel of proven protective antibodies is established
against nmultiple 140s antigenic |oop variants in accordance with the
i nvention described herein. It is shown here the " proof of

principle' that passive antibody therapy is an effective tool for
bot h prophyl axis against- and treatnent of- highly pathogenic H5N

i nfluenza virus, providing the i medi afk i mmuni ty needed which

conbi ned with.social .di stanm an could limt the transm ssion of H5NL
virus to offRELaeRerEngpa %?Wi@#fmztaﬂdﬁﬂﬁd'eﬁﬂ%ﬂwwgéQMCe

of the mADLwaii @hMESHRE 2008, myquj-ms@?@&én%ﬁéefh’é\ég %ﬁ@g&%ﬁﬁ

HuG Nucleog I de Sequence of the variable reg |ons
VNO4- 2- VVH {nﬁ aww%‘ieﬁ fo sygwsst thatmassive anubody therapy with these aatibodies could be
CAGGT GCAGG: ey C e -

TMA@AGA@@&W@Q@&@@@FM@@WWTATCCTTACA

ACATGT AT e oo e el W tinin
ACATGTCATCCA CAGCCTACATGGAGCT %%@m@g‘“ of

CTGCGGTCTAFRN (5% ML ime@resented here and that

ID No. 2 GATC@@T@CG%A%W%@P&%&@&%@

TCACCATTACGPbRSx A ATt symersia e A Amant OO FAGPOT BTN Olence the antibodies

i
: & © e @ EIId BOmEHOARGHGT e HI assay negative
CoACT TCTCORRCTTCaeT sl for%%%ﬁ@%@%”ﬁeﬁe )
ID No. 3 Wm (G pip o alys 6 01215 2 T € Shia
?&%&éﬁ&?@%@mﬁ@awﬁé@%@ﬁ%%mm 23
asparagine (Hoffmann et al. Proc Natl Acad Sci U'S 4 2005, 102:12915- 12520, raising the
possibility that the negative result for the HI assays may be more a limitation of the assay
rather then the ability of the antibody to bind to the virus.
[00102] A panel of proven protective antibodies is established against multiple 140s
antigenic loop variants in accordance with the invention described herein. It is shown here
the ‘proof of principle’ that passive antibody therapy is an effective tool for both prophylaxis
against- and treatment of- highly pathogenic H5N1 influenza virus, providing the immediate
immunity needed which combined with social distancing could limit the transmission of
H5N1 virus to others and contain a future influenza pandemic.




ATGGTGATACTAACTACAACCGCGAGGT TCAAGGACAAGGCCATATTAACTGTAG

ACGAGT CATCCAGCACAGCCTACATGGAGCT CCGCAGCCTGACATCTGAGGACT
CTGCGGTCTATTTCTGTGCAAGAGATGCTAACTACGAGGGGGACTGGTACTTCGA
TGTCTGGEGEECCAAGCGACCACGGTCACCGTCTCCTCA  VNO4-3-VL (light chain) SEQ ID
No. 4 GACATCCAGATGACTCAGICTCCATCCTCCTTTITCTGTATCTCTGGGAGACAGAG
TCACCATTACTTGTAAGGCAAGT GAGGACATATATAATBBGGTAGCCTGGTATC

AGCAGAAACCAGGA. A. A. TGCTCCT AGGCT CT TAATGT CTGATGCAACCAGTTTGG
GAGCTGGGGTT edrthe ATCE BRATCANIGTHUG and VNO4-3-
TCAGCATTACCAGICTTCAGACT GAAGATGT TGCT ACIIﬁGITACT GTCAACAATA

TTCGAATACT BiaGadtde Befuen ¢ ot eiawA A bEEIOAA K 33 Amno acid
Sequence of the vari abl e regl ons for mAb VNO4-2 VNOX4-2-VH SEQ | D No.
5: Gn VaI Vo2l el im ity Ser Gy Pro Asp Len Val Lys Pro Gy Ala
Ser Val 5§P Ser s Lys Ala Ser Ay Tyr Ser Phe Thr Tyr Tyr Hi's
Met His SE °y Gn Thr His GIyLys Ser Len Gn Trplie Ay Arg

lle Pro T Thr Asn r Ser Gn Arg The Lys Ay Lys Ala
val The Th G %é%@ﬁﬂ@%c AGRTCACE THET G@TGGG@ﬂtTTﬂA@Tser
Leu Thr Se TG ALGGOTACTE ﬁgﬂ%@:ﬂg&r&%@r ACCAQAEGBAATTGE
Gu dy As C A%%ABE\Q g RHCATIGICGTATTBATAGTTAGA
Ser Ser L G@C FAAGECCHACEECEBATPTACTRTGSer
Phe Ser V. gT % GEGTAGATEGAGEECCARAGOPT GAPA TATEARGACT U
~ Asp He Tyr Sl CTA TANTOTROCARAGERGER AGIGAGRGGGASITGUBACTRCG g
Len Leu |18TQLPTAEFOHEAAGBCACCACGETRACCRFECTEGTRAl Pro Ser Arg  Phe

Ser Ay S %é Ser Gy Lys Asp Tyr Thr Leu Ser Ile Thr Ser Len G n
Ser Gu Q{SN 1 ﬂ’&h"l‘mampyr Tyr Cys G n Gn Tyr Trp Ser Ser Arg Thr
Phe Gy G8E@EyNs Lys Leu Gu Be Lys Arg Amino Acid Sequence of

t he vari ab ions mb VNO4-3 VNXM4-3-VH SEQ ID No. 7
&ECA‘T‘SCAGATGACGCAGTCTCCATCCchTTTTCTGTSTCTCTAGGAGACAGAG

TCACCATTACTTGCAAGGCAAGTGAGGACATATATAATCGGTTAGCCTGGTATCA
GCAGAAACCAGGAAATGCTCCTAGGCTCTTAATATCTGATACAACCAATTTGTG
GATTGGGGTTCCTTCAAGATTCAGTGGCAGTGGATCTGGAAAGGATTACACTCTC
AGCATTACCAGTCTTCAGAGTGAAGATGTTGCTACTTATTACTGTCAACAGTATT
GGAGTTCTCGGACGTTCGGTGGAGGCACCAAGCTGGAAATCAAACGG

Nucleotide Sequence of the variable regions for mAb VNO4-3

VN04-3-VH (heavy chain)
SEQID No. 3

CAGGTGCAGCTGCAGGAGTCTGGACCTGACCTGGTGAAGCCTGGGGCTTCAGTG

ATGATATCCTGCAAGGCTTCTGGTTACTCATTCACTTACTACTACATGCACTGGG

TGAAGCAGAGCCATGGAAAGACCCTTGAGTGGATTGGACGTATTTATCCTTACA

ATGGTGATACTAACTACAACCGGAGGTTCAAGGACAAGGCCATATTAACTGTAG

ACGAGTCATCCAGCACAGCCTACATGGAGCTCCGCAGCCTGACATCTGAGGACT

CTGCGGTCTATTTCTGTGCAAGAGATGCTAACTACGAGGGGGACTGGTACTTCGA
TGTCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

VN04-3-VL (light chain)

SEQID No. 4

GACATCCAGATGACTCAGTCTCCATCCTCCTTTTCTGTATCTCTGGGAGACAGAG
TCACCATTACTTGTAAGGCAAGTGAGGACATATATAATCGGGTAGCCTGGTATC
AGCAGAAACCAGGAAATGCTCCTAGGCTCTTAATGTCTGATGCAACCAGTTTGG
GAGCTGGGGTTCCTTCAAGATTCAGTGGCAGTGGATCTGGAAAGGATCACACTC
TCAGCATTACCAGTCTTCAGACTGAAGATGTTGCTACTTATTACTGTCAACAATA
TTGGAATACTCGGACGTTCGGTGGAGGCACCAAGCTGGAAATCAAACGG



Gn Val An Lou Gn On Ser Ay Pro Asp Leu Val Lys Pro Gy Ala Ser
Val Met lie Ser Cys Lys Ala Ser Ay Tyr Ser Phe Thr Tyr Tyr Tyr Met
Hs Trp Val Lys An Ser Hs dy Lys Thr Len Qu Trp Ile Ay Arg Ile
Tyr Pro Tyr Asn Gy Asp Thr Asa Tyr Asn Arg Arg Phe Lys Asp Lys Al a
Ile Leu Thr Val Asp G n Ser Ser Ser Thr Ala Tyr Met du Leu Arg Ser
Len Thr Ser Qu Asp Ser Ala Val Tyr Phé3 Cys Ala Arg Asp Ala Asn Tyr
Gn Gy Asp Trp Tyr Phe Asp Val Trp Gy On Ay Thr Thr Val Thr Val
Ser Ser %a"lﬂ{SGSE?QCWf varigblagegians r@Ab ¥04-Zhr G n Ser Pro Ser
Ser Phe Ser Val Ser Len Gy Asp Arg Val Thr lie Thr Cys Lys Al a Ser
G n Asp HeVNg#-2%H Arg Val Ala Trp Tyr Gn Gn Lys Pro Ay Asn Al a
Pro Arg Legé 'No'v?t Ser Asp Ala Thr Ser Leu Gy Ala Ay Val Pro Ser
y

Arg Phe Ser Ser Gy Ser Ay Lys Asp His Thr Leu Ser Ile Thr Ser
Leu Gn Th T Asn Thr
Arg Thr %% ere{ Xéq;é’ _
An anti bod t

henmaggl| ut| Ph %{HS“GIR
i nfluenza § L uT nﬁT t Gy
is an i nig ’f}gc@ éﬁ sl{:ﬁ]%‘#f“Tyr
conpri sing a v rrab omal S'?: r% ' 5% Serder

sel ect ed fYﬂ group consi sting of SEQ ID NOS: 5 and 7. 3. The
anti body o a| m 1 wherein said antibody is an inmunogl obulin

conpri si ngSEQH)NmﬁJnogl obuI i n I i ght chain corrprl si ng a vari abl e

domai n co u cted f t he roup
consi sti nng; n IuAs %;:es%rﬁgﬁ s‘%‘% s‘%;o He
wherein thg i B’§

ant i body cfﬂi 2l g“teuh % §1 " gAgG
const ant regi i Sp
hunan co VAl Pigi I y§ i eﬁAd'mg {Ys
The anti bo y O cI m § wher ei n the i munogl obul in corrprl ses fully or

partially ,.h amewor k. regi ons within the variable domain of said
heavy chal%mygn i *EPPR" @ Y?%P&ﬁb‘?gé‘mﬂmwo‘é‘él d light chain. 7.

The anti bW ofVcHI aimb5 wherein the i mmunogl obulin conprises nmurine

SEQ ID No. 7

Gin Val Gin Leu GIn Glu Ser Gly Pro Asp Leun Val Lys Pro Gly Ala Ser Val Met lle Ser
Cys Lys Ala Ser Gly Tyr Ser Phe Thr Tyr Tyx Tyr Met His Trp Val Lys GIn Ser His
Gly Lys Thr Leu Glu Trp Ile Gly Arg lle Tyr Pro Tyr Asn Gly Asp Thr Ase Tyr Asn
Arg Arg Phe Lys Asp Lys Ala Ile Leu Thr Val Asp Glu Ser Ser Ser Thr Ala Tyr Met
Glu Leu Arg Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Phe Cys Ala Arg Asp Ala Asn
Tyr Glu Gly Asp Trp Tyr Phe Asp Val Trp Gly GIn Gly Thr Thr Val Thr Val Ser Ser

VN{4-3-VL

SEQ ID No. 8

Asp Hle GIn Met Thr Gln Ser Pro Ser Ser Phe Ser Val Ser Leu Gly Asp Arg Val Thr lle
Thr Cys Lys Ala Ser Glu Asp e Tyr Asn Arg Val Ala Trp Tyr Glo Gln Lys Pro Gly
Asn Ala Pro Arg Leu Leu Met Ser Asp Ala Thr Ser Leu Gly Ala Gly Val Pro Ser Arg
Phe Ser Gly Ser Gly Ser Gly Lys Asp His Thr Leu Ser Ile Thr Ser Len Gln Thr Glu
Asp Val Ala Thr Tyr Tyx Cys Gln Gln Tyr Trp Ase Thr Arg Thr Phe Gly Gly Gly Thr
Lys Len Glu He Lys Ars



framework regions within the variable domain of the heavy chain and
within the |ight chain. 8. The antibody of claim1l wherein the
hemaggl utinin is derived fromtype A influenza strain HSN1 or
Z-genotype of type A influenza strain H5N1. 9. The anti body of claim
8 wherein the 140s protruding | oop conprises a glutam ne at position
138 or a lysine at position 140 or a s€fine at position 141 of the
protein. n Anti body that specifically binds to the 140s

prot rudi ng™e f hepagglutinin protein wherein the hem agglutinin

is a H5 of an inffuewbadphefispsificalliohipds teiad§Osmotridinalenpyifebepgelutinin
vari abl e heavy (%ﬂ%ﬁﬁ@hﬁﬁ%@ﬁﬁﬁ?ﬂﬁ%fﬂmﬁéﬂﬁﬁ' &% of (a)

a pol ypeptide conprising the a acl d sequence 0 5 or
7; 35 (b) a pal yrnephikhay B4R Blerdif 3Rd xRR%0SR ' | Gnf he
am no aci d sequence of SE LD NO. 5 or 7,_Mhéfe?ﬁﬁgg?ﬁ%?ﬁﬁ%%%éﬁ%gﬁ%in
specifically bi n&gl%lalﬂ??ﬁéogrh@%eaw@h%@m@smeﬁmaﬁbler@mgwgmmnﬁnmn (¢)
a pol ypept i de t haimihSakieqsiach fR¥cled BoRUnd £ 8s; f

NO 1 or 3; or (d) a pol yg%gtidect hato I's %ﬁ%ﬂo%gg&%%%ggﬁgﬁlbé%g%&%
sequence that Bs e anfitRasbf G401 WieRh 6 adi®ody e aliEh&R 'ﬂﬁhf

of SEQID NGO 1 or .3, mqgreLn_said.innunpglggﬁﬁin speg??ica;feﬂﬁﬁﬁgs
to the 140s pr ot3FHIFHECH by} st chaimepmptising a yariablydomefi qopweising in c| ai m
10 further corrpriagjmgacme?' EAsH R Led Hhinind 4 eh@ind of § N
variabl e domain sel ected om the group c%ﬁlg?ti ngggff: ?a) h?ﬁ’%aﬁds.
pol ypepti de co#prIiheaitthotiier oiin®r 3 GiidresCmb BhGehd2lobSE: A1 BppLT 8
(b) a polypeptide_havi t | east 90% sequence identity to the am no.
aci d sequence of - 6 or 8, wherein said i munogl obulin

%
specifically bign the 140s protrudi ng | oop. of hemagglutinin;_ (c
appol ypept i )ée %‘hgfﬂe?’%‘fbsﬁ%%%“kanﬁ&w %ﬁﬁ@ﬂ’?‘igﬁ@u@é %%?“E@E@qlé) )
NO 2 or 4; or (dynstanpegipperthinddeiiyathain®feéansasbdbubn A Beidde

sequence that 1S gleut region within a light chain of the immunoglobulin.

6. The antibody of claim 5 wherein the immunoglobulin comprises fully or partially
humuan framework regions within the variable domain of said heavy chain and
within the variable domain of said light chain.

7. The antibody of claim 5 wherein the immunoglobulin comprises murine
framework regions within the variable domain of the heavy chain and within the
light chain,

8. The antibody of claim 1 wherein the hemagglutinin is derived from type A
influenza strain HISN1 or Z-genotype of type A influenza strain H5N1.

9. The antibody of clgim 8 wherein the 140s protruding loop comprises a glutamine
at position 138 or a lysine at position 140 or a serine at position 141 of the
© protein.
19. An Antibody that specifically binds to the 140s protruding loop of hemagglutinin
protein wherein the hemagglutinin is a H5 of an influenza A virus, comprising an

immunoglobulin variable heavy (VH) domain selected from the group consisting
of:

(8) a polypeptide comprising the amino acid sequence of SEQ ID NO: 5
or7;



| east 90% i dentical to the nucl eotide sequence of SEQ ID NO 2 or 4,
wherein said i nununogl obulin specifically binds to the 140s

protrudi ng | oop of hemagglutin. 12. The anti body of any one of clains
1 to 11, wherein the antibody is conjugated to an agent sel ected
fromthe group consisting of a therapeutic agent, a prodrug, a

pepti de, a protein, an enzyne, a vi rus33a |i pid, a biological
response nodifier, a paﬁr rm]s%utj cal ,agent, and PEG 13. A .
conposi tion conprising toA&PIPYAYSeaviRe ahlegst 8R% sequepseifentityto the amgno and
a carrier. 14. The conposiit s@ftesds ofERt M k: 5k 7USMerkif) s SIGIbHOSHIAT

treating influenza virus infection in a subject conprising
admini stering to said subfRctically bndsde the\40s poimding lotp of hemeggbusinio; on.
36" 15. The conpositi Onﬁff clai m 14 wherein the influenza virus
infection is a type A i Pa2lypoptide fagf 1k enqaded by thonuslentids seeeate of $EQ IR
influenza strain HSNL. 16NOAn ok $rat ed pol ynucl eotide conprising a
nucl ei ¢ acid encoding a vari able heavy (VH) domain of an

i munogl obul i n heavy  chid) Bpolyhetias etSaimdoddd HamBidedtEe safk@skeds i om
t he group consisting of: %@2 %y%l,ei c tﬁCi d, nol ecul e cog;ari sing the
nucl eoti de sequence of SEGFPPyNEsntiral iy thenudeefide sequence pSHQINO: 1 or
nol ecul e conprising a nuchemiddesataanegohany Q:i@éau?rbﬁas%ﬂ%(l%s
1 or

sequence identity to the nucleotjde sequence of SEQITD NO
wherein said i munog| ob'uIP‘Hg'E‘ﬁ’é%i"PPeé}Wg@F%s to the 140s

protruding | oo he | utini rotein wherein the 1 | utinin
is a H5 of an IIoir%f g gﬁ‘%%ogflﬁ’é? P(E ﬂ'cﬂ’ﬂﬁ?sé’?%m&mmf’ﬁ%?ﬁ%&é?“a
pol ypepti de conpréemipriging b earivtiedonati sdlectsd ot fAieorodp BSAHPoNO. 5 or 7,
or (d) a nucleic acid nolecule that encodes a pol ypeptide that is at
| east 90% i dentical t da)apolppeptide @oiptsisgths amére safd sSnddf SEQ 1B N: 67,
wherein said i munogl obul | ;. specifically binds to the 140s
protrudi ng | oop of hemagglufinin protein wherein the hemaggl utinin
is a Hb of an Influenz i . : i ol ynugl eoti de.
conprising a nucleic a?’?%ﬂ%%g?dn%h&émggtﬁ%g#@% ?%8 ce¥tﬂ3n§ty?o © &ino

: acid sequence of SEQ ID NO: 6 or 8, wherein said immunoglobulin

specifically binds fo the 140s protruding loop of hemagglutinin;

(¢) a polypeptide that is encoded by the nucleotide sequence of SEQ ID
NO: 2 or4; or

(@) a polypeptide that is encoded by a neucleotide sequence that is at
least 90% identical to the nucleotide sequence of SEQ ID NO: 2 or
4, wherein said immunoglobulin specifically binds to the 140s
protruding loop of hemagglutin.

12, The antibody of any one of claims 1 to 11, wherein the antibody is conjugated to
an agent selected from the group consisting of a therapeutic agent, a prodrug, a
‘peptide, a protein, an enzyme, a virus, a lipid, a biological r;asponée modifier, a
pharmaceutical agent , and PEG.

13. A composition comprising the antibody of any one of claims 1 to 12, and a
carrier.’

14, The comp‘osiﬁon of claim 13 for vse in preventing or freating influenza virns
infection in a subject comprising administering to said subject an effective

amount of a composition.



(VL) domain of an inmmunogl obulin Iight chain, wherein said VL domain

is selected fromthe group consisting of (a) a nucleic acid nol ecul e
conprising the nucl eotide. sequence of SEQ IDNO 2 or 4; (b) a

nucl eic acid nol ecul e conprising a nucl eoti de sequence havi ng at

| east 90% sequence identity to the nucleotide sequence of SEQ ID NO
2 or 4, wherein said i munoglobulin spéifically binds to the 140s

protrudi ng | oop . hemaggl utinin protein wherein the hemagglutinin is
a H5 of an |nf|b‘§ﬁ§‘%°°ﬁelﬂ?g¢ ?fnféaé’al 14 whereindhe inflaenga Yimisinteetion desstype A

pol ypept i de comrmwa@ﬁ@nﬁmﬂeragé&typ%%ﬁlégeﬁ%ﬁe ERihRNg. 6 or 8

or 37 (d) a nucleic acid nolecule that encodes a pol ypeptide that is
at | east 90% i dEhiind@latddpolyticl@stiio s jsﬁlg%%aeiaagd ercodinida bididdie hefvyP"

8, wherein said i oglobul in specifically binds to the 140s
protruding | oop o FER HRREiobRlinbege Fhaio wherein sudNEhdamainis n
is a H of an Inf bm&oﬁqm'b@léﬁpcdh&sﬁn%dﬂet hod for preventing or
treating influenza virus infection in a subject conprising

admini stering to said s@phesdeigaibhbeaid Mﬁnp’iﬁﬁt?'ﬂien%le&id@@é&&%&eto?gﬂq

conprising the anti body a ding to any one of clains Ito 12.
The method of claim 18, \,\,ﬁiﬁ{g.hog%;

idinfluenza virus conprises a type
A influenza strain HSI& or g.Zéygqenot%Re of type A.influenza strain
HGNL. 20. A phar maceut i ChP R melger! ¢ eompisiog A guqlentide saanenseaving at
ac](c:or ding to ﬁny o_nef Iof mhﬁ'sl_’mséqu_enc%Zdenﬁ%qtoﬁaeﬁi&&lm_eﬁéunicéGf‘Sﬁbﬂg_
infection with an influenza yirus.in, a sybject conprisjn cont acti ng
a sanple fromthe subj ectﬁ@r¥Hr#W@%W‘§E@@“HPFRf°{ﬁSMQ§ﬁ%%f
claims | to 12 and det ect i40g piohedipg RS BE RN TIEHR pidkditt Whdréin W2Er €i N
the hemagglutinin is a H5 of n.i.nflﬁﬂgﬁn irus, 22. AKkit for

detecting the presence of *HageHiRIRIsA YeLZA WERSH ei n t he

hemaggl utinin is a H5 | nfl a Ayvirus copgprising: (a) the,
anti body according to glri?yg%ur?emoﬁm%gtﬁ Fﬂ‘?disafwiwé%ﬁﬂmp’? g the amino acid
instructions for detecti ngequantd of SEQAIDANG § 0iS7; 023. The it of claim 22

wherein the influenza A virus conprises, a type A influenza
(d) a nucleic acid molecule that encodes a polypeptide that is at least

90% identical to the amino acid sequence of SEQIDNO:50r7,
wherein said immunoglobulin specifically binds to the 140s
protruding loop of hemagglutinin protein wherein the hemagglutinin
is a HS of an Influenza A virus.

17. An isolated polynucleotide comprising a mucleic acid encoding a variable light
(VL) domain of an immunoglobulin light chain, wherein said VI, domain is
selected from the group consisting oft

(a) a nucleic acid molecule comprising the nucleotide sequence of SEQ
IDNO: 2 or4;

(M)a mucleic acid molecule comprising a nucleotide sequence having at
least 90% sequence identity to the.nucleotide sequence 0f SEQ ID
NO: 2 or 4, wherein said immunoglobulin specifically binds to the
140s protruding loop of hemagglutinin protein wherein the
hemagghtinin is a H5 of an Influenza A virs;

(¢) anucleic acid that encodes a polypeptide comprising the amino acid
sequence of SEQ ID'NO: 6 or 8; or



strain HoN1 or a Z-genotype of  type A influenza strain HS5NL further
conprising. (a) a substrate capable of producing a detectable
product when in contact wwth a conplex of the anti body and the
henmaggl utinin antigen.
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(d) anucleic acid molecule that encodes a polypeptide that is at least
90% identical o the amino acid sequence of SEQ ID NO: 6 or 8,
wherein said immunoglobulin specifically binds to the 140s
protruding loop of hemagglutinin protein wherein the hemagglutinin

is a HS of an Influenza A virns,

18. A method for preventing or treating influenza virus infection in a subject
comprising administering to said subject an effective amount of a composition

comprising the antibody according to any one of claims 1 to 12.

19, The method of claim 18, wherein said influenza virus comprises a type A.
influenza strain H5N1 or a Z-genotype of type A influenza strain H5N1.

20, A pharmaceutical composition comprising the antibody according to any one of

claims 1 to 12,
21. A method of diagnosing infection with an influenza virus in a subject coinprising
contacting a sarople from the subject with the antibody according to any one of

claims I to 12 and detecting the presence of hemagglutinin wherein the
hemagplutinin is a H5 of an influenza A virus.

22. A kit for detecting the presence ofa hemaggluti.nin antigen wherein the
. hemagglutinin is a H5 of an influenza A virus comprising:

(a) the antibody according to any one of claims 1 to 12; and
(b) instructions for detecting influenza A virus.

23. The kit of claim 22 wherein the influenza A virus comprises, a type A influenza
strain HSN1 or a Z-genotype of type A influenza strain FISN1 firther comprising:

(a) a substrate capable of producing a detectable product when in
contact with a complex of the antibody and the hemagglutinin

antigen.



