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Brief Description of the Drawings

Figure 1. Distribution of an mAb' titer over a period of 90 days. The data in
Figure 1 demonstrate that the mAb was able to remain stable over a substantial period of
time.

Figure 2. Cross-reactivity of HS5 subtype mAbs with non-H5 subtype viruses and
HS5 subtype viruses measured in HI assays. The serum antibody titers against the

respective viruses are indicated as follows: light shade —no HI activity, dark shade - > 16,



H5 subtype viruses neasured in H assays. The serum
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g) Lung paraffin section. Tissues incubated with mAb 7H10. Lesions were
seen at the alveolar tissues.

h) Lung paraffin section. RPMI 1640 was applied as control to mAb 7H10.
No signals were seen.

i) Kidney paraffin section. Tissue incubated with mAb 7H10. Large quantity
of high intensity signals were distributed throughout the kidneys cells.

7 Kidney paraffin section. RPMI 1640 was applied as control to mAb 7H10.
No signals were seen.

k) Liver paraffin section. Tissue incubated with mAb 7H10. Lesions were
seen in the hepatocytes.

)] Liver paraffin section. RPMI 1640 was applied as control to mAb 7H10.
No signals were seen,

Figure 5. HS subtype mAbs were able to detect signals from H5N1 infected

tissues dated back to year 2002,
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Detailed Description of the Invention

The present invention is directed to mAbs and related antigen-binding proteins
that bind specifically to the hemagglutinin envelope glycoprotein of HS subtype of AIV.
In particular, the mAb or related antigen-binding protein possesses the immunological
binding characteristics of mAb 7H10 as produced by hybridoma 7H10, deposited with the
American Type Culture Collection (ATCC) on March 20, 2007, and assigned Accession
Number PTA-8243, mAb 6B8, as produced by hybridoma 6B8, deposited with the ATCC
on March 20, 2007, and assigned Accession Number CRL PTA-8246, mAb 8F10, as
produced by hybridoma 8F10, deposited with the ATCC on March 20, 2007, and assigned
Accession Number PTA-8245, or mAb 2D10, as produced by hybridoma 2D10, deposited
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The present invention advantageously provides methods for preparing monoclonal
antibodies having the binding characteristics of mAbs 8F10 or 2D10 by immunizing an
animal with AIV subtype HSN1 (PRS8), preparing monoclonal antibodies having the
binding characteristics of 6B8 by immunizing an animal with HSN3 protein and preparing

monoclonal antibodies having the binding characteristics of 7H10 by immunizing an
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chain antibodies (U.S. Patent 4,946,778) can be adapted to provide single chain

antibodies of the present invention. An additional embodiment of the invention utilizes

the techniques described for the construction of Fab expression libraries (Huse et al,,
1989, Science 246: 1275-1281) to allow rapid and easy identification of monoclonal Fab
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The present invention also includes assay and test kits for the qualitative and/or

quantitative determination of the H5 subtype of AIV. Such assay systems and test kits
may comprise a labeled component prepared, e.g., by labeling with a radioactive atom, a
fluorescent group or an enzyme, coupling a label to the mAb or related binding protein of

the present invention, or to a binding partner thereof. Such assay or test kits further may
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virus neutralization ability are able to recognize conformational epitopes in the H5-

pt o

subtype hemagglutinin protein. 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. The HAI gene was cloned from these neutralization
escape mutants by RT-PCR and sequenced to identify point mutations. In this panel of
antibodies, 3 neutralization epitopes, namely 1, 2 and 3, were found in mAbs 6B8, 8§F10
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assay and in Western blot analysis, strong bands that correspond to the recombinant
HSNI-HA protein (MW 36kDa) are observed.

In contrast, mAbs 6B8, 8F10 and 2D10 are highly gefﬁcacious' 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 epitope mapping, mAb
7H10 was determined to target linear epitopes. It could only detect the viral antigens

when the tissues were subjected to intensive heat treatment. Under such harsh antigen
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Monoclonal aﬁtibodies against conformational epitopes maintain important
biological functions, such as hemagglutination inhibition and neutralization activity,
while mAbs against linear epitopes are also advantageous for diagnostic uses. Therefore,
the application of mAbs 7H10 and 6B8, which were against linear and conformational
epitopes, respectively, and combine the immunological properties of IgG and IgM in
antigen-antibody interaction, might contribute greatly to the high sensitivity of ELISA
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the neutralization mAb is cloned and subjected to HA1 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, 6B8 escape mutants arise from HSN3 AIV by the 6B8
neutralization monoclonal antibody. 8F10 escape mutants arise from HSN1 (PR8) AIV
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tralization e myt ant n ev n i.zation
@51 RO D OEPUASE DA Ists | CEfeAp 5193 t‘f‘ﬁ@’&?%‘@ B n
cBRPSsititn st Pertichlar JURERAMill ¥é détérmindd a8 Rejastedd iR tHetpy,
escape nutants, 1a‘g){l)arent al virus is incubated

demnfhalgﬁpwze@@ individual pesds ofithe Bt Ei‘#ﬂlgulﬂeéﬁﬂ"a’i“éaég iiﬁ%rs g
tlkb‘)&{bjec?é‘%b aRighDekncrs héaﬁfth%dqty RA613 AR BEMAST hibbi Ry 2- 3

rounds of Screeni ng, t he escape nmut ant for
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 H5 ATV

l

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 antibody or binding protein of the invention can be administered for
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the neutralization mAb is cloned and subjected to HAl

gene sequencing. The nutated am no acid is determ ned
wogosaltsgmirent with the parental virus sequencePCERG2001@00134

nmutated site indicates exactly one of the am no acids
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neutralization anti bodi es which specifically bind to
the parent virus. In view of this, these nutants can
be used to inmunize ni ce Bx8mpkdw nonocl onal anti body

productl on in accor dgpfietd dfbRgodhgachi ngs above.
g{{the new mAbs, a nonocl or%l anti body whi ch
exact

s designgied TN 1(RS wasohtaingd &pmtthqdéem fortRiseper Gamet]
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di ment of t
SRAEE R pldME LD vo {18 S hnafel Bk s el oty
RafmtSmgapm)femﬂlaﬁmemm r%flh\c/ael fﬁfr IﬂW(f geRboisD AIlIaﬁt!%Ic i}ihkbfr&ﬁtﬂfe
S er.l om an | NT eC rrl cul ar an
PGt ke v aEmieR Syt SRy Mo delreniagd P e

hamdggmhﬁﬁmskuyr(mm OP@ifRh & T titke HER1 4nd BN RRis@heR C an
ni ste ed to subjects as _a preventlve nmeasur e

P B TG oR f P PR Ble icsint 1 rmm for30 |
nﬁﬂlﬁéﬁﬁﬂk&novya%rﬁnfdllbﬁgd @ysulﬁfﬁlﬂnﬁiﬁg@ﬁﬁijofﬁh%b%at%t% £0,660
e administered ina single dose or in repeated
E‘i %bé’f“fsafr#‘%ﬁ%us R?B?tlvﬁlﬁaffs}lﬁi’eﬁld‘?déﬂ EBSw r el ease form
Ad
M RogddlcHal KRLEAREs (ﬁ’%} i g t 5 ﬁ@@ﬁém cﬁﬂtﬁeﬁﬁﬁ@!ﬁ gs?.ng

the antibody to re actlonlnt

protein ﬁ@f%nawcebtmnt{&gmg Aldwicks 8¢l Lowis, ngO UBA) @ddmmbmre IgM

xhl_%c{ac eﬂlgﬁ%ﬂ%[ogg'eﬁ L g}r m11r1]1851 ll']é/zﬁépolﬁ a@c%sd%mcey with
nq@mfacrmééqmtmauw a"bceqncama901t$lolflgﬁlanddg1v1:waere masureﬁlﬁjhlsmg
Ulgﬁlg)a]hog? gé:églﬁ%h%g%%g% zl\lg'n%bﬂn@ ’Pechnoéfogles, Wal élév‘%{‘r can

Inactivated HSNI AVI (A/goose/Guangdong/97) was used as a source of RNA to
amplify HA1 gene by RT PCR for epitope mapping. Viral RNA was isolated from virus-
infected cells using LS Trizol reagent (Invitrogen) as specified by the manufacturer.
Reverse transcription and PCR were performed with specific primers for the HA1 gene of
HS subtypes. The PCR product then was sequenced by standard procedures. Amplified

14



stabilizers, adjuvants, solubilizers, buffers, etc.
The exact nethod of adm nistration, conposition and
w@asositehmr dosage will be determ ned and adj uBCEEGZM7/000134

the tinme to therapy, depending upon the individual
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about.,0. 05 t.Q0 about ht, when
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thed eadisedio iinbaized tiI8 Feek dld Rimald BALBNY 8ildd iRtareRBul RSy twice
adm ni st ered for;:.ﬁerapeutl C .purposes._or a conbi nation

gnteryys ghtwateekse Fachanimaliyasinoculated with 20-50 pe wbprrified -
éﬁB@p@AIVr&hﬁlsﬁ@d‘ﬁﬁﬂhﬁ el RiureditaliRl it BdHrPiC, %&ﬁgﬁ ‘Ihhree days

tants. have been produced, such antibodi es an
e celiEfpgionheipige voara then siveibwHinEeperioneal berster afybe saracdpsages

mua@m Biosd @&@ﬁo@%etxﬂﬁa %I%%én(‘scég&eg kag Wes usﬁa%lnﬁw

The fol | ow ng _exanples are provi ate a

hayiag dhehighesteriibody tijsr werei selﬁﬁgd foneel ﬁwmtSpéqnocym@btmned from
th@éé%feﬂ Qﬂce' ﬁer@&;mﬂlﬁé@ WigfsA &9&0:91?;&%] Sy P ¥ F? L8 in 0%

exarrpl I S commensur at e scope

Pph’éthéﬂ@p%ﬁd@(ﬂ (S;graﬁt, meol. vEx 33H0) to faseRhoctls tidqodifce hybndomas
bri domas Virus desi gnated H5N1/ PR8 was obtained from

(t e Center for Disease Control (USA). It is a
non- pdtekpeyiarent withdetvimawere Iclﬁfdixctiem fol atdoraetylievel S chitainment

nt aj HA and an Al'V H5N1 vi t hat
SRS B b R QR Rty eniinr oy gl in
B@mb fetyein gﬁgmhiwmandmme%o&l n&uoeﬁc@mé?s : mue}éc?%@ V\n&f
obt.ai ne rom | nacy ut orlty 0
oGRS o CCRARICE MihrDicebis SRR imments el 46hqsh g ved
b thietA VIA atblyfiridue) oF HAMOMAOEYo %ab&e eggs (Chew s
Poultry Farm Singapore) and allowed to replicate for
two generations. Allantoic fluid fromthe enbryonated
chicken eggs was then drpyfmpiapd viral titer was
det erm ned usi ng hemaggl uti nat| on assay (HA).
Purification of theSerceEngofdidridomes viruses was

perfornmed by centrifugation of virus-containing

allantoic fluids at 10,000 rpm for 30
Hybridoma culture supernatants were screened by hemagglutination inhibition

(HI) test and immunofluroescence assay (IFA) as described below.
Hemagglutination Inhibition Test. HSN1/PRS virus obtained from CDC was used to

infect 9 to 11-day old embryonated chicken eggs (Chew's Poultry Farm, Singapore) and
incubated at 35°C for 72-96 hours. After propagation of the virus, allantoic fluid from the
chicken embryos was extracted and used as H5N1 viral antigen. The respective
hybridoma culture supernatants were subjected to HI test as described previously (15)
using chicken erythrocytes for agglutination and 4 hemagglutination units of H5N1/PR§
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m nutes to renove debris, followed by
ultracentrifugati on of the supernatant at 40,000 rpm

wo o0083403eir s. The virus pellet was resuspendedPCTISEBB7/000134
Monocl onal anti bodies (1gG and 1gM were purified from

clarified fluids usi rotein A affinity colum
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c@‘femth@ sffeny (CE’ED@f dehethey wen fixed witk 1 Qhd@f pbrobteatimarigact 0
hiRutYER t Ie%g&%ﬂﬁé et inPoe @ﬂpﬂgﬂgc i tﬁ%ﬁ%kﬁewsr&z&es with

contal nin VI rus

ene.
- PBSbeRdde ﬁubgﬁqu@@m, thw;gqufceltqugmubmmnhﬁ H 0f fhp gespestive

g é)%ftg@{x Jrﬁa?uﬁ%és fg)g 1 g‘g‘ﬁ%‘?ﬁ ?g %?tgg#\l%%ﬁr{g\él tflé"g‘ntlggxﬁ were reacted
a(lwnwleteldavrﬁl@@ﬁ#s@djh@mthbWa)maﬁw@%IT@eahjwte:dhauwsm (600

D@@,pﬁ%ﬁ%ﬁﬂ% rrlI lfml e% 3"7'503 il‘ {”ﬁ' 15%\}11@19%&:8%\3 u?fl screemn;lw_!f%e

rom bacul ovi
mAhsbyilEA, ddditiond comteilts wdérel eliaplnvéde AAhddionetl eagtier, uninfected
i.nterval %of t wo vveek

t t
MK B o b S 25 53Rt R ol T were
ﬁum%xlo%ﬂﬂgmmsm F‘_)I_Iﬁﬂsﬁiﬁ/é ¢onasl, @?cimlﬁomhmnf&uzaﬁ n@d{eﬁi« anbo-
ranc . ree usi on e
tW@rV@SP %% G I&ﬁ&&ﬁﬁ% @%@iw%%%rﬁm%‘fe t he

hFR{Eeme eGReR%anef witi the!8iRrentloafbls &Bé Hybfnaam &Jp@nmaﬁ@ whfRshe
then screened by Western bl ot and _ m ce havin

sfiePrElYe SRiping 6‘@93 selepted fopeloping by bimiting dilyton oh Ftabla mﬁéh

proRh GROIIHHASMS Wadbiiafd vyt bRRedid ect ed m ce were
conbined with SP2/0 rryel ona cells ina 1:10 ratio in

50% pol yet hyl ene glycol (Sigma, nol. w. 3350) to fuse
the cells and produce hyﬁ{dng‘gggs (21).

Characterization of H5-Subtype Monoclonal Antibodies
Stability of mAbs. The hemagglutination inhibition test was performed on the respective
hybridoma supernatants obtained at different periods of time (7th, 30th, 45th, 60th, 70th,
and 90th days) to gauge the stability of the cell lines. Dilution was performed to calculate
the end point. Hybridoma supernatant of mAb 6B8 had an HI titer of 29 . The titer
remained stable even on the 90™ day (see Figure 1). Thus, the hybridoma clone secreting

mADb to H5 antigens was able to maintain a high titer value for a long period of time.
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Al'l experinments with live virus were conducted in a

bi osafety | evel 3 containnent |aboratory (20) that has
woreaostna1CDC/ NI H bi osaf ety requi renments, as speCT/BGEEH7/000134

in Biosafety in M crobiol ogi cal and Bi onedi cal
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viral antigen. The respective hybridoma culture
and ESENA M S BcP R Qe PEIL e crogs- HRc da Tt NS DG
TaBleQVdhEWS thy efricady dishdW@speltive KB uBlyYS HABE ¥h B8zdnQ@hd formalin-
xgggl utination and 4 hemmggl utination units of
fixef MasupRdy Teble 152 seatiquanti@aiiyescor wastasvigned & the ynsensigienef the
. i i S _ rent
ot SAPELBARHL RURTsn  Bhe; fbichl ChaiE ARG L) ife
(Hpt)opd getystong(teiit) KEMEIHP yosused natheicortrod rikiStHbgpd %
A QI[l((f)Jhﬁ)c@eﬁ) b%ﬁé it ed%ﬂ% el @%’d&%ﬁe/\ﬁég hgedﬁyﬁlg%%o@ﬂ)r()f
chr cken erythrocytes per e ntibody titers
HiNr inéested tissung Al end HemAbs frpmotwl seikces lwerehiserhfes tomparison to
LLution that dnhibit.ed hemaggl uti nati on were
thecéjg%f“ébst%peed“ggs ogfled(;)errltrel??n:hgn'nean titers (GVIs).
| mxnoi | ur oescence AssayTabkdi n Dar by Cani ne Ki dney

CQ!JI {!\VNV\J lle that wnro o Ao QA anl

0 T AR GERASt 1] o Sero e PR SR

HS5N3jvi ruses fromthe respgsts ve allantoic fluid. The

wel | d te rpws-were-used for negative

@t yol s FeiPHPect ed) MDOK'EEFI's). The 96-wel I~ plate
|

7140 St EmmoRgs I T et 350C, 5% COZ T ncyufakor 1 or
%-27 %’ur& ggt he infected cells reached a

&yt opat Pthee$dueess (QPE) of +#5% they were fixed with

100 "] £ lo, | L 1 L a0\ d S "
O T Uothglljs‘:o ) T B I'TAartul 1, UT 1U mrrulres dli _f OO0TIT
enpeér at ur €. éé‘% s in 96-well platés were then washed

3 tinmes with PBS, pH 7.4. Subsequently, the fixed
cells were incubated with 50 ml of the respective
Immunohistochemical staining, discussed below, further confirmed the specificity of
these HS subtypes mAbs to HSN AIV.
Vims Neutralization of mAbs. MDCK cells and 10-day-old embryos were used for
determination of 50% tissue culture infections dosage (TCIDso) and 50% embryo

infectious dosage (EIDso), respectively. MDCK cells (2 x 10* /ml) were allowed to grow
to 70% -90% of confluence. Allantoic fluids infected with the respective viruses, using a
series of dilutions factors from 10™! to 10'8, were tested for TCIDs and EIDsp by infecting
both MDCK cells at their exponential phase (highest sensitivity to virus infection) and
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hybri doma supernatants for 1 hour at 37C. After 3
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wo basnemei n i sot hi ocyanate (FI TC)-conj ugat ed PCT/SG2007/000134
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t he stablllty of the cell lines. Dilution was
performed to cal cul ate the end poi nt. Hybri doma
supernatant of mAb 6B8 had®®82H titer of 29 . The
titer remained st abl e even on the 90th day (see Figure
1) . Thus, th ‘IlyUTI \wAw gl DT \JIIC SS“ Ct: ng II to |_|5
antigens was ﬁ?eltc?edt sr;El ntai n & gh titer Jvalue for a

0

| ong peri od SORRI MIaPd [Py | 2I8tlypi ag was
performed using a nouse mMAbljisotypinglkit (fAmersham

Bi osci ence, [EMPG@Hdls |( O&0a| ndk s;h:mm)zame i sotypes
of 6B8, 8F10ard-2Di0-were—getermpedtas—+¢gM and 7HL0
was det er mi ned d Embyy g | fhos §pe(ti¥@ci ty0Adal ysis .

The H5-subtype mAbs were cross-reacted wth related H5
| - .
SR Ssonfd b3S 5 AR R R M P iR e

\Mrthahﬁal vilomedHf b4t Afterdnanbatibntfor T kst athem temperature, the
cross-reactivities. Th te n Fi ure
i SR bR By oG stlso DY ey oo
20(5 g/ TPOK-ireided Wue(segma) 26d10.001 ADEAS-dsxtah {$igmy). rAmg
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A T S R PO B S (DRI P For
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onfr d formalinfixed tissyes. In Tahle 1,
SQHEGR © %ﬁ%t. S E50Re TEHFHEWEIg Slogeste ﬁéernraaewéh parciltal sequence.

AnRE@PSinkiafwRfsele®t8d using neutralizing mAb 6B8. The point mutation

responsible for the resistance o mAb 6B8 neutralization was determined to occur at

nucleotide 614 on HA1 sequence. The mutation involves the change of nucleotide 614
from "A" to "C", which results in mutation at amino acid 205 from lysine into threonine.
The ability of this mutation to allow the mutant virus to escape mAb 6B8 neutralization
was verified by neutralization assay and hemagglutinin inhibition assay. This result
indicated the mAb 6B8 targets an epitope containing amino acid 205 on hemagglutinin,
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observed signals in infected tissues as foll ows:
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r?%?ﬁl n ?0 é’h%g S%]gﬁv&%]%ﬁgw r y(ésgl{épefg% F&%Qlia%fge ljeé ﬁ%vere
washed by QBS ~Tween rthise timSeatiSahinkch. NLAL AHLUtvasussd @s‘pdshﬁ’e
t al ir were m xed W t. .ol

ofieE Pcine YicitRen o Gt i kit S St A bt Rl 1640
wias ded aene@svel conigell Atsélthsorated incFigmne d) Hgl-atbm)fe MAKRH t@1slable to
relacr‘,]t wqm%l/le recom| l%lman% ?ﬁiﬁ IEAPgrotem Bands formed on the nitrocellulose
membrane were 36 kDa. This is equivalent to the molecular weight of the recombinant
protein. On the other hand, mAbs 6B8§, 8F10, 2D10 and RPMI 1640 gave negative
results. Since 6B8 and the other mAbs target the viral protein in its native form, this
group of mAbs will not be able to detect the viral protein by Western blot. SDS-PAGE
used in Western blot will unfold the native proteins and linearize them, hence making

detection impossible.
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200 nmg/ M TPCK-treated trypsin (Sigma) and 0.001 %

DEAE- dextran (Sigma). After 7 days at 35C, the virus
wgaapensatant was col l ected and subjected to fur€Tie62007/000134

sel ection. For selection of escape nutants, H5NL AlV

(A Vi et nam 1203/ 2004/ H5NI') was used as the source of

RNA. The escape nutants were clones to be conpared

with parental sequence. Esmampledpe nutant was sel ected

usi ng neutrali zj . B8. The [ ation
responsi bl e for %’éﬂnﬁg%g% a&??&tgp?‘gfo%7gg%
neut Taé HAAtgensofifiGsublype AV nasldissected it 3 aterlapiihefigntats by
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(S 111 . | atirgn o a ow tne nmut an VI rus
B @dé?@ﬁw s Zéfzgﬁeﬁjfoafrt? (G ROt gt SHitoRR 8fggpncated
fRembhte verdelipRedans @aeea&ﬂwmﬂmgﬁmmg Ma afd )ty W &fern blot.

assay. This result indicated the 6B8 targets an

Aapipe a¢id 2¢hoen Hivh g fond fpedbs - tormiabamine reid of e Frifone faro
TPDSTOGUS RN il 0gS ypieAdRBL £ b Pt
spreengfl withanab 10, ffgmm the:8 maishts, Bninqudié PG en HAkwas
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bleg N9 N-tafatihod 3ming sitid imthp epitope Franineaid®AdanrHA HEY 7d-4ad d).

' ' -109% - ) .S rated.
Rl R P ikl S B8 e 0 4 R g
acidnido 85 Wimslukive ok balnagplutinib Y Howubtgpe ATM.k i n PBS
contai ning Tween-20 for 1 hour. After washing with
PBS- Tween, three tines at 5 m n each, the nenbrane was
i ncubated with the respeEkdngle $Abs fol | owed by
HRP- conj ugat ed rabbit anti-nouse, | g (1:2000). The
menbr ane was t hen de@‘@*nB’b@&Ft%ﬁ? S8Y'3' - di ani nobenzi di ne

( DABThift9 H5N 1Hhfdcted Hisud §Reitnemd fro¥a Feds OPIREID6RMErd feftsd. MThey

.W t.h, PBS- Tween. After each incubation, reagents_were
m%@ﬁ%g nipRes RRGEHS ofgRsEch dsheun.dednsy.diver, Spgand pmsreas.

ThéFPerd@Sthe §th FRP PhrbiMEe&RRAbd YeciBRESUTRLNR HicHs! @
was derived frompurified reconbinant HAl, while RPM
corpmercipy avpilable mmprapsioxidasceiiniigiystemd Dike GytomatiandEr Yision
* Sy 2 A R . iy d GBIt

HAL
it 6906 6L s egsiaabeacamebadirsd 2Oz ieon aHorssrafish peroxidase
188 . . Aliee i fh i
Sy O Ao B G B
cqriin avidin Or biatin, noagpdacificeendogenous avidin-biotin activity is reduced
substantially.
Paraffin-sectioned. The results of the staining of paraffin-sectioned specimens are shown

o

in Figure 4. Very strong positive signals were observed in infected kidney tissues. There
was a wide distribution of signals seen throughout the kidney tissues, and each signal had
a very high intensity. On the contrary, the lungs did not reflect such strong signals in

terms of distribution and intensity. Only the epithelium lining of lung tissues were lightly

stained. As for liver tissue, signals were sparsely distributed. However, each signal that
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results. Since 6B8 and the other mAbs target the viral
protein inits native form this group of mAbs wl |

wmoioshe4zhl e to detect the viral protein by WBCESG2007/000134
bl ot. SDS-PAGE used in Western blot will unfold the
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vepe deteetediay infsosss ifoyas alse ated thaufoniniistod divertissyes. sigapls were
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of IR BREE bR R8I de@RAliRES FRNBEh Wokdh aﬂ&barﬁﬂia@ecﬁons it
Among_ the 8 nut antqi%l am nQ acid 240-247 on HA
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18580 THePint Pall18God @©6)d1bir8 inkd6RH Hith HINALviruk Bere kidney and

N-termnal amno acid in the epito s am no acid 244

bepin tigapes( fibg data igFabled supwmnft@éw ﬁ%ahllﬁu pEte mehbs phthe
ihvafidnl 0 ARk gﬂéhtﬁp %%%V%@n%l%gﬂ%ﬂ@ﬁbﬁ otheCRhRek. at

am no aC| 1 inclusive on hemaggl utinin of
H5-subtype AW Exarrpl e 5 I munohi stochem stry Thirty
HSNL-i nfected tissue speg g;;gﬁl? ¢f romyear 2002-2006
were tested. They include ferent types of tissue
or gans such as br ai Reveldpoheatyof AG-EBISA | ung and

panc noclon ?!ytlb\/\@ 711-Iﬂ) nla%ngv pe] e%falu?i{ea é(:enchIi'Igﬁ é).rocg\dure as

paraftin-sec ioned
fellvmye 6BB digM) vmsaedwlly Iddutednmhalffieg merech@sts asd wediorngat 96-well

tem (Dako .Cyt.o nVision + S HRP AEC
FRER s et LB QB TMED. e YRS Vaenhped o
50 pvef cafonitebufsérg ps mMﬁ))hdzﬁbweeB@gw aneé 30 @M dom chmijam;

20) based on a horser £l oxi.dase | r
THAPAHOTE T R PTG At § DA BOR S om0t 2 e
pIatas Svekd xbasﬁ@mrdéqﬁn& %ﬂl@h&pﬁé&é—ﬁhﬁe@d sdlih@ (FBS) contammg o 05%

n speci fic endogenous avidin-biotin a f V] tt%/
BSgbhebrgen 311 |Sl§bsequent incubation steps, and all dilutions were made
in PBST containing 1% nonfat milk. The plates were blocked by incubation with 50 pl of
blocking solution (5% nonfat milk in PBS-T) at 37°C for 1 hour, rinsed and incubated
with 50 ul of purified recombinant H5N1 recombinant HA1 (100 ng) or H5 ATV at 37°C
for 1 hour. After rinsing, 50 pl of guinea pig monospecific antibody IgG (diluted 1:480)
was added, incubated for 1 hour at 37°C, washed and incubated with 50 pl of HRP-
conjugated rabbit anti-guinea pig immunoglobulin diluted 1: 1000. Color was developed
by the addition of S0 pl of freshly prepared substrate solution (o-phenylenediamine
(OPD)), and absorbance at 490 nm was read with an ELISA reader (Tecan, Switzerland).
Optimal working dilutions of mAbs and monospecific antibodies were determined by

-

checkerboard titration. Optimization conditions were determined by comparing H5 AIV
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Paraffin-sectioned . The results of the staining of
paraffin-sectioned speci nens are shown in Figure 4.
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ki dney tissues. There was a wi de distribution of
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@ﬁdgteaIbSpaiyclcaialamipaty. mens fromdifferent years. The
phot om crographs of these stained tissues clearly show
that it was the neurons of these infected brain
tissues that were stained. For both frozen and
paraffin sections, it was clearly seen that only
nucleus in the tissues were stained regardl ess of the
type of tissues. The principal lesion (20) of birds
infected with HS5NL virus were kidney and brain
ti ssues. The data in Table 1supra denonstrates the
ability of the mAbs of the invention to distinguish
H5- subt ype AlV from avi an i nfluenza from ot her
sources. Exanple 6 Devel opnent of AC-ELI SA Monocl ona
anti bodi es 7H10 and 6B8 were evaluated in an ELI SA
procedure as follows: 6B8 (IgM was serially diluted
in half-log increments and used to coat 96-wel |
flat-bottoned microtiter plates (Nunc, Demark).
Capture anti bodi es were suspended in 50 nl of
carbonate buffer (73 mM sodi um bi carbonate and 30 n
sodi um carbonate). The microtiter plates were then
i ncubated at 370C for 1 hour or at 4C overnight. The
pl ates were washed three tines with phosphate-buffered
sal ine (PBS) containing 0.05% Tween 20 (PBS-T) between
al | subsequent incubation steps, and all dilutions
were made in PBST containing 1% nonfat ml k. The
pl ates were bl ocked by incubation with 50 nm of
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bl ocking solution (5% nonfat mlk in PBS-T) at 37C for
lhour, rinsed and incubated with 50 m of purified
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specifically to a |linear epitope of the envel ope

7. The binding protein of claim 5 which is a monoclonal antibody.

8. Monoclonal antibody 6B8 as produced by hybridoma 6B8 which is deposited with
the American Type Culture Collection with Accession Number PTA-8246.

9. Monoclonal antibody 8F10 as produced by hybridoma 8F10 which is deposited
with the American Type Culture Collection with Accession Number PTA-8245.

10. Monoclonal antibody 2D10 as produced by hybridoma 2D 10 which is deposited
with the American Type Culture Collection with Accession Number PTA-8248.
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i nf | spifiwaliyi to asorfatmptional¢pitepesf Sresnyelapg elygeprotein of an HS

subst i ' head: - il ndi : :
char Sl pd Bl DRV 08 i iy Mg substpgially the
met hdamodolegical bindihg whesactiristi¢siod nipnedinabansibodied B8, 8E1Gor
nnnogbggal anti body, a single chain antibody, an

anti fragnent, a chineric antibody or a humani zed
anti body. 13. The nethod of claim 11l wherein the

bl Pﬁd Lrﬂg mgtlilgfs S“f.’ crllalrlnsl S%Vhrcra?qu &1|e %?nadhlg%%tj:ig ?sdzy monoclonal antibody, a

single chain antibody, an antibody fragment, a chimeric antibody or a humanized

antibody.
17. The method of claim 15 wherein the binding protein is a monoclonal antibody.
18. The method of claim 17 wherein the monoclonal antibody is antibody 6B8 as

produced by hybridoma 6B8 which is deposited with the American Type Culture
Collection with Accession Number PTA-8246.
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14. The nmethod of claim 13 wherein the nonocl ona
anti body is anti body 7H10 as produced by hybri doma

WO Rid/1wiEh i s deposited with the Anerican TypRCIZ8G2007/€00134
Col l ection with Accessi on Nunmber PTA-8243 15. A nethod
for detecting H5 subtype avian influenza virus in a

bi ol DGihe alethsDERIHEN 7'Whefeth BORBICRAN AMYIFH drifods 810 as
speci men Wi th g}bl ndi n&)r protein that binds

Spoci Produtety hepridoms &F B ekich i dehosisgivisysbe dmerisra Type Culture
envel goRecby #APARidh MimR pTR-9dt ype of avian

i nfl uenza virus said binding protein having

substantially the i mmunol ogi cal bi nding

H ally ! e
S e A e D T T
pr ot ePiedycgd by kdbridernodR10 which isddyosital withihe AnwhieanType Culture

antib : ' , chimeric anti body or
a hungﬁ¥§g@pg@$%%%%g%l§§@ggﬁgkﬁ%@%od of claim 15

wherein the binding protein is a nonoclonal antibody.
18.54T aim 17 wherein the nonocl ona

ant b’g%yrggé(ﬁgogf ‘l(g{% %W%‘Iég CYerIsF so‘iﬂ)ﬂg“étb“gﬁjj’ie WGHReR 3t agpgond

whi ¢ hbindingippiein tha: spesifichilyt lhﬁds/tngﬁfe ieﬁﬂﬂbp@ﬁ@@o&d&hﬁ{qﬁn H5
Collection with.Accession Numbe TA-.8246. 19, The

et hotPbPe e i S ERSER. wHeRE B efins Praiein b agptws
gnt | Beinkin 't i déﬁét?iﬁa?% the @Aﬁugﬁ@einbm% btbltb”m'cﬁ ?{a&e&gﬂctg}u}mé BdiPthat
eposited wi| e ri.can_Type ure ection

wi t h REBRE S §RP dio pglecslivlemant. The nethod of

claim 17 wherein the nonoclonal antibody is antibody
2D s proodqugced by hybridona 2D10 which is deposited
Wi %1'8 ﬁﬁé‘%ﬂ}?gf’f@%w \leerein pt legstoneoff thedirst gnd seicond binding
Accegdteitls N ieabclbnbfart®ddy. 2 1. The nethod of claim 15
whi ch conprises contacting the specinen with a second

bi nding protein that specifically binds to the

enygl Talys] : .of avian

T ap ellolf SRR heftin 0 R kbl Mo Be o |
a capronpdonsi sndibedjesor ot ei n and t he second bi ndi ng
protein is a detector binding protein that contains or
is conjugated to a detectable elenent. 22. The nethod
0f 24s [Th¢ method ofiitrineil iwhatein tha $itst binding protdiisfimibiliaédonto a
secoggwgkﬂg%pg proteins is a nonoclonal antibody.

25. The method of claim 21 wherein the second binding protein contains a rédioactive

atom, is conjugated to a fluorescent molecule, or is conjugated to an enzyme.

26. A kit for detecting H5 subtype avian influenza virus in a biological specimen
which comprises a binding protein that binds specifically to a linear epitope of the
envelope glycoprotein of an H5 subtype of avian influenza virus said binding
protein having substantially the immunological binding characteristics of
monoclonal antibody 7H10 together with reagents for the detection of binding of

said binding protein to said envelope glycoprotein.
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23. The nethod of claim2 1 wherein the first and

second bi ndi ng proteins are nonocl onal antibodies. 24.
wab@smendd of claim2 1 wherein the first bi nPCT§G2007/000134

protein is immbilized onto a solid surface. 25. The

met hod of claim2 1 wherejn the second bLndLn% protein

c oA ks fos detating BiStsphigpev s influenza yups i ogigpl gpecimen
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vi r uspitepeaf Biegherlipe glycensetein 9ban ﬁg pubiype o pripnsiaBuegza virus

bi ndi RLakeln.: oY . i £ : bl near

epi t g%g bo 3 r‘ﬁ)(re&eel% 9@1}%‘@9 g 3t/1 g@g@gi%ﬁﬂdgglgbﬁl—%&% ubt ype

of avhanactéristibardmxaosionaliantibedybBS, B0y 2P 6 tagiether eith ngggents

char S0 fictiol b BRI B@ Bl o8 i apyctone shyepprotin.

with reagents for the detection of binding of said

bi ndi rotei 0.saikd,envel gpe gl veoprotein. 27.. A

o 25 affab i e Sl SPER SO ad ol R oot "

a bi @ﬂ_;c(h@ﬂcﬁmj' big@ﬁg ithﬁvelt_fﬁe_Cgtyclqlﬁmahli ofan H3 s?ﬁatypﬁ afgvian |
protein that binds,.spegifi.c 0 .a conformational.

bor t St e v B ey Sapisle R e Gos PRneaRTgp e
of avieadcdnabind@ipdeotsih isSdesaiotbiniling bRgsipthet @ntains avisng
substantially the i nol ogi cal bi ndi ng
charﬁ@%@?%?ﬁ?égdﬁﬁﬁﬂ%aﬁﬁﬂ%nal anti body 6B8, 8F10 or
2D10 together with reagents for the detection of

bi ndi ng of said binding protein tq said envel ope o
o1 3 B 8 ef ¢leim Ygvhersimatioaet ape o thaiiyst oml sponspiaggegpoteins s
conpghﬁgédﬁmﬁgﬁﬁﬁgybinding protein that specifically
binds to the envelope glycoprotein of an H5 subtype of
avian influenza virus, wherein the first binding

Pr 8 &hick 5 Rt dMefoiDind fitsp &J%%ng!bﬁhdﬁg?pr 1B5s £ aAGcional
binding protein is a detector binding otel n that

cont antitediss. i s conjugated to a detectable el enent. 29.
The kit of claim 28 wherein at | east one of the first
and second binding proteins is a nonoclonal antibody.
3@ 1. Thekik bf claifn 28| velierai? e first binding pioteif isrismmobilideds@tomsblid
bi ndi n roteins are nonocl onal antibodies. 31. The

kit 8Fg%$ain128 wherein the first binding protein is

i mobi li zed onto a solid surface.

32. The kit of claim 28 wherein the second binding protein contains a radioactive

atom, is conjugated to a fluorescent molecule, or is conjugated to an enzyme.

33. A method of treating a fixed tissue specimen infected with HS subtype avian
influenza virus with an effective amount of a binding protein that binds
specifically to a linear epitope of the envelope glycoprotein of an HS subtype of
avian influenza virus that has substantially the immunological binding

characteristics of monoclonal antibody 7H10.
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32. The kit of claim 28 wherein the second binding

protein contains a radioactive atom is conjugated to
wa@2dosuenescent nol ecule, or is conjugated to aPENEGIIB7/000134

33. A nethod of treating a fixed tissue speci nen

infected with H5 subtype avian influenza virus with an

effe i By sbeint hb@h duratigtibody,
44 ‘f? gtr\?dy'wt obﬁmagg wher@ LY S N 0

Speci I'i near epltop of th | ope
glycapﬂgﬁbwmwﬁ$0 antihody fingysat, Hmerq Séﬂgﬁmylrus

t hat ubstantlally t he |nnunological b|nd|ng

char ac erlstlcs of nonocl onal antibody 7H10.34. The
nmet hod of claim 36 wherein the binding proteinis a
“D_J,i)f'o ify ﬁzﬂib*ﬁ‘ﬁﬁ%ccl@fh‘lmg .
f ’ni;lé &rrc%a?@gxgr?t%ﬂle gia‘?’ o‘?%n%ﬁanllzed ant i body. (?5
The nethod of cIa|n136 wherein the binding protein is

p e I

7TH1O07HBY. A nethod of treating a subject infected with
H5 subtype avian influenza virus which conprises

adm nistering to said subject an effective anount of a
bi yydiAnGetRiduretdatings subjesidafestpdwith HSahbtypd ayiam influenza virus

conf or mat i onal Lto e of the en el ope cQ
o HETEhEppEe RIS RERASHIRY 0 ottt o <bilisd
subshpid fbhd binds Bﬁeoiﬁwﬂbﬂt@a%hﬁﬁhathnﬂd:pi‘n@e of the envelope
characteristics of nDnocIonaI tlbo %ﬁ§ SEnggl
2D10glygmrotginef srtih sabke of ayidhi has Uty
pr ot &} Audotogioal NGRS SiecteREtids bﬂﬁymocmnamnab@dyaam 8F10 or
anti body, anti body fragnent, chineric antibody or
huma@P¥&d anti body. 39. The method of clai m 40,
wherein the binding protein is a nonoclonal antibody.
40. The net hod of cl aim40, wherein the binding
prift Fhembthodrofaimaaivheein m&a@r@sgotem iya mvﬁ@kr?él whods
claim | PoghRRak
ant i BO&Y "’é"#‘lg““%ﬂ@ %}%ogk'et tQ ce?ig:a?ﬁhb}ng\her ein the
bindhﬁﬂmaﬁoteln S nnnoclonal antlbody 2D10. 43. A
neutralization escape nutant of avian influenza virus
strain H5N3 which

39, The method of claim 40, wherein the binding protein is a monoclonal antibody.

40. The method of claim 40, wherein the binding protein is monoclonal antibody 6B8.

41. The method of claim 40, wherein the binding protein is monoclonal antibody

8F10.

42. The method of claim 40, wherein the binding protein is monoclonal antibody

2D10.

43, A neutralization escape mutant of avian influenza virus strain HSN3 which

comprises a mutation within the epitope of the HA sequence of said strain
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conprises a nmutation within the epitope of the HA

sequence of said strainrecogni zed by nonocl onal
wa@rioshedys 6B8 such that the nmutant virus cannoPCheG2007/000134

neutralized by the antibody. 44. The neutralization

escape nmutant of claim43 wherein said nutation is at

ami noreaegnize? BPmondelondl AebidyaiBsZadH t?z[t ﬂﬁ;‘xﬁ?mm vﬁﬂﬁ @fbot®k

avi an_j Vi BUS strain H5N1 ( PR8 iC

conpr?%lgrgﬂzesﬁﬁﬁlgtaf“bbr? %ithin the epitope of the HA

sequence of said strain recogni zed by nonocl onal

ant '4b§|lq¥ SF%auch that the nutant virus cannot be

nedtt aPy Y PhesCans ARG f clati. 43 prhereisdid mutption s afpmino

escapgidagsant of claim45 wherein said nutation is at

amno acid 210. 47. A neutralization escape nutant of

avian influenza virus strain H5N1 (PR8) which

COMBI A $&\firaBzalith INRAGRY

sequence of sai g&g&?ﬁ%ﬂt?g%égm Ze ﬁﬁﬁngn%cygnamg)wm‘;h

ant i FOEprissHaudatien withinithe epitopeefih HAlSM}lsn@axﬁ said stion

neutr. T ut r a |zat|on
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ani ndegiggligedibpsthe antibody.

46. The neutralization escape mutant of claim 45 wherein said mutation is at amino
acid 210.

47. A neutralization escape mutant of avian influenza virus strain H5SN1 (PR8) which
comprises a mutation within the epitope of the HA sequence of said strain

recognized by monoclonal antibody 2D10 such that the mutant virus cannot be
neutralized by the antibody.

48. The neutralization escape mutant of claim 47 wherein said mutation is at amino
acid 175.
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