Monoclonal Antibodies Specific to Hemagglutinin and Neuraminidase from Influenza Virus HS-Subtype
or Nl-Subt)@e and Uses Thereof S FIELD OF THE INVENTION This invention relates to antibodies
and related BRdMNG BtEIns for the detection and treatment of avian 10 infIFETZEGHORKY @). More

particularly, this invention relates to monoclonal antibodies and related binding proteins useful for the
detection and treatment of the highly pathogenic H5 and Ni subtypes of AlV and to methods and
products for the diagnosis, surveillance and treatment 15 of AlV infections in animals and humans.

BACKGROUND OF Tz $dYEAIIORLE NI Avia ifuensa ¥ings MavResing e gause of the 20

next flu pandemic. Anngajvantbaaaks; ofdaluenzanA ffestinmare ¥ pagong ublie fsalth threat and
novel influenza strains can emergg-pRIQEHEBIK9VRISR hyweansauElite immunity, resulting in

devastating pandemics. The ASpanish flu@ pandemic of 1918, caused by the RINI 25 influenza virus,
killed more than 40 million people worldwide. The origin of HLIN1 may have gone directly from birds to
humans, or it may have involved incubation in an intermediate host, such as the pig or another, as yet
unidentified, BEERRI 055t THEL BOVENTRLOSS7 pandemic and 30 the 1968 pandemic, caused by the
H2N2 and H3N2 influenza viruses, respectively, likely originated as reassortments in 124.
bibliography is provided at the end of the disclosure. which one or both human-adapted viral surface
proteins were replat8d By PSRt ABmraviah afluenzastihrdips amhenedntadius has the ability

to infect an wipiesedenied tangasoirbeste nackidina-earpiyosess Thee first sentymed,instances of AlV
H5NJligfectiggg}llrlréansgooklplace EQI\JIS;W High\l%&[?thogéanic H5N1 infections occurred in both
poultry and RUMANS “Fhis Whs e et He an AvTartiniiez &t tdnsthissforn BRI ¥ birds to
humans hadrisgertfosnt oT hereadtépract oading o thee W aritdl G- Blkalte Orpanid ation (WHO), the total
number of Ngmand1ohy1 casesysines INaoMial eultigale Wrneuli-egsiasia wiichggeurred in 2003

has reached 281, with 169 deaths. Indonesia reported its first human case of avian flu caused by the

H5N1 virus MiRPEYoRRBRCFE e HP i FERBYRRY 1@ fefolVeased k007t nis]
confirmed hamédngasésd3otfwhichhuekitataloas of Marehr2007ance and treatment

15 of AIV infections in animals and humans.

BACKGROUND OF THE INVENTION

H5N1 avian influenza virus may become the cause of the

20 next flu pandemic. Annual outbreaks of influenza A
infection are an ongoing public health threat and novel
influenza strains can emerge periodically to which humans
have little immunity, resulting in devastating pandemics.
The ASpanish flue@ pandemic of 1918, caused by the HIN1

25 influenza virus, killed more than 40 million people world-
wide. The origin of HIN1 may have gone directly from birds
to humans, or it may have involved incubation in an
intermediate host, such as the pig or another, as yet
unidentified, animal host (1).%' Both the 1957 pandemic and

30 the 1968 pandemic, caused by the H2N2 and H3N2 influenza

viruses, respectively, likely originated as reassortments in

'A bibliography is provided at the end of the
disclosure.



Influenza viruses are classified according to their nucleoprotein and matrix protein antigenic specificity.

These virug%§?%5%99§’t§4%8rized mainly into A, B and C 20 serotypes, with tyg%@s%az@%% r(foigﬂt RNA

segments that éncode ten viral proteins. All known type A influenza viruses origina irds. This
category of virus can infect other species, such as horses, pigs, owls and seals, and poses a threat to
humans as well (23). Influenza A virus is 25 further divided into subtypes according to the antigenic
nature of the envelope glycoproteins, hemagglutinins (AHAs@), H1 through H16, and neuraminidases
(ANAs@), Nithrohighiiéd (24, 125t R6hutisibeliaued eibtpretedlysiaeferiagerel fRA peoteisrat the
HA1-HA2 jupction.is relgted he pa enicity in aviap,strain and that.the presence of
hydrophobiCJI:-La%%%cl)gaercgldaézré)t(%ngd9 t%ﬁ”s% gegv?;%\e g’l\tfexgque cl:ﬁlaﬁ%l%fae?%ﬁc %?ﬁaelﬁg sﬁ%?y‘pe. In addition,
the HA protein is b@l&/ &R mudis altachribstsabhbitvelt sialosfdgetecaptors and subsequent

entry by membp&r&&&e&é&?k&@éﬂéprg@&@,thgﬂgh_ht@ﬁg&r,v%§§§ip;gggg.targq{gor neutralizing
antibogies (29). c Testing during an outbreak of an_acute respiratory disease can determine if
e C: Co’b#}r%r?&eén%ﬂlegﬁz%r?eea%oﬁ?te%m{g%?%%Ie%?eﬁfﬁ&ﬁéﬁs Dmangngmth

influenza is tHe Cause:
respiratory ifriessesigonigdtible withghflyepatdargesip @ skiNish ivifether inflsenzacispredent in a

specific paliey popuiainand pelnbedlitaae Proyiiels dglerpie bowdg usg el glinical judgment
for diagnosing and 10 treating respiratory illness. A rapid influenza test helps in the determination of
whether to (B anfiitat $REGc Ao Sorre isyid stikamdd vratdunufe arvbisedanseriptase

polymeraselchaimeeaesian ¥BE-P ERinad serelegisaktesting ace Siaiauinednethedgdutdesults may
15n t(pe avalil ina timely manner t ist clipicians (3). At present, mgst of the rapid diagnostic
testsqcurren\%%%?l%e Ceff monoc o%%?amy’-bgs%ed ?trﬁ%(ﬁnogggég’/%lifg %W‘}ﬁﬂwdﬁ%ﬁ orescence
(fluorescent@@®B8 dy Staiamgl Retherdltetadtiveubhapikiaflden ot Restit 2@ tasts wiicthcan be

used in manychospitablabaraipges andgenesallysamyield testiesuls 2z hurs. Above all, specific

monoclonal arrg%bodygeneration is fundamental to most currently used rapid, sensitive and
cost-effectivefiRETGsR MERUHESI5HhE idehtifiCatbiarregicitug bisifttBuineagRe$ae indicated
that the H5NY vithe isigeagraphically hrapdhwitl §reatgenetitandaantigenic divensity. Raylggenetic
analysis shQuipgth: %Igvigé?? from.J la fi a distinct sublineage of H5N1 genotype Z viruses
suggests that 30 thiglt outbrea ikégly[%a}%%r%:t%z&frﬁngz 'sir?g’;]l}a—'r}llntrgc%u%agrg thrg}%%,srlélélﬁ ﬁ{%oughout the
country (14 B3R whAd D Ve ¢ReNF EEh&ARE availadite afortrisHal aBf8ddies which specifically

recognize Indonesigninfluenza isplatasdl furtberiwaueldhe usefihbiadiaveavailgblessiich mAbs which
also cover Vietnam and Sin%apc%s influenza isolates, OBJECTS OF THE INVENTION An object of
0

this invention s t6 provide MorSio st ShiiodES (RHALRRE A9 PdiStetsifdihd Pro%ins that bind
specifically Bheds andNEsgbipes ohAbgqpartedany inbp anttNi kdoReaimd\l¥ isolates. The

specigity Oferotypes, with type A having eight RNA segments that encode

ten viral proteins. All known type A influenza viruses
originated in birds. This category of virus can infect
other species, such as horses, pigs, owls and seals, and
poses a threat to humans as well (23). Influenza A virus is

25 further divided into subtypes according to the antigenic
nature of the envelope glycoproteins, hemagglutinins
(AHAs®@), H1 through H16, and neuraminidases (ANAs®@), N1
through N9 (24, 25, 26). It is believed that proteolytic
cleavage of HA protein at the HA1-HA2 junction is related to

30 the pathogenicity in avian strain and that the presence of
hydrophobic amino acids around this cleavage site are
characteristic of the H5 subtype. In addition, the HA
protein is believed to mediate attachments to host cell

sialoside receptors and subsequent entry by membrane fusion

2



10 monoclonal antibody responses provides a basis for effective diagnostic reagents. MAbs and

binding proiginsfsiyedherefrom also can be useful as therapeutic agentﬁ%%@@ﬁf THE

INVENTION 15 In accordance with the present invention, monoclonal a related
binding proteins that are specific for linear and conformational epitopes of the 115 subtype
hemagglutinin glycoprotein or linear and conformational 20 epitopes of the Ni subtype neuraminidase
glycoprotein are provided. MADs to linear H5 epitopes are able to detect HSN1 and other HE subtype
virus strains {2 denatumed Bpegimens;isudhs as fonmalin-fixedstiasue specimens,waihygeadgpecificity

and sensitivi%}yvlgﬂgutgggg {%garg&gt@bga%c%l nggo_rmational epitopes are useful for detecting

H5N1 and other Ni subtype virus'in tissues w have not been pre-treated, such as frozen tissue
specimens and othéf Blotdicalisings and Midrfkbolo AB epfibpes BAEPAABSRFNXi epitopes can

be used in cambiaationdarspestiicatiy 28diagnese HabYirusisglatesaust parbigHan MAD

designated 5A£'%‘5{ar ets a linear (;Pito e of HS-su?ty e.hemagglutinin. Other mAbs, designated 5C5,
209, 478, 10K IHETS1 PGP Rd BRI iRt cOMORRATo AT EplEEeS PFRSS Y
hemagglutinif e nizes M Oe200%/0 3542 0GCEES 0P 00034 7 Wity nitsil 8&hik2 targets a linear

epitope of Ndesybtyne Beyraminidaserand tye- fyrthes anfibodips designated 666 apg 33)4, target

conformational epitopes of N1-subtype neuraminidase. 5Accordingly, this invention comprises a
binding proté’ﬁ‘ltﬂa%ﬂ% DORAAGAG TR nft bl Jiea ibdifg ERaRHediIRE S0 A8 FRERLIES-subtype
hemagglutirepitepeias thaseiof mAbbAmand adinding preteinihayng suhstaatially the
immupelogi iInding char. istics for.10 a linear N.1-subtype neuraminidase epjtope as those of
mAb@llZ%&%%%%%tigr% %@%? c%%ﬁ)rfé]%a%s%egiﬁdingiprro é’l)é ﬁa%%%%%%%%gnt% Sf/s) gl Frrf%% nological
binding chars@téiitticd flrarvdarematomd H1stbspe tenvay @ninepiopeas those of mAb 5C5,

2D9, 4F8, 1da183B6 o211, rleand 32411 sThe inventioq-Alsorcipiisasa bindiag-protein having

substantially the immuynalogical bigdin% characteristics for a conformational N1-subtype neuraminidase

epitope as thESESFHMAREES oPI3YATH ATartRBR A% &G 2MEiRTentRh ESrhprid¥ method 20 for
detecting HBsubtypg X% lin espetigeavdittheompriseadetesting die bingdingrefsAM withaymAb or
binding protejn. hayi tantally.the.i icalhinding ch ristics .Qf mAh 5A5, 5C5, 23)9,
e L B T o T b htEcting N
subtype AIV(iﬁBa'spé’tﬁrr@ﬁe‘?/ﬂﬁEﬁ cofPFited Hefdigingane istiagBPAN WitheBFAb or binding protein

having substantiedyi the, inmmunstogicad binstiig: ChaRCteistic s OENAHEEE, 3RMhBIRLIL i

particular, th invgnti%r}' relatfs to immunofluorescence assays, 30 immunohjstochemical assays and
ut

ELISA methods that (tlize sUSh BIRdmg BrotErerThe SntiBodIEE Siich &t H5 subtype AIV can
be used in copasinaien with thdanslddrwaichvecognizep NI subifpeski¥aodtistertd4dN t virus. WO

2OO%93542985355§ﬁ9@@099§4%e used in many hospital laboratories and
generally can yield test results in 2-4 hours. Above all,
specific monoclonal antibody generation is fundamental to
most currently used rapid, sensitive and cost-effective
diagnostic methods. .

25 The identification of regionally distinct sublineages
has indicated that the HSN1 virus is geographically broad
with great genetic and antigenic diversity. Phylogeneﬁic
analysis showing that all viruses from Indonesia form a
distinct sublineage of H5N1 genotype Z viruses suggests that

30 this outbreak likely originated from a single introduction
that spread throughout the country (14, 15). It would be
very useful to have available monoclonal antibodies which

specifically recognize Indonesia influenza isolates. It



In another aspect, the invention relates to kits for the detection of AlV which comprise binding proteins

having sub ' immunological binding characteristics of mAb 5A5, 5C5, 209. 4F8, 1C1, 336,
WY e RO HRGHI Py

2F11. 9C1, , 31)4 and/or 6C6. The invention further re eating
subjects infected with an H5 AIV strain, such as an H5N1 AlV strain, which comprise administering to
such subjects effective amounts of one or more monoclonal antibodies or 10 binding proteins having
substantially the immunological binding characteristics of mAb 5C5, 21)9, 4F8, 2F11, 9C1, 3H11, 31)4
or 6C6. BRIERMESCRIBTIRNKF TEErDRAWINGSe atigures 14-LRatesapresentatye IFA images

comparing cells infected with AlV 1 against MDCK cells without virus infection. Figure IA is
an image mh%v%gl:(é ﬁ%Kﬁrlse\? dle?ité%gg i ﬁ%gl\in %gqﬁ%idﬁ%%ntﬁé njfgrﬁiac}_f%'ultraviolet light and

normal light indicated the individual cells infected by virus compared to uninfected cells. There was no

fluorescencegigaran MO SheCelFiRREbNirus infection as shown in Figure 1C. Figure 11) shows the
merge of ultraviolet light and normal light on the same cells as 25in Figure 1C. Figures 2A and 23

show monoclonal antibody neutralization activity of influenza virus on MDCK cells. In Figure 2A,
MDCK cells were staineBjdthcFIE Buareseenemafiemmenogenghantibediesdritralized H5N1 virus

30infection. é@lﬁiz%gg lZéLS, F():(géls were stai'n%d i$ ,Flgc fluorescence without manoclonal

antibody nettralization of HSNT Virue infection: o E%u SPIAR PFPEFOR S OSPAGE AR d

Western-blofRRftblidendfhé difting-héniBersmisthsreesl lifeakizéd rpeombimahatiAd. da Figure 3A,

HAIis aboutid? kRend theeeniesser R8T p0ged HAD inaloW I KR AL NG SDS-PAGE gel. GST
[

aloneli 26 kD. In Figure 33, Western blotting indicated recombinant HA' reacting with mAB 5A5.
Except for IO 5 Pandat 829, HERNBRESBRIHERR #hibR 2li§gEsBdetradation when
GST-HAI wakiexgpressed inrEageih tane MAbolisampledithguiptRTG-iRdlcRa-expRigssion; lanes 2 &

3, IPTG-indt&ggg&g;ﬂﬁ%Ileg@r%sca@ ig . co£.'tme 4, purified GST sample, 10Figures 4A and 43
illustrate mapping the linear epitope o mibsg g igfilusrelt elzéagggh%‘n%aﬁ E%E?am of the
hemagglutinin protein HAI, showing the clone constructs for the expression of the different lengths of

HAI fragmesisranckiinegr eagiiyitias vtk FoA0SAS. Figure 43 is a schematic 15 diagram of the mutant
hemaé‘géglutinin HAI fragments, showing the clone constructs for the expression of the different
|

mutatidons on the RA1 fragments and their reactivities with mAb 5A5. Figures 5A and 5B show the
typical reaction befveermdid2th 6€ 6wart3D4 had exprassed Tacmbinant NhdrigezA shows the

expressed rggembinant Ni ép g ed in.Sf9.cells. In Figure 5B, the merge of ultraviolet light and
normal light indicated the ifﬁvi%a?tégg%sg Iglngﬁ&rgg%%gé“r?cf 6%%%%Wa§§§pﬁ afid Western
blotting to 25Q%rity BRFresaBd Npenformational epitopes of the H5 subtype

hemagglutinin glycoprotein or linear and conformational

20 epitopes of the N1 subtype neuraminidase glycoprotein are
provided. MAbs to linear HS5 epitopes are able to detect
H5N1 and other HS5 subtype virus strains in denatured
specimens, such as formalin-fixed tissue specimens, with
good specificity and sensitivity, while those that target H5

25 or N1 conformational epitopes are useful for detecting HS5N1
and other N1 subtype virus in tissues which have not been
pre-treated, such as frozen tissue specimens and other
biological tissues and fluids. MaAbs to HS epitopes and mAbs
to N1 epitopes can be used in combination to specifically

30 diagnose H5N1 virus isolates.

In particular, a mAb designated 5A5 targets a linear
epitope of HS5-subtype hemagglutinin. Other mabs, designated
5C5, 2D9, 4F8, 1Cl, 3B6, 2Fll, 9Cl1 and 3H11, target
conformational epitopes of HS—éubtype hemagglutinin. A mab
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Figures 7A, 73 and 7C show monoclonal antibody neutralization activity of influenza virus on MDCK
cells. In Fig 4 9)}{@85 cells were observed by microscopy after monocl 1hodi eutralized
H5N1 virus% ec@on. In 30 Figure 73, MDCK cells were observed by microsgcao%%vtﬁ %%bt%?ﬁl?)noclonal
antibody neutralization of HS5N1 virus infection as a CPE positive control. In Figure 7C, MDCK cells
were shown in the absence of both virus and mAb as a CPE negative control. DETAILED
DESCRIPTION OF THE INVENTION The present invention is directed to mAbs and related

antigen-bindibgeirgteinethag birnl spacikaailydo tHeddy Ripstthkippe bemagadidisig-glycoprotein or the
AIV N1 subtype neyraminidase g proteing In particular, the mAb or related anti inding protein
possesses the immunolo%%%%io%lgr%r%?%hg%?%egr%lﬁc%%?}nggﬁi%’asggr%ﬁ cgé%%fh%ggdoma 5A5,
deposited withthe’RtheriEad I§5be UM PETHeenGH (APSE)YRR<IUME 151260% tyweassigned
Accession NyaibesirikA-85328,.mAb 505 as produced by hybridoma 505, deposited with the ATCC on
July 105 2007, and assi Anr_tlaad Ac ess'io%Number 15 PTA-8529, mAb 606 as produced by nybridoma
606, deposited with the ATCEDIuly 16° 2887 SiHd-85siGRET ALEESsiBn RSP PAREEPmAD
2D9 as prodbead by hybldemat2Rd, e posited mitirth2 AFECE lorblulgd 2832008, and assigned
Accession Numhe! ErTh-9396 0ARAFS as pradiced:by, iyl %Oénﬁél%?%%’@gﬂ%e‘j with the ATCC
S pro

on July 29, 2008, and assigned Accession Number PTA-9397,"mA roduced by hybridoma
101, depositERWiftPHeIRTEEBILIQY 202D0H8 SadssighéadrgsHi5R RS EAD398, mAb

3B6 as prodeces byhybedama3ns, tepestadyitbihe ANHACon Hhw 29 -20Q8 and-assigned 25
Accession Number PTA-9399 b 3D4 as produced by hybridoma 3D4, deposited with.the ATCC on
July 29, 200 n%%é{ gggiglr?g@ i%%?@cem Iﬁﬁjun%%&llgféfag%%% RASBR13%, gﬁﬁc? bP4Rbridoma
8H12, depodiigtavith TheATOCO Jaly 2010006 randmssigped Acdessidniiumibet BTA-9394, mAb

2F11 as progucacgy Bubidema 802E 1 cdepasiipdiwis 1. AT G an Jly 16, 2008, and assigned
Accession Number PTA-9373, mAb 901 as produced by Aybridoma 901, deposited with the ATCC on

July 16, 200878RE G56TMEL AL eSS0n NUFRBEASTA P br AP 8REYRE produced by hybridoma
3H11, deposisthgitl el ATE CGepri utyel G 2 0080 3 Q20RO 35420P G I9S C42)8/Q@0A347 and
assigped Acggggiog%[{r)b TA937 | depggits were made in_accordance with the provisions of
the Budapest Treaty. The ig/cgnti%ﬁiuéﬁgi emgggléesjtﬁggg Wgrllldg%g‘sa a%ﬁ“b?or\%é&? a‘tontinuous
source of th® WL aN BRI BRSNS Gfube tavdrtivhl Theteydmpwiodherieidtes to methods

for the detedsioncansydispaesis of Hbssulive AV infeclinnand assa Kitythat Gampgse the mAbs or
binding proteins of the inyention. The invention further relates to methods of 10 treating a subject

infected with S F5 8 NP AN stFRIR tRRTgRThE ARG REralibh of Efetive’Afiounts of one or more
antibodies or relatetirbiadifigprbteinsisithetinveritoni hrvpattiootar cionthisienabodimest Haeisubject is
infectgg witha IRdangsiarisolpte obBEMI-sybpe af A1V A5 The Anfiadies of this inveption also
can be administered to subjects on the advent of a possallble mf?uenza pandemic AS A precautionary

measure. In4RsSA&ARGe e dala 3RS oPaNiEdiEs o BARIRINRIEEd Bge AEBGEHAF of the
amounts use ta tigatslbtoii Al Viipfeghiensmmunological binding

characteristics of mAb 5A5, 5C5, 2D9, 4F8, 1Cl, 3B6, 2F11,

9C1l or 3H1l. The invention also comprises a method for

25 detecting N1 subtype AIV in a specimen which comprises
detecting the binding of AIV with a mAb or binding protein
having substantially the immunological binding
characteristics of mAb 6C6, 3D4 or 8H12. In particular, the
invention relates to immunofluorescence assays,

30 immunohistochemical assays and ELISA methods that utilize
such binding proteins. The antibodies which recognize HS
subtype AIV can be used in combination with the antibody
which recognizes N1 subtype AIV to detect H5N1 virus.



20Various terms are used herein, which have the following meanings: ~ The term "immunological

binding chaﬁg@z}%‘ﬁiﬁf a mAbD or related binding protein, in all of its graw&@o@m&ﬁfers to the

specificity, nd cross- 25 reactivity of the mAb or binding protein for its antigen.  The term
"linear epitope” refers to a consecutive sequence of from about 4 to about 12 amino acids which form
an antibody binding site. The linear epitopes of the mAbs of this invention preferably are in the region
from about 30 amino acid 260 to about amino acid 269 of the hemagglutinin protein encoded by the
HAI viral gene. The Ineanepitepe astlee formtthat bimdsria the: mAdl atbiading proteinfmay be in a
denatured protein s, suhstantia ' terti trycture. .. The term. Aconformational
epitope@ re]%r% tc%%g%gileﬁgged&gi%%q&gteﬂ% %%1 m% s'ﬁ)el t déjf%%ls?g %ﬁtﬁeﬁleqf[E?ls%%%fp%

hemagglutinF-SFCaRset b NabsubtppeRedeFiArhse gtopsoehrrastsativetthrse-adimensional

5form. The texabAbitsling protein® refers jo a@iQteirndncluging thesedesatibed ketew, thasincludes
the ant'ggen bin(gpgéitgb&g a mADb of the present invention or a mAb having the immunological binding

characteristi€s 61 & mAb 6f 10 the present invention. The present invention advantageously provides

methods for preparffigeménueiohalantibetissshavieg. deskindingretizhacteristicstafemabsAS by
immunizing an,8fial Wit ALt BRlRS PN, (A6 hickenisinganere/98), prepagng |anociaral 15

antibodies having the bindi_ngggharacte,ristics of mAb 505 by immunizing an animal with AlV subtype

H5N2 (A/chiEkerfi3igaliBreigs FOMBrehafing ABAbRS R TR s e s RalingHhe afitding characteristics
of mAb 6C6 &Y fraatLinzing mmarieabwitbrid Vst bty Hi Ml Alchicke ndSingppares84 20 The
inventjgn furgyﬂwén?fgg%ig%orﬁgggs met\q%d%f%réo:{gearinq:g\gnoclonal imtibodi s having the
binding characteristi m 9 and ot mAb 3B aby immuﬁ’izmg ar AnImal With & subtype H5N2
(Alchicken/ $1h5aA&S/INATAE hsvekRiohcis® frovide SEBthRRFor pRPariRfhondcdnal 25
antibodies haying thesBindig geracteristics of mAb 2F11 or 9C1 by immunizing an animal with
escape mutants from parental avian influenza virus A/Vietnam/1203/2004/H5N1 with a mutation at
amino acid 205 from lysine into methionine, or preparing monoclonal antibodies having the binding 30
characteristiBROER AMEBGRT PYIOKN Rz MY B IDRAWER@Sth AlV subtype
Alindgresia/CDC669/2206/H5N1. The invention additionally provides methods for preparing
monoclonal antibodies having the binding characteristics of mAb 3D4 and of mAb 8H12 by immunizing
an animal with AlV BuBipesH 2Rt W@ pe 09352 26RCATSE200FB0034 €A/ chiokeriSimgapore/94),

and methodsfnrrpreparing M4/ apd 4C TRy IMBYDIZIE: 20 SRRt A SURtPRJIRN2

(A/chicken/ Sin agore/98. Any such antigen can be used as an immunogen to generate antibodies
wﬂhthedesW&?u infection. Figure 1A is an image in which H5N1 is

detected in MDCK cells. In Figure 1B, the merge of
20 ultraviolet light and normal light indicated the individual
cells infected by virus compared to uninfected cells. There
was no fluorescence signal on-MDCK‘cells without virus
infection as shown in Figure 1C. Figure 1D shows the merge
of ultraviolet light and normal light on the same cells as
25 in Figure 1C.
Figures 2A and 2B show monoclonal antibody
neutralization activity of influenza virus on MDCK cells.
In Figure 2A, MDCK cells were stained with FITC fluorescence
after monoclonal antibodies neutralized H5N1 virus
30 infection. In Figure 2B, MDCK cells were stained with FITC
fluorescence without monoclonal antibody neutralization of
H5N1 virus infection.
Figures 3A and 3B show SDS-PAGE and Western-blotting to

identify the binding between mAbs and linearized recombinant

6



5immunological binding characteristics. Such antibodies include, but are not limited to, monoclonal

antibodies, chirg(%r()i%%qtzi(?odies, single chain antibodies, Fab fragments and Eé‘oteins comprising the
antigen bindY*SE4UBAZE of mAb 5A5, 505, 2D9, 4F8, 101, 386, 2F11, 90T LSS %06 or

103D4. The mAbs of the present invention can be produced by any technique that provides for the
production of antibody molecules by continuous cell lines in culture. Such methods include, but are not
limited to, the hybridoma technique 15 originally developed in 1975 by Kohler and Milstein (Nature
256:495-49nas welhastwpirieneniechaigue sthedawman B-rell Byeridaraa éeghrigussd<ozbor et al.,
1983, Immu Today 4:72) and tfga E Vginggoma chnjaue tg produce human monoclonal
antibodies (ggllggégtaé%?g I\%%)Zr%cfosna %ﬁgo ies a'—ﬁa C%ﬁce%é%p‘{gA%?ﬁR. Lﬁg,Tlnc., pp 77-96
(1985)). HuR&ARMtIEBdRE delh-be Tved aaucaniR obtagteery bding thimeani hybiridoresas (Cote et al.,
1983, Proc. NatShAoadnBcinkhS/eq80:2080:2030) a1y dinsiommiaa juman B calls yiih GBY virus

in vitro_(Cole et al., 1985, in Monaclonal 25Antibodies and Cancer Therapy, Alan R. Liss, pp. 77-96).

Moreover, t&cHH i Tds Gaveibped RSt ifie BrowhcBBR bf *EhiRm St baiesS 6998 @ R Rized antibodies”
(Morrison et gi®34+ doBaefednl. A59-8701 Neubergprreiled 984, Ratwre B12:604:6@8;1Takeda et
al., 1985, Natur :452-454) 30. by introducing seguences from a murine antjpody mglecule of the
prasent iveitioro 5 SR e A g b A LU0 3B R SR 4R, SPTER Br arin
together with geRBEGromdusiirnan @RTbdL motascts sedppropHatecbidlogidalaetivity can be used.
Chimeric angihediesaiedhasethagt1eontain a human Fc portion and a murine (or other non-human) Fv
portion. Humanized antibodies are those in which the murine (or other non-human) complementarity
deterhfining regioms (&8 Fain@8Pofdted HBSFRetranRBLEY. B8R 5 ARAdriCRCRRRanized
antibodies aré mamodaal. Suctrhgmes azhunsasizediebimericaatibegiamaterpreferred for use in in
vivo diagnosj [ ug]qn isea or disorders. According to the invention, techniques
described fﬁgﬁ)%é%%?g}lﬁ%gn of sw%ggfe?l c aln'ar%l%%véf“ensg(d:. ?nggn?%,ézm';g)ucca%sbe% %ﬁapted to
provide sindi®8h&PARBDERS SfthEhe sEirft fnranion] Arcidtitoral Bhbotimenesftthe dmdntion
utilizes the texbhiguesstescitaed &y the eansisweion of Fakaxresaiondibsaries Gluse;et al., 1989,
Scieq 24% ‘151279'%128 , tg allow ra#)idta d ea;y fentificatlon of monoclonal Fab fragments with the
desired speciiady 1ot the artiBotly oftHe g’r%@& BinUEATH: il FFRENGEE Br RIS Entibody
fragments thdecontameheddietypecsfsh&E 8 antibodymraseilercanfbe-henetrafftebyknown
techniques i easmie o3 A Eagmenie/aghde ALt e nehiiniled [0 40e F{RU0Z fagrment which
can be produced by pepsin digestion of the antibody molecule; the Fab= fragments which can be
generated BV%d ﬁg the disulfide bridges of the F(ab=)2 25 fragment, and the Fab fragments which
can be generated by ¢reaéing e antbenly Eetaeutgwithpsiad and adedusing et S ygkrantioody
fragments ¢ ege ted from any of the polyclonal or mongclonal antibodies of the invention. In
the r?rgductiﬁe’gfoz%lt%%r ie%l,us{cr% %%Sf%?%erﬁ)é FeRired %%ti%%dy cgﬁ%%%%cgﬁ‘npﬁgﬁé"osby techniques
known in thERgt, P resfcthmecomisinaEL IR (Sredmee-fakedt tredunossrbentadsay), "sandwich”
immunoassays Amsyacragiomneldcassaws. ge! diffusian precipitin [eactions, igwunadiffusion assays,
in situ immg}n,oassays (using colloidal gold, enzyme or radioisotopeé labels, for example), western

blots, precipita#oh reBGHSAE S gl atidtL¥ddrete. §& dLPagglutination assays,

Figures 6A and 6B show SDS-PAGE and Western blotting to
25 verify expressed NA.

Figures 7A, 7B and 7C show monoclonal antibody

neutralization activity of influenza virus on MDCK cells.

In Figure 7A, MDCK cells were observed by microscopy after

monoclonal antibodies neutralized HSN1 virus infection. In
30 Figure 7B, MDCK cells were observed by microscopy without

monoclonal antibody neutralization of H5N1 virus infection

as a CPE positive control. 1In Figure 7C, MDCK cells were

shown in the absence of both virus and mib as a CPE negative

control.



hemagglutination assays), immunofluorescence assays and 5immunoelectrophoresis assays, etc. In

one embod%%og} ga%jy binding is detected by detecting a label on the q{' [ In another
embodiment, the pr?rgnary antibody is detected by detecting binding of a secogr?d%réiﬁagr%{l %;7 or other

reagent to the primary antibody. In a 10 further embodiment, the secondary antibody is labeled. Means
are known in the art for detecting binding in an immunoassay and are within the scope of the present
invention. The foregoing antibodies can be used in methods known 5 in the art relating to the detection
or localization of the 115 or N1 subtype of AlV, e.g., Western blotting, ELISA, radioimmunoassay,
immunoflnorescence assay, immunohistochemical assay, and the like. The techniques disclosed
herein may be applied to the qualitative and 20 quantitative determination of the HE subtype of AlIV
and to the dR¥gRBSEENPSACEBREICOY AinTaIE of NUFEREected with the virus.  The present
invention also includes assay and test kits for the qualitative and/or quantitative determination of the
25 HE subtype of AlV. Such assay systems, and test kits may comprise a labeled component

prepardd, e.g., by IABEIRFRRAATatTOARve RorhSa FbREEHt GRoupSaPEtid atdipling a label
to the mAb enreliayech bk pooteincadf e predent ibdenionpectbfa biting partrerethemof. 30 Such

assay or test kit iSe [ i instrugctions, for , as.s well known to
those skinezhi% %n{r%%ains%%gg%% lj&eigﬁ g{eqﬁ g&ﬁ‘ﬁ%&%&d. r%%n%%f t%?fnﬁfm?o‘ﬁk,’s%ﬁ@ﬁ kits will
contain at |SASHIFRhALH T8I BRIfRFBidtein ofth®artdtioha medrgomdbterting
immunospegific sinsingat sajdml sa felgteskbinding petaie A4/ ima biclagisahsymelgiand -
instructions for use, depending upon the methad selected, e.qg., "competitive,” "sandwich,” "DASP" and
the SUJEQe. The kite %%ygaglgor Aohtn Sgé’lﬁ\sie %%dmr‘f?é%a%%g c%%tr%?lgﬁgf Ao EEBRAGEEE to be
used with adtdmatstepralyzed oriditotateinemunshistyghpenticdl tslite staidibgdnsioumments. An
assay kit of feridpentioh m@yJurger eaipRrise Ad Asecond.antipody ot pinding prateintpat can be

labeled or can be provided for attachment to a solid support (or attached to a solid support). Such an

PP - ’
antibody or Bidfg Brofein Tray?Be FEPERSRHIEBARYIRELARE (6 BPv. S68P8dEHH Hatbbdies or
binding proteins raaybie qolynidnal Do 15300n9cland anfibodiesd AcMesssienalantikadies to
H5-syhtype 1ggglugini N1-subt neuraminidase. protein.can be prepared by immunizing
animg':%st Witthf‘I%]/ or flS o%%:)[ p‘)}r%sté;i%%(ﬁ%@%%ﬁlgrﬁg t%é’re%%’%rpl)%?glr?ec? %%e‘th?& ?(?rgaln%%[%dies to
115-subtype'26 herhgyghRiFfh protdinlitivél0es apflificatich elsthedredubgpesdAdmene followed by

expression B NeTECGRYERY, apdBubifieation ofldasublyPsFeegmBbinashRroigs and use of the
purified proteins as,imrgsuno ns. For example, 115N1 AlV is propagated by inoculation of chicken 25

embryos witARARABRSHENS of 1R s FARWEH Sy Rotatidh Bt théDTaFRRAIRRE HAI gene is
amplified byArevesseitran dtuiptsse RN B, Chnaib redeticngy RI=BER)ahddthenybay demioned into a

baculgyirus yggtor IS, L t re eins in.ipsect cell proteins s, 30 praduced
then %)gn be%?sgéa t(toiéiznﬁ(r%uk:1‘§i’z%§i mqircge)é %r g%ée_lris%%blé]%pl})e‘égg f%?b;%%gﬁén of ygr? olrﬁiolpse.gsimilar

procedures SR PR BT BHREH NIRRT fortiPridemaastoBbewbired kybiudrrisamnascreened
for their abilityto pensipiss higka affinity neAbs that@resapablp of spesifically BiRiNgssigned
Accession Number PTA-9398, mAb 3B6 as produced by hybridoma
3B6, deposited with the ATCC on July 29, 2008, and assigned
25 Accession Number PTA-9399, mAb 3D4 as produced by hybridoma
3D4, deposited with the ATCC on July 29, 2008, and assigned
Accession Number PTA-9395, mAb 8H12 as produced by hybfidoma
8H12, deposited with the ATCC on July 29, 2008, and assigned
Accession Number PTA-9394, mAb 2F1l as produced by hybridoma
30 2F11, deposited with the ATCC on July 16, 2008, and assigned
Accession Number PTA-9373, mAb 9Cl1 as produced by hybridoma
9C1, deposited with the ATCC on July 16, 2008, and assigned
Accession Number PTA-9372, or mAb 3H11l as produced by
hybridoma 3H11l, deposited with the ATCC on July 16, 2008,
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to H5 or Ni proteins and distinguish them from other AIV subtypes. In accordance with the invention, it
has been found that antibodies with virus neutralization ability are able to recognize confol.mational
epitopes in The %9%9/508%1% 5 hemagglutinin proteins. This finding resulted ﬁgﬁ%ﬁéogéwg?é’ﬁon of virus
escape mutants in the presence of each neutralizing mAb after 1-2 rounds of selection in MadinDarby
canine kidney (MDCK) cells or chicken embryos. The HAI gene was cloned from these neutralization
escape mutants 10 by RT-PCR and sequenced to identify point mutations. In this panel of antibodies,
neutralizationepitepes yrese faldrbbsnahsitb e 18TACand 31 hhh. Newlralizationreseape ability
was confirmeg}%sin hemagglgtination int'bitti: n assays. 15HAI contains 338 amino acids, including
the signal peptide of LESmTo aclds. To Study e REStRSFS: Ikal RRitBHEEBS e protein,
truncated arffueatated friigenehntyard advarffagebesty tested ferhititiagavithyimAbdoras, Bynwestern
blot or a similartechnigug. Lingas 208pitopss may he idantifigd fhatarg Qindiag fargets for mAbs that
give a good performance in detecting denatured H5 subtype protein, such as that occurring in
formali%-fixeﬂ?%%ﬁé?ﬁsiﬁﬁ ifARINIRY&BEHS Rical staining methods. Mapping of the H5 subtype mAbs
in this manner provites aplastoriobioufrther studysandsa raorecaffestive gligicakdiagnosis of the
infectious 1-]5N1 AlV. The present inventi 0 has _provid better understanding of the
antigenic str?%?&%%?\/?%ff%ﬁ &g%ﬁt}rﬁn%%q [ r?e%gp%?rﬁdéﬁgé? mlol?egucfttaéé%ear% bs and 30
related bindik§§iBteiid-ef tHeahyeipraeeideie medips fordbtertigehiphighdi pathofehitevirus in
frozen sectigns.and bishogicatispecinens i on Theability to- detpct virvses i paatiingections is of
great jmportance. Under most circumstances, AlV antigens WO 20091035420PCT/SG2008/000347 in
infect ré]tissﬁg LREAOE Br® &ﬁ)%dlﬁiﬁﬁ\%tfﬁ@tﬁﬁ%go@ééslfl?oﬂﬁamaﬁ&%trﬁrﬁﬁ‘hﬁve the potential
to remove thehlimd envelop esaivdi eriveiope ghynopibteiff daclidinghemagglubfinpthaisdpcreasing the
difficulties in el S-antigegdetectin. Thesiore thisdorn of dlaanosis gs (g potential o provide a
safer and more precise diagnosis of AlV-infected animal and human tissues. ~ As illustrated in the
examples belBYEHAPBAS idRigPhF EfficHeRYs akl SehsRivenbofanemigdrhia forRalfrtixde10
tissues. Thisiaféacsaleveniniecteadegiers inbe sashwsyalizeshundaisNgtd rejeraseope.

Antib gy 5 l§1|eoea§nnQt.bhaci/le kgem%g%lﬂtjnin inhibition or viral neutraliﬁg\tion gctivities; however, it
exhibitd positive rasults R ImMmuNGTlUoraSceres HEEATAnd 1R WESRPBIG ARARERE 5 SHohg bands
that correspsbéie thesravontisaad sNt-1A proters@IW1E6kiDE)larerotsepsenieni MAID 8H12 also
is highly effigacious and:sensitiedayiral antigendn farmalin:tixed tissues, Lhis.antibedy also allows

infected regions to be easijly visualized under a 20light microscope. In contrast, mAbs 5C5, 2D9,

K p
4F8, 1C1, 386, 8BBI8BA19F1 okt Ad™iL T tEEHig Ry efftaeustsilforih i&&ie sections but do
not detect aatigeminsfonmatin-fised tisatte$15T heseNeswis/imply Hat the dyo groups of mAbs 25 react

with di erent viral %pitlp es.. Through epitope mapping, mAbs 5A5 ngt8111 wer ermined to
target anear epitopeg ‘ipﬁélf cgﬁgﬁlﬁ 58te%?\€/ei%al%1% i%éﬁé Wvﬁﬁélhctﬁe %‘s’ﬁesg Wére éjlféj%‘gfe%gto
intensive he@e&Bataérit. Under such harsh antigen retrieval methods, surface proteins of 30 the virus

were destroyed angh@ft puelroproiRin-RI 1B Vi3 expesathd Nerelrse.LuAbs thatdargst ligear
epnopes(ﬂqéﬁgw&gkégyggggnggggfggsggggg?gfiin all of its grammatical
forms, refers to the specificity, affinity and cross-
25 reactivity of the mAb or binding protein for its antigen.
The term "linear epitope" refers to a consecutive
sequence of from about 4 to about 12 amino acids which form
an antibody binding site. The linear epitopes of the mAbs
of this invention preferably are in the region from about
30 amino acid 260 to about amino acid 269 of the hemagglutinin
protein encoded by the HAl viral gene. The linear epitope,
in the form that binds to the mAb or binding protein, may be
in a denatured protein that is substantially devoid of

tertiary structure.



Monoclonal antibodies 5C5, 2D9, 4F8, 1C1, 3B6, 6C6, 3D4, 2F11, 9C1 and 31111 were deteimined to

target WOg@ﬂ{@ﬁ%@%CT/SGZOQSlOOOSM conformational epitopes of{,ller Nrbs '%§4ﬁpitope
mapping was used to make this determination for mAb 5C5, 21)9, 4F8, 2F11, Eggc‘:él and 3H11; the

determination of mAb 6C6 and 3D4 was made on the basis that the antibodies could not recognize 5
denatured neuraminidase from SDS-PAGE. These antibodies were able to bind and to recognize viral
antigens without prior treatments of the tissue sections. This invention provides convenient, highly
specific and sensititaendaamsifoh detebtingdts and Nispbtypes@f Ad¥e1@ One suchrineans is the

ELISA formafeif LB Al AP SBEDt ISR G AD LD, ded 36, g1, OGL and SHLL

alone or in combination, are uséd as capture antibodies. It has been found that the combination of
MADbs 5A5 aPtSOBPErRRIRIFGH ohhda EEHEROREREREE iR EI5NbteHRRGIHS5-subtype AIVS in

comparison ieaithetianitiedy aane-epiriBencambinations deseribegd-bereli.\Whila sakbound by
theory, po%sible explanation of these results is that the two antibodies react with different epitopes

on the HAI prSfEéTn' and are of different antibody 20 subclasses, therefore providing multiple binding
sites. If the antiBbgietera Lkbddomy thesbetn®l aestiisody dan be psed.dbnexample, as a

capture antibogy and Hie saBeaNILgey- copiugatedwith horseradish peraxidase (HRP) gan be used
as the detecélglt% antibody. The 6C6, 31)4 and 8H12 25 antibodies can be used similarlyas capture

antibodies fSFHEHFdibhorML duBiBe 3traffiSoPARS SRt RYEBHAICtBEdR SRSt
conformatiohaheipitppehenaintaimisipertanibidlbgitahfinclions cteh astiemaggutination mhibition

and ngyitralizafion actiy, 3 }%I;g @1% s against linear epitopes also are advantageous for diagnostic
uses. There?ore,r#]e apg%/llca(t%on oﬁmA A5 and of mAbs 5C5, 21)9, 4F8, 1C1, 3B6, 2F11, 9C1 and

p : ) . ‘
3H11, which are addiffstifearafd EBHRIHREMBNACFpESe PaLpRLLiRIY ks costiibadsgreatly to
the high seggitivipreidald SAgPrAcadUESHSIMbalh: 1o apBligationof nedk 8hil2angd,of mAbs 6C6 and

3D4, which are against linear and conformational epitopes, respectively, of N-1 neuraminidase may
contribute gf:eizlam])%g e ﬁ%%lsce%sﬁgitﬁﬁ%A 0 g%ﬂﬁé%ﬁgaﬁﬁro%%ﬁ‘?ﬂﬁs%%&%ﬁhs also
may be usegtd tivpelof Pier (FhuimicigicABiedwuiste /duect Iiemad:-hhvirngasoslicmas, for
example, by.dathloandin siyshybridization fairmars A peared ELSAtestof his inuention is able to

10 detect HA antigen from HSN1 AlV infecting poultry and humans in Indonesia, indicating the utility of
the inventior OBt & Bth3RAFRAnH htth Ao RYLEEREONSN2  The H5-subtype and

N1-subtype taXehotibismingeniepbawy adyaniagps oyar-oher aurent meiodolngiesas dsdiagnostic
tools. First, mAbs SA% 5C§12%\3)9ﬁ4F§?f1C1 336,.2F11, 9C1 and 31411 %e highly specific for the
, anda

highly infectlo%%ﬂg-su%?ype SRRSO D RAvEBEerd SRow td "4, or nearly

all, known ledbrisgidrestraing bf NEN 1sWp htiioH 7HAbE6CH 13D a6 Bitiraee /94) .

20 The invention further advantageously provides methods for
preparing monoclonal antibodies having the binding
characteristics of mAb 2D9 and of mAb 3B6 by immunizing an
animal with AIV subtype HS5N2 (A/chicken/ Singapore/98).

The invention also provides methods for preparing monoclonal

25 antibodies having the binding characteristics of mAb 2F11 or
9C1 by immunizing an animal with escape mutants from
parental avian influenza virus A/Vietnam/1203/2004/H5Ni with
a mutation at amino acid 205 from lysine into methionine, or
preparing monoclonal antibodies having the binding

30 characteristics of mAb 3H1l by immunizing an animal with AIV
subtype A/Indonesia/CDC669/2206/H5N1. The invention
additionally provides methods for preparing monoclonal
antibodies having the binding characteristics of mab 3D4 and

of mAb 8H12 by immunizing an animal with AIV subtype H7N1

10



20 highly specific for Nl-s’ubtype AlV and can be used to diagnose infections of Ni subtype viruses,
including I ég , known Indonesian strains of 145N1. Such highly ifi lonal
antibodiesl}ké(gr%ags(%?rg{ a%ureakthrough in the field of avian influenza diagnosgpgﬁgr%o@@]ﬂe%g present
invention, no monoclonal antibody had been reported that could detect all, or nearly all, Indonesian
H5N1 viruses. All but one of the monoclonal antibodies of the present invention have been shown to
recognize all, or essentially all, of the H5N1 viruses collected in Indonesia 30 within the last two years.
MAb 6C6, 30a /Gri8itk2odis begmeotia tombinatioh (hegdthdsorfeenuertiphy)iwigh mpdds SASS 5C5,
209, 48, 1336:2541 ehiitio pinnainthata parficuiardsqjale s apdSisplate. Addiionaly,
the ability of the mAbs to detect and accurately localize H5 WO 2009/035420PCT/SG2008/000347
viral antigen iRsfet EEeR/makAFRBE H84 TS as WElasSH R raBEIrRERTURR d898CaRdIFA,
represent a gistinghehaniage.d-wihesmore thase Brisprovitem sate ardkee@nient diagnostic
approach for. the detectian of H5,5 and Ni AlV infections. Frozen sectign slides.can be cryogenically
stored Tor Ioﬁ@%‘éﬁ%gg %%ﬁ%%%r% %alcﬂﬁat%ﬁﬁecrg &gbﬁgsj.ig%hd ;%ul?\%llllgr?c%lgﬂ(rgﬁ‘e%%ons. The
antibodies ot rHid irdentibn thas-arerosefififol treddiagnosiep ¢ENRihfectivhisoAs eliscussed below,
mADs of 10 this invention alsq,are; usefulfop reatraent;of HalL infegtions. Acgor RARs of this
invention will be very useful tools in restraining a potential flu pandemic. Another embodiment of the
invention reRRS BERRRMIS afOTRELSIS futIRs B TAG SR dm Mt og £ SHeDS felREARGRralization
escape mutaag) refess te@amutarByiruscmjsesbisy poit mutatians iBhe gesrs 2ncedmigor
hemaj_gfglutirg%which caused antigenic drift in the HE or Ni virus and affect neutralization epitopes. A
neutralization escape mutant can evade neutralization by certain monoclonal 20 antibodies that are

effective in neutraliZitgy TPpareRE viehs IRTEARRT séroeenigifon esaapdmmpanduagrardital virus is

incubated Wihy Gestain NeulalizalionAibody aNddpocuatedyBiRR ROsh syeh astMBGdf cells or
chicken embryogs. Aféer 2-3 rounds of screening%'rl]he escag)e,mutalg{ 25 for the neutralization. mAb is

cloned and JWIEGRUTE HA' FePRtstRMgin e ThiGTed Bmb-&dd fs deBAHhEESTRfFhment
with the paremtallvides séoquierees andtthé imitated site, inticatdsydxactipometsd che agquiro acids
compyising { rajizati [ cogni | e ralizagj int t
inver%i%n, 5??%% %n%%%gga&gg)} fée;)r%g Nﬁ%%ﬁé?&(%%/%%%lﬁ%%@%ﬁ% &%%Qr%%%(?alization
monoclonal 2Rfib4dp THE mut@forivsites &€ ISk FbaeitfpEeshablig, bélbR. PrrarsBape

mutants arisesftammifyietaamal 2@H 2004 NIxR: her2lekl geutralizagen menaslenabantibody. 9C1
escape mutantfs? arise.frorgl the K189M mutant of A/Vietham/1203/2004/H5N1 by the 9C1 neutralization
monoclonal ARABSdY I8 AdRh 3E1 R BN P50 R ab s TRt ark& REpAuce human

A/Indonesiatcin666812006/HSNIod hesbntatalien sttes Are listad MoExaiyte 3, Aaklébhdhbdow.
Neutralizatio C utagts are difgﬂentf m theijr parental virys in that th ger can be
recogl]%zed é)}/]cer ﬁ%\%ﬂtra |;e§t?(§)r¥ anfi a&“g;. W]ftﬁfc%sépe'i{gﬂﬁ:éfly%ﬁ}d@t?%é :g%egrgtg\?ipu's. In view of
this, these NinaAR GH-BEQAAIRRIGBIMPRINESAHIGNfbrery PR nobloaansdtidudyyssadction in

accordance nyitfisHernoaehingaagoyectmoagd tha newinnads, amaenodenal antinedyywhighiexactly
recognizes the mutated epitope can be screened out which then can be used to prqvide ,

complementan? stirveilfhicd 36 Gvetritiusz Y5 biraoss SR b PR3 hrBn BF vitSs By Repeating
this processEBrOuUghrseveial geiteratiof™; fisrther estape DagantsicarMemtatinenarid further neutralizing

s g s i e i n el ads g e isepmepton 200

Moreover, techniques developed for the production of
"chimeric antibodies" or "humanized antibodies" (Morrison et
al., 1984, J. Bacteriol. 159-870; Neuberger et al., 1984,
Nature 312:604-608; Takeda et al., 1985, Nature 314:452-454)

30 by introducing sequences from a murine antibody molecule of
the present invention, e.g., mAb 5C%, 5A5, 6C6, 2D9, 4Fs8,
1Cl, 3B6, 3D4, 8H12, 2F11l, 9Cl1l or 3H1ll, together with génes
from a human antibody molecule of appropriate biological

activity can be used. Chimeric antibodies are those that
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administered to treat subjects suffering from an 115 AlV infection, particularly an infection from an
115111 sub‘tgg%(%f Ogg/.zﬁ\ntibodies and related binding proteins of the 25invention also can be
administered to"subjects as a preventive measure in the event of an influengg%%ﬂ)gﬁ%%ﬂhreatened
pandemic. The antibodies and related binding proteins can be administered in a single dose or in
repeated administrations, optionally in a slow release form. 30 Administration can be made by any
means that enables the antibody to reach its site of action in the body of the subject being treated,

e.g., intravermtstys intrambseiarlydnisaderiailyanelly ernesaly. (bmicalle thenantihadyds )
administered,ip rmaceutically acceptable diluent or WO 2009/035420PCT/SC20Q08/000347
carrier, such as g%?e%rﬁg %QUe'gﬁg%&ﬁﬁ(% ne ﬁl%oc%rﬁsog‘lﬁgn%%ﬁ?ﬁrtﬁé} Met € or more
stabilizers, a8jivERes, SolubNEERS, Miffersiumenyhe exadtamethioaftadndiaistrationicemposition and

particular dogage sl be Eoggtegpied andh-aduaiedatihe Sme ol therpny, S8RERYING ypopthe

individtéal needs of the subject, taking intg account such factors as the subject=s age, weight, general

health, and (HE X a T ExERPEPHiE 7 HEPEVRRAGRS, 42 ellRAREIRAbencF BFfreatment to be
given. Genetallyaf0dhre dosags. pdntiiodyeadminisietasbid wathin the margeeafawut 1 mgkg to
about 1 mg/lﬁglbggy@@;gptﬂg%th@gi@?]pd%g éni%erggl}% fregt g%tients suffering from an H5

' uced by about hal

AlV infection, Typically, the dosage Is re alf, .e. to wffhlnafﬁg?ar?dfe of about 0.05
mg/kg to ab(ﬁ}tsf?i‘@?ﬁib/kg body weight, when administered as a preventive measure. A single

neutralizing antibodyechiading preteinef the.exertien cas beradribistereddor thesapeytic purposes
ora CPgﬂbin%tf'gen of t(gvci)u%q:rpore can be ad{ninijltaered. If 20, Enti odies to one or more generations of
Seet 34 G 4 f?é%o?@s 4Hd3n FRBBBY of the invention

neutralization escgﬁe mutante have Had pFooC
described aldo\i4€ary B8 adrdnistered danhexhpeutipamtibddy Atnghiails it Prefenetiantibedies for

use 26 a thespal R RGNS, 8 8G5252H00 fEl A, BHLULAN] AERMARS. .1, The

following examples are provided to illustrate a preferred mode of practicing the invention.

invention is AGMIAEEPH telddiafSofthe Sermisuss idesrridiadirdetviththe full scope of the
appended claimst3thidbdiamnplefl Peaslustiprof stybridomssaAdl e witd &pestdSh1 influenga viruses,
except:p HSN1/RRE, were obtaingd Indonesia.. HSN1/PR§ was obtained from the Center for
Disease Cor%lt%(:éle UQS?A)S{%S a?n%lﬁ?dpgt%rgégni%?egg%%ma%?%ﬁgs ?ﬁla% Contains the HA and NA genes of
an ATV H5NEeRES fhgatféefedaf htvwaads iethafRbh/Vistoaert203/2004) t HEN@e s ired

(Alchicken/Sipganarel38)anebt0 HHA 1MVeHekgr/Singapore/9dL were ohiainad; fram Agri-Food &
Veterinary Author%% AVA) of Singapore. These virus stocks were used to infect 9 and 11 day old

embryonated chickehe gt (EHew-¢P8R%YEHE m, Singapore) and allowed to replicate for two
generations Then, Aflanfosijuid meagnents that contain the idiotype of the

20 antibody molecule can be generated by known techniques. For
example, such fragments include but are not limited to: the
F(ab=), fragment which can be produced by pepsin digestion
of the antibody molecule; the Fab= fragments which can be
generated by reducing the disulfide bridges of the F(ab=),

25 fragment, and the Fab fragments which can be generated by
treating the antibody molecule with papain and a reducing
agent. Such antibody fragments can be generated from any of
the polyclonal or monoclonal antibodies of the invention.

In the production of antibodies, screening for the

30 desired antibody can be accomplished by techniques known in
the art, e.g., radioimmunoassay, ELISA (enzyme-linked
immunosorbent assay), "sandwich" immunoassays,
immunoradiometric assays, gel diffusion precipitin

reactions, immunodiffusion assays, in situ immunoassays
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15 drawn and viral titer was determined using hemagglutinin assay (HA). Inactivated H5N1

(Ngoose/g%gg@ﬁg@& was used for RNA extractior! to amplify HA_I gene%@@é&%o in Dgrby
kidney cells (MDCK, ATCC CCL34) cells were grown in DMEM media with 10% at C with 5%

CO2. 20Purification of the viruses was performed by centrifugation of virus-containing allantoic fluids
at 10,000 .14.2m for 30 minutes to remove debris, followed by ultracentrifugation of the supernatant at
40,000 rpm for 3 hours. The virus pellet was suspended in PBS. 25Monoclonal antibodies were
purified from(dlaiifigd foitisensidglppidid A affimtycotmmr§SigoiasAldsich; Sab€lis, MOrUSA) and
Immunopur%gcg%gg5iﬁcz@~;g)§tlgt1@ig&:8@ot§§pg8k i 5{’2@8@ JL US (;A‘ﬂ in accordance with
manufacturer=s instructions. The antibod conicentrations 30 were measured by using an ND-1000
spectrophotBFStet(RRRBEPEp FEERNSI 0dRsI Wil HiRgtH DRI LTAY BX1 BYEFAIEE were immunized

with inactivateshaviamitfiuenzectr us<fdyed 2 (A/phickery Pingpeore/ABLoaHEhk}s and
(Nchicgen/Sirql%%p%rgPQty\Tl_jtg tlfllgroil %(:guvant Montanfi:de ISA563 (Seppic, France) in a volume of 0.2
ml. Intraperifoneal Injections Wera detvered-on days Do 14, 28 An§23. EPRIGEIRRFtom immunized

mice and my&lsircstliskSrdigiavére chilfeetttedndiusddtzsadesugibed Inteé Stns Greth and
Scheidiggerde praduce.hybridamas @) .hfiehsslectipnwith dypoxasihing:amingpterin-thymidine

(HAT) medium, cultire media from the hybridomas showing significant growth aftér 14 days were

tested for th@rb{?é?é:ﬁiéé I piehRRb It CESREETSN PAREL e RE A 0SMERBERENS by
immunofluoeesceébeelipssay GEARSaleaigedtybridotas wertnelonedhy litdng dilutions re-identified,
cloneda segopd time, by . Qnce established, the hybridoma.line was propagated in
tissu%g%ulture anc?ll :‘?gzegr?l%gl%ﬁg ’S&’fo?uturseeﬁs?él.agﬁgbﬁ dotrﬁgg ar%mlﬁrz?c%bggﬁwd%f the specific
monoclonal 4A#BEdidEdf FROpFestht venish wertolsiaired Ware rhagd imacdardance with these

general progsekis.demple-2aSe crninsel mADSR5A IBmungllysrsrance assay was used o
C

verify the intfractiog,between an antibody and the antigen target. MDCK cells which had been infected
with influenza%’iﬁ% i’?@rSNZ (A/chicken/Singapore/98) or H7N1 (A/chicken/Singapore/94) overnight
were rinsed with PBBeT foregoing antibodies can be used in methods known

15 in the art relating to the detection or localization of the
H5 or N1 subtype of AIV, e.g., Western blotting, ELISA,
radioimmunoassay, immunofluorescence assay,
immunohistochemical assay, and the like. The techniques
disclosed herein may be applied to the qualitative and

20 quantitative determination of the H5 subtype of AIV and to
the diagnosis and surveillance of animals or humans infected
with the virus.

The present invention also includes assay and test kits
for the qualitative and/or quantitative determination of the

25 H5 subtype of AIV. Such assay systems and test kits may
comprise a labeled component prepared, e.g., by labeling
with a radicactive atom, a fluorescent group or an enz?me,
coupling a label to the mAb or related binding protein of
the present invention, or to a binding partner thereof.

30 Such assay or test kits further may comprise reagents,
diluents and instructions for use, as is well known to those
’skilléd in immunoassay techniques.

In certain embodiments of the invention, such kits will

contain at least the mAb or related binding protein of the

13



(0.05% Tween-20 in PBS, pH 7.4) in 96 well plates. The cells were fixed by incubating them in
pre-cooled 100% ethanol for 10 minutes. The cells were washed in PBS-T 3 30times, then incubated
in 1% BSA,%%%QOIQ/P&S% minutes to block unspecific binding of the antibooﬁ’gglwwg‘??%ere
incubated with 100 pL of hybridoma culture fluid in wells of 96-well plates for 2 hours at room
temperature or overnight at 4 EC. The cells were washed with PBS-T and incubated with secondary
antibodies, fluorescently labeled goat/rabbit anti-mouse antibodies (DakoCytomation, USA), at a

dilution of 1:10Rrémt YoBSAnPESs T b Gpiites gt mamirBpe@iye: Thevslisyvere washed with
PBS-T. The PaI?S&TMaS disc d%d gng 50%({ lycerol in PBS was added. Fluorescence signals were
¥ Sope (g @%#/. PIQYfihfected MOCR b els e 28a3E negative

checked under a microscope With Ofiraviole
controls. Sesamfrben aancuseipnunizédnthfinactaseed detsE Vitgs wasnl Chsedhas poditive

antibody coneol By samnarigg MBEK: esllsingupatad with the respective hybridoma syperatants

with the contrgls, the %brido_ma supernatants which gave positive staining were se ecte(?for cloning
by limitthg difUtiEh: Statie Al HrofutiRd Ao feeHhad edre Bbidived BydhBegibiEgure.
Antibodies designatadsmAITHAS, 585, 2B9:-4h8itted thapd 3BS=\were: fomngiie dirg-tasHSN1
hemagglutinip fr 1125 isol from Indonesia, as well as to HSN1/PR8 and H5N2. MAID 3H11
binds to hem'aggﬁ}glzr%r% %roﬁpa%rtﬁtgsﬁrg to the rﬁ?}%o nﬁ%%ce’g?éﬁr?slo %%s?%ﬁf%oﬁ%%%l% and
H5N2. MAbS-BEBTBIRP&Fd 8H12 were found to bind to neuraminidase from all of the H5SN1 isolates

from Indonesia, asavelbasHPNLRRE AneHd 7ML MAIR HCThAgs Beerisbowndabindto g specific
Indqnfiian strain chiHle; as#his antibpd& was generated 25from an escape mutant of a particular

strainy It speFicaS b 16 L% of B BARAEFATOMSSInE3R the Jo¥hs ARfh@Ecid of H5.
This unique prapdrty pirthei3H MAhreaaitlesitrecontne wathlatie s2@pdisine(specific mAbs in

therapeutic gpplicatioRs %thguggﬁ%ogggg g f vir siQn. Tﬁg IV _strains which react with
the mADbs of this invention are listed in Ta Ig 1 bgbw_bglé%%%g%g&ﬁ,%l A<f\¥nacljgreéo éLrIégéth%%/n in Figure

1. Table 1. REHSERBRBAS (HEPSCSXABPEES (RMe 3DBNiPiHES) Lo AIV.  Such

second antibodies or binding proteins may be polyclonal or
15 monoclonal antibodies.

Monoclonal antibodies to H5-~subtype hemagglutinin or
N1-subtype neuraminidase protein can be prepared by
immunizing animals with AIV or HS5 or N1 protein or fragments
thereof. A preferred method for antibodies to HS5-subtype

20 hemagglutinin protein involves amplification of the HS5-
subtype HAl gene followed by expression of the gene,
recovery and purification of H5 subtype recombinant proteins
and use of the purified proteins as immunogens. For
example, HS5N1 AIV is propagated by inoculation of chicken

25 embryos with available strains of the virus, followed by
isolation of the viral RNA. The HAl gene is amplified by
reverse transcriptase polymerase chain reaction (RT-PCR) and
then may be cloned into a baculovirus vector that is used to
express H5 proteins in insect cells. The proteins so

30 produced then can be used to immunize mice or other suitable
species for production of hybridomas. Similar procedures
can be used to obtain N1 proteins for hybridoma production.

Hybridomas are screened for their ability to produce

high affinity mAbs that are capable of specifically binding

14
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to H5 or N1 proteins and distinguish them from other AIV
subtypes. In accordance with the invention, it has been
found that antibodies with virus neutralization ability are
able to recognize conformational epitopes in the H5-subtype
hemagglutinin proteins. This finding resulted from the:
generation of virus escape mutants in the presence of each
neutralizing mAb after 1-2 rounds of selection in Madin-
Darby canine kidney (MDCK) cells or chicken embryos. The
HAl gene was cloned from these neutralization escape mutants -
by RT-PCR and sequenced to identify point mutations. In
this panel of antibodies, neutralization epitopes were found
in mAbs 5C5, 2F11, 9Cl and 3H1ll. Neutralization-escape
ability was confirmed using hemagglutination inhibition
assays.

HAl contains 338 amino acids, including the signal
peptide of 16 amino acids. To study the distribution of
linear epitopes on the protein, truncated and mutated
fragments are advantageously tested for binding with mAbs,
e.g., by Western blot or a similar technique. Linear
epitopes may be identified that are binding targets for mAbs
that give a good performance in detecting denatured H5
subtype protein, such as that occurring in formalin-fixed
tissue, using immunohistochemical staining methods. Mapping
of the H5 subtype mAbs in this manner provides a platform
for further study and a more effective clinical diagnosis of
the infectious HSN1 AIV.

The present invention also has provided a better
understanding of the antigenic structure of AIV HS
hemagglutinin and N1 neuraminidase molecules. The mAbs and
reléted binding proteins of the invention provide a means
for detecting this highly pathogenic virus in frozen
sections and biological specimens.

The ability to detect viruses in paraffin sections is

of great importance. Under most circumstances, AIV antigens

15
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in infected tissue sections are destroyed by the fixation
process. Formalin and ethanol have the potential to remove
the lipid envelope and envelope glycoproteins, including
hemagglutinin, thus increasing the difficulties in viral
antigen detection. Therefore, this form of diagnosis has
the potential to provide a safer and more precise diagnosis
of AIV-infected animal and human tissues.

As illustrated in the examples below, mAb 5A5 is highly
efficacious and sensitive to viral antigen in formalin-fixed
‘tissues. This antibody allows infected regions to be easily

visualized under a light microscope. Antibody 5A5 does not

- have hemagglutinin inhibition or viral neutralization

activities; however, it exhibits positive results in
immunofluorescence assay and in Western blot analysis,
strong bands that correspond to the recombinant H5N1-HA
protein (MW 36kDa) are observed. ‘

MAb 8H12 also is highly efficacious and sensitive to
viral antigen in formalin-fixed tissues. This antibody also
allows infected regions to be easily visualized under a
light microscope.

In contrast, mAbs 5C5, 2D9, 4F8, 1C1, 3B6, 6C6, 3D4,
2F11l, 9Cl1 and 3H11l are highly efficacious on frozen tissue
sections but do not detect antigen in formalin-fixed
tissues. These results imply that the two groups of mabs
react with different viral epitopes. Through epitobe
mapping, mAbs 5A5 and 8H12 were determined to target linear
epitopes. They could only detect viral antigens when the
tissues were subjected to intensive heat treatment. Under
such harsh antigen retrieval methods, surface proteins of
the virus were destroyed and left nucleoprotein of the virus
exposed. Therefore, mAbs that target linear epitopes did
not work as well on frozen tissue sections.

Monoclonal antibodies 5C5, 2D9, 4F8, 1Cl1, 3B6, 6C6,
3D4, 2Fl1l, 9C1 and 3H11l were determined to target

16
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conformational epitopes of the HS5N1 virus. Epitope mapping
was used to make this determination for mAb 5C5, 2D9, 4FS8,
2F11, 9C1 and 3H11l; the determination of mAb 6C6 and 3D4 was
made on the basis that the antibodies could not recognize
denatured neuraminidase from SDS-PAGE. These antibodies
were able to bind and to recognize viral antigens without
prior treatments of the tissue sections.

This invention provides convenient, highly specific and
sensitive means for detecting H5 and N1 subtypes of AIV.

One such means is the ELISA format. In a preferred
embodiment mAbs 5A5, 5C5, 2D9, 4F8, 1C1l, 3B6, 2F11l, 9Cl1 and
3H11l, alone or in combination, are used as capture
antibodies. It has been found that the combination of maAbs
5A5 and 5CS5 provides high optical density readings in
detection of HS-subtype AIVs in comparison to either
antibody alone or in other combinations described herein.
While not bound by theory, a possible explanation of these
results is that the two antibodies react with different
epitopes on the HAl protein and are of different antibody
subclasses, therefore providing multiple binding sites.

If the antibodies are used alone, the selected antibody
can be used, for example, as a capture antibody and the same
antibody conjugated with horseradish peroxidase (HRP) can be
used as the detecting antibody. The 6C6, 3D4 and 8H12
antibodies can be used similarly as capture antibodies for
the detection of N1 subtype strains of AIV.

Monoclonal antibodies against conformational epitopes
maintain important biological functions, such as
hemagglutination inhibition and neutralization activity,
while mAbs against linear epitopes also are advantageous for
diagnostic uses. Therefore, the application of mAb 5A5 and
of mAbs 5C5, 2D9%, 4F8, 1Cl, 3B6, 2F11, 9C1 and 3H1l1l, which
are against linear and conformational epitopes,

respectively, might contribute greatly to the high
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sensitivity of ELISA prdcedures. Similarly, the application
of mAb 8H12 and of mAbs 6C6 and 3D4, which are against
linear and conformational epitopes, respectively, of N-1
neuraminidase may contribute greatly to the high sensitivity

of ELISA procedures. The approach of using two mAbs also

- may be used to develop other immunological methods to detect

H5 and N1 viruses, such as, for example, by dot-blot and in
situ hybridization formats.

A preferred ELISA test of this invention is able to
detect HA antigen from HS5N1 AIV infecting poultry and humans
in Indonesia, indicating the utility of the invention for
detecting both avian and human H5N1 infections.

The HS-subtype and Nl-subtype mAbs of this invention
have advantages over other current methodologies as
diagnostic tools. First, mAbs S5A5, 5C5, 2D9, 4F8, 1C1, 3B6,
2F11, 9C1 and 3H1l are highly specific for the highly
infectious H5-subtype AIV, and all but the 9C1 mAb have been
shown to recognize all, or nearly all, known Indonesian .
strains of H5N1. In addition, mAbs 6C6, 3D4 and 8H12 are
highly specific for Nl-subtype AIV and can be used to
diagnose infections of N1 subtype viruses, including all, or
nearly all, known Indonesian strains of HSN1l. Such highly
specific monoclonal antibodies represent a breakthrough in
the field of avian influenza diagnosis. Prior to the
present invention, no monoclonal antibody had been reported
that could detect all, or nearly all, Indonesian HS5N1 -
viruses. All but one of the monoclonal antibodies of Ehe
present invention have been shown to recognize all, or
essentially all, of the H5N1 viruses collected in Indonesia
within the last two years. MAb 6C6, 3D4 or 8H12 can be used
in combination (together or sequentially) with mAb 5A5, 5C5,
2D9, 4F8, 1Cl, 3B6, 2F1l or 3H1l1l to pinpoint that a
particular isolate is an H5N1 isolate. Additionally, the

ability of the mAbs to detect and accurately localize H5
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viral antigen in infected formalin-fixed tissue as well as
in serological tests, such as HI and IFA: represent a
distinct advantage. Furthermore, these mAbs provide a safe
and convenient diagnostic approach for the detection of HS5
and N1 AIV infections. Frozen section slides can be
cryogenically stored for long periods of time and facilitate
further diagnosis and surveillance of infections. The
antibodies of this invention thus are useful for the
diagndsis of H5N1 infections. As discussed below, mAbs of
this invention also are useful for treatment of H5NI
infections. Accordingly, mAbs of this invention will be
very useful tools in restraining a potential flu pandemic.
Another embodiment of the invention relates to
neutralization escape mutants of H5 avian influenza. The
term Aneutralization escape mutant@ refers to a mutant virus
raised by point mutations in the genes encoding
hemagglutinin which caused antigenic drift in the H5 or N1
virus and affect neutralization epitopes. A neutralization
escape mutant can evade neutralization by certain monoclonal
antibodies that are effective in neutralizing its parent
virus. In manual screening for escape mutants, a parental
virus is incubated with a certain neutralization antibody
and inoculated into a host, such as MDCK cells or chicken
embryos. After 2-3 rounds of screening, the escape mutant
for the neutralization mAb is cloned and subjected to HAL
gene sequencing. The mutated amino acid is determined by
alignment with the parental virus sequence, and the mutated
site indicates exactly one of the amino acids comprising the
neutralization epitope recognized by the neutralization mAb.
In the present invention, 5C5 escape mutants arise from
A/Indonesia/CDC669/H5NL1 AIV by the 5C5 neutralization
monoclonal antibody. The mutation sites are listed in -
Example 3, Table 4, below. 2F1l escape mutants arise from
A/Vietnam/1203/2004/HSN1 by the 2F11 neutralization
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monoclonal antibody. 9C1 escape mutants arise from the K189M
mutant of A/Vietnam/1203/2004/HS5N1 by the 9C1 neutralization
monoclonal antibody. In addition 3H11l, 2F9 and 9C1 escape
mutants arise from A/Indonésia/CDCGG9/2006/H5Nl. The
mutation sités are listed in Example 3, Table 4, below.
Neutralization escape mutants are different from their
parental virus in that they no longer can be recognized by

certain neutralization antibodies which specifically bind to

‘ the parent virus. 1In view of this, these mutants can be

used to immunize mice for new monoclonal antibody production
in accordance with the teachings above. Among the new mabs,
a monoclonal antibody which exactly recognizes the mutated
epitope can be screened out which then can be used to
provide complementary surveillance to avian influenza
viruses other than the parental virus. By repeating this
process through several generations, further escape mutants
can be found and further neutralizing antibodies obtained.
These antibodies can be used in the methods of the present
invention.

In a further embodiment of the invention, antibodies
and related binding proteins of the invention can be
administered to treat subjects suffering from an H5 AIV
infection, particularly an infection .from an HS5N1 subtype of
AIV. Antibodies and related binding proteins of the
invention also can be administered to subjects as a
preventive measure in the event of an influenza pandemic or
threatened pandemic. The antibodies and related bindiﬁg
proteins can be administered in a single dose or in repeated
administrations, optionally in a slow release form.
Administration can be made by any means that enables the
antibody to reach its site of action in the body of the
subject being treated, e.g., intravenously, intramuscularly,
intradermally, orally or nasally. Typically, the antibody

is administered in a pharmaceutically acceptable diluent or
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carrier, such as a sterile aqueous solution, and the
composition can further comprise one or more stabilizers,
adjuvants, solubilizers, buffers, etc. The exact method of
administration, composition and particular dosage will be
determined and adjusted at the time of therapy, depending
upon the individual needs of the subject, taking into
account such factors as the subject=s age, weight, general
health, and the nature and extent of his or her symptoms, as
well as the frequency of treatment to be given. Generally,
the dosage of antibody administered is within the range of
about 0.1 mg/kg to about 1 mg/kg body weight when the
antibody is administered to treat patients suffering from an
HS5 AIV infection. Typically, the dosage is reduced by about
half, i.e. to within the range of about 0.05 mg/kg to about
0.5 mg/kg body weight, when administered as a preventive
measure.

A single neutralizing antibody or binding protein of
the invention can be administered for therapeutic purposes
or a combination of two or more can be administered. If
antibodies to one or more generations of neutralization
escape mutants have been produced, such antibodies and an
antibody of the invention described above can be
administered as therapeutic antibody Acocktails.@ Preferred
antibodies for use as a therapeutic agent include the 5C5,
2D9, 2F11, 9Cl1l, 3H11l and 4F8 mAbs.

The following examples are provided to illustratg a
preferred mode of practicing the invention. The invention
is not limited to the details of the examples, but is

commensurate with the full scope of the appended claims.
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Example 1

Production of Hybridomas

All live wild type HSN1 influenza viruses, except
5 HS5N1/PR8, were obtained from Indonesia. HSN1/PR8 was
obtained from the Center for Disease Control (USA). It is a
non-pathogenic recombinant virus that contains the HA and NA
genes of an AIV HS5N1 virus that infected a human in Vietnam
(A/Vietnam/1203/2004). H5N2 (A/chicken/Singapore/98) and

10 H7N1 (A/chicken/Singapore/94) were obtained from Agri-Food &
Veterinary Authority (AVA) of Singapore. These virus stocks
were used to infect 9 and 11 day old embryonated chicken
eggs (Chew=s Poultry Farm, Singapore) and allowed to
replicate for two generations. Then, allantoic fluid was

15 drawn and viral titer was determined using hemagglutinin
assay (HA). Inactivated H5N1 (A/goose/guangdong/97) was
used for RNA extraction to amplify HAl gene by RT-PCR.

Madin Darby kidney cells (MDCK, ATCC CCL34) cells were grown
in DMEM media with 10% FBS at 37E C with 5% CO,.

20 Purification of the viruses was performed by
centrifugation of virus-containing allantoic fluids at
10,000 rpm for 30 minutes to remove debris, followed by
ultracentrifugation of the supernatant at 40,000 rpm for 3
hours. The virus pellet was suspended in PBS.

25 Monoclonal antibodies were purified from clarified
fluids using protein A affinity column (Sigma Aldrich; St.
Louis, MO, USA) and Immunopure’7 IgM purification kit (Pierce
Biotechnology; Rockford, IL, USA) in accordance with
manufacturer=s instructions. The antibody concentrations

30 were measured by using an ND-1000 spectrophotometer
(NanoDrop Technologies; Wilmington, DE, USA).

BALB/c mice were immunized with inactivated avian
influenza virus of HSN2(A/chicken/Singapore/98) or H7NL
(A/chicken/Singapore/94) with the oil adjuvant Montanide
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ISA563 (Seppic, France) in a volume of 0.2 ml.
Intraperitoneal injections were delivered on days 0, 14, 28
and 42. Splenocytes from immunized mice and myéloma cells
(SP2/0) were collected and fused as described by De St.
Groth and Scheidigger to produce hybridomas (16). After
selection with hypoxanthine-aminopterin-thymidine (HAT)
medium, culture media from the hybridomas showing
significant growth after 14 days were tested for the
presence of specific antibodies against HS5N1/PR8-infected
MDCK cells by immunofluorescence assay (IFA). Selected
hybridomas were cloned by limiting dilution, re-identified,
cloned a second time, and retested by IFA. Once
established, the hybridoma line was propagated in tissue
culture and frozen in liquid N, for future use.

Hybridomas from which each of the specific monoclonal
antibodies of the present invention was obtained were made

in accordance with these general procedures.

Example 2
Screening of mAbs by IFA

Immunofluorescence assay was used to verify the
interaction between an antibody and the antigen target.
MDCK cells which had been infected with influenza virus
(H5N2 (A/chicken/Singapore/98) or H7N1
(A/chicken/Singapore/94) overnight were rinsed with PBS-T
(0.05% Tween-20 in PBS, pH 7.4) in 96 well plates. The
cells were fixed by incubating them in pre-cooled 100%
ethanol for 10 minutes. The cells were washed in PBS-T 3
times, then incubated in 1% BSA, PBS-T for 30’minutes to

block unspecific binding of the antibodies. They then were

N.T.

incubated with 100 pL of hybridoma culture fluid in wells of

96-well plates for 2 hours at room temperatﬁre.or overnight

at 4 EC. The cells were washed with PBS-T and incubated
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with secondary antibodies, fluorescently labeled goat/rabbit
anti-mouse antibodies (DakoCytomation, USA), at a dilution
of 1:100 in 1% BSA, PBS-T, for 60 minutes at room
temperature. - The wells were washed with PBS-T. The PBS-T
was discarded and 50% glycerol in PBS was added.
Fluorescence signals were checked under a microscope with
ultraviolet light.

Uninfected MDCK cells were used as negative controls.
Serum from a mouse immunized with inactivated H5N1 virus was
used as positive antibody control. By comparing MDCK cells
incubated with the respective hybridoma supernatants with
the controls, the hybridoma supernatants which gave positive
staining were selected for cloning by limiting dilution.
Stable mAb producing hybridomas were obtained by this
procedure.

Antibodies designated mAb 5A5, 5C5, 2D9, 4F8, 1Cl, 2F11
and 3B6 were found to bind to H5N1 hemagglutinin from all 25
isolates from Indonesia, as well as to HS5N1/PR8 and H5N2.
MADb 3H11l binds to hemagglutinin from almost all of the 25
Indonesian isolates, but not to H5N1/PR8 and HS5N2. MAbs
6C6, 3D4 and 8H12 were found to bind to neuraminidase from
all of the HS5N1 isolates from Indonesia, as well as HS5N1/PRS
and H7N1. MAb SCl1 has been shown to bind to a specific
Indonesian strain of H5N1; as this antibody was generated
from an escape mutant of a particular strain, it
specifically binds to strains of AIV clade 1 with a non-
lysine as the 205™ amino acid of H5. This unique property
of the 9Cl1 mAb enables it to combine with other 205-lysine
specific mAbs in therapeutic applications without the
concerns of virus evasion.

The AIV strains which react with the mAbs of this
invention are listed in Table 1 below.

Representative IFA images are shown in Figure 1.
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Table 1.

MAbs 5A5 5C5 6C6 1c1 2D9 BH12 |2F1l1 | 3H11 |9Cl
(target) (H5) (H5) (N1), | (H5), | (H5), (N1) (H5) (H5) (H5)
3b4 3B6 4F8
(N1) (H5) (H5)

A/Indonesia/ + + + + + + + + N.T.
chicken/
60/2006
H5N1)

A/Indonesia/ + + + + + + + + N.T.
cne7/
2005 (H5N1)

A/Indonesia/ + + + + + + + +
CcDC326/ N.T.
2006 (H5N1)

A/Indonesia/ + + + + + + + + '
CDC329/ N.T.
2006 (H5N1)

A/Indonesia/ + + + + + + + + N.T.
cDC370/
2006 (H5N1)

A/Indonesia/ + + + + + + + N.T.
CDC390/ :
2006 (H5N1)

A/Indonesia/ i + + + + + + - N.T.
cpes23/
2006 (H5N1)

A/Indonesia/ + + + + + + + - -
CDC594/
2006 (H5N1)

A/Indonesia/ + + + + + + + N.T.
cDC623/
2006 (H5N1)

A/Indonesia/ + + + + + + + N.T.
CDC644/
2006 (H5N1)

A/Indonesia/ + + +. + + + + T
cDCe69/
2006 (H5N1)

A/Indonesia/ + + + + + + + N.T.
TLLO01/
2006 (H5N1)

A/Indonesia/ + + + + + + + N.T.
TLL002/
2006 (H5N1)

A/Indonesia/ + + + + + + + + N.T.
TLL003/2006
{H5N1)

A/Indonesia/ + + + + + + + + N.T.
TLL0O04/
2006 (H5N1)
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(HON2) (HLONS5)
WO 2009/035420 ‘ PCT/SG2008/000347

A/Indonesia/ + + + + + + + + N.T.
TLLOO0S/
2006 (H5N1)

A/Indonesia/ + + + + + + + + N.T.
TLLO06/
2006 (H5N1)

A/Indonesia/ + + + + + + + N.T.
TLL007/
2006 (H5N1)

A/Indonesia/ + + + + + + + N.T.
TLL008/
2006 (H5N1)

A/Indonesia/ + + + + + + + N.T.
TLL0O09/
2006 (HSN1)

A/Indonesia/ + + + + + + + N.T.
TLLO10/
2006 (H5N1)

A/Indonesia/ + + + + + + + N.T.
TLLO11/
2006 (H5N1)

A/Indonesia/ + + + + + + + N.T.
TLLO012/
2006 {(HEN1)

A/Indonesia/ + + + + + + + N.T.
TLLO13/
2006 (H5N1)

H5N1/PR8 + + + + + + + - |-

A/chicken/ + - + + - + - "
Singapore/
98 (H5N2)

(H7N1) - + - - + - - -

(H3N2) - - - . - - - -

(H9N2) - - - - - - - -

(H1ONS) - - - - . - - -

Note: "+" means positive, "-" indicates negative, “N.T.”

means the test has not been done.

Example 3
Characterization of H5- and N1-Subtype mabs

Isotyping of mAbs. Isotyping was performed using a mouse
10 mAb isotyping kit (Amersham Bioscience, England) following
the protocol supplied with the kit (data not shown). MAbs
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Note: "+" means positive, "-" indicates negative, "N.T." means the test has not been done. Example 3
Characterization of H5- and N1-Subtype mAbs Isotyping of mADs. Isotyping was performed using a

mouse 10 MADIEEWEHE kit (Amersham Bioscience, England) following thePSrERSE88HEd with the
kit (data not shown). MAbs 5A5, 606, 2D9, 4F8, 101, 3B6, 3D4, 8H12, 901 and 3H11 all were
determined to be IgGl. MAb 5C5 was determined to be IgG2a, and mAb 2F11 was determined to be
IgM. 5 Hemagglutination-Inhibition Test (HI). A constant amount of hemagglutinating (HA) antigen was

added to eagnwell sre migtasitersplate NINCpEhe sestinggpiibody ten,was flaged ipithe first well
and serially diluted. The plates were i;g:éjbated for one hour and then chicken red blood cells 10(RBC)

were added 15 8 5cIPReT I FREF0dPWRS prd&ant MAke B sERfn & REESRUPn&eagglutinate
with the HA agfigen. Him@gative 28l woewdd dewverandiffase sbeeieofmgglutinated RBCs covering the
bottom of the well. HI positive wells would have a well-circumscribed button of 15 unagglutina ed
RBOs. MADs 505, 2D9, 2F11 and 4F8 in culture fluid had HI activity from 16 to 64 with all
Indonesian H5R2ISOHed Rl R TRNG PREON Aesg01(BEY 3HA ks st antvigmeitnsom® of these

Indonesian Haha deplatesn@pithg basis obihe 2Ranyganic apitepe-arggted by Ab;3HLL, that
antibody is able to %p%cificall and sensitively recognize H strains in clade 2.1.3. MAbs 6A5, 101 and

3B6 had no Tt G8vity- ViruB Hicfo-nBHN S zatioh ¥sse Stttk 2aid RRAY usB88Tor*®S determination of
50% tissue gulatedhfértidrisad dSaget(TWgd DbOandntitadiesI Wigh 8xQ-deldseriaraidutipnsteere added to

96-well cell e plates, dijuted gatibodi re mj ith, ual volume of diluent
containing ir%%%za virus %?%O%S%W?gﬁtg%%g%gfgoﬁ%?&%%oﬁea(ljto y] Ic:’é%{n %165%5002
humidified atRBSphérer 08 BreAVERCIe2ERSs HEL B X 188/ nenkEkedtidee fo Baesarl. The plates

were incubateskfor d Sthasks-ah 3¢ HC RBOS Yo RR. dhe mgaalayerswerawashegwityPBS and
fixed in antigen. HI negative wells would have a diffuse gheet of
agglutinated RBCs covering the bottom of the well. HI
positive wells would have a well-circumscribed button of
15 unagglutinated RBCs. |
MAbs 5C5, 2D9, 2F11 and 4F8 in culture fluid had HI
activity from 16 to 64 with all Indonesian H5N1 isolates and
with HSN1/PR8. MAbs 9Cl1 and 3H11l had HI activity with some
of these Indonesian HS5N1 isolates. On the basis of the
20 antigenic epitope targeted by mAb 3H11l, that antibody is
able to specifically and sensitively recognize H strains in

clade 2.1.3. MAbs 5A5, 1Cl1 and 3B6 had no HI activity.

Virus micro-neutralization assay. MDCK cells were used for
25 determination of 50% tissue culture infections dosage
(TCID50) . Antibodies with two-fold serial dilutions were
added to 96-well cell culture plates. The diluted
antibodies were mixed with an equal volume of diluent
containing influenza virus at 100 TCISs,/well. After a 2-
30 hour incubation at 37 EC in a 5% CO, humidified atmosphere,

100 pl of MDCK cells at 1.5 x 10°/ml were added to each

well. The plates were incubated for 18 hours at 37 EC and

5% CO,. The monolayers were washed with PBS and fixed in
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WO 2009/035420PCT/SC2000/000347 100% ethanol for 10 minutes. The presence of viral protein
was detected by ELISA with mouse sera against the influenza HSN1. The ELISA was performed at
room tempe}yﬂgp&’ i thed 5 plates were washed 3 times with PBS-T (Pé)§%/§%?1§§806f‘65% Tween
20). The mouse sera antibody diluted 1/500 in PBS-T containing 1% bovine serum albumin was added
to each well and incubated at room temperature for 1 hour. The plates were washed four times in
wash buffer and 100 pl of 10 horseradish peroxidase-labeled goat anti-mouse immunoglobulin

(DakoCytomation, S Alutedck/2080 wera edded tapachweall-The pigtesvare ipguhateq for 1 hour
at room tem%ergtlére andéggnbwa g{jsﬂx ‘E}ﬂ? with wash buffer. One hundred mfi)cg%liters of freshly
prepared subsatratee(tI-Si mg of o-phenyiene m%‘%‘éﬁﬁh?&%%hﬁﬁﬁfenﬁetr | 50 %Wﬁﬁ‘osphate
citrate buffed 5.0, containing 0.03% sodium perborate) were added to each well and the plates

were incubated at reRn iefrReralie fRaRRILKSRIEY SRIRHtesTaS.teagtion was,stopped ith 50

HL of 2N sulfuric acid. 20 The absorbance was measured at 490 nut (A490 with an automatoed plate
spectrophotShEEF MRS BRERSS WO e /Hisds RRET B GEEB/60054~ raBR P MXHSCS
MADb+Virus limesr# 1242 43 #2he/Indanssialehisken/6OKHEN 10 0163£0.664shb 88714 .24 -7

containing 1% bovine serum albumin was added to each well
and incubated at room temperature for 1 hour. The plates
were washed four times in wash buffer and 100 ul of

10 horseradish peroxidase-labeled goat anti-mouse
immunoglobulin (DakoCytomation, USA) diluted 1/2000 were
added to each well. The plates were incubated for 1 hour at
room temperature and then washed six times with wash buffer.
One hundred microliters of freshly prepared substrate (10

15 mg of o-phenylenediamine dihydrochloride per 20 ml of 0.05M
phosphate citrate buffer, pH 5.0, contaihing 0.03% sodium
perborate) were addéd to each well and the plates were
incubated at room temperature for. approximately 5 minutes.
The reaction was stopped with 50 pL of 2N sulfuric acid.

20 The absorbance was measured at 490 nm (RAse) with an

automated plate spectrophotometer (Mitenyi Biotec).
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Allndonesia/c0c7/2005(115N1) 0.4 0.404 1.613 1.468 A/lIndones1a/CDC370/2005(H5N1) 0.379 0.376
1.738 1.727 Allndonesia/CDC594/2006 (H5N1) 0.417 0.361 1.032 0.968 A/lndonesia/CDC623/2006
(H5N1) o.3ﬁ‘%’.%"é"i§ﬁﬂ6 1.491 Alindonea/m.1,388/2888- N" 0.261 0.259 177302 195§00347

AlIndonesia/172,007/2006 (1-15N1)

Table 2
MAb+Virus Virus

MAbLS5CS

#1 #2 #3 #4
A/Indonesia/chicken/60 (H5N1) 0.637 0.664 1.187 | 1.213
A/Indonesia/CDC7/2005 (H5N1) 0.4 0.404 1.613 1.468
A/Indonesia/CDC370/2006 (HSN1) 0.379 0.376 1.738 1.727
A/Indonesia/CDC594/2006 (H5N1) 0.417 0.361 1.032° 0.968
A/Indonesia/CDC623/2006 (H5N1) 0.311 0.306 1.416 1.491
A/Indonesia/TLLO06/2006 (H5NL) 0.261 0.259 1.778 1.626
A/Indonesia/TLL007/2006 (H5N1) ‘0,537 0.598 1.266 1.224
A/Indonesia/TLL008/2006 (H5N1) 0.592 0.574 1.557 1.575
A/Indonesia/TLLO13/2006 (H5N1) | 0.548 - 0.539 0.974 1.034
H5N1/PR8 0.224 0.208 0.532 0.588
DMEM Medium 0.089 0.09 0.079 0.074

5 As shown in Table 2, mAb 5C5 neutralized H5N1 isolates

on infected MDCK cells. In the presence of the monoclonal
antibody, the ELISA reading results were reduced to about
one half of those obtained from the cells in the absence of
antibody, indicating that the virus particles had been
10 neutralized.

Because the ELISA reading had a high background while
IFA is visible, the neutralization tests were done by the
detect method of IFA on MDCK cells to confirm the
neutralization ability of the monoclonal antibody. MAb 5C5
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0.637 0.598 1.266 1.224 Al/indonesia/noe8/2006(lisN1) 0.592 0.574 1.557 1.575

A/Indonesi
DMEM Me

10

15

He

3/2006 (H5N1) 0.548 0.539 0.974 1.034 H5N1/PRS 0.224 0.208 0.532 0.588
88899 0.079 0.074 5As shown in Table 2, mAb 5C5 nealSffZ8P U isolates

could neutralize the infection of all H5N1 isolates. These
results were consistent with the IFA test results.

Figures 2A and 2B illustrate mAb neutralization
activity on MDCK cells infected with AIV. Figures 2A and 2B
show MDCK cells stained with FITC fluorescence subsequent to
mAB neutralization of virus infection and absent mAb

neutralization, respectively.

Titration of virus neutralization on MDCK cells and in
chicken embryos. MDCK cells and 10-day old embryos were
used for determination of 50% tissue culture infections
dosage (TCIDsy,) and 50% émbryo infectious dosage (EIDs),
reépectively. MDCK cells (2 x 10*/ml) were allowed to grow
to 70% - 90% confluence.

Chicken embryos were infected with the respective

- viruses, using a series of dilution factors from 107" to 10°

20

25

30

8, and the subsequent allantoic fluids were tested for TCIDsg

and EIDso. The viruses then were used to infect both MDCK
cells at their exponential phase (highest sensitivity to
virus infection) and 10-day old chicken embryos. Uninfected

MDCK cells and allantoic fluid were used as negative

controls. The cells were incubated at 35 EC and CPE was
observed. Using the Reed and Muench mathematical technique
(17), the infectivity titer was expressed as TCIDso/100 nl
and 1000EIDs;,/200 pl and the respective viruses were each
diluted to having 100 TCIDs, and 500 EIDs, in 50 ul and-100
nl, respectively.

Serially diluted mAb 5C5 was able to neutralize the
final concentration of 100 TCIDs, and 500 EIDs, of virus
(e.g. A/Indonesia/DCD669/H5N1) in infected MDCK cells and
embryos. See Table 3. The numbers in Table 3 reflect the
highest dilution ratio of H5N1 viruses at which the mAb was

still able to detect and neutralize the virus at a final
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on infected MDCK cells. In the presence of the monoclonal antibody, the ELISA reading results were
reduced to ghout one_half of those obtained from the cells in the absence aof antibody, indicating that
the virus pa%ﬁ?:l%@%a%"bﬁe)en 10neutralized. Because the ELISA reading ha%(aaTZgléb*r%%a@ %%Lnd while
IFA is visible, the neutralization tests were done by the detect method of IFA on MDCK cells to confiim
the neutralization ability of the monoclonal antibody. MAb 5C5 WO 2089/035420PCT/SC2008/000347
could neutralize the infection of all HSN1 isolates. These results were consistent with the IFA test
results.  igneesm2AaniaB Wistate rrabmeubatizaion ativily @ MR sels infected with AlV.
Figures 2A anc %%1—_5580 QCCKegﬁlls sétai e VX'g]]c lezT% f grescence subsequent to mMAE
neutralization Of ViTus infection and absent mAD Heutraliza |or:?f respectively. Titration of virus
neutralization on MDCK cells and in 10 chicken embryos. MDCK cells and 10-day old embryos were
used for deteupinatian of 50% tissue culture infections dosage (TCID50) and 50% embryo infectious
dosage (EID50), respectively. MDCK cells (2 x 104/m1) were allowed to grow to 70% - 90%
confluehce. 15Chicken embryos were infected with the respective viruses, using a series of dilution
factors fromf{ 10-1 to 10- §, the ﬁubsequent allantoic fluids were tested for TCID50 and EIDso. The
viruses ther| were used tp infect both MDCK cells at their exponential phase (highest sensitivity to 20
virus infection 10-d& gl chicken embryos. Uninfected MDCK cells and allantoic fluid were used
as negative|controls. The Tells werg incubated at 35 EC and CPE was observed. Using the Reed and
Muench mafhematical tgchnique (17), the infectivity titer was expressed as TCID50/100 pl 25and
1000EID50 28&%%% th e4|%specti e viruses were each diluted to having 100 TCID50 and 500 EID50
in 50 pl and TOOpi; TespectivetySerially diluted mAb 5C5 was able to neutralize the final
concentration of 100 TCID50 and 500 EID50 of virus 30(e.g. A/Indonesia/DCD669/H5N1) in infected
MDCK cells and embryos. See Table 3. The numbers in Table 3 reflect the highest dilution ratio of
H5N1 viruses at whitbghe b waS 5iill able, tocdatechant aggtralize thewirusat adinahb

5C5, recognizing conformational epitopes of HS5 and having

10 the ability to neutralize influenza virus infection on MDCK
cells. Virus neutralization and determination of the 50%
tissue culture infections dosage (TCIDS50) were carried out
as described above for mAb 5C5. MDCK cells (2 x 104/ml)
were allowed to grow to 70% - 90% confluence. The virus

15 A/Indonesia/CDC669/H5N1 then was used to infect MDCK cells
at their exponential phase (highest sensitivity to virus
infection). Uninfected MDCK cells were used as cytopathic
effect (CPE) negative control and infected cells as CPE
positive control.. The cells were incubated at 35 degrees C

20 and CPE was checked daily. The results are shown in Figures
78, 7B and 7C. In the presence of the monoclonal antibody,
MDCK cells did not show CPE, thus indicating that the mAb
has neutralizing ability.

MAbs 1Cl and 3B6, which also recognize conformational

25 epitopes of HS, were shown through a similar analysis to
lack the ability to neutralize influenza virus infection on
MDCK cells.
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WO 2009/035420PCT/SG2008/000347 concentration of 100 TCID50 and 500 EID50 of viruses in
infected M%&gﬁ&“/ﬁf%ﬁ‘ )chicken embryos. Table 35 5C5 MDCK 169 ot /%953/80%947

10

15

20

25

30

Epitope Characteristics and Mapping.

la. Mapping linear epitope of mAb 5A5. Sodium dodecyl

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
Western blotting were used to identify and locate linear
epitopes of monoclonal antibody 5A5, as shown in Figures 4A
and 4B. SDS-PAGE and Western blotting were performed as
described by Ausubel et al. (18). The GST-tagged
recombinant HA1l from H5N1 was expressed and subjected to 10%
SDS-PAGE. Recombinant HAl is about 32 kD, and the expressed
GST-tagged HALl is about 57 kD. The protein samples were

prepared by mixing protein sample with sample buffer and

heated at 100 EC for 5 minutes. After a brief spin, whole-

~cell lysate was loaded. Proteins separated by SDS-PAGE were

visualized by staining with Coomassie Blue (0.25% Coomassie
Brilliant Blue R-250, 40% methanol and 10% glacial acetic:
acid) for 30 minutes and then destained overnight in
destaining solution (40% methanol and 10% glacial acetic
acid). For Western blots, proteins were transferred from
gel to a nitrocellulose membrane using a Transblot Cell
(Bio-Rad). After electrotransfer, the membrane was blocked
with 5% non-fat milk (Bio-Rad) in PBS-T and processed in the
same manner as the dot blots above. The membrane was
blocked with 5% non-fat milk (Bio-Rad, Canada) in PBS with
0.05% Tween-20 (PBS-t) for 50 minutes. After blocking,
undiluted hybridoma culture fluid containing mAbs was
incubated with the membrane for 60 minutes, washed with PBS-
T and then incubated with goat anti-mouse horseradish
peroxidase-conjugated antibodies (1:2000 dilution)
(DakoCytomation) for 60 minutes. The membrane was washed
and then developed with ECL Western blotting detection
reagent (Ameréham Biosciences) and exposed to KODAK
Scientific imaging film (KODAK BioMAX MS, USA).
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MADbs 2D9, 31111, 901, 2F11 and 4F8 are similar to mAb 505, recognizing conformational epitopes

of 1-15 and Gavin 0 _the ability to neutralize influenza virus infection on MDCK cells. Virus
. . ) . . 7 .
neutralization a%lo(? 93% SHhination of the 501 tissue culture infections dosagepﬁ:{ﬁﬁgwfwgﬁé' carried out

as described above for mAb 505. MDCK cells (2 x 104/m1) were allowed to grow to 70% - 90%
conflUence. The virus 15 A/Indonesia/CDC669/H5N1 then was used to infect MDCK cells at their
exponential phase (highest sensitivity to virus infection). Uninfected MDCK cells were used as
cytopathic effect (O regntive sontdl and-inferies ealieas £Romositiva €onlel, Theicalls were

incubated at 0 and.CPE was.checke ily. The results are. shown_ in Figures 7A, 7B
and 70. In thseq%l%%%rigcgeaoct\t e rﬁgﬁ%agﬁalozfnt@c%y, l@ld%(%g %e'ﬁsl dieiot s%&DCE’%? tfﬁgsuﬁﬁgicating
that the mABR4&s KeagdliZzHgabiignatairedorand@BBavticilalo reoghizé wdnfortredional 25
epitopes of Hbawerenshayy Hygegh £ similar apalysis telack the ability 1q neutralize influenza virus

infection on MDCK cells.  W02009/035420PCT/SG2008/000347 Epitope Characteristics and Mapping.
la. Map%ing linear &ﬁtorﬁipofqﬁﬁb%ﬂ?%(ﬁﬁﬁ%E@cﬁ%dl%&-ﬁ%%ao%fﬂ@gé?%Ié%:‘irophoresis
(SDS-PAGEj@ntydesteas bibitngpwese used to tlestibrargiotate lineamfeepitopss afaronoclonal

antibody 5A in.Ei Aand.43. . -PAGE and Western hlotting were performed as
described bé ﬁ%%%%%%%%‘?hée éasr}'lg%:éa%é%e%%gcotmgir%:%ts HAT fiony %Hi’wa?‘e’xpressed and
subjected to"RRF SIS PG L IRScHABIh IR I abdist ZPRIDORAd WS efisrengded 10 GST-tagged

HAI is aboutdi?i kR The pieietnsarspies Vugss iHePaedidnmbing pafai-saraplgwithhsample buffer
and 10 201-271) . Five truncated fragments were designed for .
further mapping (Figure 4A) by Western blotting, and the
epitope was narrowed down between amino acid 258 and 271.
To find out the exact amino acid sequence of the linear
epitope, nine mutants with individual amino acid point
is mutations were constructed. Each of amino acids 259-264 and
'268-271 on HAl, with the exception of amino acid 269, was
changed into alanine individually by certain primers; amino
acid 269 was changed from alanine to proline (Figure 4B).
From the results of the Western blotting shown in Figure 4B,
20 the sequence of the linear epitope targeted by mAbSAS is
amino acids 260-269, AsnGlyAsnPheIleAlaProGluTyrAla
(NGNFIAPEYA), on hemagglutinin of subtype S5H.
1b. Determination of linear epitope of mAb 8H12.
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
25 (SDS-PAGE) and Western Blotting were used to verify linear
epitope of mAb 8H12 according to the procedures set forth in
section la. above for mAb S5A5. ' The MBP-tagged recombinant
NAl from H5N1 was expressed and subjected to 10% SDS-PAGE.
Recombinant NAl is about 36 kD, and the expressed MBP-tagged
30 NAl is approximately 82 kD. MAb 8H12 reacted with denatured
NAl, which suggested that the epitope of the antibody was
linear.
lc. Determination of conformational epitopes 2D9, 4F8,

1Cl, .3B6, 2F11,'9C1 and 3H1l. The procedures of section 1la.
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heated at 100 EC for 5 minutes. After a brief spin, whole-cell lysate was loaded. Proteins separated by
SDS-PAGEV{/]vereO\éi%gaI%zed by staining with Coomassie Blue (0.25% Coomassie 15 Brilliant Blue
R-250, 40% me PEAGP AN 10% glacial acetic acid) for 30 minutes and thentGeLt5ARY/ ?)Q?éf’ﬁight in
destaining solution (40% methanol and 10% glacial acetic acid). For Western blots, proteins were
transferred from gel to a nitrocellulose membrane using a Transblot Cell 20(Bio-Rad). After
electrotransfer, the membrane was blocked with 5% non-fat milk (Bio-Rad) in PBS-T and processed in
the same mamnevasibeslotblots aovecThesmemkiang was higskedwih 54 gonsfigg milk (Bio-Rad,
Canada) in RBS with Q.05% Tween- BS-t) for 60 minutes. After blocking, 25 undiluted_hybridoma
culture fluid %E’ﬁléin%g %Ak%sgv%lag?ﬁiczl?%%&d with thE rﬁe&n%ﬁ%e}oﬁgﬁmﬁ ESWEEREG Tt PEST
and then incub&feddeitia oaeshiiaiousethiorbe riddhopareridabeaiconug atqrd aotieadies (1:2000
dilution) (Dakgeyomation) fa-6Q Rliryes- the membrane was washed 30 and then developed with

ECU Western blotting detection reagent (Amersham Biosciences) and exposed to KODAK Scientific

imaging film (KODA# BioMaseprsirpidrn ofyeenferraiciomadineritaned refombmant HA,
which suggestssl theepitppe ofAIR BAGaMas e MAIDSGER cawd ngtgeactith. denatured

recombinant HAI, which indicated that the epitope of this mAb is conformational. To map the linear

epitope of MAB BAS @ HAISFHS slibtypl Wastilsétted infItoRatamirighagheress PER and
expressed aw 8- histigkria: tesgifuskin, prateinhBy Mdaste el otingovithen AS#Ado e epitope was found
primarily in thg overlapping region ffragment C (aa 10 201-271). Five truncated fragments
were designed for further mappi%éi%Figure 4A)%§8§é:sr%é?tnlﬁ8ﬁ1%g, and the epitope was narrowed
down'tfetween amino acid 258 and 271. To find out the exact amino acid sequence of the linear
epitope, ning mutgatgé@i{ﬁmgi\g@uamﬁg agig-paipt Aagnutations were constructed. Each of amino
acids 259-264 and 268-2/1 on with the exception 6f amino acid 269, was changed into alanine
individually RRBERERF LS L ARG Ralizdng . SRLEARS) RBRPAREINR S HEBUDEYE
the results ahtas\Western blotting shown in Figure 48, 20 the sequence of the linear epitope targeted
by mAb5AS5 is aming acids 260-269, AsnGlyAsnPhelleAlaProGluTyrAla (NGNFIAPEYA), on
hemagglutinin of si%t%g %8?%f%§£r£f%§gﬁ8pliﬁefar%ﬁ%’ﬁ§%} nYAF8BI12. Sodium dodecy!
sulfafeSpoly et adsite geh 4160266 6 B d A3 AT DS - PAGE dnck W estenn Biottiguseresdsachite verify
linear epitopssotAb 8312.accordipgia the pragedyires g6t forth n,section |3 above for mab 5AS.
The MEP-tagged recombinant NM. from H51211 was expressgd gzﬁg%sug%nc’[geedr ﬁ)%fgo%'SISéﬁDAGE.
Recombinaft AL IEalE s 36:REVARG Btk xR sde A MBR-AxRe P30 NRAKs epbtexidately 82 kD.
MAID 8812 meemnechiadtingie nesuresiiingviniob syggestedshat the epitape oH{ssantibody was linear.
lc. Determination of conformational,epitopes 2D9, 4F8, 1C1, .3B6, 2F11, 9C1 and 3H11. The
mncemﬂesg#§§§%%lg?é RUBTLRORE é%xﬁran %Slgmé%. A%ter 7 days at 35

20 EC, the virus supernatant was collected and subject to

further selection. Escape mutants also were generated using
an alternative method in which the parental strain was |
incubated with an excess of mAb for at least 0.5 hours at
room temperature. The mixture then was inoculated into 10-

25 day old chicken embryos. After 2 or 3 days at 35°C, the
virus supernatant was collected and subject to further
selection. Following either method, the escape mutant was
cloned and collected for RNA extraction. The point mutation
responsible for the resistance to mAb neutralization was

30 determined by sequence alignment with the parental virus.
The ability of this mutation to allow the mutant virﬁs to
escape mAb neutralization was verified by neutralization

assay and hemagglutinin inhibition assay.
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WO 2009/035420PCT/SG2008/000347 above were carried out using each of mAbs 209, 4F8, 3B6,
101, 2F11, 901 and 31-111. None of these antibodies reacted with denatured HA', which indicated that
the epitopegvgfzt 1658 HiAbs are conformational. 5id. Determination of conf&ﬁ?ﬁﬁ%\%@ﬁ%ﬁes of mAb
6C6 and 304. The procedures of section Ib. above were carried out using mAb 606 and 304. Neither
antibody reacted with denatured NA1, which indicated that the epitopes of these two antibodies are
conformational. 10 2. Selection of escape mutant and conformational/neutralizing epitope mapping of
HS subtype mAbssgedaklio-fnid dipetionebparenia véusd bAdpdanesiaiDEE6942006d43N1) was
mixed with a q%aéé/olurrf%gf mADb. After ir&cubation of 1 harl# atéoom temperature, the mixture was
inoculated onto a Morolayer of MDGK calia iA DNME Ve difii s tﬁﬁﬂg%@@lﬁ&ﬁﬁ‘%ﬁa{-tremed
trypsin (Sigrk&iPask 100184 DEAE Regrad {8gnta). pier Fatayeratess 20hE Gdhiamirus supernatant
was collecteghand-gubiekigdunherselections &srang ulantssyso yeye geperated using an

alternative method in which the parental strain was incubated with an excess of mAb for at least 0.5

hours &t roofr ERASEralfeY ThEThikidfe FHerSRELSRSE I dBETBIRE B8 1P ERickBn embryos.
After 2 or 3 deyBat35CGimweBanis Apeaaianivis cotieated Bndsitbiesiro durther selection. Following
either methog, {he escane m Igne d,collected for RNA extragtion. The point mutation
responsible for the resis a'ncﬁ%%%%%%gtera |2%%0An@v(éa§ %8no%?§rrrﬁﬁ§8 b%%’e%]uvé}ﬁég%lignment with
the parental ViEi81 Fhe il bR hiemueaicHbid ot MUkt vims thescaamAinteutralization

was verified bycnestealization pssay:ard Aemagglutinin infibiier assay, ~r, Seygralescape mutants

were fglected using neutralized mAb 5C5. The escape mutants were cloned and collected for RNA
extraction. fc%%trlé‘:nﬁ’ t&?hgggﬁ‘&elnoc%, R BORERRSISh A&5pdTCBh hYiEikBEdddE94, 503 and 602,
respectively; en ke tlisequéhoel(geueircesadzailable thGrgBanknEenBank Aghession # CY014481;
GenBank C&413¢97135hucleniide RAAGE changes info ATu@ whighigauls inmutation on

amino acid 175 from threonine into isoleucine. Nucleotide 503 "A" changes into "T, which 10 results in
mutation on &R 268 FronFREihdiHtR kbR akge it FOamtcivEiges G0 "A," which
results in metatiaponaaminscagid 284 fiem alaninente ahiapieaicds Sugh feuatiars enable the

mutag%viru f0 esca ant'hk?]d neutralization.from mAb 5C5, which was 15 verified with neutralization
assays ands\ﬁerrn%agbﬁjétzir?fr} ‘lL“n |é(|ﬁ8rt1: Egsz%yzf IS Festittindicates h%erﬂi;% H?@]Bts the epitope

containing akhéRicids 168 SEAYand 201 entesudgglitidibc Thedesis abingicaterkindgetde 4, which
shows the lagatioafiibg snAB AeHY alizagion.eigprs ondhie,zZ:hemagalutiginmolegule of AV
(A/Indonesi CDC6§9/H5N,1 . Point mutations for other mAbs were deteimined similarly, as shown
in Table 4. 1emagg utinin. The results are indicated in Table 4, which
shows the location of the mAb neutralization epitope on the
20 hemagglutinin molecule of AIV (A/Indonesia/CDC669/HSNL) .
Point mutations for other mAbs were determined

similarly, as shown in Table 4.

Table 4
Parental Mab Nucleotide |Nucleotide |Amino | Amino
Virus Change acid acid
Change
524 C to T 175 Thr to
Ile
5C5s
503 AtoT 168 Lys to
Ile
602 C to A 201 Ala to
. Glu
3H11 464 G to & 155 Gly to
. ' Glu
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Table 4 Parental Virus Nab Nucleotide Nucleotide Change Amino acid Amino acid Change 5C5 524 C

201 Ala to Glu
to T 175 Thw8 %%9/(?3@5:22% toT 168 Lystolle 602 Cto A PCT/SG2008/000347

CDC669 772 G to A 258 Gly to
2F11 Lys
628 CtoT 210 Pro to
ChC669 2F11 Ser
9C1 599 C to A 200 Ala to
Glu
717 T to A 239 Ser to
Arg
2D9
613 A to T 205 Arg to
717 T to A 239 Trp
Ser to
Arg
470 CtoT 157 Pro to
717 T to A 239 Leu
Ser to
Arg
4F8 512 G to.T 171 Ser-to
715 A to C 239 Ile
Ser to
Arg
512 G to T 171 Ser to
Ile
2F11 629 CtoT 210 Pro to
Val
VN1203
772 G to A 258 Glu to
Lys
2D9S 700 A to G 234 Lys to
Glu
418 613 A to G 205 Lys to
GLU
VN1203 9C1 614 T to A 205 Met to
K198M) Lys

MAbs 6C6, 3D4 and 8H12 recognize neuraminidase from H5N1.

1. Recombinant neuraminidase expressed in baculovirus/Sf9

5 system was used to verify reaction between mAb 6C6 and

neuraminidase.
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31111 464 G to A 155 Gly to Glu WO 20091035420PCT/SG2008/000347 CDC669 CDC669 2F11
2F11 772 %\;8 ﬁ)@)%%sg'% toLys 628 Cto T 210 Pro to Ser 901 599 C to '%(,2199(;2008/000347
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Viral RNA was isolated from virus-infected MDCK cells
using LS Trizol reagent (Invitrogen) as specified by the
manufacturer. Reverse transcription and PCR were performed
to amplify the neuraminidase gene HSN1/PR8 using the primers
N1 (entry)F (CACCATGAATCCAAATCAGAAGATAACAACC) and N1l (entry)R
(CTTGTCAATGGTGRATGGCAA) . The PCR product was cloned into
PGEM-T Easy cloning vector (Promega, WI, USA) by following
the manufacturer=s instructions. The recombinant plasmid
containing the sequence encoding the neuraminidase was
sequenced and confirmed consistent with the reference
sequence in the database. The neuraminidase gene was

subcloned into the vector of pENTR/TEV/D-TOPO as a transient

step, then inserted to baculovirus following Gateway System

guide from the supplier (Invitrogen, CA, USA). The

recombinant baculovirus with neuraminidase gene was used to
transfect Sf9 insect cells and expressed as taught by the
supplier (Invitrogen). The Sf9 insect cells with expressed
neuraminidase was fixed and IFA was carried out with maAb
6C6, as with the IFA procedure with MDCK cells taught above.
Figures 5A and 5B show the typical reaction between mab
6C6 and expressed recombinant N1. The reaction of mAb 3D4
and expressed recombinant N1 is similar. Figure 5A shows
the expressed recombinant N1 being detected in Sf9 cells.
In Figure 5B, the merge of ultraviolet light and normal
light indicated the individual cells. '
2. The epitopes of mAbs 6C6 and 3D4 are conformational

rather than linear.

The Sf9 insect cells were infected by baculovirus with

NA insertion and incubated for 96 hours at 28 EC. The cells
were collected, mixed with sample buffer and loaded to SDS-
PAGE gel for staining with Coomassie blue and Western-
blotting with (anti-H5N1 mouse serum of) mAb6C6 or mAb 3D4,

respectively. The Western-blotting verified the expression
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Alato Glu 2D9 717 Tto A 239 Serto Arg 613717 Ato T Tto A 205 239 Arg to Trp Serto Arg 470

717Cto TT 1o A 157239 Proto Leu PCT/SG2008/000347

of recombinant NA in Sf9 cells. There was no signal band
for maAb 6C6 or 3D4 by Western-blotting, which indicated the
epitopes of mAbs 6C6 and 3D4 is conformational.
Figure 6A and 6B show SDS-PAGE and Western blotting to
5 verify expressed NA. Figure 6A shows that the molecular
weight of NA is about 49 kDa on the SDS-PAGE gel. In Figure
6B the Western blotting showed recombinant NA reacting with

anti-H5N1 mouse serum as antibody.

10 Prophylaxis and Therapeutics

Based upon the ability of mAb 5CS5 to neutralize H5N1 on
both'MDCK cells and chicken embryos and its IgG2a isotype,
mAb 5C5, and recombinant antibodies comprising the variable
region of that antibody, are useful for both prophylaxis and

15 therapeutics. It is commonly accepted, based on studies in
mice (19, 20, 21), that neutralizing IgG antibodies have
béth prophylactic and therapeutic abilities.

Similarly, in view of the ability of mAbs 2D9, 2F11,
3H11, 9Cl and 4F8 to neutralize H5N1 on MDCK cells and their

20 IgGl or IgM isotype, these mAbs, and recombinant antibodies
comprising the variable region of those antibodies, are
useful for both prophylaxis and therapeutics.

The following tests illustrate the prophylactic and
therapeutic characteristics of mAb 5C5:

25

Groups of 6 female BALB/c mice (6-8 weeks old) were
used as an animal model to study the protection from a
lethal challenge of virus by administering mAb 5C5.
Inoculation of mice and blood harvests were performed in a

30 biosafety cabinet by personnel wearing powered air purifying
respirators. Influenza-infected animals were housed in a

biosafety level 3(BSL3) animal facility.
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Serto Arg 4F8512715Gto TAto C 171 239 Serto lle Serto Arg 512 Gto T 171 Ser to lle
VN1203 2F11 629 C to T 210 Proto Val 772
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To evaluate the efficacy of the monoclonal antibody as
a prophylactic agent (i.e., prior to virus infection) in an
animal model, purified mAb 5C5 was administered at a dose of
10mg/kg intraperitoneally (i.p.) into mice. Twenty-four
hours after i.p. administration, the mice were bled for
measurement of HI titers with H5N1, then challenged
intranasally (i.n.) with 10 LDs;, of A/Indonesia/CDC669/HS5NL
in 20 pl. The control group (total of 6 mice) received mAb
5C4 of IgGl, thch was an in-house murine monoclonal
antibody made against bacteria C. jejuni. Mice were
observed daily for 14 days for survival analysis. In the
control group, 6 of 6 mice died within 10 days post-
infection. In contrast, mAb 5C5-treated mice were
significantly protected--all 6 of the mice in that group
were still alive over the lé—day period of observation. The
sera from mAb 5C5-administered mice had more than 64 HT
titers with A/Indonesia/CDC669/H5N1. These data indicatéd
that administration of mAb 5C5 of IgG2a can penetrate into
blood in mice and eventually facilitate viral clearance in
the mouse body.

To evaluate the efficacy of mAb 5C5 for therapeutic
treatment, the antibody was administered following virus
infection. One day (24 hours) after a lethal dose of 10
LDs, of A/Indonesia/CDC669/H5N1 in 20 uL given to each of 6
mice, mAb 5C5 was administered at 10 mg/kg by
intraperitoneal injection. The control group (6 mice)
received mAb 5C4 of IgGl, which was an in-house antibody
made against C. jejuni. 1In the control group, 6 of 6 mice
died within 10 days post-infection. In the mAb 5C5 group, 5
of the 6 mice survived the virus challenge at day 14.

These data indicate that mAb 5C5 is effective by
administration even after virus infection, indicating that
the antibody can be used for both prophylactic and

therapeutic purposes.
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Gto A258 Gluto Lys 2D9 700 Ato G 234 Lys to Glu 4F8 613 Ato G 205 Lys to GLU VN1203
K198M) 90 05 Met to Lys MADbs 6C6, 31)4 and 81312 recognize neuraminidase from
H5N1. 1. R&%ﬁé%ﬁ@r@ ngeuraminidase expressed in baculovirus/8f9 systerr]; Wé%%gg%{({%%‘grify
reaction between mAb 6C6 and neuraminidase. WO 2009/035420PC1'/SG2008/000347 Viral RNA
was isolated from virus-infected MDCK cells

10

15

20

25

30

Example 4

Antigen Capture ELISA (AC-ELISA) for HS5N1 subtype AIV
Identification Using Combination mAb6C6 Against N1-Subtype
and mAb5C5 Against H5-Subtype ;

As described above, a sample containing H5N1 virus can
be identified as H5 subtype using mAb 5C5 or mAb 5A5 and
separately as N1 subtype using mAb 6C6. Samples also can be
identified as H5N1 through the use of a combination of one
of the former antibodies and the latter antibody. An AC-
ELISA was designed to detect HSN1 virus. MAb 5C5 was
incubated at 0.5 pg/well in 100 pl/well in 100 pl PBS in the
96-well plate (U96 MaxiSorp NUNC-immuno plate) overnight at
4EC. After rinsing the plate with PBS-T, the coated plate
was blocked with 1% bovine serum albumin (BSA) for 1 hour at
room temperature. The block solution then was discarded,
and inactivated HSN1 isolates diluted in PBS at 20 HA units
in 100 pl were added to each well and incubated for 2 hours.

The plates were washed four times in wash buffer PBS-T,
and 100 pl of horseradish peroxidase-labeled mAb 6C6 diluted
1/500 were added to each well. The plates were further
incubated for 1 hour at room temperature and then washed six
times with wash buffer. One hundred microiiters of freshly
prepared substrate (10 mg of o-phenylenediamine
dihydrochloride per 20 ml of 0.05 M phosphate citrate
buffer, pH 5.0, containing 0.03% sodium perborate) were
added to each well and the plates were incubated at room
temperature for approximately 5 minutes. The reaction was
stopped with 50 pl of 2N sulfuric acid. The absorbance was
measured at 490 nm (A490) with an automated plate
spectfophotometer (Mitenyi Biotec). HSN1 virus gave a
significant A4 reading, while H7N1 virus gave as low a

reading as negative control. The results, set forth in
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using LS Trizol reagent (Invitrogen) as specified by the manufacturer. Reverse transcription and PCR

were perfo

(AT AG ARGATAACAACC) and N1 (enin (CTTCTEARIALT BTG G Cny

The PCR product was cloned into pPGEM-T Easy cloning vector (Promega, WI, USA) by following the
manufacturer=s instructions. The recombinant plasmid containing the sequence encoding the
neuraminidase was 10 sequenced and confirmed consistent with the reference sequence in the
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mAb 6C6 or 3D4 by WesRasBIbHng ivAich MidiSateUshagplopds ofrnibs 666 malh 3D4 is

conformational. Figure 6A and 6Bshayme DB Akl apd WWesIsr RIptRgyp S verify expressed NA.
Figure 6A shows that the molecular weight of NA is about 49 kDa on the SDS-PAGE gel. In Figure 6B

the Western blotting showed recombinant NA reacting with anti-H5N1 mouse serum as antibody. 10

V\éestern-blotting verified the expression
A in Sf9 cells. There was no signal band for

Prophylaxisjand Therapeutics Based upon the ability jof m%téSC to neutralize H5NT on poth
MDCK cellg and chicken embryos and its IgG2a isotype, mmAb SCS, and récombinant dtibod|es
comprising the yvariable region of that antibody, aré USeful[for both prophylaxis ang 15 therapautics. It
is commonly%é%p%ﬁ?ﬁé%&ggﬁgﬁffgémmice (19, 20, 2%)’, R4 neu%raﬁfiﬁg lgG antib&dies have
both prophy Iaca}lc and therapeutic anillies. Simitarty, i view of the abi]i(ig of mAbs2D9,2/11,
3H11, 9C1 pAd HRBBFRR TS EANFHENMDCK cells arldtha&#20 Ih&116rAgM isdtypé&hese mAbs,
and recompinantantibodies comprising the variabte Tegioprof thosegntibodies-ane-tsefti-foriboth
prophylaxis| fhdRePREARE COCSAf IMiling tests illusiredRE propghyiddic ant Shérapeutic
characteristitsofmAb5€5:
A/Indonesia/CDC329/H5N1 1.201 1.165 1.143
A/chicken/Singpaore/94 (H7N1) 0.206 0.197 0.193
PBS as negative control 0.188 0.171 0.177
Blank 0.053 0.06 0.058
15 Example 5
Activity of mAbs 2F11, 9Cl1 and 3H1l1l
The binding activity of each of mAbs 2F11, 9Cl and 3H1l
20 was evaluated in indirect immunofluorescence assay with

H5N1-AIV-infected MDCK cells (IFA), Western blot (WB),
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25 Groups of 6 female BALB/c mice (6-8 weeks old) were used as an animal model to study the
protection f | challenge of virus by administering mAb 5C5. Inoculation of mice and blood
harvests Wésr&e@ &%@%&%ﬂm a 30 biosafety cabinet by personnel wearing pcﬁ?gféﬁﬁﬂﬁﬂwmﬁg
respirators. Influenza-infected animals were housed in a biosafety level 3(BSL3) animal facility.

To evaluate the efficacy of the monoclonal antibody as a prophylactic agent (i.e., prior to virus
infection) in an animal model, purified mAb 505 was administered at a dose of 10mg/kg
intraperitonehkyndpg)l into miee. iknamy fawmnd hatns affel ip: AdMiRistiatian. thg Mmisg Warg)bled for
measureme%t%% | titers with H5N1, then challenged intranasally (i.n.) with 10 LD50 of
Al/lndonesia/C BIH5N1 in 20 pl. The control group (total of 6 mice) received mAb 504 of IgGl,
which was an in-holis€ niig#ielinonotlobhkl @ astibyed\amade sty afinst tiacterisarG biegmni.eMie were
observed dajhfigsd4 days for survival analysis. In the control group, 6 of 6 mice died within 10 days
post-infection. In contrast, mAb 505-treated mice were significantly protected--all 6 of the mice in that
group I5 were still alive over the 14-day period of observation. The sera from mAb 505-administered
mice had mdreltian 64 HlI titers with A/Indonesia/OD0669/H5N1. These data indicated that

administratigq.of 2a can penetrate into blood in mice and eventually facilitate viral
clearance in%%kﬁ%%t?ggtgyd%g o %r}év%%%tee e BR BN 8P A St or TRBY Helitkc AE%tment, the
antibody wadadMisitrand IR ¥ dEEN@dtion. One day (24 hours) after a lethal dose of 10 LDso
of A/Indonesia/OD0669/H5N1 in 20 pL given to each of 6 25 mice, mAb 505 was administered at 10
mg/kg by intraperitoneal injection. The control group (6 mice) received mAb 504 of 1gGl, which was an
in-house anti made agaihEC. jejuni. In tfEcontrol group, BTof 6 mice diedl Within 10 days
post-infection.dgthe mADb 5C5 group, 530 of the © mice survived the virus chattengeat day -4
These data i 1%58511;3 that-nal 5C5-is effectivel by administratioh even after virug infection, indicalting that
the antibody can%e used for both prophylactic’and therapeutic’purposes. Exdmiple 4 Antigen Capture
ELISA (AC-EL3BA) for HSN1 subtype AIV ldentification Using Combinatiorf mAH6CH Against
N1-Sybtype SandmAbSCS-AgainstH5-Subtype As-described-above; ple containing 1-15N1
virus can be identified as H5 subtype using mAb 5C5 or mAb 5A5 and separately as Ni subtype using
mADb 6C6. Samples also can be 10 identified as H5N1 through the use of a combination of one of the
former antibggdissang the latter antibody. An ACELISA was designed to detect H5N1 virus. MAID SCS
was incubated at 0.5 pg/well in 100 pl/well in 100 pl PBS in the 96-well plate (U96 MaxiSoLp
NUNC-imm&HSiRe) Qrrbight ¥t ¥6 W Eheicr FRaRR) Metaat KR P SETomcidited Blate was
blocked with(AW bandeaseidp@Eiews s/ (Eefs fas&hpur at room temperature. The block solution then
was Tgcarded, and inactivated H5N1 isolates diluted in PBS at 20 HA units in 100 pl were added to
each'well and incubated for 2 hours. 20The plates were washed four times in wash buffer PBS-T, and

100 pl of horsMegulish peroxjdere-labeled mAWEBCO6 diluted | HT VN
2F11 + _Z : "
oC1 " A = n —
3H11 + - ¥ "

The escape mutant K205M was produced from HS5N1 AIV
(A/Vietnam/1203/2004/HSN1) from screening with mAb 6B8, a
monoclonal antibody deposited with the American Type Culture
20 Collection on March 20, 2007, as ATCC CRL PTA-8246. The
specific interaction of mAb 9C1 and 2F11 with these K205
mutants suggests the potential application of these two mabs

in inhibiting escape mutant generation together with mab
6B8.

25
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1/500 were added to each well. The plates were further incubated for 1 hour at room temperature and
then washed six times with wash buffer. One hundred microliters of freshly 25 prepared substrate (10
mg of o-pheRVIENEUEMMe dihydrochloride per 20 ml of 0.05 M phosphate &FARBO0EHT 5.0,
containing 0.03e sodium perborate) were added to each well and the plates were incubated at room
temperature for approximately 5 minutes. The reaction was 30stopped with 50 pl of 2N sulfuric acid.
The absorbance was measured at 490 nm (A490 with an automated plate spectrophotometer (Mitenyi
Biotec). H5NL1 virus gave a significant AL490 reading, while H7N1 virus gave as low a reading as
negative control. The results, set forth in WO 2009/035420PCUSG2008/000347 Table 5, indicated
that the combination of mAb 5C5 and mAb 6C6 is useful for the identification of HSN1 AIV. A sample
containing HS5N1 AIV can be identified using mAix&S1ancmAb 6C6 separately, but using the
antibodies in combinatj eorovide% am anz of Iimltin%;he amount of sample needed. Similarly, the

combination of mAb 5A5 G MAD %&6, 8P ﬁﬁ%?%bﬁ R BBRBIREDhs YR ARG of this invention,
also could be used for H5SN1 AlV identification. 10Table 5 Results of AC-ELISA Using Combination of

mAb 5C5 and mAb%tozllslf@tiyﬂaISIgél#%#g #"??96\/ s? D 64’% 1.364 1.275 1.298
Allndonesia(CDC623/H5N1 1.148 1.162 1.198 Afin éirggs%gc c%i%ﬁ? Jab kddige
mutant of H5 strain A/Vietnam/1203/2004/HS5N1 and as such can

be combined with another monoclonal antibody which targets
the same mutant but fails to bind, or binds at lower

10 activity, to the wildtype strain, such as mAb 6BS (as
produced by hybridoma 6B8 and deposited with the ATCC on
March 20, 2007, in accordance with the Budapest Treaty and
give accession number CRL PTA-8246), a mAb which targets
wildtype 205K strain in the VN1203 strain, as a therapeutic

15 agent. MAb 9Cl recognizes the K205M mutant but fails to
bind to wildtype strain VN1203, which indicates that the maAb
targets the epitope of 205 methionine in strain VN1203. A
monoclonal antibody cocktail comprising mAbs 9C1 and 6B8 can
effectively inhibit H5N1 infection and prevent escape

20 mutants generating in vitro and in vivo.

Table 9: HI Activity Comparison of mAbs 6B8 and 9C1

Mab Vietnam 1203 (clade 1)

WT205K K205M
BB6 + _ -
9C1 - +

25
To illustrate the activity of the 6B8 and 9C1 mAbs, 16 HA
units of AIV were incubated with the mAbs as shown in the
table below for at least one half hour at room temperature.

The mixture was inoculated into 10 day old chicken embryos.
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0.605 0.589 0.6 A/Indonesia/CDC329/H5N1 1.201 1.165 1.143 A/chicken/Singpaore/94(H7N1) 0.206

0.197 0.193{@ %§O%%G9§tive control 0.188 0.171 0.177 Blank 0.053 0.06 0.058 15 Example 5 Activity
of mAbs 2F11, CQ,l and 3H11 The binding activity of each of mAbs ZEEI{%&"&H%%n 20

was evaluated in indirect immunofluorescence assay with HSN1-AlV-infected MDCK cells (IFA),
Western blot (WB), WO 2009/035420PCT/SG2008/000347 hemagglutinin inhibition (HI) and virus

neutralization (VN) assays.

The HA titer and livability of the embryos were evaluated

daily. The results are shown in Table 10 below:

Table 10
mAB 1203 (clade 1,
16HA)
6B8 (lug) Virus HA +2 days p.i.
Chicken --2 days p.i.
survivability
6B8 (lug)+ Virus HA ~--3 days p.i.
9C1 (0.1lug) Chicken +
survivability
6B8 (lug Virus HA --3 days ﬁ.i.
9C1. (lug) Chicken survi%al +
6B8 (1lug) + Virus HA ~-3 days p.i.
9C1(5ug) Chicken + '
survivability
9C1 (1ug) Virus HA +1 days p.i.
Chicken ~--2 days p.i.
survivability
5
“—" indicated negative in HA test or chicken embryo death
“+” indicated positive in HA test or chicken embryo survival
p.i. indicated post-infection
10
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The results of the assays are set forth in Tables 6-8 below: Table 6 Binding Activity with the escape
mutant K205M from H5N1 AIV (A/Vietnam/1203/2004/H5N1) MAB IFA WE HI VN 2F11 + + 9C1 --
+3H11 - YQa 0fsﬁﬁ"?ding activity with the escape mutant K205M from |1’|§K(§(RR98(290347

Indonesia/CDC669/2206/H5N1)

10

15
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25
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25 W02009/035420PCT/SG2008/000347 Example 6 Therapeutic Applications of mAbs 2F11 and 9C1
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9C1 25 Toillustrate the activity of the 6B8 and 9C1 mAbs, 16 HA units of AlV were incubated with
the mADbs as shown in the table below for at least one half hour at room temperature. The mixture was
inoculated iNtS TYUEPHY chicken embryos. WO 2009/035420PCT/SG21 1ETHUEIAY 04R4THA titer
and livability of the embryos were evaluated daily. The results are shown in Tg_ble 10 beIow:_TabIe 10
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characteristics comprise binding to an epitope that is bound

by monoclonal antibody 5C5.

2. The antibody of claim 1 which is a monoclonal
antibody, a single chain antibody, an antibody fragment, a

chimeric antibody or a humanized antibody.

3. The antibody of claim 1 which is a monoclonal

antibody.

4. Monoclonal antibody 5C5 as produced by hybridoma 5C5
which is deposited with the American Type Culture Collection

with Accession Number PTA-8529.

5. A method for detecting H5 subtype avian influenza
virus in a biological specimen which comprises contacting the
specimen with an antibody that binds specifically to a
conformational epitope of the envelope glycoprotein of an H5
subtype of avian influenza virus and that has substantially
the immunological binding characteristics of monoclonal
antibody 5C5 as produced by hybridoma 5C5 which is deposited
with the American Type Culture Collection with Accession

Number PTA-8529, wherein said immunological binding
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9. The method of claim 7 which comprises contacting the
specimen with a binding protein that specifically binds to the
envelope glycoprotein of an H5 subtype of avian influenza
virus, wherein the antibody is a capture antibody and the
binding protein is a detector binding protein that contains or

is conjugated to a detectable element.

10. The method of claim 9 wherein at least one of the

antibody and the binding protein is a monoclonal antibody.

11. The method of claim 9 wherein the antibody and the

binding protein are monoclonal antibodies.

12. The method of claim 9 wherein the antibody is

immobilized onto a solid surface.
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globulin F(agg) in ice. etsplratoryns ese rcliﬁ. 4 .Jﬁl.?-los’}ﬁr?gt%)?']'.cg j?/'Ajr%ﬁgenlc differences

between H5MINMwmaa influenzaapusepésaldied lie 1087 aiho20081 yovet Med.rScf66:8085. 25.

Iwasaki, T., a thol - 08:485- 92. , e ructur d receptor
specificity of'sa {vtrllgélc e%a%ﬁ%%%?o%%%ﬁggﬁﬁnﬁﬁ%%%g'vi%ﬁgség%?e%%i:}&%%gﬁ%JZSIf obert G.
Webster, A.G24 90umEReyEepedEa op 10VirBingyh2 7O EAL sSMOSUPR T InmivS: Lonal An antibody
that binds spesllieally,jog-eonianpaenal eaitape Al hebemasgluiniemvelone giyBearplely of an Ho
subtype of avian influenza virus that has substantially the immunological binding characteristics of
monoclonal &hiBo&y 8 CHNES prRfuced Dy HybliEBira 508 1ifdH RdepusiiedvfgsHaMmerican Type

Culture Collgglipnwitb-Accession Number RHAB32%, yhereinsaid immunglogical inding

characteristics comprise binding to an epitope that is bound by monoclonal antibody 5C5. 2. The

antibody of ERRA 1EWRRATY afRofoGoRa HBbEY S8 8mge YIRaR EREiBéay on aRtiBBdy fragment, a

chimeric antinsyQlea Bemanizad antibogdynza i e antibody of slaimd whishds 2 maragignal
antibody. 4. Monoclonal antibody 5C5 as produced by hybridoma 5C5 which is deposited with the

American TSP EtRTHe @bhectiorwtTAREeIS Gt R EAgssgaracteristics of

monoclonal antibody 6C6 as produced by hybridoma 6C6 which is
deposited with the American Type Culture Collection with
Accession Number PTA-8526 or monoclonal antibody 3D4 as
produced by hybridoma 3D4 which is deposited with the American
Type Culture Collection with Accesgsion Number PTA-9395 or of
monoclonal antibody 8H12 as produced by hybridoma 8H12 which
is deposited with the American Type Culture Collection with
Accession Number PTA-9394, wherein said immunological binding
characteristics of the antibody comprise binding to an epitope
that is bound by monoclonal antibody 5C5, wherein said
immunological binding characteristics of the binding protein
comprise binding to an epitope that is bound by monoclonal

antibody 6Cé or 3D4 or of monoclonal antibody 8H12.

15. A kit for detecting H5 subtype avian influenza virus

in a biological specimen which comprises an antibody that
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5. A method for detecting HE subtype avian influenza virus in a biological specimen which ¢bb§prises
contacting the specimen with an antibody that binds specifically to a conformational epitope of the
envelope glycoprotein of an HE subtype of avian influenza virus and that has substantially the
immunological binding characteristics of monoclonal antibody 5C5 as produced by hybridoma 5C5

which is degosited viBFheiATnRlican F9pé Ciftte ErEiMPwitR AtEeBSioR N ERTRIEHD),
wherein saidimawnelogical biding, ME SHR eharacteristics samprise binding 49 ag epiape that is
bound by monoclonal antibod%/ 5C5. 6. The method of claim 5 wherein the antibody is a
monoclonal ERfibod{a SRGR-ENHIM AhtiBody A dmiBYty IEdrfdn O 2 fiEric antibody or a
humanized atiihedy:eri sk The rethasofclaims whereibdbe antibody isa-swmnestons)-antibody.

8. The meth}?dbof ,céaim 7 wcrjwerei the monoglonal anti%ogvy, is antibod[% 505 as produced by hybridoma
505 which i€’ dEBESHEF Wit the AtericaRi TYPREHIFE Chifedtish Fith e dn NERber PTA-8529.
9. The methodlafwctanmCd Whicht campriseshcontaeting the shediaen yath-a birgling peoteigthat
specifically binds to the envelope glycoprotei an H5 subtype of avian influenza virus, wherein the
antibody is a %ggtuarteE %ﬁ%é%y %rl? tﬁeegi%%ﬁ}% ([))gr%ffeiﬁgse a%%&g)ee(ﬁ%f" t?ﬁl]d%g #r%)]fleé% ﬂ?at%%%aairl] oris
conjugated iadetertahietetementy saild. gireahethodidficlaipr® dheneinvdtdeast wnsaof dhe
antibody an indi ein.is a.mon | antibody.. 11. The method of.claim 9 wherein the
antibody ang%ﬁglgﬁ%%g%eﬁlgéﬁgngc §r%%cgcn?i€(l) i%lé?s O%[Z-.El%ﬁe Triet %8 %¥cl%|orrnn%rv3\7ﬁ8rein
the antibodyPistignabilizedonteral solitesrface. IMCShwRd. by 18cTies huethdd aficlam@wherein the
binding protgipscontains a radioactive atom, is conjugated to a fluorescent molecule, or is conjugated
to an enzyme. 14. A method for detecting H5N1 subtype avian influenza virus in a biological
specimen which comprises contacting the specimen with an antibody that binds specifically to a
conformational epitape ofthe enyelope glycoprotein gfap k. sybiye of aviag influenza virus, and

that has substantially the immunological binding characteristics of monoclonal antibody 5C5 as

produced b Rfbiddm&5Es wRRATSE Hepddite Wit $hé AntdiR afITHECEEIGEXSSIREAS S With
Accession Nimber BEA8829,sadyyithha binding preteinthat,binds spgsificaliyto-the neuraminidase

glycoprotein of an Ni subtype of avian influenza virus, said binding protein having substantially the
immunologiGat Ay chardcteRRIce ot icHodRAITY dMtiBod6CBiSiiadubad bs Hybiidoma 6C6
which is deppsited with thentmesicardype Cultue Callgetiamwith AccessionNiabersPTA-8526 or
monoclonal antibody 3D4 as produced by hybridoma 3D4 which is deposited with the American Type
Culture CollBEHSHT With Acceb§BRNumber PTA-9395 or of monaclonal antibody 8H12 as produced by
hybridoma 8H12 which is deposited with the American Type Culture Collection with Accession Number
PTA-9394, wherein said immunalogical binding characteristics of the antibody comprise binding to an
epitope that is bou%g by r%]c')lre]oc %ﬁaloa%ntif)gﬁfi cs W"f%ée?gﬁlsréi&ﬁnr]fﬁﬁﬁfbg?é? bﬁ%iﬁ&@haracteristics
of the bindirgproteidycommpriseibidding teantepitopesthat isdionnddnemoanclbnabgntibody 6C6 or 3D4
or of monoclonal antibody 8H12. 15. A kit for detecting HE subtype avian influenza virus in a
biological specimen which comprises an antibody that 52 MCSUP binds specifically to a
conformational epitdpe oflthe eénvelope glyeoprotein vham¢issubitgpe ot aiad infiuehza Mrdsrand that
has substanti i nological hindin I ristics of monoclonal antibody 5C5 as produced
by hybrido%é%éqvq%%?% é%%sﬁieggvﬁtih%%ﬁirﬁgeﬁégr% Type Culture Collection with Accession
Number PTA-8529 together with at least one reagent for the detection of binding of said binding
protein to said envelope glycoprotein, wherein said immunolqgical bindin 1ggéggc{gistics of the
antibody comprise binding to an epitope that is bound by monoclonal antibody SCS. 16. The kit of
claim 15 whighi'edrhpagesia Piriding pFstéindthatspecifically binds to the envelope glycoprotein of an
H5 subtype of avian influenza virus, wherein the antibody is a capture antibody and the binding protein
is a detector binding protein that contains or is conjugated to a detectable element. 17. The kit of

claim 16 wherein at feast B dftfie abtilsddidind birdey picteinlis althBAGEIonEMEDbEY . 18.
The kit of claigp6 whergindie asiibedy and bifging #rolgin ats.mosoeigng! 2VhoKER.en. 19. The
kit of claim 16 wherein the antibody is immobilized onto a solid surface. 20. The kit of claim 16

wherein the @iy Proteft cortafers BERGEivEatem, & fiGgated to a fluorescent molecule, or is

conjugated to an enzyme.
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MCSLLP 21. Use of an antibody that binds specifically to a conformational epitope of the envelope
glycoprotein of an H5 subtype of avian influenza virus that has substantially the immunologicmcbc%éli%g
characteristics of monoclonal antibody 5C5 as produced by hybridoma SCS which is deposited with
the American Type Culture Collection with Accession Number PTA 8529 in the preparation of a

medicament for tredting aStfbj&tt iffRcRRIVIRRHIE Sty pd 1035 iRGENZAlARSI WhereiR said
immunologicalbinding €haracterstics spapsisedriadiagte apepilgpedhatis hounddy mangeonal
antibody 5C5. The use of claim_ 21, wherein the antibody is a monoclonal antibody, single

22. !
chain antibo®@y°EXRSody fragmaRt, RMETCARIDOd S HiHENZ8¢ aftBSdt 1393 FhehGse of claim

21, wherein themantibody iszal Mohndtonal ahthedyteristics of monoclonal antibody
5C5 as produced by hybridoma 5C5 which is deposited with the
American Type Culture Collection with Accession Number PTA-
8529 in the preparation of a medicament for treating a subject
infected with H5 subtype avian influenza virus, wherein said
immunological binding characteristics comprise binding to an

epitope that is bound by monoclonal antibody 5C5.

22. The use of claim 21, wherein the antibody is a
monoclonal antibody, single chain antibody, antibody fragment,

chimeric antibody or humanized antibody.

23. The use of claim 21, wherein the antibody is a

monoclonal antibody.
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