Monocl onal anti bodi es capable of reacting with a plurality of

i nfluenza virus A subtypes The present invention in general falls
within the field of inmunol ogy. Mdre specifically, the invention
concerns nonocl onal anti bodies directed agai nst the HA

(hemaggl utinin) antigen of the influenZa A virus. BACKGROUND OF THE
| NVENTI ON The annual influenza virus epidem cs represent an inportant
cause of norbidity and nortality throughout the world. In the United
States of Memicldhal drtibbdieSbibIRbHdadting withBurhig b f 2P0edd Qirke A RUBtyPdse
hospitali zed each year. for syndrones connected to influenza viruses,
wi t h about 40,000 deaths nore or less directly related thereto
(Thompson gl aleent AMfion 3R Wner301s AR RY 5ARR Sk h AL, NESE iAAS
we nust al so ‘consi der the ases, I n exponentrally highegr nunbers, o

i nfected dhbineeitontchntersst ragncatontlamibddies diwcted agaihst e HA flipnpepiutdin) an-
wth inevitabIF egﬁponic repercussions due to the | oss of working
days. A rdBERPTREIPUEREAY XEPS ot al .. Vaccine, 2007, 25: 5086- 5096)
has estimated the nedical costs directly related to annual epidem cs
at 10.4 billions of US dollars per year, to which 16.3 billions of US
dol | ars mBACKGROUINIA OFTHE INVENEION hgs due to absence fromwork. |f
in the calculation we consider other itens too, such as the
nonetization of the econom cal |osses |linked to the death of the

i nf ect ed Sibjapnuad influenzaavinus epidemips sepiresenthan importantichtise of imyubidity Andinot-

epi dern cs MR uORPR e bR EEERTELEGlen oE WPl R i RO )

nmoment i n 200,000 @adplé dietiospitiliged ach HRarofoP eRldedii® RhndcRidl th @Rhenyd KiGRS,
new to man, explain the considerable interest in the search for

ef f ect i ve Y4ty 2Roup &80 deathsnmarerprilps dirspibatplaied thertx(Thompsanset al., JAMA,
curr ent | y 2060128017318 hpab k'R fifes bRAGAE IS EoRABHEAL <L it fifAen-

epidenmics in some way is an inactivated trivalent vaccline contai'ning
viral i soltiatlehigher nyerhers, hbinfestedsubiatts thanstay ableomesfop oresd o1 lessilong pdrinds,
epi dem c Qf: .t next influenza season. This.king of,prediction, based
on epi demg% o@?‘g%ﬁi(ed%ctogmmcnrﬁ%%‘nfsgmrésa? eyml glglkéstsiogn“sm}“ﬁg gg#é ‘%ger? Iiltn‘g$&
geogr aphi ¢Malinabet allp¥acoi 260M25:S0BEHS096) s Estinfatedald medital cddisiSirectlh e¢-e

is anot at all negligjble risk, which is present year after_vyear,
that the tedimerbeaiemiss edabuber atrS dllaet verivedn forytien 16 ilietspt
m ght proys deitbshad beabdad PR &RlihdiSiue td ablade FRR Sorl@3f WRhd cAlduldtldin
the case of a new pandemc, the only avail able

pr ophy| actWecgonsiderspthertitemsztoel, swotu hsithigananstizasion rof theoecohamicaldosses linksddl to
cl asses o VI - Sl [ in i nhibi i he:-and
ri mant adi E\%ﬁa%&g]néftﬁ%]g#%ge@rsgpﬁeﬁg&g% %IB?'%& ?‘g?st t8 re '?'Sltseg%feaéﬁl\g? ‘?it %%ﬂ BificH
zanam vi r pf USodellses. These écoh@nisaltdasd ligtedtvoith the maudl epidetids) opttheswitlaa

be al ready, e cted,. related both to the neeq to m ni ster, the
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appear anc@f infilefAa viraSes et 88 Hivn QP 18 chHRVRM S inl;éifestriﬁ eeAOh forlefdtive

isolates. An alternative effective strategy could be 'based on

neut r al i zstgegier tolsorfpinghespasadiof Bigee diusexst ed agai nst critical viral
protei ns and capabl e of recognizing portions .of such proteins which
are shared anong the different isolates of influenza viruses. For

bet t er undmesithy)dienghlphvailbide pal Ertfacidg the aamuahinficaaa Rpidemied isontdway is
passive adm ni stration of antibodies, it is useful éo bri efI¥ rrﬁgti on
Dhe mai n- &R FERYASR tivlstt yeeanc onating Hral irelpseanjiertadhal propprmablk piill 86 55
viruses bebaRid Rr tHeCepidehliO BY the bkt iAAGenz A Rakdn. aMEs 13hEoCHBdiakdre bhsel Gn
by the presence of an envel ope derived frominfected cell nenbranes,
on whi ch spidemiclogicabista Sipkedstoicady isalationy ipseme sentinglgeogfaphie atpas, glogsnot
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after year, that the trivalent vaccine developed for a certain influenza season might prove



Wthin type A viruses (the only ones responsible for pandem cs and
capabl e of causing the nost severe syndrones even during annual
epidem cs), different subtypes are al so recogni zabl e based on the
antigenic features of hemaggl uti nin and neuram ni dase. The subtypes

t hat have affected humans in the coursé of recent history are
subtypes HIN1 and H3N2 (still circulating at present and contained in
vacci ne preparations), as well as subtype H2ZN2, no | onger circul ating
si nce 196&ubsiahtiatlg pefBitblee for the so called "Asiatic" flu in 1957.

O her subtypes have sporadically affected humans (HON2, H7N7, and the
so dreaded recent H5N1 subtype), but they have not succeeded in

spr eadi ng Iﬁftfa&c#ésé’,eisywap% & o 8L RY o ﬁhgT 5%&%@&9%&%}5@% gmpmgc-

role of the surface proteins 1s essentl e vira t1ron
cycl e. | n tigdherapautiaaid wenid getoursant tn thestwolmraifablet dassestdfantivital dwgs:ttheM?2

virus to recognize.the siali.c acid present on.the surface .of.. S0

vel I's, " andit e infBibRiaBatadifie A5d GoBhEFRY, A0 e Seobitib AEe RhpiaTosek
of the vi rtahiviresldi ZafdrhiOft). CiowdeRer, inls sitBatidurtdd) @ seh@ dfekehaaes @h baeWeady
virus particles fromthe infected cells. Its function is to assist

the rel eas@PentedhErhierpath fonihm nesd to pdminisigryhe aptivisds in 3 Yoy sarbrstage ohthe in-
sialic acifephCarnb ifrabiGppeHe Sufl ERYyloc ¥ HBUAMH A ed R Viral
The key rolé pl ayed by ?%egg tmo’pgggg%ﬁgy a§°®e agﬁgﬂgir ﬁ%sp ag
on the virsdatsur f ace, explain why they represent the main target of
the i mune response, and why they are susceptible to a high rate of
mutation. In fact, the annual epidem cs are caused by viruses that

aL e rr?r e ‘Q&n hlwﬁatiilfbfeﬁédlitm&tshﬁ}’efgﬁmm bf-)'h%d:bh riehﬁaltﬁ@dwibﬁdyypﬂﬁaﬁatioaﬁldi—
therefore are nore or. |ess effectively e to escape the i ne .
response AR 8gaith Pakicad VirglPratee ra“&ﬁi“l&gl,% tiHEcPEHIEcRShqRs of suich proteins
accumul at ivaiciPdre BiRdr&H arfdHpahd GfSrehfisINEREIAL MdnPA BinfseRst | y) and
neur am ni dase (secondarily) nmakes the protective antibodi es, produced
in the course of previous epidenm cs, on the whol e progressively

i neffecti 1R . Lve, role ~wthij [ minfluenza . .

i nmune re\s/%% R§€§|“§§%F‘§’§‘Ie‘§é gf/&te ﬁgteﬁﬁ%’rf \a% ag%r%%%lgaﬁ%f&%mei _a(L)S |eea§@%§?5trr ]
t hei r prottisatdf\aativalie, firis nwefillty brieflemestionntie wiaihstteeirdli faduseg obthe influ-
hemaggl utinin to sialic acid, thereby preventing infectign of th

cel I's. SucH*hViEEFe Fy@ﬂﬁ%\@ﬁlﬁ@%@ﬂl&ﬁﬁﬁ%’fﬂ’i%gﬁ‘ff@ﬂwréwﬁy6?3 HECATPSN
i n hemagglistided 'bg theJREBALHT a8 leHFHIGR RAVIIORJIE thided R1NESRG Ses ! dnWhlch ap-
subtype from 1968 through 1999 have reveal ed a total of 101 4 amno
aci d nut atresaiebrd0q splesire preseppleivaed loasgaocetiong Sugle Prgiectiong copsigin
aver age of L e - 000 jqﬂﬁi

occurred ioﬁ%{?ﬁg}s s%ggfﬁ%ﬁ%%ﬁgglzw\%e{mﬁ ?tg#ta‘lrlﬁagg&?%}ceﬁ%@%g'r cu aﬁ@:"ﬁgﬁ“ HA)
vi ruses t laad hetuaminidege YNA). Awntegrai dhaatiraneeprofeint (M2 )pie rabso Sowmlcen the eave-

i mmune- medi at ed. sel ective pressure. 95% of these nutations were found
1 the HATORFCHERGR GUTH ROt RTEoon i ich v B5ghe® dppesced (P ReFGEyaHn
in the bingll Aeurk@inkdadéd, afd MG Srgatibddh fetaely. @ high variability,
however, sone unchanged am no acid resi dues have been found,
indicative of their essential role in the function of the protein.
These he | .Uk i i  d ' ; _
or o35- nour a1 1D eAek YBEE i Rt SREERED By ERberBl il the LB, B 0 s
i nf | uenza nwintedsgeroméicomprsed of 8 dimplstetiiat RNAefragnadntss Based roaghe fegtunds| df
not be able to induce an, effectiye i bpdy. response in nost . .
Dati ont o, saEEmtREVHLENG Hkon DY fnd 1y, JREY i RERAT Fonben ee resnenisolsis
has cert aitjjleys 3R E 80P (@ very favorable evolutionary step for the

virus. In Tact, when referring to anti-influenza inmunity, three
different types of imunity nust be taken into consideration, which

Fonor oo S PRARI R ket st i a B RERRE AR BHEC i

are responsible for less severe syndromes.
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viral proteins, such as for exanple the NP protein that constitutes
Its core. However, recent 5 studies have shown that m ce depl eted of
CD8 | ynphocytes are still able to display a heterosubtype i mmunity,
in contrast with mce depleted of the type B | ynphocyte conponent
(Nguyen HH, J Inf. Dis. 2001, 183: 368-376). An even nore recent
study has confirmed this data, highlighting a crucial role of

anti bodi es, even if not neutralizing, directed precisely against

epi topes that are conserved anong the different subtypes
(Rangel - Mor.eno et al. The J of Irnnunol, 2008, 180: 454-463). OBJECT
OF THE | NVMURITONPOA Virses e anlysgnes Fasperstble for pondemits abd vapablend calsjragthe
of the pr toed ' | ' - honocl | .antj bod

pr ef er abl ;ﬁ ﬁﬂr?g%é}%rg uﬁgensi eilg%?uﬁlfggg@nﬁ@ee%é%%l%sg’té%ﬁ%gmcﬁuﬁ’#yg‘?se%? also recog-

subt ypes ofizabebisad bu thezatigenic featiresAf btinegslabijieaid lrdlifid e e TR ubtypes
anti body, preferably human or

I nvention ks, t0 provi a nonocl onal

humani zed, B8 e ﬁggftF‘g?’P’?F‘?fgmég? FONTES, OF TSGRt destaniarq HbEPST B b eand JI3N2
the infl ueetid cfrcilafins at SreSdht ARd ki i i t

of preven??%n mﬁenlggﬁiﬁygtéred toagggﬁgﬁ@gﬁg%Bﬁ?éﬁ?ﬁ%%S%ﬁgéﬁggg, e
use of a MR T8y lopgaTeirYaing winesclIeh and sespotsids for she $tucalliad HAbiatelt Bu in

woul d giv f oSl . t ant i bod il rtainly be
wel | tol or o b MeLaBORER AL SRl e BN B YR SE suf et aeiaced
anti body rreespbHSN 1 tsubtype)sbut itheydiave het snasedel o sprelirig arReNvely Addl dififacing
above-nen%hg&ggm;eatq;es could represent a key factor for the design
of innovative va@gmgﬁ‘éstyl?‘?ﬁ'pabl e of inducing an extrenely nore
effective, protective and broad-range i munity, conpared to that

I nduced byn%he cyrrent|y used vaccines. However, the achievenent of
monoc! onal TREAPierS dhesirigbe Brotainsrs gysepféal inl e virakreplication cyple Ve darticultrg he-

extremely nhgbfutinth & the Protein that allows the virus to recognize the sialic acid present on the

surface of some celis, and to infect them. Instead, neuraminidase operates at the end of the

viral replication cycle, that is during the release of new virus particles from the infected
cells. Its function is to assist the release of hemagglutinin of the newly for;ned virions from
the sialic acid present on the surface of the cell that produced them. The key zole played by
these two proteins, as well as their display on the virus surface, explain why they represent
the main target of the immune response, and why they are susceptible to a high rate of mu-
tation. In fact, the annual epidemics are caused by viruses that are more or less different
from the ones of the previous years, and therefore are more or less effectively able fo es-
cape the immune response they stimulated. In other words, the progressive accumulation of
point mutations in hemagglutinin (mostly) and neuraminidase (secondarily) makes the pro-
tective antibodies, produced in the course of previous epidemics, on the whole progres-

sively ineffective.

The main protective role within the anti-influenza immune response is played by the hu-
moral component. Antibodies exert their protective role primarily interfering with the bind-
ing of hemagglutinin to sialic acid, thereby preventing infection of the cells. Such a selec-
tive pressure determines the high rate of mutation in hemagglutinin. Sequence studies per-
formed on H3 hemagglutinin subtype from 1968 through 1999 have revealed a totﬂ of 101



i sol ates of the influenza A virus, subtype H However, this patent

application does not provide an enabling description of antibodies

capabl e of recogni zing isolates belonging to different subtypes of

the influenza A virus, nor does it describe in an enabling way the

attai nment of antibodies with actual nebtralizing abilities towards
I nfluenza A viruses belonging to different subtypes. Therefore, in

spite of the fact that a nonocl onal antibody with the ability to

recogni ze @mido reidtmuthiics (bhe tdiaf bLa@RéxiGulelyyTHRSantiho tabifls), With #ANZ8rafe of

virus has bee ought for.a laong tine, such a need has so far
r emai ned f"’rbDB‘é 2 FuleonE BrsienT DK SmUfitions Ny ReENFerB therstudiod period were

i nventors reaiRd SWHRcirahIRth Y/ viAlECRE AR widl R \Sb,qhﬁ‘igam%?ﬁ#ﬁﬁ?skstenc? of an
S. us, a firs

antibodies with the above-mentioned desiTable feature
obj ect of mpangyRediated selreline prsssure 958%nefrtbeseomathticns twepo fhyund iin detlEA] he-

agai nst t Al |gen of the i.nf]uenza. A.virus, . oy s
char act er pﬁ%%ﬁ@gﬁée“?“ﬁg‘ﬂa TtZ}Q %hg gcbnlc r%igr e%[?'l IW?JV%J E'JB? 35@&‘8&? sfafjg acid. Within
i nfl uenza sAclva high vatabitiey dwelireeimedlinchiire® bBHR icid RSRREL RiVeltRed found,
monocl onal, %ntjb%%y directed against the influenza A virus, o
char act er i'DUERNYG R RFMEFSeptabRle i fhsi fagrtian of vhe Brotewdhase hrmagilytinin por-
subt ypes afon Rrdséttla ' € i B feg]
nonocl onal an{b?body ﬁg%g%lﬁgeeégﬁ?ﬁ? Trﬁgéﬁegﬁay\ﬁgr 0 %&%ﬁ%&%ﬁ%ﬁ He?ldllfrt{grf b-
as the antyrgenf inflvenzroviniseso fweugr it hoplicdistable thitesuthgivns o4ll astbe able to

pr ef er abl J ol ant i bodi es. ..The attai nment of human_.
nonocl on a?{nd;'{r%??!g Slglécélg ¢ g@:u ol ?lg ?%SBQ?SS RSt R‘W%{p{’f’ iSBi§© a}?ofrz;r“fatﬂéi?t Sugh tagets dide
proper ti esn anmugiesilenti doed has ceteiidy repratedtbEa Q¥R dTRNG elolStifihiyaiep 3R the
follows. 7 1992, Proc.Natl. Acad. Sci 89:4285. Such bibliographic
ref erences™¥e provi ded exclusively for illustration and not
limtation. In fact, other nethodol ogies for the preparation of
humani zed anti bodi es are known in the prior art and can be used

wi t hi n t hén fck gdhen refagringttp onti-inflvenzat immiunitgnthreefdiBerentapss of teasiginainast

o i, B RS R PR B
abi I'i ty ofbdvendi ng nmultiple influenza A virus subtypes is
specifically ﬂ%ﬁétBE%dé]Ihm%l\]}l%lYl ?é’]‘éittg? toet)}(lg ienrdiivtirglglatl E1'as|ola?ee.(’:I%1iis()ti)r1155 of immu-
nity is always seen after an infection or a vaccination, but it provides a very limited protec-
tion against other isolates. '
HOMOSUBTYPE IMMUNITY: related to isolates belonging to the same subtype.
This type of immunity is often seen after an infection or a vaccination, but is lost when the
mutation rate in hemagglutinin and/or neuraminidase increases considerably.
HETEROSUBTYPE IMMUNITY: related to isolates belonging to different subtypes.
This type of immunity is extremely rare both in case of natural infection and in case of vac-
cination. From the strategic point of view, it is the most important immunity, as its pres-
ence and stimulation would be equivalent to the resistance to infection by every type A in-

fluenza virus.

Until a few years ago, it was thought that the heterosubtype immunity could be achieved
just by stimulating effectively cellular immunity components directed against less mutated

viral proteins, such as for example the NP protein that constitutes its core. However, recent



The nonocl onal anti body produced by clone | NF28 (desi gnated as Fab28)
represents one preferred enbodi nent of the invention, as the

i nventors have experinentally proved that this anti body displays a
neutralizing activity towards multiple influenza A virus subtypes.
For the sake of brevity, such an i nmmunot ogical property wll
sonetinmes be referred to herein bel ow-as "heterosubtype
cross-neutralizing activity". The Fab28 anti body is characterized by
a heavy chsudiesvieave aldven thanmice depleted toff €DBnliymphagies atcasilienictoInpldyld het-
NO 1 and a |ight chain variable domain with the am no_acid sequence.
SEQ | D NO %OosupfyBe FaRraibt inyeondragh raft wics deplgted o1 ths tyra R Imephegyte pemppnent
vari abl e degpaydn H ) NG h el | i

Uhe 11 ant oy o Pai Dty S00h IS SR 1 RS ISaneElir s ek
exper i mentthis datsg highlishtingca eeigl rofee ofrantibbdics, even iffnot meutrabiaing) dinexted pre-

anti bodi es,. i i Fab f ment. s .. v ojher'

ant body” reiftudeaist BSH AR B5ehBdhod BITRINE kAT Bhae Bk s
t o be par tal.dfhetiod ramopa, 2508f 180: Up4ra6d)i on. Non-lim ting exanples are
whol e i mmunogl obul ins, or other kinds of antibody fragments, such as
for instance F(ab')2 fragnent's or antibody fragnments snaller than
Fabs, or eRIECEorthal nhawerioxe sane i mmunol ogi cal properties as

t hose experinentally denonstrated for the Fab of the invention. 8
4,946,778 by ,Ladner et al., hereby included as reference. Single
chain anti I : i i d.h va.chai n variabl e regi gns
li nked by Cg‘P e Sasiy LM e 1o ?‘F{%ég‘;z}lﬁu o‘%}’\}"%? ér%taﬁgﬁetse%é%‘feﬁtﬁo 540 ROvide s
si ngl e donmpommclantli dntibydy, prefarsbly dinmbh ef hirthatizddheeastiveglp@inethihi @ifferent sub-
anti body, ,as it.conbrises only one isolated VH domai n. Techni ques for
obt ai ni ng WA -g‘eé‘%ﬁ'ﬁf”r?‘SW%odi es having, at least partially, the
sanme binding ability as the whol e anti body, are described in the

prior art. Ward, et al., in "Binding Activities of a Repertoire of

Si ngl e | ndHeHsgobisel onthyRresans ievenbinniint Bievide padotactnmaEersibedy, preferably”
Nat ure 341 < arfSC Ak . | ¢ g

vari abl e %ggl?gﬁpg'%nan ah{vlhggglg&ééﬁggg@ !%gﬁhgwtﬁ%ﬁﬂggypgﬁn&ﬁ%mﬂgﬂa
ant i body) Awiges. a sufficient affinity for the target epitope to bind
toit in an isolated form In the description that follows, the term
"anti body” wll then be used to refer to all the enbodi nents

nent i oned Sablpweantibby Wela Ge vh effectivembands fpRdlehitsh widddhii ASeRA kS pAfents
ot her anti bady fragnent type single chain anti bodies, sin .domai n

) S | ) l e
ant i bodi edt rigg Furthegaorep e aba human osdumenizest mpmlqnnl/@mbp@n%rrhwgepa-
gener at ed ;2d wda R f i 1856001 A
carrier | s1 any rmlchécél]a[ %noéﬁ?ﬁ%%égé%ytgé 5}%@8 og‘:';lk:lg er{aﬁ.]?tﬂ g%ggoé%r?%mof
conjugating with an anti body and making it imunogeni c or increasing

SO e it i ‘ . o
such as. | CERME e spE i gy CERBEY StH Mt Or Pody FERRAREGI R Y. the
al bum ns  asnbelvhdl ensiydyrviel BiéMibové-Beftoned fEMIFR coRI HipraabitWkdy fakisor

erythrocytes such_as sheep erythrocytes (SRBC), tetanus anatoxin,
Chol era affitdsgien of BBpyative vaccaiss ¢apablecef indcingan exiagmells more effective, protec-

e’ bin ge a1e 7R R, Euflhir o BRe15 ol oo By MetBlreh o8 nockll

or NNterm nus nay be nodified, for exanple, by the insertion of
addi ti onal, am no aci.d resi dyes, for .instance .gone or nore cysteine
Fesi dues FIRFVEL B8 Apipeyement ol monaelonplianieotiks viBalch propsicehasRo fraroved
properti es bediemeMidiffice shown in detail in the experinental section
that follows, the nonoclonal antibodies of the invention (especially
the antibody Fab28) are particularly suited for use in nedical
applicati Lk ' . v&F@{ﬂé e. [ he
broad-rang.géE)I}t%g%qngt&%a?%&éﬁ@ﬁé&gpeu |fgﬂ? Ir‘%ra?t lﬁg%td aogﬁ %ﬁﬁ Eggiz’ajogﬁ’&
scribes Fab fragments capable, in ELISA assays, of binding to the HA antigen from various




Thus, the use of a nonoclonal antibody of the invention, preferably

t he anti body Fab28, for the manufacture of a nedicanent for the
prophyl actic or therapeutic treatnment of pathol ogi es caused by

i nfluenza A virus infections, such as for instance the influenza
syndrone, is within the scope of the invention. In this context too,
t he expression "Fab28 anti body" includes not only the Fab fragnents
but also any other forminto which the anti body can be prepared, for
exanpl e whisbletes wirtireoimtloénzh A sirug tstigtypek HAdHoWwéves this patt hpigamiat does not
single chain anti bg%}i,es, etc. As de,gc i bed in get ail in the )
exper i mentBPViesen epabling descrptiepimibodics Gapeile ekreregnizingisplatss belongias by
mol ecul ar AffeleMONbEBENH e BFIuehATA WidGs, h6PHBE R cﬁ@{ibteril?%feﬁbﬁﬁ?wa ipe at-
| ynphocyt e capabl e "of producing cross-reaCive nonocl onal an |b% I es,
t hus abl e taiymeatolymtibediwpeithcastual houwealizipg iahitities toovavdst infludmza tAviruses be-
reference e ed to herein below, which belong to

di fferent lgﬁé%eﬁﬂ%?n{ﬁﬁéﬁéﬁfl uenza A virus: HIN1, strain A/ PR/ 8/ 34
and H3N2, strain ALPC/1/73. The specific procedures used to generate

the transfQrned B cell Lines from patients' peripheral hlood are
descri bed ﬂ‘r‘?‘r'r{f‘?fg’ Bpue Ph@'ﬁ?aaﬂt that 2 plogpclonal antihody vath the philityte sesgamize and

used to C|1@ﬂﬁaliz€@hé}&ilﬁ%§en?§ﬂb€§k £ . L Obe j Nbadk
portions of the Fab28 anti body %ﬁgﬁ%ﬁiﬁﬁﬁﬁﬂﬁhare Iégi‘%r}lflf)o\ef% I?ﬁé)#ﬁlg’
exper i nentsgth aneadibgnso fes repained gmistrated. pr ocedur es to produce them
reconbi nantly, both as single peptides and Fab fragnents. The ability
of the nonocl onal antibodies of the invention to react with cell

| ysat es | BESGRIFTIONIORITHEESNVENTION| uenza A virus subtypes were
verified by ELISA and i nmunofl uorescence. In addition, a neutralizing
assay was carried out in order to verify the in vitro biol ogical
activity dhetpieseaninvendischave! frjcRinglyas 8 ded 'ﬂ?pﬁﬁhﬁﬁ% %hbél?ﬂa\t IR
a heterosubtype cross-neutralizing activity towards the reference
type A Vi Wﬁﬁ'ﬁ%@b%@eﬂé@ﬂqqﬂﬁ‘é@ﬂ@gaﬁtﬁme. 10 are extrenely effective
in conferring a passive immunity towards the influenza A virus to the
subj ects to whomthey are adm nistered, and that, accordingly, they
are parti dbkgrd frsughgeatlofithe prbsenbingardion dng enopocpiny laatiticdg divected against the

t herapeutic treatnent.of i.nfl.ugnza A virus infectjons.or pathal ogies
directly GYREERIIR ptgen of the infuinds A, Vi, chareclsripedk oY biiag:atliofo blog) guult-
exanpl e oblﬂuaﬂp@dfhﬁéﬁgh@&amimge i nfl uenza syndrone. In addition,

the identification of the henmagglutinin conformational epitope that
Fab28 binds to is described in the experinmental section. Such a

"egi on antk TR GRERSE Al EetlaRtn SRRl ah RO Rt

1337 and HB8g&arke girds)ebarecteriyat bydgving a nEhtealivingeetivingtosfardsheultipls isdbtgses

i s based qp.the.hemaggl utinin sequence from HIN1/ A/ PR/ 8/ 34 isolate in
he dat abSC B pr AR SRy ity SR G nendilaine mapociageb ety faenizes
i nvent i onirifliefzaA alridliemHgpbhingHAD @S ihe atizeaONpPr i sing an effective
anount of a nonocl onal antibody of the invention as the active
i ngredi ent and a pharmaceutically acceptable carrier and/or diluent.
An effect iy LS ' ' 'Fpﬁmg : £
effect int gﬁgﬁ&g%a(l:?ﬁt %btghv%%u?c b?ﬁ'ghtzograrz%% |ete?%)ll I'S %ﬁhﬁﬁéﬁg‘?e ,l%?%nras’
exanple to neutralize the influenza A virus or interfere with the -
virus repljcati.on. In.this contex he, term'subject” desi tes.any
an mal  hodbé Ao phnt BRROLGTE nbaSi BeoHin 18k ByeonrRg s -
humans. Ngig-grogerfidsage @saiiRd e kil IR speRenaBeaitnl thalfbllovaccept abl e
carriers or diluents for the phannaceutical conposition of the
invention include stabilizers such as SPGA, carbohydrates (for
exanpl e, i - i .
ot ot o1 ns. 21 ek atorl B e Shiloblhs (ELHERRE bR e AL khouclper,
as for example described in Baca et al, 1997 J. Biol. Chem 272:10678-84 or Carter et al,



The nonocl onal anti bodies of the invention can al so be advant ageously
used as diagnostic reagents in an in vitro nethod for the detection
of anti-influenza A virus antibodies with identical or simlar
neutralizing properties in a biological sanple previously obtained
from a patient (such as for exanple a &erum plasnma, blood sanple or
any other suitable biological material). "Anti-influenza A virus

anti bodies with identical or simlar neutralizing properties” are

anti bodi es199aProdiNgtll Acad Bt 428805 ydhebibliGEsphREtHfdral de? alJpratided iekdlu-
versus the . influenza A vi-ns._ These anti bodi es ”%Y be found in the

bi ol ogi cal Sehnfar dlystration 4nd ek limiations In tact; athen methpdologinsdlor g prepargienph
to an inflyensdeariitodies af kidSmd ; ' -
adm ni stered a nonocl onal anr?’i bogiﬁwﬁgqﬁ%\“?ﬁl}%%%dP'(;&?mttﬁéeﬁaé%%ﬁ%n
or prophyltaetic or research purposes. An assay nethod for detecting,
in a patient's biological sanple, the presence of anti-influenza A
virus anti bodi es having a heterosubtype cross-neutralizing activity,
conpr i si ngrirQittaieicnner ¢ blonsatiehidhat g IR, INEIEH) INSFY, TNF3D, IVPACAHANTRIF4T)
antibody of the [nvention, as a specific assay reagent, is thus

i ncl uded i FPAlRoLRIBiReing mpppclonal antibedies inthauforn of Yale Hrgmentsawith the in vitro
qual i tati vy oflbABkelAbIHNR i AR A1 lidsb G ]
anti-influehggoA vj%%s an??ﬁo |egiﬁadﬁ§g a et%%%gﬂ%?§%g£b iRt for
cr oss- neutlpwingzxpeyinentdl vectipnmay be carried out by, for exanple, a
conpetitive ELI SA assay. Thus, a diagnostic kit conprising a

nonocl onal anti body according to the invention as a specific reagent

i s al so WTHeiortdonsicambodf probhecel By @ftink ONF28 (Rsigddtéll & FabD®) Rfresents one
particul arl dﬁilgged for the detection aor quantification of

ant i - i nf | FEffsEedaebodiment afithe givertiona o5 thg aveRorehave mpgpaentally proved that
Cr 0SS- Neutihidlah#bdag EpldyY atntutrAWipdR bR Wads fhl i :
bi ol ogi cal sanplegégﬁiaéd f?on1a?%§figﬁ?. Sig?ngfy, f e %ﬁﬂ%gfg% ©s
ant i bodi eFosfthe pakejaf\bsenityo sughegrpismmenolagicah prapedy withis@Bptimenbe esferswdto
as speci f e £ eAGant Sald @sﬂrbrﬁéé%ss@eht}%iziﬁ Ofifpecti ng or quantifying;
in a previously prepareé | nogeni ¢ or cCl'ne’ conposi tion, epitopes
capabl e of evoking, in the subject to which such a conposition has
been adm ni,stered, anti-ipfluenzg A virus_antihodi es havin . .
neutral i z%%aﬁisp%@@éwi%@m by hepyyi ghaip veBahle, darpatp fvithithe amino acid -
nmonocl onalseqRhédOEY 1B NONCarddy Bt Afin vaR#Hle HomAin REHEME S &f{dz sequence

cross-neutralizing activity towards the i1 nfluenza A vi.rus.

vacci ne oSEQHRINSY2nThe miclaotidersdquence gacading for thedieayy dnirbyariable domain is
nonocl onal { I ion could be i.ndicative. of the . .
o esence. SEQ D NEEY affl ek M B oG n o IRNAE vt dbagin i
nore epit GESIECEPabl e of stinulating the production of anti body

cl ones capabl e of recogni zing an advant ageous epitope, such as for
exanpl e an epitope capable of eliciting a heterosubtype i munity

agai nst t g phrfithibks McPexeMinbhtal section describes the manufacture of the monoclonal anti-

bodies of the invention as Fab fragments. However, other antibody forms too, and the

manufacture and use thereof are intended to be part of the scope of the invention. Non-
limiting examples are whole immunoglobulins, or other kinds of antibody fragments, such
as for instance F(ab’), fragments or antibody fragments smaller than Fabs, or peptides that
have the same immunological properties as those experimentally demonstrated for the Fab

of the invention.

Single chain antibodies can be constructed according to the method described in US patent



Finally, the nonocl onal antibodies of the invention may be used for
the manufacture of anti-idiotype antibodies according to nethods per
se known. Anti-idiotype antibodies are anti bodies specifically
directed towards the idiotype of the broad-range neutrali zing

anti bodi es used to prepare them and as8such are able to mimc the
key epitopes they recognize. Therefore, anti-idiotype antibodies
directed agai nst a nonocl onal anti body of the invention are al so

i ncl uded i 41946)F78S@ODEIne et bl chekdbyandtiddd. as Téereh@ BRpictaif aREbd A& Wotprise
section is provided sol el of illustration and not limtation

b f
and does nBf light andgheayy P‘?gft V%’r@\!@ 1ggiong Hpkeddyy & AexiblgJiaker The artihedy ifissd

i n the appgBdedsichféd R si b OB ; ' - Off :
descri ption. EX%%I‘?I NENISRI-LET%Wf%géﬁL@? lrg%ﬁﬂ%? ilatnhlqgé %%%eech%lg a??l%(’dy ?
patients easribé¢dmptisesorinenesiselatyd Wt dorsarh.clerbrdges faobtamingisingla demtinenti-
chances of, ¢l oni ng crass-re Ive anti-influenza apti hodies, that is
ant i bodi es”% éeﬁgﬁf@gn?t FEL bR ﬁﬁe Saé%b‘g}glnér?gﬂ@r Pil&ﬁf“gl?f’g%??téhofi%i g de-
i nf | uenza s¢tibetbinitbOpridras. Watd) 801N eh tBinding hAfieifits STuRepBRSire dfSingle Immu-
particular, it is_described that sonme individuals, despite continuous

exposur e tR9&tabalin Yarighle Pameing Secreted frem isheriaolip Naters 3t bAdd-64% detsribes
as physi ci ' | ] : ki | . f, . "
Sohool o) . " RaREHAdL 6} Aftiind BN b b it ) R SR B L i
t hought t celddomhain snthmlypwith bisefficient affinite fixdhe/fargetepitope ot bind toditién 4roiso-
t he devel QIR Rt for still unknown reasons, of th effective
heterosubty%@ cfrﬁﬁ*runi ty. For this reason they were thought to be the
best candi dates for the generation of human nonocl onal antibodies. In
particular, th 13 following inclusion criteria were obeyed:

»

13, I :
bet ween 2 eserinfion that fylloggthe term “antibadynwilpthem be vigH dareferdeiall she em-
hi story, fiH; ; I r%gg'- ﬁ'}’ Mﬂ tf. e | NJ
i nfluenza Hsaylrﬁ%érﬁ(;&n%lgﬁldﬁ% aﬁ%‘%f I bo ;ﬂktg‘."’%‘@r% ' I g )ef%lot %ﬁ’ ﬂia?f’l%%egﬁegga{)ﬂg@ &
vi rus i solaatibedy fraghnepigapesHingle chaih #8ikadics sipglesiotiain antibodi¢seetannual
epidem cs during the five years preceding the study; '

The monoclonal antibodies of the invention may be generated and used in a free form or in
a carrier-conjugated form. A carrier is any molecule or chemical or biological entity capa-
ble of conjugating with an antibody and making it immunogenic or increasing its immuno-
genicity. Non-limiting examples of carriers are proteins such as KLH (keyhole limpet
hemocyanin), edestin, thyroglobulin, albumins as bovine sérum albumin (BSA) or human
serum albumin (HSA), erythrocytes such as sheep erythrocytes (SRBC), tetanus anatoxin,
cholera anatoxin, polyamino acids such as for example poly(D-lysine:D-glutamic acid) and
' the like. In order to facilitate the binding of the antibody to the carrier, the antibody C-
terminus or N-terminus may be modified, for example, by the insertion of additional amino
acid residues, for instance one or more cysteine residues that are able to form disulfide

bridges.

Because of their properties, which will be shown in detail in the experimental section that
follows, the monoclonal antibodies of the invention (especially the antibody Fab28) are
particularly suited for use in medical applications, particularly in the manufacture of a me-

dicament for the broad-range prophylactic or therapeutic treatment of influenza A virus in-



hi gh neutralizing titer (1C50 >=1:400) against virus isol ates,

subt ypes HIN1 and H3N2 responsi ble for the annual epidem cs during
the five years preceding the study; det ect abl e neutrali zing
titer (1C50 >=1:20) against two reference subtype A virus isol ates
(A PR/ 8/ 34 subtype HIN1; A/ PC/ 1173 subtype H3N2); - no prior
anti-influenza vacci nation; - conpliance to receive anti-influenza
vacci nation. At vaccination, and about 3 weeks post-vaccination,
appr oxi mat ghforkO mM of bl ood were drawn from each patient into
heparini zed test-tubes. 2. Culture of the reference virus isolates
MOCK ( Madi n- Dar by cani ne ki dney) cells.(ATCC(r) no. CIL 34TM

P A s T R0

m nut es) (thehoahfateie ofDmeditdnde fir chd prophylabflo oHthidtapsiticeRa@iBne bfipatholo-
(A@BCO and 2 InM L- gl ut am ne EuroCI one) were used as the cell Iine.
The cel | s &Y @uss iy aieenza s ‘3‘7’6:“} ?Ftlams%“é@z for ingfanns dheinBprpzqipmdrome, is

passaged afitidn liedchpd 41Qnd v&hiod Week. For the experiments descri bed
in this patent application, the follow ng influenza virus isolates
were used: HIN1, strain A/ PR/ 8/ 34 (ATCC(r) no. VR— 1469TI\/9 H3N2,

strain A/R 7 T T .
VR-101) . A!g %eo% I(I:t&{at t%eﬁ%re ress1o %%Waq%ﬁgdﬁl l%g ©s k/f”% pp ene%coc?n%
with 1 gi gjutrhlssenpom&rrfeanﬁrrwpmch tl(eSInfﬂWkDy oame pﬁ@ﬁired , Eoexdinpleswitlomkfiu-
wer e obt airgaj f{.om @ge .C re super nat ant extracel | ul ar viruses.
In short, obplins, pthex ¥ip ‘{ ﬁ@“‘?ﬂgiy Y SWS aipaptibpdiessicer ved daily
to nmonitor the appearance of a cytopathic effect. Generally 4 days

after the infection the supernatant was col |l ected, centrifuged at
1000 RCF (Aedeseribed ig detail inrthe experimentalseetion, the mrinacioeal antibpdies haveibeemob-e

super nat antea, 2y fpfechiay ALY il o h Hev-rssinmed o ca-
vi ruses. mbleSdl woducing abssreatiet arwabclomid iantitnddiase thna abkrtUSecmgﬁlzdi)meK
f h I dyct f I

ant 1 bod! ew ol BaepAtPar A SR BP o ot Tt Pghbe

met hod vi dongnicedifiernt @iibt%gk YHEROGH RS W {If@usEDﬁﬁ\ql @nﬁamwsmsmﬁﬁ%&z
previously described b le et al, 1984 Cancer Research

22: 2750- 2788 ARE/Y B heatrarific mresadurprouser fip gepsrate dhe Hanstosmed Bheall lings
assessed fg, :ﬂfenﬂrg Eﬁlﬂgocﬁﬁ%ﬁpsggﬁeﬁsmme&h&ﬁﬁbmﬁs@ 5. capabl e of
produci ng 1gG antibodi'es I n the supematant that are a e to react in
t he ELI SA agai nst the cell Iysates i nfected vvlth the two reference

i sol at es, e HIN1 .and N2 e then r equent
char act of 13 SRS ThePrRGeafS wid 6 ioREh gb el e fany and gt R
af or esai d abRqlodic@s ofitheeFab2® bhtmshyz ofthé fiveptiodfaré Bésefbddan theAlPetimehal sec-
hour s post-l nfectjon, the cells vvere detached frogmthe flask and

washed t wito 3siveliaas the-peocedires tg produgesthep recompbinanty, othasesingl peptidessnd
of lysis sqi, ¢t gmgloomvl NaCl, 100mM Tris pH 8 and 0.5% Triton-X) and
stored in ice 20 minutes. The cell debris were centrifuged away
at 10000g for 5 m nutes and the supematant was stored at -20C as a
protein e for t reparnat i of the control.antjgen,.

non-i nf ect aaﬁilltbf% %P}?nf’a%‘ba?&%ﬂmﬂ]ef ﬂgtﬂg%nmtor fewq}ﬁ@i hgﬁwfeaed
protei n cedtedifferht diflusiss Aok ugpksi werd uphfiedbe RIISA Gnl HemBaiTiores-
Protein Assay Kit (Pierce). Briefly, the sanple protein dosage was

det er ni nedey Mcadditiann g ne@ralizing 2539% V@S CaIFigR OBLINATAE do ety t&f-em. wigo pio-
known- conq@@éaﬁ ativay o@ule%he&ﬁesoﬁl RRULAE tﬁ@FﬁHQS%Qb’&H héRery heté['gﬁlbg{pea

absor bance of every sanple was nmeasured wth a spec rophotoneter
wavel engt leras$-n&ntaliming Bttevityowardsthe cefobncaitypedh wiealasoldiesms isbatedabovang
per well) to coat an ELISA plate (COSTAR) that was incubated at 4C
overnight. The follow ng day, the plate was washed with distilled

The obtained data suggest that the antibodies of the invention, especially antibody Fab28,



15 strate (Pierce) were added to each well. Approximately 15 m nutes
| ater, the enzymatic activity was bl ocked by adding 40 pi of H2SO4
and the signal was neasured with a spectrophotoneter set at 450nm
Speci al attention was given to the supernatant of six putative clones
capabl e of producing cross-reactive antiDbodi es (designated as cl NF4,

C1NF16, c1NF28, cINF39, clNF43 and cl NF47, respectively), i.e.
capabl e of recognizing both cell lysates infected with the strain
bel ongi ng dre epddidlpeffédiidg ihashférting 8 phifves tdward¥ahé idfRieflza A virus to

bel onging to subtype H3N2. 4. Preparation of Fab frazments fromthe
cr oss- r eacdhf wbiectsgnadionthey e administered prdythpto pecordingl tasyAreparticidasly use-
chai ns ca i LR | J Ay I

o o okar yor, & ag bronE Bk Bibotistid GnirlehERERn Ll o BlERA VISR LI,
i nst abi | i tor petholugies diveblypr ontliccthg cansdd bydhfimasa Atviruo dife@ioncOas excimild afe

t he encodin s fromthe nolecyl ar point of view, in order to have
nol ecul es Stu%égﬁg‘ﬁ%g"ﬁself%lﬂﬁvnﬁ%%afo&?al at one's disposal, as well as

i ncreased anmounts of each individual antibody. The nessanger RNA
(mMRNA) was extracted fromthe cultured clones and reverse transcribed

usi ng an dRi¥geitiem Hecdeuifigtion ofthe bersagglutiniaccaafismationnh epitoneathat Fab28
encodi ng taeial+ Fgh . i, . i i
cncod, 9, W N okl SR b B YD
descri bed twesrhkriraggiokingd A% segidthangleH AR sedianyandeinclades WAS7 BndRTRiR tesifiyes

p. AL.6). T 0_ bt ai then clo into ,an expressi
vect or peronseAgﬁ%\% %ﬁ%ﬁ%@ﬁ%&ﬁ@%ﬁﬁ? gé‘ﬂi TSP e NegumOpTing Hgﬂ".e
Met h, 1988psidued istaged on the Berg@iptutingiRhdnc® golMIN BATRISAY idolte: RV Fata-
chain Fd %ggllcf)&%ﬁf each Fab was digested with restriction enzynes

Xhol and B @Q%NOL% hours at 37C, and subsequently inserted
into the vector's cloning site for heavy chains, in turn digested

with the sane enzynes. Instead, the light chains (anplified DNA) were
di gest ed vhug erenbjeshdf thednvdbtibn {sRoptaehacautitak bomsgitiontcomiphising ex &br

simlarly . e bt ai ned .recgnbi nant constructs foy. eac
cl one wer efgdﬁlgg%h’t%gme%gac{nr%gg@ ¥ n%'%]tgb?oﬁ?’ @? cheolfl}’enélf’?zi? %‘%‘%ﬁ? T ém‘?a
conpet ent phyrmaoduticaifs iucegable Ragiey aed/ed diluelC AQr éfdrgvd embinr e diad whiched
protocols for the use of .Zq%m_cuvett,es (Vol tage: 2500 V;. .
Capaci t anéBle 1o #dype a fgvopuable effsct ig thessublegito pehich the compegition is administaed,

sequences fefexhmflehd SbtiraiRone iMREAAN Girlkdr t@rﬁ? %vﬂg tﬁk_e?ﬁ%ﬁ}é @l'i%é' tibn,

vari abl e part o?l t he sel ect etlj cl ones Weré Ifana ?/ze ) e § quen(I:]es are

those provided in the Sequence Listing. The nol ecul ar anal ysis of the

mut ati ona y IL&tur. scribable to ant.i.gen-induced

somatic mi @?Sféé’ﬁ&g‘f ggfce%grgs&]b [ tgéfé% a7 Aha o Oé;gt.o Whict? fhe composition can
be administered, including humans,

Non-limiting examples of useful pharmaceutically acceptable carriers or diluents for the
pharmaceutical composition of the invention include stabilizers such as SPGA, carbohy-
drates (for example, sorbitol, mannitol, starch, sucrose, glucose, dextran), proteins such as
albumin or casein, protein-containing agents such as bovine sérum or skimmed milk, and

buffers (for example phosphate buffer).

The monoclonal antibodies of the invention can also be advantageously used as diagnostic
reagents in an in vitro method for the detection of anti-influenza A virus antibodies with

identical or similar neutralizing properties in a biological sample previously obtained from ¢



5. ELI SA assessnent of the nonocl onal Fabs obtained by cloning into
PCb3/ CAF At conpl etion of cloning, 40 reconbi nant bacterial clones
for each nonocl onal anti body were anal yzed by ELI SA using crude

| ysates from bacterial cultures obtained by heat shock. In
particular, clones of bacteria transfodtked with the construct

PCb3/ CAF were in- oculated into 10 ml of SB nedi um cont ai ni ng
anpicillin and tetracycline at 50ug/nmL and | Qug/ m, respectively, and
wer e gr own pumdﬁf (sﬁdhais iffrexamplé et iplashe A bddgmale &aﬁ)j 6@er suitablle biologi-
Subsequent | ecific inducer (IPTG -

i sopropyl pi’a W al act opyr anosi de) was added at the final
concentration of 1mMand the culture was | eft shaking at 30C
overnight. The cells were |ysed by heat shock (3 freeze/thaw ng
rounds, at*Angci@fleenda 37Gyusaeshpeitsiwith iyntialcrtshngfar nmttatikihg gegettips” are an-
Sseparate t e ebr | m t.he Fab-c 1t al n| er nat ant

soluble. FADIEE it ARy Mt bR SRR PRl PERRThE Hiogpi A vi-
pl at es ( Nung )Thes @tibodieetaybé fouby aamesmﬂcs@cm §zﬁﬁﬂl§ fromftREpARnYdst drebillCof
above-mentioned reference virus isolates. Lysates obtained from

uni nf ect ed FEYIPES grRogurgde.gn é%ﬂ“&n%ﬁa‘flme"rc?ﬁ%‘isé the matientshadreep pagvieusly
coated wt Ve _
ot a4 e o T o o el R B R b br o
antigen, tshaclppemessswere washed 5 tines with PBS, and the unspecific
bi nding sites were blocked with 3%albunin in PBS for 1 hour at 37C.
After renoval of the blocking solution, the supernatants of the cell
cul tures tArassey nashadefe rdeteting i e paitdt’ s bivlical Rgnplbethepredehe: baksti-
wer e added fthere fol | owed by an_incubation step t 37C for 2
hours. Af (RfUeReR mﬁ ﬁ'&lb@?@F BRVIRE ¢ Retpiesy %@%swgm 1292 agfiyity) cqmppriging
1:700 di | ¥bhtaétirgf thd sHAINAbABA! saRpRP#iRh idhotiondladtiBdlly of the 1nvent1 n, as a
per oxi dase- conj ugat ed goat anti human Fab i munogl obulins (Sigma) i n
PBS/ 1% BSAPEc assayadagchieisdhus inciudedsin the sqoph ofthe inmestiiat i on at 37C and a
further series of 10 washes, the substrate (OPD-ophenyl enedi am ne)
was added to the wells. The plates were then incubated for 30 m nutes
at roomt Hﬂrp(assay warebé a qt:ﬂﬁatdardr quimiative aak. THe dmn@uafmhﬁdﬁaﬁtxbﬂ of hhti-
sul furic ac g the o |caLl denshﬁg s assessed

spect rophb’f dupg apibgdies paviagy fiieropy I?E)S%E‘%‘EVBﬂng getivityrapychs car-
di spl ayedre@aat by, ifbyedafif, Q%oﬁﬁs@mmésmsﬁ a@éayamgd Hfa%ﬂsﬁ@%t'o@ﬂﬁ;ﬁ%xﬁg a
cells. One bacterial cloné transformed with" an expression vect

cont ai ni n§ogoglersd aptibedyerreerdingcfotthe invegtian ahaispecific r@amtrmwalamwtﬂmdshe

cross reatiry e NerRvlol ORI Wl bl BE) RERED £Phe el oriBin

human Fabsatoapdhang-influchzndivirgs hatiblodieh bavisgd héterofubRIgE 8fo3ginéutialiiing acith-

L5 A o b b i 0

Purification of the Fabs The Fabs produced fromthe above- Ilsted
Cross- reactlve clones (fromhere on indifferently referred to as

"cl ones" 8imilqrhyp die)mopaclonalhnibpdietat by lwwmrg&smwilman@quwéiabz&)rqawe '
with the C 0, t
purified gm?e?hgsc%?%ﬁﬁé&g%ﬂn & é’s@& Igllétg g@ ar(%gegmlf ﬁﬂﬂﬁﬁdgi A nBreV}sumsly
pr ot ei n Gpfepare@ m@bmgemctoo vmtunercomppmhm lepinaes pﬁpablaroa'evuhmg)in theatibject

anti bodies ¢ bI of bindin man ,Fabs [11]npis) was.
Covalant | P VkRauh 4 sprgansiion as St doaeeth pbririastts A VgeAayibodies hav-
i nocul at eghyl ¥aRalihn rggém@ﬁdeﬁﬂiapw SRNkAONhES BRI BbidcldhaPiffibody of the
tetracycli ne at 5Qug /m, respectively. The culture,

whi ch wasinyevifenothet i |a@hterqsubt31mro s&a@uts@ltmmmtyatpwards theanfluenad kvim.t h
500 m of "SB added with the sane concentration of antibiotics as
before. The cells, subsequently induced by 1mM I PTG were |eft

Such a method is predicted to be useful for the assessment of any preparation fo be used as




18 previously obtained with the bacterial |ysates. 7. |nmuno

fl uorescence assessnent of the nonocl onal Fabs obtai ned by cloning
into PCb3/01F 1In order to confirmthe data achi eved by ELI SA the
cross-reactive anti-influenza Fabs were_al so anal yzed by an

i ni munof | uorescence assay. Briefly, thé2cells fromthe infected
cultures were trypsinized and, after two washes in PBS, counted under
a mcroscope with a henatocytoneter. The cell suspension was thus
used for theacgineparimmvgpgenic m’bﬁmi@nbgs the meooptitigmby the honoglonal antibody of

cytocentri n Sout hern Products) .at 90 for,3
o oo, | The B ERPNE ol 0Re PR, b S fpciiniGerepiigfn B
cel I s. Contacche, ifiodesr MEeeegﬁbp@adaﬁblébﬂEtlhﬁﬂdtMg%é Protkivtibh O€ hitboae Llofies
The cel l's wer %ﬂen fixed and per.neabilized at roomtenperature with
a met hanol 2Bbl% BifecesIzing Bpdyadagsous cpitare. suahs fon exawplsran epitepe cppablelof
m nutes. AfitRingd hARRREGyH ¥ [ bated with the
different cl ongs h( 1%6(% ng/ﬁFnﬁ&tyraE%%&%{erﬂ%%Eﬁ?vg@% ina humd
chanber and subsequently washed three t| mes in PBS. The cells Were

t hen incu 3 S he hu r ark
wieh oot ads, e motdalibdlab@ball oF e satahdi mil Bl et RRTIRE aiyfhacii o

di | uted 1:t2@ibtype dﬁﬁhﬁtﬁeﬂoﬂ@‘dmﬁh@ rr&khod@{iervselkﬁoﬁﬁ Mtﬂﬁlﬂ)tyﬂk%ﬁbéﬂles are an-
fl uorescen% nm cros comrer ci.al nobuse nonoc| onal

(Argene) ¢ ?Fl?,ecrfﬁ%ﬂ?x Wéccmﬂ tPW?‘ﬂﬁ@Wié“’WP Q& therbseadrrangeneutial Ringpntigod-

positive b t Eé;%}gi N of
t he hepat fiﬁ“ssé%{owré}{}g@f?ﬁnbgﬂyaégﬁhﬁ% Qg? ﬁ)g‘qi,nﬂlé—éhgga gl ogy94 %@8&

used as a negative control. Al the reconbi nant Fabs showed, by

i mrunof | ughe Vi eC|f he ce

i nfected wi E%?(% aggf@glhﬁg%wggiﬂ?ﬁlﬁﬁns 130?%0 9513 ?'WPg‘?J{ %&ﬁwnt"?f‘ {Oﬂe
strai n A R ddoAsclod&NA the dcosd efakk inmentibh.uor escence was seen in
uninfected cells, B type strain-infected cells, or cells infected
with the negative control antibody. 8. Neutralization assay |In order

to char actigeiffiRwiliCeiperitiehta Cseblic 199fonﬁied @&Ely\ﬂyt Q;ffnldgeatﬁﬁ'aﬁ& h&6imita-
cl ones, neutralization assays were designed for P’ hree reference

vi rus i soltighasd geesgngt inteprbtostestrigt the gcoph of the inparion @b Idsﬁlwérle thecappentied
into VEM eIIs/vveII) Serial 19
diluti ons% (rgaﬁilﬁﬂﬁgg tégr@pﬁgf@%?%% ocks obt ai ned as

descri bed above, were prepared in nai ntenance rredl um (MEM with 2%
FBS) . Eac%&iﬁ_&fé&m&ﬁt ed six times. When the cultured cells
wer e conf : di um was renoved and 100 gl of each of
the virus dilutions were added to each well. After 1 hour at 37C, the
inocula were renoved and 200 gl of MEM nedi um added with 1 jig/m
trypsi n wéetelestige afithe petéentsach wel | . The viral liter, expressed as

TCI D50 (the dose that infects 50% of the cell culture), was

cal cul ated by applying Reed-Miench's formula: TODso = infectivity>
50% - 50%Tke gatiants @moleacinahe study were selected so as to increase the chances of cloning

cross-reactive anti-influenza antibodies, that is antibodies capable of recognizing, and po-
tentially of neutralizing, influenza virus isolates Belonging to different subtypes. In particu-
lar, it is described that some individuals, despite continuous exposure to the influenza virus
(sometimes for professional reasons, as physicians, pediatricians, people working in kin-
dergarténs and schools), do not contract the disease. These rare individuals were thought to
be less susceptible to influenza virus infection due to the development, for still unknown
reasons, of an effective heterosubtype immunity. For tl'_iis reason they were thought to be

the best candidates for the generation of human monoclonal antibodies. In particular, the



infectivity>50%- infectivity<50%In the |light of the obtained data,
the virus stock was diluted so as to use a nultiplicity of in-
fection (MQO1.) of approximately 0.01 (1 virus particle per 100
cells) in the neutralization experinent. In the actual
neutralization assay, MDCK cells were déeded in a 24-well plate, with
each well containing a sterile slide. The neutralization experinment
was performed on 80% 90% confluent cells, i.e. about 48 hours after

t he seedi npllvhigeadlusid drisériaonege obeyedte purified Fab fragments were
then prepared, ,so as_to attain 2.5 jig/m, 5 jig/m, |1Qgg/m and 20
jig/m final C&?E’@?P?é@‘g%yqab“r"fé%h anti body. Correspondi ng
dilutions of - LhgcAPPRABLEAITEIRAL LRRHY HRRE1RERS pRAcS: helRHS! hotfiive
control. The various Fab concentrations were then | ncubated with the
same vol unfer giniehl influeerashrdiemet ock (M O.1.: 0.01) for 1 hour at 37C
250 gl of the vt ] re. S ntly.added th | I
containing the aéé?fdﬁ ﬂ% %}tﬁ?a\?gl'E%bﬁta%%#&f%?gtlﬁggagfi%h?utg&p?%ﬁlﬁsana H3N2
achi eved bgspadsibledort theamuhlt epidermi@diuting thedive yéavs proeeditighthisstedyck. The
pl ate was incuhateed for. .1 hour 37C order .to all ow the

non- neut r al i zed"&h Repiraliging e (- %@%@8@5*‘%%% isofatss. pubiRee §l1Hgand

the cells NENErodsmEBE: HiNhe Bntiat ShifBScs cﬂurﬁg:ﬁ}e 5 BcbdiSethER M

2k
with 1 gg/m trypsin were added to each well. ,gty'f:gr a 6-hour
i ncubation at -ﬁ@ptabheneg@ahzmmm H69 >whig0negsinsti twe raferBBS suhtypé iAxeigus
with a col: G, uf 2. ratd .Stored at -20C) for
10 m nut eslgoé‘{t{{sgr om tgé%psﬁ%{}éjlr@ﬁh%%lié%%gg?ﬁgﬁz re washed and
i ncubat ed wi t h n2pfondnticinfleenzonaveinaiiad; nonocl onal anti-ML anti body
(Argene) for 30 munutes at .37C.i.n.a hum d chanber. The cells were
washed with PBSCHRYRnEE Fs?a’F‘F‘?}V‘?%TJB%‘E%WCFWa%D“fI uor escei ne- conj ugat ed,
goat anti-nouse antibody, diluted in Evans blue, for 30 m nutes at
37Cin a humd chanber in the 20 dark. After three washes in. PBS,
t he sl i ded\h¥#ceinationgpnd abouh Aiweeks pefdwpccinatipny sipprosisratdy 20 anloefcped wetee

Fabs' neu | Z) VAN \p%%ﬂ%g ] by counting the single
positive ceﬂdsﬁglﬂ%a%;éagﬁtg%ﬁ?n e pé&c@ﬁ age decrease in the nunber

of infected cells, conpared to the positive control infected with the

virus alo The utralization assays were carried out in three
separat e @%Mme 2 B icularly, each clone was assayed
against the two different reference type A influenza strains and the

referenceB&éEe B strain nentioned previ ous%?/. In _each experinent, the
di f f erent KdMadin-Bady weniee kidpey edly (ACCR) 391 CEATM) prppagated in Modi-

what perf : t A v F, . LLive.
(virus ang{eangglglfg%ﬂﬁl?ﬁéut a@s‘?cj@gﬁp ?ﬁgﬁg&éﬂw} g@é{ il‘on.lv %Eegﬂt% h{,alhésllg%(
assayed cras{FBRHteatnentral565C fon 80 mahutps) (Buro€dnEly 5S¢ L1gind pkidEilth, $hownpthla

ol at o3 SRR (FCRDDE AToN TaeAtn et o) e a 1§ e, The

i nfectingcaly werdeYin@bafed RE 3PV id 43%4186H alfbshhe ahd! d¥re FRHE 91 #9:3F Rfio
specificity of the neutralizing activity observed. In particular, the

Fab pr odudwige pyvegk.divs thenmperimends desaritrediin 89 patens wenlication, 80follewing fufhy- -

concent a5 N BRI, Y08 AR P e

assayed) W g 'case o
appr oxi maseiy AVBCIIVY (ATCOR troe VRAZS®),odnd strbinyRVE.e&BNPATCC®. no. VR-101). As
concernitrations that are easily obtainable by an in vi

admi ni st r &6 GHumMedium teraw ihevrysyMEM sinplsmeated vith u»&yf%ﬂ seruiR; frRg tTyRsip

account t i | @41 i bzl J L
Zotivity (SCMAVASHER, Tnb DRLERRGS ert dEruDRH LI Bt RpOhaf os ox
i mMmunogl olratdllnlak eimses.dinshort, dftee infesiag bheecdlibaherameaolnyar abasfobseruddadailyrte

R NSO B T T TR o e

pernatant was collected, centrifuged at 1000 RCF (relative centrifugal force) for 10 minutes



9. Characterization of the antigen recognized by Fab 28: Wstern bl ot
on a lysate frominfected cells 10 gg of a cell lysate infected
wth strain AAPR/ 8/34 (HLN1l), prepared as described earlier, were run
under native conditions on a 10% pol yacryl am de gel. For this

pur pose, the sanples were run at 100V flar 1 hour in a proper
refrigerated tank (BI ORAD)." Thereafter, the gel was renoved fromthe
el ectrophor.esi s apparatus and i ncubated for 10 mnutes in Transfer

Buf f er ( TrioSclid@se 35 o awr@%n&‘hléﬂedgwmdti%@ ;ﬁQQuﬂE}s’ Fﬁﬁﬂ?ﬂ‘ 390 sther-

in order to elimnate any detergent residue.” The tr er o a

ni trocel | utatné wiak fign aliquogadyand tired@L ;30AFes edliafrecBiinses ences) was then
carried out overnight at 30V and 90mA. The nenbrane was then bl ocked
for 1 hour with 5%dried mlk dissolved in 1X PBS and thereafter
washed t hreSeleci@s of mohotidBBanti-hflli%-& WHSR anfbddi 3 SRS iNRSAl. bISER Ivm-
menbr ane ﬁs | eft shaking on a swinging platformfor 10 m nutes.

Af ter whi different Fabs, diluted in PBS wwth 5%dried mlKk,
were added at the concentration of 5 gWi . Besides Fab 28, the
followi ng controls were added: e509 as a negative control; comerci al
mouse ant i Thaprogistien o§ GrnocahnaiBodies Gromepaticats wesusmiednit bjvising el teans-

lgGL (Al nseruqdlluted

1: 200. Eac aartllt'olmt%hl fy?"“ﬁlg‘tsa IP%Ettwns%aﬁilﬁp%(g%i%ﬁg)ﬁmg{nqﬁ% AP R Preve:

Ther eaf t eroustyRlesaribad baelend i, Vash e‘dncagRieﬂ:aicﬂ 2PBI5@3755 TRE blRehatant from
nouse 000 or human (1:20

|
ot 'bgén eéﬁ%@%‘g@%? e faa%dt"f?é aﬁEﬁssﬁx é‘?agre%?e@ taﬁ%lPPdé‘@&'&f‘-)USA Clones

dependi ng bl6f FrodicR: G atnhgocﬂ&tlhw tpEx‘ﬁatQﬁ’t Rt LE L 10 le g % i B ELISA
detection of the S|gnal a working solution was prepared by m Xi

two subst regties th Sitggrinfeetedwith thej twio refoeamicd uniawesubuypessmmt amiH3N2

Lo Sout cod a7 o chEL o LBl il Bftioh Mo 3oy b7, MDBRCHIR ot

m nut es wifedted WEh oy dfbregnids Gblates ana aiyh thiléiplidigneINLctind ABBLUSE b pddt-

Ca | oped Kodak X- fil

e dark FUeiont VECeImErh dgevid Apmudip Setl %wq%ﬁ aw% IS@@& Theellaalisty
was per f orgsitiel shiRndid hefeent o°fel§§é g&ﬁm ghﬁf] &Jil? an
e pl‘ esence gang

menbrane portion incubated with Fab
wei ghi ng 9137 Rritop-Xears! sioradi HB(DC lfdt[Zﬂ mmuﬁesl'ﬁie@nﬂ dabﬂshwérh eenmﬁ;gétt awdy at

the i mmt he v TR

et | 1o 1G00REMS MinbiCandt hebupbERRAIVET utefl ot HO a5 2 BidteifBRemact; 45 for
i ncubat edtha ﬁrépardlﬁn&lﬁthed&ﬁmwhg&nl forRin€eetddrcalls WereitlRAEY in the sARSWaE aths
band, nore intense than the ofthers, was also detected in the nbr ane

portion i PRESHR{ANY PYGLEIR cRRGFAAtion, wan determinedin| dupligatq wing e e A ne Rrotein
shows t haIAs§eJ9eKﬂ‘@Pie¥b@§1YBﬁe‘ﬂydﬂkes§ﬁ1§Q ORI @dsatd @ad BlbHENZR f Aiing to a

hemaggl utinin, perfectly consistent wth t e neutral i zati
si nce hensigadad perve obtgiried by sedesef knownicancpetratis dlh!ﬁonmﬁboevme serum al-

neutral i zj d e, utrallzatlo assa

reducti on %glsg@%ﬁg ’Pﬁ) %sérgﬁ%gﬁ?age%wﬁgygs AR ! ?Sﬁ?fl%?}g{ﬁg“%%@t
pl aque assaspveleshihiof 540rne ThedRaks O bBlained Wead b uicl §30TeRH pet!well) B coat
activity of preparations of virus isolates, sub-

Firstl
types HLNA EE@%@%@ @éﬁ%‘*ﬁh%‘t VS BaubRedgit dGGevamigy Thetfllowiag day, the
fol I ow o, Mfe%&qmshed\@%d&ﬁhé@ww d%&ﬁ‘:ké’& & PBs "% B4R a(b g}l Zfﬁﬁs min-

(Cost ar) MVEM nmedi um suppl enent e peni CI | n-an onycin
(pen/str e\é;t)‘tS alahidCehhérg 46 il wf suped@tmnf from|eatiovlbmewereradded BRS)h wélﬂ Jfwhich

uttn_pes SRR 10 AGRELFAC AR £ PR RG R i S BN Bdens ¢
ant i bi ot i with PBSIV.$% Tefkn20 ¢Sight 0 Ml 6fp6rbﬁﬂﬂajcbnﬁﬂga‘ie@§ﬁﬂﬁm§ah$cqtl Q000

Serial diJutions of the virus stocks were nade in the sane wells, and

the vi r usiidS/ 1'4BY% Sigravvere agded tepch well agd theplate waginguhatedor 1 hour at
37°C. After 5 more washings with PBS/0.5% Tween-20, 40 pl of TMB peroxidase sub-




The above titration allowed for quantification of the viruses for the
precise assessnment of the activity of Fab 28. Several plates were set
up anal ogously to the above-nmentioned procedure for titration by

pl aque assay. A neutralization nmix was thus prepared, which conprised
the virus (100 TCI D50 per well) and difffserent concentrations of the
Fobs that were used (Fab 28 and control Fab). In particular, the
assay was perfornmed by testing different concentrations of Fabs (20,
10, 5 and Srfie (Pitrgéieko aqvis bachGRITRBBxiard E5 SHiNREGcl MJ USHERic ac-
virus strajns. The viruys/Fab nixtures were then incubated for hour
at 34C undBYtawavblegked by addinrdP el ofiHeS0s andshe signal rmg Irr[e@i(lreﬂe\b}:iﬂs a\silatltdtro-
PBS, the | -' ransferred into the.wells
naving o TN many ey PP SO ARG S g U hepmaBat el pative
hour at 34dougsdeapakle 596 POduangroEphemaiveThaibadieay(demated sl ENFAULINING,

[ d | b ' Ly, by copparing the nunber of
ol aques. obg N abTNES HIVERLEH NPT, eapboribly on Clmbiscotaptosniisg o eole
presence olysdtdseinfRed with GRdtfaad bé!&lg&'ﬁgf fohaibGpBtH N1 Exﬁpﬂ%)g{‘ﬁqf&f&la%ﬁh the

were perforned using the follow ng 1nfluenZa isol ates onging to
subtyges %P%%&??ﬂhmﬁwwal ayal/ 302/ 54 A/ PR/ 8/ 34 H3N2:

AJA chi /68 A/ Victorial3/75 A Port Chalmers/1/73 The results confirmed
the neutralizing activity of Fab 28 towards the influenza viruses

J e 101 & ALIREY8fram thecayodsiredirivg clasesiel | 1 C50 val ues
bel ow 2.5 og/m . A heterosubtype neutralizing activity was al so
confirmed against the influenza viruses H3N2 A/ Ai chi/ 68,
A/ Vi ct or i dite/ gthesamdodi @rithhidhemaleal BAL/ halrs CRPRLRPBF RXdHB WilhVihe thituenza
jig/m).

virus were cloned into a prokaryotic expression vector. This allows to avoid problems due
to instability of antibody-producing cell clones, to better characterize the encoding genes
from the molecular point of view, in order to have molecules that are certainly monoclonal

at one’s disposal, as well as increased amounts of each individual antibody.

The messanger RNA (mRNA) was extracted from the cultured clones and reverse tran-
scribed using an oligo-dT according to methods per se known. The cDNAs encoding the
light chain and the Fd fragment (i.e. the heavy chain portion present within the Fab frag-
.ment) were then amplified by described methods (CSH press, Phage display manual, ed.
D.R.Burton, p. A1.6). The so obtained cDNAs were then cloned into an expression vector
per se known, designated as pCb3/CAF (Burioni et al, J. Imm. Meth, 1988). In short, the
gene (amplified DNA) enéoding the heavy chain Fd portion of each Fab was digested with
restriction enzymes Xhol and Spel (Roche) for 1.5 hours at 37°C, and subsequently in-
serted into the vector’s cloning site for heavy chains, in turn digested with the same en--
zymes. Instead, the light chains (amplified DNA) were digested with enzymes Sacl and
Xbal (Réche) and cloned into the vector similarly digested.

The so obtained recombinant constructs for each clone were used to electro-transform E.
coli strain XL1Blue (made competent by cold washings'in glycerol), according to standard-

ized protocols for the use of 0.2 cm cuvettes (Voltage: 2500 V: Capacitance: 25 pF; Resis-



24 11. ldentification of the epitope recognized by Fab 28 Several
approaches were followed to identify the hemaggl utinin region
recogni zed by Fab 28, the ability of which to recognize an epitope,

t hough conformational, had al ready been showed by previous
experinents. Indeed, Fab 28 resulted capabl e of recognizing the
protein only in Western bl ot assays perfotned under sem -native
conditions (0.1% SDS). The sane experinents had al so pointed out the
ability of tdrab 200 @ Al RE DR ' rotein
CHAO) . but pat Lhe y noerlteL suléﬁsﬁi*‘??‘:?ﬁ’f\%g%ﬁt Wﬂm%ﬂ BEPHE heavy
Hemaggl ut i AR SATF0IMPST of the selepted donesiEe dnalyzé @he sauences areukose Provided
paral lel, yy b cytes.a humap eryt hrocytes.
espi o 1 ho 1o Seaehet ElsGhE e i BE e iaiahorl Ko shovsa papieure
no HAT act assribgble ogdigen-indgeddiainaiid mdiadomsrocdabeador @sh SRIBS clopR! | cat ed
in the binding between hemagglutinin and sialic acid. For better
characterization of the epitope, two conplenentary strategies were

fol | owed:  SeHEISH ag¥2sient GNEOMRRIInLELAR SINGRARS cloh YL, B3/ A Phage
di splay library, which were able To bin e > and

in vitro induction, by selective pressure through Fab 28, of viral

variants (gsg in& RPN capi t he_ant i body' )
neutralizing ac Few ?{]i&/lﬁmgg’l ect #‘%ﬁﬁp?ng a&ﬁ‘ﬁ%&"ﬁﬁ o eP‘fbo?’ﬁg‘gF?‘B&?l fHbody
panni ng t e¥fiei apalyzed byvIIdS Aousirtgheruilel dyabtief ifat bertl At BEHiRE by heat
peptides capaple glfsﬁcs ec'ifi cally binding the Fab 28 idiotype. Al the
i dentified peptl e & ORRHPYAE SR frapiieraied pwithybe eenstract PCh3HAN ser in-
sequence. dubaedain&on® /i) 99 SBSREHHRAN &8t t i f . hl

anal ysi s of, a h\tema glutinin crystal %@Iﬁlgn%ﬁcglﬂﬁlgﬂgd%?g%lnﬁ%ﬁibu%l and
this anal ySHeml, reipeetivelucand | werq growawadér shiling & G700 sniilatahirigain| §/D.600 =

recogni zed, . o0 b iLcu was ubj ect, to
furt ﬁer ana%g%:egl?el?%’ %i%&\;vlf%ﬁgh%%%e gi())'per 2.'?%’ ‘%qup? @3‘5 WP gﬁlﬁczcg)yjfaggﬂﬁg 38 3l
earlier, dHcitihe finalivonesntyativeroft leaMiandphe alltutd wid Tht shilEin@ BOSERCH eReht.

the esca itope js,l.ocaljzed on the stemregion of .
henmagg| ulto Wﬁfh@e irl;ge%lb eaga}ﬂf‘@%ﬁﬁegf ng myndh et 130°C ard 3FQ respaca

per fect | y tivelysamt than cetittifipéde seRsath e cai¢ hb | 3

and HAT afﬁay@@ E}jg resj gues sclf%‘i&;ti cal for&ftéﬁgm{b@ﬁ??ﬁﬁ%%@%rgﬁF%Mt'
i dent i fi ed "SraiuPledapypbiained yeremsiyed Ay ERESZG 961Welbiiaotitetyate\AB6IC) were
1337; P33%os8d Hadi] : j: he residues refers taq the
hemaggl ut i ni N seqq?r?zzéegmo%tz?frgéﬁét e%@%?ggbeo%%ffﬁf)#ﬁ%ﬁn@ Xusisolates
in the BLAZRiSAbidiasdefor SADfdcRANElSvereTsad assmegative d0nGroE ThaFE.ITA bR S
was carri . i {.nf.ectians, of cells with 100 TCl DSO of
HINL/ A PRY %’?‘%ﬁ%@?ﬁ@ fig ér’mﬁklﬁ QS%FSeébéﬂEf‘é' aSdescaberyere then lefhat 496 ovpmight. The
Fab concenextainy,iftee uioval effthe tuboluhd® arkiglh), (A PIRS et \ashS @b ¥k Witk PBS

questlon.a‘%tl% after. nunerous passages, it was possible to detect

i nfection

}BSEE "}@& sitgs Weredorked with B¥ealburhin in RBSJat 1 beurat 37C.
mut at'i on agerifeifRal 6F thESlokkihk Sol of ARG Gkt
mutated in two residues of rgg? gﬁ% su%%g&t%gt%af%éfﬁ c\'ﬂ@r S E’%aﬁeéjcffse%'
whi ch ar eSE8pdalaye and conteiningghosolatde Ratisiwerel adied thgetd, folbWedBy an incuba-
appr oach, .; [ [.M.-Bg At h thesis that this_ is _the region ,

i E(F:)og ni z e%‘%}%%@z@ .forrbehouﬁ? %fgr ?6 washiing cycles with PBS/0.05% Tween 20, 40 pl of
a 1:700 dilution of a polyclonal preparation of radish peroxidase-conjugated goat anti-
human Fab immunoglobulins (Sigma) in PBS/1% BSA was added thereto. After a 1-hour
incubation at 37°C and a further series of 10 washes, the substrate (OPD-o-
phenylenediamine) was added to the wells. The plates were then incubated for 30 minutes
at room temperature in the dark. The reaction was quenched with IN sulfuric acid and the

. » l'
optical density was assessed by spectrophotometric reading at 450nm. All the assayed



26 CLAIM5S 1. A nonocl onal antibody directed against the influenza A
virus hemaggl utinin anti- gen, characterized in that is capable of

bi nding a plurality of subtypes of the influenza A virus. 2. A

nonocl onal anti body directed agai nst the influenza A virus,
characterized in that it has a neutraliging activity against a
plurality of subtypes of the influenza A virus. 3. A nonocl onal

anti body according to claim1 or 2, wherein.the said plurality of

sub- types | : ' rises.at |east.one influenza
A virus suglgty}%ted]%éé t g%%?ﬁé%’h@rxr’élgé :ﬁictl&ér)la:f% Oh%me?ﬂ OBNZIG ilq#?tﬁfg?ﬂ]g' d&“%l?qclfs
subt ype corigldleriertranisformetyivith ian iegpreion %ctoﬂcdﬁbﬂﬂiﬁg@r%he pilt El@EMg the light
accordi ng El?airflfai H\ 2 or % cor@hi I ng at, | east one heavy chain

vari abl e dof] A ARYOFhaEtbedy pnd-the heavy shain Fiddragment wias this selecked feeagh of
chai n vari thelceosslosmiive MdNodlehaly!T] ' htman gadne
li ght chain yarjable domain s ﬁ%%ﬁ%ﬁﬁ%ﬁ%&gﬁ%@@g@ﬂ%‘% ca-

5. The nontfofabindingibeduthedsciae di/RR/S(3 GIAInadd theoisplaicsAPE/HT3 (1431$2).

one heavy ' [ | | i ght chain. vari.abl i n,
W th e honde oES (@Rh ng B0TRG 28 0D bt e e R Bedfehiads,
SEQ PD NO VF4adnd RéF47. ght chai n vari abl e domai n encoded by nucl eoti de

sequence SEQ | D NO 4.

6. Purification of the Fabs

The Fabs produced from the above-listed cross-reactive clones (from here on indifferently
referred to as “clones” or “Fabs”) were thus produced through bacteria transformed with
the described expression vector and then immunoaffinity purified with columns composed
of a sepharose resin containing the protein G (~ 2 mg/ml), to which a polyclonal prepara-
tion of goat antibodies capable of binding human Fabs (PIERCE, Illinois) was covalently
linked. In short, a single colony of each clone was inoculated into 10 mi of SB medium
containing ampicillin and tetracycline at 50ug/ml and 10pg/ml, respectively. The culture,
which was grown overnight at 37°C, wés sub-inoculated into é flask Witﬁ 500 ml of SB
added with the same concentration of antibiotics as before. The cells, subsequently induced
by 1mM IPTG, were left shaking overnight at 30°C. The culture was centrifuged at 5000
rpm for 25 minutes and the pellet resuspended in PBS was sonicated. A further centrifuga-
tion at 18,000 rpm for 25 minutes was necessary in order to remove the cell debris. The su-
pernatant was filtered, and then it was slowly passed through the above-described sepha-
rose column. Thereafter, the resin was washed with 10 PBS volumes, and finally the bound
Fabs were eluted with an acidic soluﬁon (elution buffer - H,O/HCl pH 2,2). The various
fractions coliected were neutralized with an appropriate solution (1M Tris pH 9) and con-
centrated by ultrafiltration (Centricon, Millipore). The purity of the purified Fabs was as-
sessed by running one aliquot on a 12% polyacrylamide/sodium dodecyl sulfate gel (SDS-
PAGE). Finally, sequential dilutions of the purified Fabs weré assayed by ELISA as de-
scribed. Into each plate, preparations of monoclonal Fabs directed against HCV E2 glyco-

protein were included as negative controls. The results of this experiment confirmed those



6. The nonocl onal antibody according to claim 1, which is capabl e of
bi ndi ng the he- maggl utinin conformational epitope specifically
recogni zed by the nonocl onal anti body according to claim5. 7. A
nonocl onal anti body according to any of clains 1 to 6, selected from
t he group consisting of whol e i munogl oldul i ns and i rmunogl obul i n
fragnents conprising at | east one heavy chain variable domain and one
| i ght chain variable domain. 8. The nonocl onal anti body according to
claim7, wheveuslyobaigdinthitiebseghiabikdsn 27 fragments are sel ected
fromthe group conprising Fab fragnents, Fab' fragnents, F(ab')2
fragments, Fy fragments, single chain antibodies (scFv). 9. A

nonocl onal 7aphh .

human or hunmani zed anti body.
from SEQ | EChtHCAFand SEQ I D NO. 2, or fragment thereof at |east 8
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plurality of subt s of the influenza A virus. 12. An anti-idiotype
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monocl onal cuiikds BREY/rifk el 1208 J08r RFRYwRheGh PBI cduhRdAnder a microscope with a

hematocytometer. The cell suspension was thus used for the preparation of slides by cen-

trifugation in a cytocentrifuge (Cytospind, Shandon Southern Products) at 90 g for 3 min-
utes. The so prepared slides each contained a total of 2 x 10° cells. Control slides were pre-
- pared similarly with uninfected cells. The cells were then fixed and permeabilized at room
temperature with a methanol-acetone solution (used at the temperature of -20°C) for 10
minutes. After 3 washes in PBS, the cells were incubated with the different clones (100
ug/rril) for 30 minutes at 37°C in a humid chamber and subsequently washed three times in
PBS. The cells were then incubated for 30 minutes at 37°C in the humid chamber in the
dark with a fluoresceine isothiocyanate-conjugated goat Fab (Sigma) diluted 1:200 in Ev-
ans Blue. The slides were examined under a fluorescence microscope (Olympus). A com-
mercial mouse monoclonal (Argene) specific for the M1 influenza virus protein was used
asa positi\(e control. An antibody directed against the E2 glycoprotein of the hepatitis C vi-
rus (e509; Burioni et al, Hepatology, 1998) was used as a negative control. All the recom-
binant Fabs showed, by immunofluorescence, a reactivity that was specific for both the
cells infected with the strain A/PR/8/34 (HIN1) and those infected with the strain
A/PC/1/73 (H3N2). Instead, no fluorescence was seen in uninfected cells, B type strain-

infected cells, or cells infected with the negative control antibody.

8. Neutralization assay

In order to characterize the in vitro biological activity of the selected clones, neutralization
assays were designed for the three reference virus isolates used in the study. In short,
MDCK cells were seeded into MEM-10% FBS in a 96-well plate (2x10* cells/well). Serial



13. An isolated nucl eotide sequence selected from SEQ I D NO 3 and SEQ
ID NO 4. 14. An expression vector conprising nucleotide sequence SEQ
I D NO 3, or nucleotide sequence SEQ I D NO 4, or both the nucleotide
sequences SEQ ID NO 3 and SEQ ID NO 4. 15. A host cell transforned by
an expression vector according to clainmd4. 16. A pharnmaceutical
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assay reag@Bd Fab fragments were then prepared, so as to attain 2.5 pg/ml, 5 pug/ml, 10pg/ml and 20
) pg/ml final concentrations for each antibody. Corresponding dilutions of the €509 anti-
HCYV antibody were prepared as a negative control. The various Fab concentrations were
then incubated with the same volume of diluted virus stock (M.O.L.: 0.01) for 1 hour at
37°C. 250 pl of the virus-Fab mix were subsequently added to the wells containing the
cells. A positive control for the infection was achieved by adding the culture medium alone
to the virus stock. The plate was incubated for 1 hour at 37°C in order to allow the non-
neutralized virus to adsorb.. The inoculum was then removed and the cells were washed
twice with PBS. 1.5 ml of serum-free medium with 1 pg/ml trypsin were added to each
well. After a 6-hour incubation at 37°C, the ceil monolayer was washed with PBS and
fixed with a cold methanol-acetone solution (1:2 ratio, stored at -20°C) for 10 minutes at
room temperature. The fixed cells were washed and incubated with 250 pl of a commercial
monoclonal anti-M1 antibody (Argene) for 30 minutes at 37°C in a humid chamber. The
cells were washed with PBS and finally incubatéd vﬁth a fluoresceine-conjugated goat anti-

mouse antibody, diluted in Evans blue, for 30 minutes at 37°C in a humid chamber in the




SEQUENCE LI STI NG <110> POMONA BI OTECHNOLOG ES LLC <120> Monocl onal
anti bodi es capable of reacting with a plurality of subtypes of the
i nfluenza A virus <130> PCB895EC <160> 5 <170> Patentin version 3.3
<210> 1 <211> 122 <212> PRT <213> Hono sapiens <400> 1 Leu Au Qu
Ser Ay Ay Gy Val Val Gn Pro Gy Arg2®er Leu Arg 151015 Leu Ser
Cys Ala Ala Ser Ay Phe Pro Phe Ser Ser Tyr Gy Met Hi s

dark. After three washes in PBS, the slides were finally examined under a fluorescence mi-
croscope. The Fabs’ neutralizing activity was determined by counting the single positive
cells and calculating the percentage decrease in the number of infected cells, compared to
the positive control infected with the virus alone. The neutralization assays were carried
out in three separate sessions for each Fab. Particularly, each clone was assayed against the
two different reference type A influenza strains and the reference type B strain mentioned
previously. In each experiment, the different Fab dilutions were repeated in triplicate, simi-
larly to what performed for the negative (Fab €509 anti-E2/HCV) and positive (virus and

medium without Fabs) controls of infection.

Among the six assayed cross-reactive Fabs, the Fab produced by clone INF28 showed a he-
terotype cross-neutralizing activity against the type A virus isolates. Instead, no reductioﬁ
was detected with regard to the infecting ability of type B virus used in the study, confirm-
ing the specificity of the neutralizing activity observed. In particular, the Fab produced by
clone INF28 (called Fab 28) showed an ICsg (the Fab concentration that inhibits 50% of in-
fection by the virus isolate assayed) below 5 pug/ml in the case of subtype HINT and of ap-
proximately 10 ug/ml in the case of subtype H3N2, i.e. concentrations that are easily ob-
tainable by an in vivo administration of the molecules in question even without taking into
account the considerable increase in the neutralizing biclogical activity usnally observed
when Fabs are converted into the whole immunoglobulin form, one of the possible phar-

maceutical formulations included within the scope of the invention.

Figures 1 to 3 summarize the results obtained with Fab 28, produced by clone INF28, in the
different neutralization sessions performed on the various influenza virus isolates used in
the study. Particularly, Figure 1 is a graph that illustrates the neutralization percentage of
the virus A/PR/8/34 (H1N1) by different Fab 28 concentrations. The results obtained with
the human €509 anti-HCV Fab are reported as a negative control. Figure 2 is a graph that
illustrates the neutralization percentage of the virus A/PC/1/73 (H3N2) by different Fab 28
+ concentrations. The results obtained with the human €509 anti-HCV Fab are reported as a
negative control. Figure 3 is a graph that illustrates the neutralization percentage of the vi-

rus B/Lee/40 by different Fab 28 concentrations. The results obtained with the human e509



202530 Trp Val Arg Gn Ala Pro Gy Lys Ay Leu Gu Trp Val Ala Gy
Val 354045 Ser Tyr Asp Gy ser Tyr Lys Tyr Tyr Ala Asp Ser Val Lys
@y Arg 505560 Phe Thr Ile Ser Arg Asp Ser Ser Lys Ser Thr Leu Tyr
Leu A n Met 65707580 Asn ser Leu Arg Pro Gu Asp Thr Ala Val Tyr Tyr
cys Ala Arg Pro 859095 ser Ala Ile PheZy Ile Tyr Ile Ile Leu Asn
Gy Leu Asp Val Trp 100105110 Ay dn dy Thr Thr Val Thr Val Ser Ser

anti-HCV Fab are reported as a negative control.

9. Characterization of the antigen recognized by Fab 28: Western blot on a lysate from in-

fected cells

10 pg of a cell lysate infected with strain A/PR/8/34 (H1N1), prepared as described earlier,
were run under native conditions on a 10% polyacrylamide gel. For this purpose, the sam-
ples were run at 100V for 1 hour in a proper refrigerated tank (BIORAD). Thereafter, the
gel was removed from the electrophoresis apparatus and incubated for 10 minutes in Trans-
fer Buffer (Tris base 3g; Glycine 14.41 g, dH,0 800 ml, Methanol 200'm1) in order to elim-
inate any detergent residue. The transfer onto a nitrocellulose membrane (Hybond-ECL;
Amersham Biosciences) was then carried out overnight at 30V and 90mA. The membrane
was then blocked for 1 hour with 5% dried milk dissolved in 1X PBS and thereafter
-washed three times in 1X PBS — 0.1% Tween. During each wash, the membrane was left
shaking on a swinging platform for 10 minutes. After which, the different Fabs, diluted in
PBS with 5% dried milk, were added at the concentration of 5 pg/ml. Besides Fab 28, the
following controls were added: €509 as a negative control; commercial mouse anti-HA
whole IgG1 (COVANCE); commercial mouse anti-M1 whole IgG1 (ARGENE); mouse an-
ti-M2 whole IgG1 (ABCAM); human serum diluted 1:200. Each antibody was left shaking
for 1 hour at room temperature. Thereafter, the membrane was washed again in PBS as de-
scribed earlier. The same secondary mouse (1:1000) or human (1:2000) antibodies as de-
scribed for the ELISA assay were then added, depending on the source of the antibody to
be detected. For the detection of the signal, a working solution was prepared by mixing two
substrates (SuperSignal® West Pico Chemiluminescent Substrate Pierce) in a 1:1 ratio, be—
ing particularly careful not to expose it to sources of light. The nitrocellulose membrane
was incubated for 5 minutes with the working solution and then removed and mounted in a
HyperCassette (AMERSHAM). This was developed on a Kodak X-ray film in the dark
room after the necessary exposure time. The described assay was performed in two differ-
ent sessions, and in each of them the membrane portion incubated with Fab 28 showed the
presence of a band weighing slightly less than 80 KDa, consistent with the weight of the

immature form of the viral hemagglutinin (HAO). This was confirmed by the same band
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115120 <210> 2 <211> 105 <212> PRT <213> Honpo sapi ens <400> 2 Qu
Thr A n Ser Pro Ser Ser Val Ser Ala Ser Val dy Asp Arg 151015 Val
Thr Ile Thr Cys Arg Ala Thr A n Ay Ile Ser Ser Trp Leu Ala 202530
Trp Tyr Gn Gn Lys Pro Ay Lys Pro Pro Lys Leu Leu Ile Phe Gy

354045 22

being also displayed on the strip incubated with the anti-hemagglutinin control antibody.
An analogous band, more intense than the others, was also detected in the membrane por-
tion incubated with human serum. The result of this experiment shows that the antibody is
directed agamst the influenza virus hemagglutinin, perfectly consistent with the neutraliza-
' tion data, since hemagglutinin is known to be the target of the immune neutralizing anti-

body response.

10. Neutralization assay by plaque reduction assay

Neutralization assays were carried out by using the plaque assay technique to assess more
accurately the neutralizing activity of Fab 28. Firstly, preparations of virus isolates, sub-
types HINI and H3N2, were quantified by plaque assay with the following protocol.
MDCK cells were cultured in six-well plates (Costar) in MEM medium supplemented with
penicillin and streptomycin (pen/strep), and enriched with 10% fetal bovine serum (FBS).
After the cell monolayer had reached 100% confluence, the wells were washed with PBS
and fresh MEM culture medium supplemented with the same antibiotics (pen/strep) and
trypsin (1 pg/ml) was added thereto. Serial dilutions of the virus stocks were made in the
same wells, and the virus was left to adsorb for 1 hour at 34°C under a 5% CO; atmos-
phere. The medium was then aspirated and two washes with PBS were done. More MEM
supplemented with antibiofics, trypsin (1 pg/ml) and 0.8% agarose was gently added at a
temperature not over 42°C. After infection, the health condition of the cell monolayer was
checked under a phase contrast light microscope, and the plates were incubated at 34°C
under a 5% CO, atmosphere. 48 hours after infection, the agarose layer was femoved be-
mg -very careful not to damage the cell mono[ayer Thereafter, 70% methanol in water,
added with crystal violet (1% w/v), was added to the wells. The plate was incubated with
permeabilizer/dye at room temperature for 5 minutes. After incubation, the plate was
washed with distilled water at room temperature and left to dry under a laminar flow for 5
minutes. Finally, the PFU (plaque forming units) number was assessed under the phase
confrast microscope at 4X magnitude. Once the virus titer had been calculated as PFU, the
corresponding TCID50 were calculated, and that same titer was compared to the titer of the

analogous virus stocks by the end-point limifing-dilution technique.
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The above titration allowed for quantification of the viruses for the precise assessment of
the activity of Fab 28. Several plates were set up analogously to the above-mentioned pro-
cedure for titration by plaque assay. A neutralization mix was thus prepared, which com-
prised the virus (100 TCID50 per well) and different concentrations of the Fabs that were
used (Fab 28 and control Fab). In particular, the assay was performed by testing different
concentrations of Fabs (20, 10, 5 and 2.5 ug/ml) against 100 TCIDsy of the diverse influ-
enza virus strains. The virus/Fab mixtures were then incubated for 1 hour at 34°C under a
5% CO, atmosphere. After washing the MDCK cells with PBS, the pre-incubated prepara-
tions were transferred into the wells having a 100% confluent cell monolayer, then were
incubated for 1 hour at 34°C under a 5% CO, atmosphere. The assay was carried out and
interpreted as described previously, by comparing the number of plagues obtained in the
presence of Fab 28 with those obtained in the presence of the same concentration of the

control Fab.

The assays were performed using the following influenza isolates belonging to subtypes
HINI and H3N2: |
HINTI:
A/Malaya/302/54
A/PR/8/34
H3N2:
A/Aichi/68
AlVictoria/3/75
A/Port Chalmers/1/73

The results confirmed the neutralizing activity of Fab 28 towards the influenza viruses
HIN1 A/Malaya/302/54 and A/PR/8/34, confirming as well ICso values below 2.5 pg/ml.
A heterosubtype neutralizing activity was also confirmed against the influenza viruses

H3N2 A/Aichi/68, A/Victoria/3/75 and A/Port Chalmers/1/73 (ICsy approximately 20
pg/ml).




<400> 3 ctcgaggagt ctgggggagg cgtggtccag cctgggaggt ccctgagact
gcctctggat tccccttcag tagttatggce atgcactggg tccgccaggc gggct ggagt
gggtggcagg tgtttcatat gatggaagtt ataaatacta gtcaagggcc gattcaccat
ctccagagac agttccaaga gcactctata aacagcctga gacctgagga cacggctgtg
tattactgtg cgagaccttc ggaatataca ttattcaaa cggtttggac gtctggggcc
aagggaccac tcttca <210> 4 <211> 315 <212> DNA <213> Hono sapi ens
<400> 4 gagctcacgc agtctccatc ttccgtgtct gcatctgtag tgtcgggcga

ct cagggt at /1. dgd : Qoo aP@c24 cctgatttt tggtgceatct
agtttgcaaa agcggcagtg gatctgggac agatttcact ctcaccatca tttgcaactt
acttttgtca-acaggctcac agtttcccgc aaggtggaga tcaaa <210> 5 <211> 565

<212> PRT Sekbdr apirbBeheaRtRTollowed to identify the hemagglutinin region recognized by Fab
28, the ability of which to recognize an epitope, though conformational, had already been

showed by previous experiments. Indeed, Fab 28 resulted capable of recognizing the pro-
tein only in Western blot assays performed under semi-native conditions (0.1% SDS). The
same experiments had also pointed out the ability of Fab in récogrﬁzing only the immature
form of the protein (HAO), but not the individual subunits (HA1 and HA2). Hemagglutina-
tion inhibition assays (HAI) had been carried out in parallel, with both chicken erythrocytes
and human erythrocytes. Despite the remarkable neutralizing activity, Fab 28 proved to
have no HAT activity, suggesting that it did not bind residues implicated in the binding be-

tween hemagglutinin and sialic acid.

For better characterization of the epitope, two complementary strategies were followed: se-
lection of random peptide sequences, contained in a phage display library, which were able
to bind the Fab 28 monoclonal; and in vitro induction, by selective pressure through Fab

28, of viral variants (escape mutants) capable of escaping the antibody’s neutralizing activ-

ity.

Selection fiom the peptide library by the panning technique allowed for the identification
of a number of peptides capable of specifically binding the Fab 28 idiotype. All the identi-
fied peptides were analyzed in order to generate a consensus sequence. Such a consensus
sequence was. then used for an in silico analysis of a hemagglutinin crystal belonging to
subtype HIN1. By this analysis it was possible to reveal the regions potentially recognized
by Fab 28. One epitope in particular was subjected to further analysis, in view of its com-
patibility with the results found earlier, and with those generated in parallel with the ap-
proach by the escape mutants. The epitope is localized on the stem region of hemaggluti-
nin, that is in a portion between regions HA1 and HA2 (data perfectly consistent with the
results achieved in the Western Blot and HAI assays). The residues critical for the binding
which were identified are the following: W357 and T358 on region HA2; N336; 1337

P338 on region HAI (the numbering of the residues refers to the hemagglutinin sequence



<400> 5 Met Lys Ala Asn Leu 15 Leu Val Leu Leu Cys Ala 10 Leu Ala Al a
Ala Asp 15 Ala Asp Thr Ile Cys Ile Gy Tyr His Ala Asn Asn ser Thr
Asp Thr 202530 Val Asp Thr Val Leu Qu Lys Asn Val Thr Val Thr H's

Ser Val Asn
25

from the isolate HIN1/A/PR/8/34 present in the BLAST database) (SEQ ID NO:5).

The assay by the escape mutants was carried out by serial infections of MDCK cells with
100 TCID50 of HIN1/A/PR/8/34 virus in the presence of 10 pg/ml of Fab 28, i.e. a Fab
concentration equivalent to its IC90 against the isolate in question. Only after numerous
passages, it was possible to detect infection of the cells in the presence of the Fab, indica-
tive of a mutation occurred in the virus genome. In fact, escape mutants mutated in two re-
sidues of region HA2, 1361 and D3 62, were selected, which are adjacent to the region iden-
tified by the ir silico approach, confirming the hypo'thesis that this is the region recognized
by Fab 28,



354045 Leu Leu Qu Asp ser His Asn Ay Lys Leu Cys Arg Leu Lys Ay
Ile 505560 Ala Pro Leu Gn Leu Ay Lys Cys Asn Ile Ala Ay Trp Leu

Leu Ay
Ser Tyr
Pro Gy
Ser Val
Ser Trp

65707580 Asn Pro Qu cys Asp Pro Leu Leu Pro Val Arg Ser Trp
I1e 859095 Val GQu Thr Pro AsAéSer Qu Asn Ay Ile Cys Tyr
Asp Phe 100105110 Ile Asp Tyr Qu GQu Leu Arg Au G n Leu Ser
Ser Ser Phe 115120125 Gu Arg Phe Gu Ile Phe Pro Lys Qu Ser
Pro Asn H s Asn CLAIMS

1. A monoclonal antibody directed against the influenza A virus hemagglutinin anti-

gen, characterized in that is capable of binding a plurality of subtypes of the influenza A virus.

2. A monoclonal antibody directed against the influenza A virus, characterized in that it

has a neutralizing activity against a plurality of subtypes of the influenza A virus.

3. A monoclonal antibody according to claim 1 or 2, wherein the said plurality of sub-
types of the influenza A virus comprises at least one influenza A virus subtype containing hemag-

glutinin H1 and one influenza A virus subtype containing hemagglutinin H3.

4, A monoclonal antibody according to claim 2 or 3, comprising at least one heavy
chain variable domain and one light chain variable domain, with the heavy chain variable
domain having amino acid sequence SEQ ID NO:1 and the light chain variable domain

having amino acid sequence SEQ ID NO:2.

5. The monoclonal antibody according to claim 4, comprising at least one heavy chain
variable domain and one light chain variable domain, with the heavy chain variable domain
encoded by nucleotide sequence SEQ 1D NO:3 and the light chain variable domain encod-
ed by nucleotide sequence SEQ ID NO:4.

6.  The monoclonal antibody according to claim 1, which is capable of binding the he-
magglutinin conformational epitope specifically recognized by the monoclonal antibody

according to claim 5.
7. A monoclonal antibody according to any of claims 1 to 6, selected from the group
consisting of whole immunoglobulins and immunoglobulin fragments comprising at least

one heavy chain variable domain and one light chain variable domain.

8.  The monoclonal antibody according to claim 7, wherein the said immunoglobulin



130135140 Thr Asn Ay Val Thr Ala Ala Cys Ser HHs Gu Gy Lys Ser Ser
Phe 145150155160 Tyr Arg Asn Leu Leu Trp Leu Thr Au Lys Gu Gy ser

Tyr Pro Lys 165170175 Leu Lys Asn ser Tyr Val Asn Lys Lys Gy Lys Qu
Val Leu Val Leu 180185190 Trp Gy Ile2fis His Pro Pro Asn Ser Lys Qu
Gn Gn Asn Leu Tyr 195200205 G n Asn GQu Asn Ala Tyr Val Ser Val Val

Thr Ser n_Tyr Asn Ar 10215220 Arg Phe Thr. Pro Qu Ile Ala Gu_Ar
Pro Lys @iﬁgﬂ}fﬁlas %ﬁegct%d om the group an‘lprlSll‘lg lqab fragments, Fab’ fragments, F(ab%z
fragments, Fv fragments, single chain antibodies (scFv).

9. A monoclonal antibody according to any of claims 1 to 8, which is a human or hu-

manized antibody.

10.  Anisolated polypeptide selected from SEQ ID NO:1 and SEQ ID NO:2, or fragment
thereof at least § amino acids in length capable of binding a plurality of subtypes of the influ-

enza A virus in vitro.

11.  The isolated polypeptide according to claim 10, which has a neutralizing activity

against a plurality of subtypes of the influenza A virus.

12. An anti-idiotype antibody that is specifically directed against the idiotype of a mono-

clonal antibody according to any of claims I to 9.
3. Anisolated nucleotide sequence selected from SEQ ID NO:3 and SEQ ID NO:4.

14. An expression vector comprising nucleotide sequence SEQ ID NO:3, or nucleotide
sequence SEQ ID NO:4, or both the nucleotide sequences SEQ ID NO:3 and SEQ ID
NO:A4.

15. A host cell transformed by an expression vector according to claim 14.

16. A pharmaceutical composition comprising an effective amount of at least one anti-
body or one polypeptide according to any of claims 10 to 12 and a pharmaceutically ac-

ceptable carrier and/or diluent.

17. An antibody or polypeptide according to any of claims 1 to 12, as a prophylactic or
therapeutic medicament for an influenza A virus infection or a pathology directly or indi-

rectly caused by an influenza A virus infection.



225230235240 Gy Arg net Asn Tyr Tyr Trp Thr Leu Leu Lys Pro Ay Asp
Thr Il e 245250255 Ile Phe Au Ala Asn Gy Asn Leu Ile Ala Pro Met Tyr
Al a Phe Ala 260265270 Leu Ser Arg Gy Phe Ay Ser Ay Ile Ile Thr Ser
Asn Ala Ser Met 275280285 His G u cys2®sn Thr Lys Cys G n Thr Pro Leu
Gy Ala Ile Asn Ser 290295300 ser Leu Pro Tyr Gn Asn Ile H's Pro Val
Thr 1le Ay du Cys Pro 305310315320

18. The use of an antibody or polypeptide according to any of claims 1 to 12 for the
manufacture of a prophylactic or therapeutic medicament for an influenza A virus infection

or a pathology directly or indirectly caused by an influenza A virus infection.

19. The use according to claim 18, wherein the pathology caused by an influenza A virus

infection is the influenza syndrome.

20. An assay method for detecting, in a biological sample from a patient, the presence of
anti-influenza virus antibodies having a heterosubtype cross-neutralizing property, com-
prising contacting the said biological sample with a monoclonal antibody according to any

of claims 1 to 9 as a specific assay reagent.

21. A diagnostic kit comprising a monoclonal antibody according to any of claims I to 9
as a specific reagent, the said kit being particularly designed for use in a method for detect-
ing or quantifying anti-influenza A virus antibodies having a heterosubtype cross-

neutralizing property in a biclogical sample obtained from a patient.

22. An assay method for detecting, in an immunogenic or vaccine composition, the pres-
ence of influenza A virus epitopes capable of eliciting anti-influenza A virus antibodies
having a heterosubtype cross-neutralizing property against the influenza A virus, in a sub-
ject to which it is administered, comprising contacting the said composition with a mono-

clonal antibody according to any of claims 1 to 9 as a specific assay reagent.



Lys Tyr Val Arg Ser Ala Lys Leu Arg Met Val Thr Ay Leu Arg Asn
325330335 Asn Pro Ser Ile Gn Ser Arg Gy Leu Phe Ay Ala lle Ala Ay
Phe 340345350 Ile Qu Ay @Ay Trp Thr Ay Met Ile Asp Ay Trp Tyr Ay
Tyr H's 355360365 His Gn Asn Qu @n Gy Ser Ay Tyr Ala Ala Asp G n
Lys Ser Thr 370375380 G n Aspefea 1d1@nAsn Gy Ile Thr Asn Lys Val Asn
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<400> 1

Leu Glu Glu ser Gly Gly Gly val val Gln Pro Gly Arg Ser Leu Arg
1 5 10 15

Leu Ser Cys Ala Ala Ser Gly Phe Pro Phe Ser Ser Tyr Gly Met His
20 25 30

Trp val Arg GIn Ala Pro Gly Lys Gly Leu Glu Trp val Ala Gly val
35 40 45

Ser Egr Asp Gly ser Tyr %gs Tyr Tyr Ala Asp ggr val Lys Gly Arg

Phe Thr Ile Ser Arg Asp Ser Ser Lys Ser Thr Leu Tyr Leu Gln Met
65 70 75 80

Asn Ser Leu Arg ggo GIu Asp Thr Ala val Tyr Tyr Cys Ala Arg Pro
90 95

ser Ala Ile Phe Gly Ile Tyr Ile Ile Leu Asn Gly Leu Asp val Trp
100 105 110

Gly GIn Gly Thr Thr val Thr val Ser ser
115 120
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<211> 105

<212> PRT

<213> Homo sapiens

<400> 2
g1u Leu Thr Gln ger Pro Ser Ser val igr Ala Ser val Gly Asp Arg
15

val Thr ITe ;Br Cys Arg Ala Thr g;n Gly ITe Ser Ser Trp Leu Ala
30

Trp Tyr GIn GIn Lys Pro Gly Lys Pro Pro Lys Leu Leu Ile Phe Gly
35 40 45
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G u 435440445 Arg Thr
G u Lys 450455460 Val
Asn G w108sr 4G5 4QA ERA8Er
Met A u séf Va
Au Gu Ser

Arg 485490495 Asn
Lys Leu Asn 500505510

ser Gly Thr Asp Phe Thr Leu Thr Ile ser ser Leu Gln Pro Glu Asp
65 70 75

AQu Lys Arg Met Qu Asn Leu Asn Lys Lys Va
420425430 Asp Ile Trp Thr Tyr Asn Ala Qu Leu Leu Va
Leu Asp Phe His Asp Ser Asn Val
Lys ser Gn Leu Lys Asn Asn Ala Lys u Ile Ay

n) S
A0S sy The Ty e OrSs B

80

Phe Ala Thr Tyr Phe Cys GIn GIn Ala His Ser Phe Pro Leu Thr Phe
85 90 95

Gly Gly Gly Thr Lys val Glu Ile Lys
100 105

<210> 3

<211> 366
<212> DNA
<213>

<400> 3
ctcgaggagt

gcctctggat
gggctggagt
gtcaagggcc
aacagcctga
ggaatataca
tcttca
<210> 4
<211> 315
<212> DNA
<213>

<400> 4
gagctcacgc

tgtcgggcga
ccacctaaac
agcggcagtyg
tttgcaactt
aaggtggaga
<210> 5

<211> 565
<212> PRT
<213>

<400> 5

Homo sapiens

ctgggggagg
tccecttcag
gdgtggcagg
gattcaccat
gacctgagga
ttattctaaa

Homo sapiens

agtctccatc
ctcagggtat
tcctgatttt
gatctgggac
acttrtgtca

tcaaa

Homo sapiens

cgtggtccag
tagttatggc
tgtttcatat
ctccagagac
cacggctgtg
cggtttggac

ttccgtgtet
tagtagttgg
tggtgcatct
agatttcact

acaggctcac

cctgggaggt
atgcactggy
gatggaagtt
agttccaaga
tattactgtg
gtctggggcc

gcatctgtag
ttagcctggt
agtttgcaaa
Cctcaccatca

agtttceccgce

ccctgagact
tccgccaggc
ataaatacta
gcactctata
cgagaccttc

aagggaccac

gagacagagt
atcagcagaa
gtggggtccc
gcagtctaca

tcactttcgo

ctcctgtgca
tccaggcaag
tgcggactcc
tctgcaaatg
cgcgattttt
ggtcaccgtc

cactatcact
accagggaaa
atcaaggttc
gcctgaagat
cggcgggacc

Met Lys Ala Asn Leu Leu val Leu Leu Cys Ala Leu Ala Ala Ala Asp
1 5 10 15

Ala Asp Thr §1e cys Ile Gly Tyr ggs Ala Asn Asn Ser ggr Asp Thr
0

2/4

Asp Asp Gy Phe Leu
Leu Leu G u Asn
Lys Asn Leu Tyr

Asn G u Cys
ro Lys Tyr

60
120
180
240
300
360
366

60
120
180
240
300
315



Arg Gu Lys Va
515520525 Ile Leu Ala Ile Tyr Ser Thr Val
Leu Ay Ala Ile Ser
Leu G n 545550555560 Cys Arg Ile Cys Ile 565

val Asp Thr val Leu GTu Lys ﬁgn val Thr val Thr His Ser val Asn

Val
Ser

Asp Ay Val

530535540 Ser

Leu

Ala

65

Asn

val

Ile

Glu

Thr

145

TYr

Leu

Trp

Gln

Gly

Ile

Leu

His

ser
305

Leu

50

Pro

Pro

Glu

Asp

Arg

Asn

Arg

Lys

Gly

Asn

210

Phe

Arg

Phe

ser

Glu

290

Leu

35

Glu

Leu

Glu

Thr

Tyr

115

Phe

Gly

Asn

Asnh

Ile

195

Giu

Thr

Met

Glu

Arg

Cys

Pro

Asp

Gln

Ccys

Pro

100

Glu

Glu

val

Leu

ser

180

His

Asn

Pro

Ash

Ala

260

Gly

Asn

Tyr

Ser

Leu

Asp

85

Asn

Glu

Ile

Thr

Leu

165

Tyr

His

Ala

Glu

TYr

245

Asn

Phe

Thr

Gln

His

Gly

70

Pro

ser

Leu

Phe

Ala

150

Trp

val

Pro

Tyr

Ile

230

Tyr

Gly

Gly

Lys

Asn
310

Asn

35

Lys

Leu

Glu

Arg

Pro

135

Ala

Leu

Asn

Pro

val

215

Ala

Trp

Asn

ser

Cys

295

Ile

Lys Leu G u Ser
Al a Ser
Pile Trp Met Cys Ser Asn Ay

Gly

Cys

Leu

Asn

Glu

120

Lys

Cys

Thr

Lys

Asnh

200

Ser

Glu

Thr

Leu

Gly

Gln

His

Lys

Asn

Pro

Gly

Gln

Glu

Ser

Glu

val

Arg

Leu

Ile

265

Ile

Thr

Pro

Leu

Ile

val

90

Ile

Leu

Ser

His

Lys

170

Gly

Lys

val

Pro

Leu

250

Ala

Ile

Pro

val

Cys

Ala

75

Arg

Cys

Ser

ser

Glu

155

Glu

Lys

Glu

Thr

Lys

235

Lys

Pro

Thr

Leu

Thr
315

3/4

Arg

60

Gly

Ser

Tyr

Ser

Gly

Glu

Gln

Ser

220

val

Pro

Met

Ser

Gly

Ile

Met Ay Ile Tyr Gn

Leu

Trp

Trp

Pro

val

125

Pro

Lys

sSer

val

Gln

205

Asn

Arg

Gly

Tyr

Asn

285

Ala

Gly

Lys

Leu

ser

Gly

Ser

Asnh

Ser

Tyr

Leu

130

AsSh

Tyr

Asp

Asp

Ala

270

Ala

Ile

Glu

Ser

Gly

Leu

Tyr

95

Asp

Ser

His

Ser

Pro

175

val

Leu

Asn

Gln

Thr

255

Phe

Ser

Asn

Cys

Leu Val

Ile

Gly

80

Ile

Phe

Phe

Asn

Phe

160

Lys

Leu

Tyr

Arg

Ala

240

Ile

Met

Ser

Pro
320

Leu Leu



Lys

Asn

Ile

His

Gln

385

Lys

Glu

Asp

Arg

val

465

Phe

AsSn

Arg

Ile

ser

545

Cys

Tyr

Pro

Glu

Gln

370

Asn

Met

Lys

Ile

Thr

450

Lys

Glu

Gly

Glu

Leu

530

teu

Arg

val

Ser

Gly

Asn

Ala

Asn

Arg

Ser

Phe

Thr

Gly

Ile

Arg Ser Ala

Ile

340

Gly

GTu

Ile

ITe

Met

420

Thr

Asp

GIn

Tyr

TYyr

500

val

Ile

Ala

Cys

325

Gln

Trp

Gln

Asn

GIn

405

Glu

Tyr

Phe

Leu

His

485

AsD

Asp

Tyr

Ile

Ile
565

ser

Thr

Gly

Gly

Phe

Asn

Asn

His

Lys

470

Lys

Tyr

Gly

Ser

Ser
550

Lys

Arg

Gly

Ser

375

Ile

Thr

Leu

Ala

Cys

Pro

val

Thr

535

Phe

Leu

Gly

Met

360

Gly

Thr

Ala

Asn

Glu

440

ser

Asn

Asp

Lys

Lys

val

Trp

Arg

Leu

345

Ile

Tyr

Asn

val

Asn

Ala

Asn

Tyr

505

Leu

Ala

Met

Met

330

Phe

Asp

Ala

Lys

Gly

410

Lys

Leu

val

Lys

Glu

490

ser

Glu

Ser

Cys

val

Gly

Gly

Ala

val

395

Lys

val

vai

Lys

Glu

475

cys

Glu

Ser

Ser

ser
555

4/4

Thr

Ala

Trp

Asp

Asn

Glu

Asp

Leu

Asn

460

Ile

Met

Glu

Met

Leu

540

Ash

Gly

Ile

Tyr

365

Gln

Thr

Phe

Asp

Leu

445

Leu

Gly

Glu

Ser

Gly

val

Gly

Leu

Ala

350

Gly

Lys

val

Asn

Gly

Glu

TYr

Asn

Ser

Lys

510

Ile

Leu

Ser

Arg

Gly

Tyr

ser

Ile

Lys

Phe

Asn

Glu

Gly

val

495

Leu

TYyr

Leu

Leu

Ash

Phe

Thr
Glu
400

Leu

Leu

Lys
Cys
480

Arg

Asn

val

Gln
560



