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invention further relates to conpositions and nmethods for the treatnent or

prevention of infection by Dengue virus in a vertebrate subject. Methods
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20  tropical/sub-tropical belt are considered to be at risk of dengue infection. The urban dwelling
mosquito species, Aedes aegypti is the principal transmitter of the virus to humans. Infection
with dengue virus can result in a spectrum of clinical manifestations ranging from
asymptomatic infection through dengue fever (DF), an acute febrile disease, to dengue
haemorrhagic fever (DHF) and dengue shock syndrome (DSS) which are severe, life-

25  threatening complications typified by vascular leakage. Current treatment is limited to the use
of analgesics to alleviate the symptoms and there are ho vaccines available. Dengue diseases
affect 50 million people yearly, with frequent and recurrent epidemics. The 1990’s saw a
return of dengue diseases in various areas of the world despite stringent mosquito controls,
peaking with thé largest ever outbreak in 2005 in Singapore. Over 80% of the reported cases

30  were young adults with an associated impact on their ability to work plus significant
healthcare costs for their treatment. Hence, alternatives to dengue vaccines, such as passive
antibody therapies and/or antivirals are needed urgently to help control dengue associated
diseases in the immediate term. These proposed therapeutics have the potential to help large
numbers of infected individuals even if only applied to individuals at risk of developing the

35  severe forms of disease (around 10% of the total). With the increasing prevalence of dengue

1
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an enriched source of immunoglobulin templates for the identification and cloning of

recombinant monoclonal antibodies with neutralizing activity for Dengue virus in vitro and in
20  vivo. As disclosed herein, we describe the isolaﬁon, screening, cloning and in vitro/in vivo
characterization of the first fully human monoclonal antibody specific for Dengue Virus
serotype 1. '
[0006] In one aspect, the present invention provides an isolated antibody or fragment
thereof that binds to a Dengue virus serotype 1 envelope protein or fragment thereof, wherein
25  the antibody is a human antibody with neutralizing activity.
[0007] In various embodiments of this aspect, the antibody or fragment thereof can be (a)
a whole immunoglobulin molecule; (b) an scFv; (c) a Fab fragment; (d) an F(ab')2; or (¢) a
disulfide linked Fv.
[0008] In other embodiments, the antibody or fragment thereof can comprise a heavy
30 chain immunoglobulin constant domain selected from the group consisting of: (a) a human
IgM constant domain; (b) a human IgG1 constant domain; (c) a human IgG2 constant
domain; (d) a human IgG3 constant domain; () a human IgG4 constant domain; or(f)a

human IgA1/2 constant domain.



30 chain i munogl obul i n constant domain sel ected fromthe group consisting

of: (a) a human I gM constant donmain; (b) a human I gGlL constant domain; (c)

a human w020 mssd7ant dorrai n (d) a human | g& const ant Pdmmiztm,l/o()@t)sﬁa human
g3 constant domai n; a human [ gAl/2 constant domain.
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comprising three CDR sequences as shown in Figure 4(B).
[0014] In further embodiments, the antibody or fragment thereof comprises a heavy chain

15  framework of IGHV1-2*02 and at least one of the CDR sequences as shown in Figure 4(B).
[0015] In yet further embodiments, the antibody or fragment thereof comprises a light
chain framework of IGKV3-20*01 and at least one of the CDR sequences as shown in Figure
4(B).

[0016] In one embodiment, the antibody comprises the heavy chain sequence shown in

20  Figure 4(B).

[0017] In another embodiment, the antibody comprises the light chain sequence shown in
Figure 4(B). '

[0018] In yet another embodiment, the antibody is 14¢10, clone 8.

[0019] In some embodiments, the antibody or fragment thereof binds to an antigen with

25  an affinity constant (Kp) of less than 1 x 10% M.

[0020] In other embodiments, the antibody or fragment thereof binds to an antigen with
an affinity constant (Kp) of less than 1 x 10® M.

[0021] In further embodiments, the antibody or fragment thereof is derived from a B cell
of a patient who has recovered from Dengue virus infection.

30 [0022] In further embodiments, the antibody or fragment thereof binds across two
envelope preteins in a virus. In some embodiments, the binding across two envelope proteins
comprises binding to DI and the hinge between DI and II on one E protein and DIII of a
neighboring E protein.



Figure 4(B). [0018]In yet another enbodi nent, the antibody is 14c10, clone
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antibody or fragment thereof according to any one of the relevant aspects and embodiments
above, effective to reduce or prevent the disease.

15 [0027] In some embodiments, the antibody is administered intravenously (IV),
subcutaneously (SC), bintramuscularly (IM), transdermally, or orally.
[0028] In other embodiments, the antibody is administered in an amount in the range of 1
to 100 milligrams per kilogram of the subject’s body weight.
[0029] Such administration can further comprise administration of a second agent, which

20  can, for example, be an antiviral drug or an analgesic drug. |
[0030] In another aspect, the present invention provides a method of generating a
neutralizing antibody against a Dengue virus by: (a) identifying an individual who has
recently recovered from Dengue virus infection; (b) obtaining B-cells from the individual; (c)
immortalizing the B-cells from (b); and (d) assaying the immortalized B-cells from (c) for

25  Dengue virus neutralization.
[0031] In embodiments bf this aspect, the B cells are CD 22+. In further embodiments,
the B cells are immortalized with EBV.
[0032] In other aspects, the present invention provides an isolated nucleic acid encoding
the antibody or fragment thereof according to any one of the relevant aspects and

30  embodiments above. Such isolated nucleic acids can be contained in an expression vector.
Such expression vectors can be contained within a host cell, such as a bacterial, eukaryotic, or

mammalian cell.



10 fragnent thereof according to any one of the rel evant aspects and
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DRAW NGS [ 0033] Figure 1: Flowchart of the process of antibody screening,
expr es 90341 5 igure 2: Screening of supernatants from immortalized B cell lines with CPE

15  and PRNT for Dengue neutralizing activity. (A) BHK-21 cells were challenged with DV in
the presence of superhatants derived from EBV immortalized B-cell lines. (2000 cell lines per
patient were screened using this approach). The cytopathic effect was assessed by staining the
remaining intact cells with crystal violet elution with acetic acid and determination of the
absorbance at 595 nm. The assay endpoint was defined as a 50% cytopathic effect and the

20  viral concentration was optimized. Test supernatants were screened initially at a dilution of 1
in 4. Top 10% of clones were re-tested by PRNT. (B) Generation of human B lymphocyte
cell line secreting neutralising human antibodies against Dengue. BHK cells at 80%
confluency were infected with Dengue virus for 3 days. Viral plaques were visualised using
crystal violet dye (Sigma- Aldrich, Singapore) that binds to viable cells. Supernatants from B

25  cell clones (derived from a convalescent Dengue 1 infected individual) were tested for
neutralising activity. Dengué 1 (50 pfu) was incubated with cell culture supernatants (diluted
“4) for 1 hour prior to addition to BHK cells. Cell line 14¢10 was found to secrete antibodies
that significantly reduced plaque numbers.
[0035] Figure 3: Antibody templates expressed by B cell line 14C10 and the

30  associated CDR amino acid sequences. (A) Plasmid map demonstrating restriction enzyme
sites and cloning heavy and light chains inserts for generation of a recombinant human IgG1
antibody using identified templates from 14¢10. (B) All the identified and cloned Heavy and
light chain sequences of 14c10 with their CDR regions (CDR 1, CDR 2 and CDR 3
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25  to give to dengue 1 infected patients provided that it’s given at neutralizing rather than
enhancing concentrations. |
[0039] Figure 7: Conversion of 14¢10.8 to different human IgG sub-classes has an
impact on its homotypic enhancement activity. We converted 14c10 from a human IgGl
to a human IgG3 and human IgG4 using the constructs outlined. These were expressed as
30  recombinant antibodies in 293F cells then purified on Protein-A sepharose columns for
further testing. - We testing for homotypic enhancement using the K562 cell lines as described
in Fig 6. 1g(G3-exhibits maximal enhancing activity whilst IgG1 is intermediate and IgG4 has

the lowest levels of enhancing activity.



from supernatants of 293F. Tenplate nunber 8 clearly gives a positive
signal for dengue virus serotype 1. (B) Full nucleotide and am no acid
sequence wO 20bokW78 Heavy and Light Chains with CDR regiponschighbesght ed.
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showed that 14C10 has weak binding to a|linear epitope on dengue E protein.
25 of infected mice by PRNT 4 days post infection. (B) 14¢10.8 exhibits prophylactic activity at

concentrations of 1-5 pg/mouse. At lower concentrations of antibody there is some evidence
of enhanced infection. |
[0043] Figure 11: HM14¢10 is a human antibody specific for DENV1. (A) HM14c10
exhibits neutralization activity specific for DENV1 with 50% and 90% PRNT values of 0.328
30 pg/mland 1.313 pg/ml, respectively. (B) HM14¢10 induces homotypic ADE for DENV1 at
sub-neutralizing concentrations but no heterotypic ADE for DENV2, DENV3 or DENV4.
HM4G?2 induces ADE activity for all 4 serotypes (C) (a) The Fab fragment or mutation
(N297Q) of the IgG1 Fc region of HM14¢10 significantly reduced homotypic ADE. (b)
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25 (D) HM14cl10 is tested for use as a prophylaxis and therapeutic agent; antibody is

administered to DENV1 infected AG129 mice at day 0 and day 2 post-infection, respectively.

HM14c¢10 showed protective response whether the virus is injected (a) sub-cutaneously or (b)

intraperitoneally. Level of blood viremia is assayed at day 3 or 4 respectively post infection

by plaque assay. N=5 in both models and T-test employed for comparison of sample sets, **
30  p<0.0001, * p<0.05 compared with PBS controls. |

[0046] Figure 14: Identification and recombinant expression of a fully human

antibody with neutralizing activity for Dengue Virus. (A)(a) Two thousand EBV-B-cell

lines were generated from a DENV1 infected patient and supernatants screened by ELISA for
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cont Ou(r:rylstai/strdctur of theleNVI post-fusion E protein does not fit well into the cryoEM map
as a rigid body, the three domains of the E protein had to be fitted separately. Domains I, II
30  and III of the E protein are colored in red, yellow and blue, respectively. E proteins from two
asymmetric units are shown here with one asymmetric unit indicated with a triangle. (B) Side
view of the fitted E proteins on the surface of DENV 1. Densities of the Fab molecules, E
protein ectodomain and transmembrane (Tm) helices can be observed. Densitiés

corresponding to glycans at position Asn159 on two adjacent E proteins are marked with
9



25 densities di sappeared, indicating that not all available E protein

epi topes are occupied by Fab nol ecule on the virus surface. The el ectron
densi ti esWOf20t4182078r us surface were interpreted by fittPAEF/SGAKINE0436 yst al
structure of the post-fusion structure of DENV1 E protein (I 8) . Since the
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be fit tedEM pmpas sHopn DA% eemtdur ldvel.30 and |11 of the E protein are col ored

in red, |l ow and bl ue, respectively. E proteins fromtwo asymetric units
are sh({w\%‘%her eFWf%Pkﬁe%fi‘ﬂﬂar‘? BFﬂ%ﬂah ﬁ&’? @ ang;iE H"‘&“Prl?‘aa'g'ige. (B) Side
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17: Stereo-di agram of the Fab HML4c10 and E protein binding i nterface.
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of the . 10 var . i i ABENV1 cryoEM
densi t‘;?f‘]ﬁrrg%&.a%?‘ﬁ)%ﬁge&‘gﬁg‘ku iyi g‘"cf‘s ‘]aglérf?%@%%#ﬁ?‘fn%&i ‘g&Pﬁg‘; %KW‘%‘%& ]Eﬂg’hai ns (a
and b) codtadthresidursiolf dayfitwdrE pdoltedn aeghdicatad evithi oyah ephek¢sO DN E-DIlysmEM-map. The
cont ac esidyes of the fitted E protein are indicated wt yan spheres.
E-Di, Difgare Golfreds rod a?lLo%mch@a TEFPEFRLELY (&) 15 hgalagy geodel gheedi vel y.
(B)s5Th j 3 i e aigly into
R P e L A Y S S L
posi t i desigmgiofriof) Fal positiorFsee Figdi2ghborn designhtidiadl Kibrdensiyy sedA).A)TheGitThe fits

T
e, CORETS (P timised b BNl b o R o e R O THD e HRRD <o e
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t 1 PVP159 dc¢ L f th it ith (A th
oern” BEnctpan Pahaehiy s anbbevy chamypes dtWest N e vi rus (WAW) . Comon
am no 'sdbr eSFigHAS2RANAAEL( EfitdPRi dnORGZuE SHAH dﬁ(kehmﬁ@bwﬁﬂs@s 3R4!) and

Fab HML4c1O(11) in an asymetric unit are colored In green.
comparison of the epitope with (A) other DENV1 genotypes and (B) dengue serotypes

and West Nile virus (WNV). Common amino acid residues between the epitdpes recognized
by Fab HM14¢10(I) and Fab HM14c10(II) in an asymmetric unit are colored in green.

25 Residues that are uniquely recognized by Fab HM14c¢10(I) or Fab HM14¢10(II) are colored
in purple and cyan, respecti\;ely.'The amino acid sequences of the epitopes recognized by Fab
HM14c10 are conserved within DENV1 genotypes, but not across dengue serotypes or West
Nile virus. This is consistent with the observation that Fab HM14¢10 binds to most dengue 1
genotypes, but does not cross-react with other dengue serotypes or flaviviruses with shaded

30  antibody footprints (a) at position X1 and II or (b) position X2 and I. |
[0053] Figure 21: Infectivity and in vivo efficacy of labeled DENV1. (A) Live DENV
labelling was conducted as previously described (22). The infectivity and viability of labeled
virus was tested by plaque assay through titration on BHK cells. (B) The in vivo efficacy of

10



25 Residues that are uniquely recogni zed by Fab HML4c10(l) or Fab

HML4c10(11) are colored in purple and cyan, respectively. The amno acid
sequenceswOf20t4182@pi t opes recogni zed by Fab HML4c1l0 ar e PEDSSROMBAAZHt hi n
DENV1 genotypes, but not across dengue serotypes or West Nile virus. This
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25prevam hﬁep@rdeﬁtr@ﬁbp@rgre @51(){@@1@13@(3@ rus infection in a vertebrate
subject. In particular, we have isolated CD22+ B cells from Dengue infected

patients admtted to the Infectious disease division of National Universi ty

Hospi t gip {AYHD DESCRIFErSN! s were imortalized as polyclonal cell |ines
with EBV in vitro. The polyclonal B cell activator (CpG sequences) was

added {@9S&h hariﬂ@ préseneinf enticargepenaily Belates toscanmpmsitionk iaudmietmda fartbe wi t h t he

hupan B cel | row h ctors rleukin I ukl n (1000U/ il
of 2o i et oG of PRbSienirt Mgt Dsrebia Pl WBFI s,

After have Y6198 CD2PEB BallsArdr Dehpiie QSR SatiRH8 AdMRt Rl t@%@ﬁﬂ&fﬁobydﬁ%we
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sourc
added to enhance the efficiency of B cells immortalization along with the human B cell

30  growth factors, Interleukin 2 and Interleukin 4 (1000U/ml of each). Human B cell lines were
made in 96 wells round bottom wells. After two weeks, supernatants from these clones were
screened by Enzyme Linked Immunosorbent Assay (ELISA), Plague reduction neutralization
test (PRNT) and Cytopathic Effect assay (CPE) to analyze binding/neutralizing activity for

dengue virus. B cell lines producing positive antibodies were used as a source of mRNA for
11



anti body heavy and |ight chains gene anplification. The heavy and |i ght
chai ns sequences of the anti body were cloned into an in-house pCW vect or
and transweebedseiBo Freestyle(r) 293F cells to producePRir§e2e0M0&k6 r ati ons
of reconbi nant anti body. Using this nethodol ogy, we have cl oned and
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DEFI NI TIONS [0056] 1.t is to.b derstood that this invention is not limted
Lo par EPRURLPIDRITS Vs g e d T uRboamus A ai sl eRERE Ber Bp ogi cal

sy st eMgphatbérfiéht G ihfe@fonCTiMiafophddésto otier favAirastRyHR] thBsesFoed fdhat the
term nol ogy used herein is for the purpose of describing 15particul ar

aspect dergneeroting 1i- & voe exparionéschave shewn remarkahje praphplaetic and thhiageutic
speci figation and the ded clains, the . si.ngular forns "a". Tan" and
“the" FEPOOR DR Gpniedy 8T dimese fnfRoShy Ascn; oY anfbody Sepeyeolh bt bt

ot ber WagglableQabhdiidieehdrgpenic driehguas infs@ibnligeRisttnvdien referring to a
measur abl e val ue such as an anmount, a tenporal duration, and the like, is
meant DEBRNIBIONSSs variations of 20% or 20 10% nore preferably 5% even
nore preferably,. 1% andg still re. preferably 0,1%fromthe specified

val ue. 198561 0C H irip bs inderstoa thal ?%qunelspey lpr@rtwgmaarwl%nrg%tﬁ%s@d met hods.

[ 0058] Linberss, Dafpblfdd, e&hﬁméﬁm %id%ﬁ%p%ﬁg&, vHich é&%@f%&&& vgugg s used

herei n have the sane neahing as co erstood By one of ary
ski || nlso tdke amderstoodihatcthe tdmminalegymised hepar isdonthe paiposeofjdesanlyinget hods and

i al im | j val t 25d | bed herein b d i
R pr Bedeef gfte B 5ol e bRt Fnfifan e bhed B sk G108 S o1 1 al 5

and neteeghperiied RS thO Sidgiar Rirms “4'005P1 andetheIha@h&e plurdléfBRhees unpdthl ect . ”
"manmal i an subject,” or "patient” are used interchangeably and refer to

marmmal thesgoienbeearhhdiatageatothenviseand non- hunan primates, as well as
:ﬁgegi L@r;%f" aﬂ{qull'rﬁ “aso%%p’ Rustd Hebriefnswhernarte%rrir?gn % amr.n%aewrzict)?é’v\éalug QAT ’angoat S
amount, a temporal duration, and the like, is meant to encompass variations of +20% or
20 £10%, more preferably +5%, even more preferably +1%, and still more preferably +0.1%
from the specified value, as such variations are appropriate to perform the disclosed methods.
[0058] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which the |
invention pertains. Although any methods and materials similar or equivalent to those
25 described herein can be used in the practice for testing of the present invention, the preferred
materials and methods are described herein.
[0059] “Vertebrate,” “mammal,” “subject,” “mammalian subject,” or “patient” are used
interchangeably and refer to mammals such as human patients and non-human primates, as
well as experimental animals such as rabbits, rats, and mice, cows, horses, goats, and other
30  animals. Animals include all vertebrates, e.g., mammvals and non-mammals, such as mice,
sheep, dogs, cows, avian species, ducks, geese, pigs, chickens, amphibians, and reptiles.
[0060] “Treating” or “treatment” refers generally to either (i) the prevention of infection

or reinfection, e.g., prophylaxis, or (ii) the reduction or elimination of symptoms of a disease
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30 animals. Animals include all vertebrates, e.g., manmal s and non- mammal s,
such as mce, sheep, dogs, cows, avian species, ducks, geese, pigs,

chi ckens, wWarpt¥/ase@as, and reptiles. [0060] " Treati ng" or PCTS6A0MTHN436 r ef er s
generally to either (i) the prevention of infection or reinfection, e.g.,

prophyl axi ot , (i h tl -elim ' 3 a di sease
Vo 201 BiStvabe iictarky TrbBE 3 e eToRh B0n bt BYTRCAE, 8y T ' 257
subj ecprenkiitrortréduce tiqxisk dfiinfesti@f frofeDénpue Rirug patnlaplyeeringpeolr. Treddment t he
risk of infectjon from Dengue virus, partjcularly serotype 1. Treatnent can

be profyPaRopRylasts (e Bigret opdelgy theonspieofdhe diseast. arie resveridbe, or to
preven ' 3 ' el il r (Y . reof) or

t her ap;enl?%1 %Stggigpgr@glﬁ%ln&i}y Bélgﬂ;del\%%? {IO(I)I% ﬂé‘?ﬂég@ r?%gﬁ 63? egﬁ%lg@p? elogr%g)ﬁi festation
of § healikvsatamenf syMPeh)s' Ftee tenhamifEstation dpthevdisenscon” refers to prophylactic
adm ni lon wth copgpositions 9f the invention. . . . .

[ 0062] féﬁ:@i ape Ut CESINg. OF fRIEYSHION s Fiders do pwﬁ?@ﬁtl%‘?ﬂiﬂlﬁfmé??%%tpve to reduce
or eli ghRpsSLdRRiFed B0entPn, “an effective amount” refers to an anbunt of an
anti body conposition that 1s 10sufficient to prevent Dengue viral infection
or to #1063V at‘@hempguticallyciffgaties, andamt’tors@n amuant effectitve temdticoorelipfinatae
synpt o ssqci ate i.th such,an. infection. It is.pnot necessary, that the
2t SEPIRROR o1 SR RS HBOGR PORTdD ARPRAE ¥ie By RBbRETER et

| ni@ct beficiedtol RO@nEDeh IR RN aiftdtFon®r taSIRVILS [d Al InPiibatd, dedl8aseORERAS)tat ON
outwei gh the detrinents. Likew se, the terns "treat" and "treating” in
refer e%‘@é‘ ang obdiegiyanterneasspeiated agth siiell am éxfestion. dt s nebredesapnidetitheo 15nean
t hat t 5ol ' | e ' ctdron. or . { all, clinjcal

i gns. (RdaEh of BRSRBSRAAn et FReRimblbRiGnAelt Mo 0B b0RET: 1
t he cobéhiefitoof adinihisationbyfahé comipaiticciutdeiph tiacdatfimshts alilewisy, thehterms
conposi tion. [0063]" Passive imunity" refers generally to the transfer of
act i ve Featrorad “treaHi) ipyeterench & Penghednicplion. spdeedhersingue Bet infegdedive

i nglt vi her. : VI i | 20 o t-term
[ n?r%mi g%%:l gﬂr??%lﬁgtg nggtﬁs Bg&gc lllg\%%ga ég“{fieg“? rot:ft%hsa;t glrl %g%@gnstén?ggélrg@thém ch can
be adntimstatdeadnly tha some alleyiatssi d impforenent inche eoxratitdbreof ths sihjemns or ani nal

bl ood as or serum. as.pool ed ani mal or human i nmunogl obulin for
i nt ravg&%‘iﬁg‘ﬁfx %@Plsgg%‘?%?ftg'ﬁﬁg’&‘ﬁf’%ﬁ‘o?'l GQ use, as high-titer animal or human
| VI'G ofo06® f I OPabdivRiti@dtyS YofeRCIehelly fd RIREASRE 8f 4850 WEHoRH ifhhRMtf in

di sease, and as nonocl onal antibodi es. Passive transfer can o
the form of pre-made antibodies from one individual to another. Thus, passive immunity is a

20  form of short-term immunization that can be achieved by the transfer of antibodies, which
can be administered in several possible forms, for example, as human or animal blood plasma
or serum, as pooled animal or human immunoglobulin for intravenous (IVIG) or
intramuscular (IG) use, as high-titer animal or human IVIG or IG from immunized subjects
or from donors recovering from a disease, and as monoclonal antibodies. Passive transfer can

25  be used prophylactically for the prevention of disease onset, as well as, in the treatment of
several types of acute infection. Typically, immunity derived from passive immunization
lasts for only a short period of time, and provides immediate protection, but the body does not
develop memory, therefore the patient is at risk of being infected by the same pathogen later.
ANTIBODIES

30 [0064] As used herein, the term “antibody” refers to any immunoglobulin or intact
molecule as well as to fragments thereof that bind to a specific epitope. Such antibodies

include, but are not limited to polyclonal, monoclonal, chimeric, humanized, single chain,
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25be used prophylactically for the prevention of disease onset, as well as,
in the treatnment of several types of acute infection. Typically, imunity
derived fWORNPAS20We | muni zation |asts for only a shor PCHSG2oId/000436 | e,
and provides inmedi ate protection, but the body does not devel op nenory,

t her ef e mat\h L | L i : : gen

[ aer. T EOONEY Fabmls AL EC) BhutE BBk R BBy hFBARE BRBEOTT Ly
i munogiibisolypes ave encvngeksaddlyehislteng snoledihg 58A tIQDf Iy hg®) andtipkt.eof that bi nd
to a specific epitope. .Such antjbodies incluyde.  but are not ljmted to

pol ycl &46S] rombbsedsreindht temi-antindvelrresiat referyRecticalln to spncomplete

2012/ 0%?%Zfa'f’etggﬁeo%ﬁlgﬁr%&@%ﬂ%@g@é@1o£%ib6&?%i1chfréég{§‘%% ?nt%@glbﬁfdiﬁ: v)

porti ons 0O ant | y an vari ants thereof. v I'sot ype ar e
encHnpfiswedn bfj thetpagent entihody nExanblegof apfibodygfagrhe s incly@e FahgFabNE(ab0B6E5] As

used herein, the term"anti.body fragnent" refers specifically to an

- Pcomp B bV Seemensadiateit: e AeROGTe: Fiaele e AnBBTgmolsaleniibody whi ch
ret ai Ngndifipedificlaffboditd Bined Rbmnmtibody Rhgrhdifs par ent antibody. Exanpl es of
anti body fragnents include Fab, Fab',” F(ab')2, and Fv fragnents; diabodies;

| i near [6] bodAe intacti“anfibedyh edmprases iablsdst two lheavyl @B);chaimd anditwo BgletdiL) i ¢

i bodj es f d f i body f ts. [0066] An int "ant i body"
conpr 1 S pRiragtped BT BRYRAE bynds BT ing e N dogproed 5t ket
inger - Q@fﬁdlﬂ@fdgibnt(ﬁbﬁﬁesﬂd{eﬁi&&i@@@HSVIE&CVHMﬂVaYh&b?EHaih ORI &é%&@! ok a

heavy chain 10 variable region (abbreviated herein as HCVR or ) and a
heavy &eaiyrrhaigrronstant regigh dhcommpiesed ehthyecdnmaing ity &hb and §itbnEnch ri sed

Vi ont | chf v Ohfisgrbt o gtk abhlte e clbRUn EL BB R VR SR T, oo

chai n tighisdhaiit constghtaegiohEhd lighichaih@bfstarrediamis do@gprised bSoradamidis,&Cl . of one
domain, CL. The VH and VL regions_can be further subdivided into regions of
hyper vaPe Xbiandr i, regionsrean hestupthpptubApidedrintoregionsohliymentriabiditn rermednr) |
injers it i r : wor k regions
(Fig - EEERRGMky & RabAfRg b TR e AR W e TRl fd ARV P om
am no- tensarvedstetroedfrarthowgik-regions (HR). Eacht Vig afid Vi aseamgpasediof thrdeRIDREBRL, FR2,

CDR2, ER3,. CDR3, FR4. The, variable reqions of the hegvy and |igh hai ns
cont ai 1P TBeraTing=4 5181 HERAETT AL oSO IS Shie el mReridnEREnt
regi ongpH1, FRe, 2BDRENFRBOCGDRS, FRY. THRAFilbBlelrBS ot mihélﬁea@fy dnl§ighfOAAIRA! obul i n

to host tisSsues or factors, including various cells of the inmune system
(e. g., certtipatonding dpmpinghat intemcts wish aw antigsnehite ¢obisgnt iionkef tleassi cal

coppl enent tem .The .term.antibody incl ant i gen- bi ndi orti.ons of
2% ot BibogREThE Mo e RS B bSO G Pobdl Sl Sadhs e

i ncl udearidus callefxhé iBERBEO bysten (DL OVERo cells MARAE fifs® BShpdANE(CI) be VL, VH,
CL and CHl domains; (ii) a F(ab')2 fragnent, 25 a bivalent fragnent

conpr i Skepical fomplgment sigieEh e terkanibegdy #chides patigea-tindiag godions REami nge

29100kt Uy iy ORI SRSl LGB ) SRR BB S0L0) @ P

ant i boghonovalgntdragAtent cagiveng of and,, ¥;aC, andNaHIrddmaddk] (iD/AF @89, (r2@8et) ,

Hoe S 5 Balet Basancomyiome two Fab rapiehts Tmked By & falfide Brdge af the hinge
region; (iii) a Fd fragment cénsisting of the VH and CH1 domains; (iv) a Fv fragment
consisting of the Vi and Vy domains of a single arm of an antibody, (v) a dAb fragment
(Ward et al., Nature, 341:544-546 (1989)), which consists of a VH domain; and (vi) an
isolated complementarity determining region (CDR). _

30 [0067] As used herein, the term “single chain antibodies™ or “single chain Fv (SCF v)”

refers to an antibody fusion molecule of the two domains of the Fv fragment, V| and Vy.
Although the two domains of the Fv fragment, V| and Vy, are coded for by separate genes,

they can be joined, using recombinant methods, by a synthetic linker that enables them to be

made as a single protein chain in which the Vi, and Vy regions pair to form monovalent
14



30[ 0067] As used herein, the term"single chain antibodi es” or "single chain
Fv (scFv)" refers to an anti body fusion nolecule of the two domains of the
Fv fragnmawo,200208207d VH. Al t hough the two domai ns of t hePE¥/SG2eIgmwen3¢ VL and
VH, are coded for by separate genes, they can be joined, using reconbinant
met hod &&ﬁ Is [l . S Jede.88_ HeSi ngle
pr ot ei ?1“0(1:{%‘}6% (% %ﬁ%ﬁ%lﬁg&{ﬁfﬁ:ﬁ%h%rggg %n%ﬁggﬂglt’? SR:?I oFm %b%?)vgpent WO -
2012/ 0833 B Rad /HiER M et D OPeb3 &N antoh eacl B ok §7S(AK 86148795883 (IH188))c Ratnsikgle chaifv) ;
see, e.g., Bird et al Scj ence, 242:423-426 (1988); and Huston et al .,
Proc. Naiboges drasior g by afeisneRsion gt gnusqdy 578 egﬁs&gﬁéa% SPIPERE DBodi es
are | n?écHHﬁ%aﬁVteEﬁ{i&ﬁ@sr&%n&ﬁnétf&eortcﬁérmééﬁélbé\t&gg)6% irfta{c%gr’i‘i‘?(SHd%is@nd can be
prepared by reconbi nant techniques or enzynatic or chem cal cleavage of

i ntact [6G068] bodhessed ettt 3heermsbumhr sajuance dngibbdy’ hintlrdessantibedige haeng

anti body" .incl udes anti bodi.es having.vari able and cqnstant regions (if .

ot esent 3t AR BT eERR AT DV TN RD BBB, B IGRdBgHEeSOHE hunan
s equen§&10u€ﬂédsbpl% QA selyiéhck RHERSdiQbLIERNInly Bt dHIRn ARG B¢ ARind AbRISEHESS not
encoded by human gerniine inmmunoglobulin sequences (e.g., nutations

i nt r odoeleanchyedr ynimancgersiline impaneglplulin geguenses (esg. i mutabipnoingodiseddymat i ¢
mutatiQn . n vivo). ch antibodi es 10 can be. gener.at ed .i on-h

£ ans oo fis@buecTiE PRt S B e B oy b SRR R4 24
ando WOc&ba3 g futedH@avRM e umanhfanb ganiie alithaRe. 56 ds1@8seAbédvinl UH Wpp. Pigh. WeRd
herein, is not intended to include antibodies in which CDR sequences

der i vedV® 0dAAHRE apb R DKa7894. lnoreves thecterrahumans srauprcs ansbedy aas wedpuse,
h been: - : : i zed
oot + bt s il Ri1R MR o BRRUCH CIREHERIE Rt il uert TR SRS | oo

See, Caainlling,of eh@heRatmnialibospeéicS lch Gy a nicws@rhaoe béeackrhfeedeonto hymaef er ence
inits_entirety and for | purposes; .and Queen etal., Proc Natl Acad Sci
USA, 8§?E@ﬁ?§$%ﬁég§e%%@@S#PH?BQ#U¥W§°@§Qd herein, the term "nonocl ona

ani § boghiise] ef €xRo HecdnBhERHnfinBRloBIIRA Lah BRPYodRES Wtk ESatiy ST RIPGAP! ecul ar
conposition. A nonocl onal antibody conposition 20di spl ays @ single binding
speci f Noi $$16A467,ahddrporated hereimby safericned iaritseptitadypand facab pdipogésy and he t er m

"human _yonocl gnal tj body. .r rS. i i di spl aying a single
bindin&hﬁﬁE@FﬁP?FFﬁaﬁkggﬁ%ﬁa}giséi%g@Pgﬂéhg?ggﬁé}ant regions (if present)
deri ve@(i70pm hAaded Befeit, ithetetFrHdbA0E18RM lahAbSBAUERERS a Prp LR AsIPeCt , the
hunan nonocl onal anti bodi es are produced by a hybridoma which includes a B

cel | obatihodsdngleawgseofisinglesgelscelanenmpnsition. ASmemgcherial artibgdy cempesitieyeni ¢

nosis e, Vi n 0 LSin h n_heavy, chain transgene gnd a |ight
cran EPEMLOE ReRIIRIRe SRRl Al TR"  SRENE B ARRIERRS, BRS % e
term " @i ‘G@an hefndtBnilandbsAstRAC® dntiBbdips GFPlhing A8 Bihaingon of

anti bodi es_ and can_  cause an inmune response., It can be used interchangeably

i n t heSpscHdywiisksbavssigriablgiapg constant gsgiens; (HiiersgRderivedhfromeuman; ct sense,

I MMUNOg&in ifimunoglobulin sequences. In one aspect, the human monoclonal antibodies are

produced by a hybridoma which includes a B cell obtained from a transgenic non-human

25  animal, e.g., a transgenic mouse, having a genome comprising a human heavy chain
transgene and a light chain fransgene fused to an immortalized cell.
[0071] As used herein, the term “antigen” refers to a substance that prompts the
generation of antibodies and can cause an immune response. It can be used interchangeably
in the present disclosure with the term “immunogen”. In the strict sense, immunogens are

30 those substances that elicit a response from the immune system, whereas antigens are defined
as substances that bind to specific antibodies. An antigen or fragment thereof can be a
molecule (i.e., an epitope) that makes contact with a particular antibody. When a protein or a

fragment of a protein is used to immunize a host animal, numerous regions of the protein can
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30 those substances that elicit a response fromthe i nmune system whereas
antigens are defined as substances that bind to specific antibodies. An
anti gen ovORR¥20T8 t her eof can be a nolecule (i.e., anPERiISGepANbat makes
contact with a particular anti body. Wien a protein or a fragrrent of a

R L S R T

(1. tcetlhetanltlgdnl"(gnaenmg]msrc&sthmaslahenskanabktnmturds epteiproteal)] y to the antigen
(gi ven re |ons or three-dj rrenS| nal structures on the protein). [0072]As
used hiIEZh, thpusedhiom ihnitrs equaati hw Yores gt %ﬁquélsgfmm ant i body
nol ecu i

regi onéﬁééﬁﬁ}%“? e *%Sﬁ{.ﬂﬁ%d;%lﬁ P B IR ok Al 08 R R AT e
ant$ boanytigenriendihg ssfionsrhas bednl dsral douharth@mtlhodylynoranhbsdtylrd:dembwsal ns its
original bindin 0073 di.tion,.techniques devel oped for the
producf‘l}“ﬁﬁn Btibogd; éH’(Slr%“il Teta quEd’%“&éna?gwﬂP‘r&a%’&}H et al., Proc Natl Acad Sci,
8l 685?00(‘\7@&5 (Iﬁ%ﬁdw)twn't@&ﬁﬁ@%@%%jo&%rf%f fheti‘)\fodlﬁctlgﬁ %f'@&m'n@n& BidodrRti rety) by
splicing t genes from a nouse anti body I'ecul e of appropriate 10 antigen

speci f (Mptqsonoeg@l thC\MatﬂhAgaelnh &lr@ﬁlsé&ﬁé@%@nmpmagateddlee@u by reference
approprl te bi.o an be used enes froma
mouse BhEEE sAURh Ry SRlERE ooty PR Ra it B R o sepdfifEea  oget hor
Wi tdh gemeenfspedifidityiegaheawith batky X & Gunen ahtiyAyeFlEt ¢ 6f Hippbmdite al
activity. Achineric antibody is a nolecule in which di fferent portions are
der i vebiologieal a¢tivityrcan e asgdrdior Q’E?é@léslhe gmeﬁ fr@@@ﬁ@@ée m@ﬁgmlwﬁ abl e 15

regi on { V, ( r t ant
Fegi onsPEHs D o By e Be BB DT B BB ol
pr oduc mobstulkfoffapprpriate dbiclogichiedtiesy. (45 elﬁmeﬁcgntlbddySS afadlediile MMowhidh 585, 089

and U. Pat ent No. 5,225 ich are incorporated herein by reference
in theglrf fegaitt PPEIOPS afe,ﬂﬁ’rll"ﬁﬁ‘r?]ﬁ@g‘ilgn n} #pipabsReciss: e as thepeahayings Vaable 1 egi on

Copsi St pf dé?lv]gfi FHONEYRuline b S 4 Mo Hﬂ&l&lgoe%? Jlfﬁr&ﬁstgﬂtp}ggl\éﬂr i abl e

regions,” 20 referred.to as conplenentarit ermning regrons
Bri ef | J0074Limarnadditian} tetodlques havcebmtdebddpedrbk deyiredudtioomf homamaedan speC| es

1 om SRR (5hr o Bt SO NRob SROPR) STOb ST APE N 20530, WHEhifequas.

descri RRErpfopdted H@elﬂr@%fé}érﬁe iPfheftichfitedy)C ARiiMnAMokRBIiIE S gkt HegvPdapt ed to
produce single chain anti bodi es agai nst an i munogeni ¢ conj ugat'e of the 25

pr es e nvarmbémﬂegmrognmss of bk éfremaivarkinegibo ditersuptedby ek rsyvariableiragionhe heavy
t chai n s. of, the Fv re no_aci dge
| P 1818 b BRI o b Oiping PG RR S, AR AL s ARfihacis
ant | boghy aﬂﬁb@@um&cﬁ:la@frbﬁl ek paYies Revifld Srice6t nible CIDRAEGHMOMe @bn-papai n
and pepsin, respectively, on substantlally I nt act antlbody nol ecul es by

met hod BUpARsPesics ang p frapieaiark regqn fsory a humag impanoglobiin mplaale. 566, Fab'
anti bo rom
F(ab') pgf ti o%lg&?aﬁ; 3, %EB@BES éggl?}%e?gfog@eﬁé&%l SU ? Qgg{ eg;ggé\%ﬁpﬁ Fg;]g t he
two heeatybecdtiapred po ptadaossiagle whiih andgbatigy apatrsampimmansgehiel donjagdtelnf the

l ;gtgllteg%t Oféscfoggrer E ngietclhgln a%lgogllesn arﬁggge%tb%nlilmlﬁg th% hreg\?ygae{g llgﬁll{l %Eaifal S

fragments of the Fv region via an amino acid bridge, resulting in a single chain polypeptide.

Fab and F(ab’)2 portions of antibody molecules can be prepared by the proteolytic reaction of
papain and pepsin, respectively, on substantially intact antibody molecules by methods that
are well-known. See e.g., U.S. Patent No. 4,342,566. Fab’ antibody molecule portions are

30 also well-known and are produced from F(ab’)2 portions followed by reduction of the
disulfide bonds linking the two heavy chain portions és with mercaptoethanol, and followed

by alkylation of the resulting protein mercaptan with a reagent such as iodoacetamide.
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ANTI BODY ASSAYS [ 0076] A nunber of screening assays are known in the art for
assayi ng anti bodies of interest to confirmtheir specificity and affinity
and to deWerznimzwvbet her those anti bodi es cross-react V\ﬁpthr/smlzmﬁmomot ei ns.
5[0077] The terns "specific binding"” or "specifically binding" refer to the
i nter agl on between_the antigen and their correspondi ng anti bodi es. The

i nt er a¥YHBQRY ééﬁé?féent upon the presence of a particular structure of the

tei | t t
Phor alOBE IOk REmeEY of RfssRiclabtds ARG iin e Bt foradE AULABBRARL P P
t he epidtep&a(ts towfirm thbﬁrspedlﬁatyohnalcafﬁbmﬁkng uikttrairid whdther th6{cCRhBddIBC e

anti bodi es are produced, they are assayed to confirmthat they are specific
for théroéﬁfqaﬁbwltﬁptheﬁp’&“ﬁg% and to determ ne whether they exhibit any cross

oS Lo Il B0 BlingCeE - GREIRANO B RANRIERL Iy STBR37Y D, Lo @
cont enbetwetn i anbiganr andhtheie byrresppndiag hytibadiest phe atterdctivarie ldapdmzlemtefpen ence.

However,, ot her t hods ,of assayi for qualit ntrol. are wiithin the
15ski | Fhed?rressnff‘e? Ti¢u %rrstﬂﬁuﬁ%.’ir%// gtgf’ protet r?‘}?énéieg g&ﬁ&? bipdingmpleculg @ eal so

wi t i ntHerh%tlg&P&eeﬁthé)hfh HAESRP birdiCb BRUpEifiE, qu}%mhbmg;aﬁlgl?od?rbmdm

antigen-bin fragments, variants or derivatives there he pr%sent
di scl osfithe epamp%st)sxfllhieremﬁmobb@bkgrowﬂeutlgemd in terms of their binding

ffini t Th f b t b
el P 5o e o i e e o o B W e
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[0079] Antibodies, or antigen-binding fragments, variants or derivatives thereof of the

present disclosure can also be described or specified in terms of their binding affinity to an
antigen. The affinity of an antibody for an antigen can be determined experimentally using

20  any suitable method. (See, e.g., Berzofsky et al., “Antibody-Antigen Interactions,” In
Fundamental Immunology, Paul, W. E., Ed., Raven Press: New York, N.Y. (1984); Kuby,
Janis Immunology, W. H. Freeman and Company: New York, N.Y. (1992); and methods
described herein). The measured affinity of a particular antibody-antigen interaction can.vary
if measured under different conditions (e.g., salt concentration, pH). Thus, measurements of

25  affinity and othervantigen-binding parameters (e.g., Kp, K,, Kq) are preferably made with
standardized solutions of antibody and antigen, and a standardized buffer.

[0080] The affinity binding constant (K,s) can be determined using the following

‘ formula;
. (n-1)
T 2(n [mab'], [mab],)
30  in which:
_ [mdg],
[mAg'],
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2 (n[mAbl, -[mAb],) 30 in which: n =[nmAg], [mAgy] WO

2012/ 082073PCT/ SG2011/ 000436 [0081][nmeth] is the concentration of free
anti gen swOe812/823[ mAg] is the concentration of free nmMBABSIGENAIBIBAI ng
sites as determ' ned at two different antigen concentrations (i.e., [mAg]t
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I's used, the term"h igh affinity" for an antibody refers to an eqwllbrlum
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nmol @/ | hﬁtﬁfo‘ayamm{y@ﬁﬂlgﬂﬁnn@@Mfmaffx 10-12 nole/liters, or less than about 1
x 10-13 nole/liters, or |less than about 1 x 10-14 nDIelllters or | ower.

[ 0084] ﬁf}ﬂsi*br odvmtthoeaupibram disspsiationcongart g tean thes isplosesed teidessriba ur e
provi dgg 09_(, Eﬁ]{ yba?lollgﬁle% é?setfi}ﬁ%h m@ﬁﬂ@&éeﬁtth&%er&f“}ﬁéhoaffﬁnﬁ{;’ogvgﬁd in the

course O gl cal ne response I~

speci f amtioldyseﬁeﬁab aﬁaQumbhymbﬁsseahﬁm eshstayit (Kis) dilesa thanmbuoel sym’ em In the
present

Cer of y BT e mOLlsTenRBE en s malR T BcTdessgran HBubY Sddnindle Semodr o
1=t R 055,00 0 e e
or t hel apldlif molaljers, st lepothampprwpgni B € mole/liters, or less than about 1 x 107
mole/liters or lower.
[0084] The production of antibodies according to the present disclosure provides for
antibodies with the characteristics of those produced in the course of a physiological human
20  immune response, i.e. antibody specificities thaf can only be selected by the human immune
system. In the present case, this includes a response to the human pathogen Dengue virus,
serotype 1. In some embodiments, antibodies of the present disclosure possess the
characteristics of those produced in the course of a response to infection by Dengue virus.
These antibodies can be used as prophylactic or therapeutic agents upon appropriate
25  formulation.
[0085] In relation to a pérticular pathogen, a "neutralizing antibody", "broadly
neutralizing antibody", or "neutralizing monoclonal antibody", all of which are used
interchangeably herein, is one that can neutralize the ability of that pathogen to initiate and/or
perpetuate an infection in a host. In some embodiments, monoclonal antibodies produced in
30 accordance with the present disclosure have neutralizing activity, where the antibody can
neutralize at a concentration of 10°M or lower (e.g. 10"°M, 10"'M, 10™">M or lower).
[0086] The immunoglobulin molecules of the present invention can be of any type (e.g.,
IgG, IgE, IgM,,IgD, IgA and IgY), class (e.g., IgG1, IgG2, IgG3, IgG4, IgA1 and IgA2), or
subclass of immunoglobulin molecule. In some embodiments, the antibodies are antigen- -
18
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primary B cell is obtained from a subject infected with or possessing an antigen of interest.

[0089] The methods of the present disclosure can be applied for the identification of |
monoclonal antibodies expressed by human B cells selected from donors, such as patients

25  exposed to an infective agent, e.g., Dengue virus. Thus, the donor can be naive, vaccinated,
affected by one or more diseases or infections, already exposed and/or resistant to specific
therapeutic treatments, presenting a specific clinical index or status, inadvertently exposed to
a pathogen, etc.
[0090] A donor's sera can be used as such for an initial determination of their

30 seropositivity to an antigen, since the specificity and long-term maintenance of the adaptive
immune responses (even years after the last exposure to this antigen) may allow a qualitative
determination that is sufficient for selecting donors. The nature and sensitivity of the

screening assay used is critical in identifying the most suitable donor and, preferably, the
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directed to the desired purified antigen (e.g. a specific recombinant viral protein), a mixture
25  of'related antigens (e.g. obtained from partially purified viral preparation), or a bioassay (e.g.

neutralization of viral infectivity).

[0095] Once one or more donors are selected, the source of B cells can be spleen, blood,

lymph nodes, bone marrow, tumor infiltrating lymphocytes, lymphocytes from sites of

chronic infection/inflammation. However, peripheral blood is usually easier to obtain from
30  donors, to store, and to monitor for the serological response against an antigen over a defined

period of time. N e e

[0096] For example, starting from 5-50 ml of peripheral blood, approximately 10-100

million of PBMCs (peripheral blood mononuclear cells) can be purified, a number of cells
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for supports (such as microbeads) binding CD19, CD27, and/or CD22 microbeads, or for the
lack of binding affinity for antibodies specific for certain isotypes prior to EBV

20  immortalization (Li H et al., 1995, Bemasconi N et al., 2003; Traggiai E et al., 2004).
[00100] As shown heréin, CD22, which is a B-cell restricted transmembrane protein that
controls signal transduction pathways related to antigen recognition and B cellvactivation
(Nitschke L, 2005), can be used for the initial B cell selection. Since the CD22 positive
population contains cells that express antibodies having different isotypes and specificities,

25  other cell surface markers can also be used for selecting the cells.
[00101] Alternatively or édditionally, a specific enrichment of antibody-secreting cells can
be obtained by applying a CD27-based selection in addition to the CD22-based selection.
CD27 is known to be a marker for human B cells that have somatically mutated variable
region genes (Borst J et al., 2005). Additional markers such as CD5, CD24, CD25, CD86,

30 CD38, CD45, CD70, or CD69 could be used to either deplete or enrich for the desired |
population of cells. Thus, depending on the donor's history of exposure to the antigen (e.g.

- viral, bacterial, parasite), the antibody titer, total B cells, CD22 enriched B cells, or further

enriched B cell subpopulations such as CD27 positive B cells can be used.
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Vect or Kilgeri ai ali, 1§98)i Vattoryanaminiag viva genesmhheenhnisaluoed aretb lesl]s, sametimee s
maki ng use of troviral systens pac i ng. l.i nes whi ch provide al
the peeégeme pEEhBYcE S Ea RE PrsREinR o DR Pih Pervi e EGSsH ke

parti cfReors fAParR S fortGEn bP sucdi&/iMBIRE PartRRIS canMisd BRARRH iPthe methods

25  ofthe invention.

[00106] EBV-mediated immortalization is a complex process involving the
immortalization of B cells due to proteins that are expressed by EBV, and is regulated by the
interaction between EBV and host cells proteins (Sugimoto M et al., 2004; Bishop G E, and
Busch L K, 2002). If desired, the immortalization process can be followed by measuring the

30  expression of specific EBV proteins and transcripts such as EBNA2, EBNA1, LMP2, LMP1,
or EBERs (Thorley-Lawson D A, 2001). These proteins can be detected by PCR,

immunofluorescence, Western blot, or other methods allowing the detection of EBV DNA
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[00106] EBV-nediated imortalization is a conplex process involving the
immortalization of B cells due to proteins that are expressed by EBV, and
is regul WOQ82ET8 i nt eracti on bet ween EBV and host celPC3/SGRot1&0¢IS6
(Suginoto Met al., 2004; Bishop GE, and Busch L K, 2002). If desired, the

i mort gl i I; I r i on of
A B R e s T Y
EBERs Q008K omyshi Kves ah, Z004A; HAQ0K)et alli¥é).pr ot ei ns can be detected by PCR

i mrunof | uorescence, Western blot, or other nethods allow ng the detection
of EBVSOREENING ANBISOIATION OF JRANSEAQRMER BlGEEESM et al ., 2004; Park C H
'\

et al. 4, Humme S et. al ., 20Q3; ni shi tal.,..2001: Haan et al.,
2001) N TR AR B Ry R R oS PGP ee W

embodi R ﬁaviﬁ% aslatdmmhtiapdl iRty drtiadivReeBlcsl eRnedearshEesged for

5t hose having the desired antigen Specifici t%, and individual B cell clones
can t heredbeedolirerd tleccppsitivsractihidl hessieening stgpichs be Tarsied ontlsnEhE Athastainingbe

i ed b ) ini i J || i,ncl udi
{ anst SEESecthcRt) ol PP eBlo ARy Ehallon SPa oAU vst o ner

net hodsf éthewiethBds vl in thekrt Fetaartityinp deslagl antidernsiec Rty SPRCAskAEédny . The
assay can select on the basis of sinple antigen recognition, or can select
on t hesdertionitembasisf sinsple pntigenggeaanitean, PLeRR et omthy additionalhasisiofig

ant A bodi I i . i - bi.ndi i i . . Ln sone

S0l oo R FERGh, 4 A B8R 06 A1 LA SR PRARBILY, o0

m Xt ur f0a08podntsbme efbolinen®s) aletonigy steefbr eeparatiignigdividual ¢logesdidmitheon,

m cronani pul ation, single cell. aeposi,ti gn.by %@ﬁj sorting,. and/ or b){ any

ot her FEXtHESPTIAR8HE 7l 498 b cprried,put Btine HARE Herion, migrempapigulation sindled out
usi ng Eélﬂ%l%do@iﬁoﬂ'bg'l&ﬂ Q&ting,rhnﬁmy%ﬂpg%emrﬂﬁ)d 15006 R AP 168bhe are derived
fromB cell's that " have beén immortalized using EBV-transftornmation coupl ed
wi t h i efnbbdimieots, cdbningss camedhow usmggdomisieg dduta. ilv adroe embddiateath, plooéd Ber at i ve

signal s... [00109] ,In sane..e iments, the present disclosure provides for

e hES" o Billsay G Tomk BT ML en iraPrabr e S BT havi g 4
desi r egdopdd WER irtMSIEbA bEhDsY inneteGBspPdn&elol :2ti¢ABr-RRAIMERAbrbRfeYAfve Qlbhaldays, €. g.
as a source of nonocl onal antibodi'es, as a source of 20 nucleic acid (DNA

or nRNH0189k odnrsgma embadisheantsa theapresepbdigclosure pravides for the profarciionely t o

subj ects for..celd ular, ther S @& _therapeut.c, or. phar eut Lcal, [00110]
T somrn iR R o gAY pnliodfs WP iR SR B B Lurtur s
can becéBrcasbedsddin varibudaayses.gods 4 stuedcasimotfciakadibodizetRadsui@n i n t he
art. Screeni ni%di S E)erfor med to identify one or nore nonocl onal antibodies

capfhbl Bud¢icpf pomEN A fnceding smMmansiclonak aibod gt itesestdenfeliyerale be
perf or E(gogec?snfo? detthnddRP R Ao AR P bhMifak bR ant | bodi es. Alternatlvely,

screeni can be carrie t using cul ture supernatant and/or purified
ant i bo{i0430]f r dmsentit ieurdvo diah emuiteg) f1@r supematahefiromahe Rtivated B cdliz iaddlitire om bevher e

cross-reactive antibodiges are of [nterest, the ability of the npnocl onal
ant i bodfresned éoralﬁ%e&%_aﬁwe\xﬁ HSlfl&lsnﬁbwn msthodg Kpa i %@ﬁ@ﬁtgn&éﬁq be
det er %&%me%& ffHfTy orde'br HUFE nfBeRhaBRtiBodiks capahleRe bﬁ{&‘(i{ggsﬂé)ra%@nﬁgérpois creen

for a I sti neutrali zing

I bodies wthcertain functional charactéeristics
25  interest. Such screening can be performed on culture supernatant and/or purified antibodies.

Alternatively, screening can be carried out using culture supernatant and/or purified
antibodies from activated and/or immortalized B cells. In addition, where cross-reactive
antibodies are of interest, the ability of the monoclonal antibodies to cross-react with two or
more different antigens can be determined. Moreover, in some embodiments, it can be .

30  desirable to screen for antibodies with certain functional characteristics (e.g. neutralizing
activity).
[00111] The binding specificity of monoclonal antibodies produced by the present

disclosure can, for example, be determined in an immunoassay, e.g. by immunoprecipitation

23



activity). [00111] The binding specificity of nonoclonal antibodies
produced by the present disclosure can, for exanple, be determined in an

i MruNoassW,208/0§207By | nmunopr eci pitation or other in vIPCTSGRINAIING6 assay,
such as radi oi nmunoassay (Rl A) or enzyme-|inked i munoadsor bent assay _
(ELI S i ani nmet hods t hat
Can be LoBpLlaae i ARG K a BB Roal FRER) er b EAMDY ot ure.
assays imflnpoaisvibgetrassapBili®Apssays; and (c) 5functional screens. [00113] In

tib t th ' .be bqund t I
monoc SHTZEn Chheaat e EBoisd ohsereai e TEHoNs U heh bosTHeVah | en,
unboung, el Hﬂ%@ﬁoﬁfnﬁtéd%n(‘é?Qntﬁiéd\r{)’g%h%ss@@d(bt) Qﬁt‘fgén Fl?é‘&‘éay?’s” baPRY! es

are detect ed . by a secondary agent such as a ab ed antl body’t hat
Speki fﬁumhblyalrsexecxgsnl zes the anti body. 10[00114] For an antigen capture

t | abel d t t I
ant 1 boME3f o S lePfun SRS BraaEe: chhibs PR SO PR REAOFEHTELa ¢ h
the opaﬁtﬁfaﬁhésxo b@&e{ea%@mdv@eerto b d 18th@ArtieRh Yunbblifd atiHoRRA Yirdfkioded byorml ex
can be al |l oned form by i mmunoprecipitation prior to binding of th

monoc| easingrani blm;ﬁh@ bounsl angibpdigs ang dgtestedi elgphyas sccominr: reagent such as a

anti bo re bou solid phase, 15 unbound antigen
can be%’gﬁg g&fﬂyt&%qpﬁ‘?ﬂ ¢ ﬁ'cfef)oc%ﬂl%ef\}eeanigﬂd%e identified by detecting the
ant ge[0011401 idr aWanii@snsca Eumehss@ylahe SIRAREN BX labbleﬁcalﬁrect@emﬁ bhyi ng

nonocl onal antibodies with desired activities. In the present disclosure,

one suembedimeah monscigaalantibedics @ herfested eandrecdiount 4o a solid phase ppdithieBn assay.
20 RE f t | gsur e
al'so pracichant e SRl hper, M BRANRNT R anl Do RARAEH coBoRE AR

ant i body allevoed toHferns &l emtrmdoﬁeclpithtmi mrive;to dindingt 6flthe mogodlbeal autibeiyxodei d t o

generate host ell t ress the anti body of i ntere [00117] In
Sone. elfsaiaaRRid I phase @aﬁ?ﬂﬁ xeaﬂ%%é) exsdiargbapngdds thee ?larphﬁqﬁody can
25pe s ﬁﬁl&t&%ﬁlﬁ%ﬁtlgé}dcéh_%%ggx%&&f bf&ﬁ’ébﬂ&%ﬁjﬂﬂbgﬁw@?&ﬁf & ek e?éc%hg @héySt em

e.g. 293 cells I'n sone e Iments, an anti bddy can
r econbamtigen| y expressed by obtaining one or nore nucleic acids (e. g. heavy

and/or fromthe B cell.clone tha cqdes .t he anti body
ot M8 Vi dhs BRI e WG i B bl adtboRieE Rl er ¢ o
per M t destdet asHifss. M tHeReseit diRISRIrQTonk BE Reden! 4% deBetibedqs the Bnh gL 48]
Production of anti bodi es using reconbi nant DNA net hods is described, for
exanpléneﬂtmllza®n43a@y No. 4,816,567. For reconbi nant production of t he
%(} the nucleic acid encoding it is isolated and inserted into a

r @WéNTf XPRESPHYY ¢l oni ng (anplification of the DNA) or for
expres

o S DI 2 YRR otRiat Br Baining angicr,
conventéquardinga acddioraesl fpoethg. antxbgdmomgh@ia]@muﬁ kelbtiode; golaividizirighd ar e
capable f b| dlng e flca: K enes nco the heavy and |i ght
chai ns™ elfﬁ%‘ dne %8‘9 I %tc?'h ¥Pr8%§rf éé‘H%fF%FH y include, but
are nofogritj t afl sbite eRBSdRMentO iR Micidolige E&fuwe@ didodiflg 3180RI HRBUGNER  an

origin of replication, one of nore narker genes,
25  be sequenced and thereafter employed in a heterologous expression system, e.g. 293 cells or

CHO cells. In some embodiments, an antibody can be recombinantly expressed by obtaining
one or more nucleic acids (e.g. heavy and/or light chain genes) from the a B cell clone that
encodes the antibody of interest and inserting the nucleic acid into a host cell in order to
permit expression of the antibody of interest in that host. '

30 [00118] Production of antibodies using recombinant DNA methods is described, for
example, in U.S. Pat. No. 4,816,567. For recombinant production of the antibody, the nucleic
acid encoding it is isolated and inserted into a replicable vector for further cloning

(amplification of the DNA) or for expression. DNA encoding a monoclonal antibody is
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5 an enhancer el enent, a pronoter, and a transcription termnation
sequence. Exanpl es of such expression system conponents are disclosed in,
for exanpWe,2013/@8207®at. No. 5,739, 277. Suitable host cel PETSGR013I00MWBNYG oOr
expressing the DNA in the vectors herein are the prokaryote yeast, or

Coiposr SRR B 6peGRE s o sl oy (8P i FORGELT 4

phar mapmbes that arecapaidé of nding epmﬁcsaillggo gém:s&ncmhmgjﬂmélemv}omnbl@lt ichains
accordance w.th resent d sure. enbodi rtts phar maceut i cal
conposPt ﬁt&ﬁgtléqﬂey\? 3 that 47 be 8 EohTARLIMHE, batgne TFBRLob e Pr ovi ded.
I'n song, & antb?@o At g%‘aa 4 lg&gﬁﬁéé GRbrie AFSHIdalBn, GRB of RITRE InafkeP BRI NMOr e

nonocl ona in using the nethods disclosed herein. In
song 15n emmndémaderhent, aaptomaneUnart:ll oinaiscaptiontedningticrs seqeenceaExamples obswshor ned

and/or activated B cells of t ent di s S er can be
el BTGl BRSSP IR ThR X SR BoRP e b panel of
monocl gRAdbI& Rt l@@rqid 138 cRhRAWE RUPREGRY dlerm\mqn tHRsvRIBSRbintirs fle oMLy QRAN be
i ncluded in a pharnaceutical conposition. In sone enbodi nents, the

nmonoc! geast, oahighsoelikeryciherllsi(ser, el UsS Jlab e ed/362/ndi ng t o t he pr esent
di sclo ure can be 20 i pcluded with one or nore additional agents, for
exanpl M HOMPO %HP&SSi cs. [00120] In sone enbodi ments a

phas ma aI i i 0 i . ept abl e
oI TS Ev‘;&?&?“% e L T F e
enbodi mnpﬁsmgtteambodlerpnoduMan aecveddnice alithithapesgit dischster Inused N humans.
The carr er or adjuvant should not itself |nducsz t he pr.oducti on of

ant i bo8Maediments pharpgegutical GomnesiliRt comprisingirgrstormedang/oraeiiiatsddh cell
shoul d alré O‘g‘lﬁe& X k&me éﬂb&@iﬁlcﬁtscgbﬁérﬁfaéetﬁﬁsﬂl &ﬁnﬂ(ﬁftﬂﬁ cafl |cQPﬁ‘pYiséT§ﬁea&%61%6d
macr onol ecul es such as proteins, polypeptid I'l posones, " pol ysacchari des,
poI y| aotonoclasala@stibgdbésyprogamstiic usiog the, mghbojlsrrhsqlcsedrherm do rsdss: ammo aci d

o Cp Appad S DR aielront e BReL R feh e e hangib it Sl €0 S88 s o

hy dr oc b} deipd@entl IS RIINIbREEmat?RaR Ba iR fudibn & ‘f)h%iﬂc@&wapéorﬁﬁdsﬁtﬁnp fn
organi ¢ acids, such as acetates, propionates, malonate and benzoat es.

[ 00122porR amha@etsmtswpar}el aﬁmep@%lmaé agtabadiesrpsodused Bequapiag e hequwensosi ti ons
Can OISR e hE R i b ARl BBl 17 Behl b BRI b
2012/ OﬁﬁﬁzaBﬁHI/aS@Qﬁéd SIS cdliProdredaidordifg @ the Prdsentf disddesudgeimtte or pH
buf fering substances, can be present in such corrposr tions. Such carriers
endd| einchiled H‘éﬂtﬂ@élﬁﬂ%ﬁ?d‘élﬁﬁ%%%m%rf@r eemple, ABHYHAL dregs oxanalgeniest s, pill s,
dragee S ions, for

i ngest TAZB0° HnSSme chibblfiton BE BrRiiRE: comditoftao SURREE onci y

di scl ophm‘nmuén,ltmally mptablemwfr or hdyavant doqadns eistrati@r ofi the anttbodscinl sohet e

conposi t reparation, admnistratio Any suitabl e livery vehicle
or carf ‘E]E‘%Htsbgle&é"ét?r 15 é}@FGE‘?eHB‘:%{YtaCﬁ?R&PlF Htr‘?IyLEG 1R BUBAT gﬁ%ﬁ%tb‘g Te, for
exanp! gy GhAIR B@tr1?seﬁﬁn&1c@@ﬁ@§r85€ét§m(dt/%ﬁf?%‘dx&tha%hfulQ&ﬁ%‘ihd@ﬁﬁﬁ?r Res
54:5408-5413; Saltzman & Fung (1997) Adv Drug Deliv Rev 26:209-230), a
gl 9% os meeivory the aomposition @ak shoubi n06 bQ @cﬁgus S®jtabla calatetg/canaadange,( sllb\&y Pat. No.
599439 ,..a fatty enul sio orI|p|d
der 1 vaiegoligdbatmo e Bk pasind nobiRagS popemebmopthe5ogh, 5] a
pol ysaggiyitiel acias, lit ¥&ids, (dhiBo abidk, anr¥@eo a8id@8Pel Fibds ard
nanosugpgnsrlonCI .pdwgng&l g@gg%grhlof ; pol yrreer)rac m%% |l e Sor conj ugat e
( Gol dnmcereamsqattm Cancer Res 57:1447-1451 and U.S. Pat. Nos.
?U?g_l @ézy‘-” @%@%ﬂéqg@%‘%cép%le Rt % $dUse 206t exafipRe ARRNa1 281Laiks, PO! ySOME
30  such as hydrochlorides, hydrobromides, phosphates and sulphates, or salts of organic acids,

such as acetates, propionates, malonate and benzoates.
[00122] Pharmaceutically acceptable carriers in therapeutic compositions can additionally

contain liquids such as water, saline, glycerol and ethanol. Additionally, auxiliary substances,

25



[ 00124] Anti body sequences can be coupled to active agents or carriers

usi ng nmet hods known in the art, including but not limted to carbodiimde
conj ugat i\¥0,2024182078f | cat i on, sodi um peri odat e oxi dati onPCHISIGANE @006
reductive al kyl ati on, and gl utaral dehyde crosslinking (Coldman etal. (1997)

e B g RO, (TR B D s SRR S A R0E0. N

Ther apyompmlﬁhnrsr Budh darrdre endbde ihe pHammeﬁimaétmmposmﬂmtmo Ve feynubatSbas, New

Yor k; rk et 1997) Adv, coI : 399- 435; Pas ua et al.
(1997)t ts, pﬂis@fi@g%?fofa syligs dmzucg S, SXTHRS weaaw?’ PUSRESIq 9%‘3’6}11%%@%
Enzynol, eg) @%.159 U.S. Pat. No. 6 071, 890; and European Patent No. 0 439
095). 2% 0 125] A therapeutic conposition of the present invention

conpri $¢H28h sBreecopmnivsiions nf the proshattyndise osadesabjecommpivaican durtlich adbmprisd aides a

R R g

anti - oy} Qﬁﬂelseanméfas@d smcmﬁg 8 R liatifed t@ﬁ%l@fdcﬁlbs@ﬁel f(ﬁrf&h&b&td Iﬁﬁzr@@ﬂe&ol utes

which render the formulation isotonic with the bodily fluids of the
i nt endeta namisphese(Manerde 80al ad fbcargatRerodt: 5&{13&@415’3 Saleamnare& divag € h¥70ns

whi ch ncl agents and hIC ent e formul ati ons
can be?\g eﬁs@ﬁ e% |I%VWG%§)% %gl YR Z@:ﬁ Eghig)sg 1@8535&%%’% seal ed
anpeul esidaues. PatNo. 5394d,392)) alfertsémileidni(U. S Hat. R 13,651,991 g @depid bi Beid
(Iyophlllzed) condi tion regU|r|n only the addition of sterile Ii qui d

carri eFierlYaélfveéBJaSrrB%Nﬁaﬁgﬁ $81) ¢ %étli('dr% Pat. Nee 8i932809); BmobisaQCbaﬂ@féor Sore

exenpl r 0.1to
) B ROTRARYES 3 N0 468 ohlS 5" GG Rlnsick T PO PR R SNIEN08 20  er

s ugar palyifeeic naogl ke cﬁfconjmgste S okhmcit abrcl%u@ahcerl&@ 5Mg/4av5146 h asd UES.

enbodi nents about 30 Inil; and/or phosphate-buffered saline (PB Any

ot her Agleflos: ST S&I 66755 el 0 51490 HoAndey B WD, 36 B b?é’ntﬁ(d

foqgrul phi N3, 519 gg@§)t| on can be used. In 5 sone enbodi nents, the carrier is

phar maceut i cal Fy acceptable. In sone enbodi nents the carrier is

phar rra{ﬁ(llf?.#b al Aptitacly spquEhtes daobe gewpled tdaoie sgerft OO @@lierPlsingacthiadscal

conposjtions of the res t dj sclo ure C ve a pH bet 5 and 8.5,
ot o or KBS Fufatiningd e B g HETE GRERBAIRY oaubon e B can. be

mai Nt akeemperibdfe U§i%aﬁ’$n %ll@%ﬂ B redU&ﬁv& SIRPRALA, A8 ghfraRRhdEErbssEnRIMG/ OF
pyrogen free. The conposition 10 can be isotonic with respect to hunmans.

Phar maeeidmaalet @Joﬁlﬁag) Camnes Res. 5t7hlé4ﬁ11é§ brichangdil 8%) dbuoa GertsjBer. 1att-er can
u I t Phar maceut i cal
co%% pB{& 2k %:}aa.lllle(l ncl)&\g‘ﬁ1 %%teg F %ﬂérirl% ?%8?1]@8&% el go "antibodi es as

descri raerapgrie laurrehﬂp@waalsaﬁbnﬂmdim&rfencg J@lﬂam&@e& Sbﬁéi INeSOWBAS iPatkodt at.an
conprise an anmount that is sufficient to treat rate, or prevent a

desi re61%7éé§¥ep®m&%04%?’?q b Paﬁqqabmefsém 61997’al\krét1%leteshm<é Iredapthiti c
ffect ARt h t

o1 120! palAGLAPRAHENS! (988 AR Lnl AT S EUSLU STphINA S £y, AP o

thei r EumpeanBatbetaNd.[0,439095hat ure and extent of the condi tion, and

t her apeut.ics conbi nati on of therapeuti¢s selected . for adm nistration.
Thg5 ef f‘ﬁ’é@gl/e %ﬁlﬁﬁ?ﬁeuﬁﬁf“"ap%ﬁlwho’g‘k 8%???‘56“‘(%“8%9%‘%%‘??@&“ BY¥ out i ne
exper i grBb&hdeAn aHﬁé&thﬁQoﬁ}Soﬁﬂ@n Bfat H{cﬁid@%%i a%k‘dakéutic@ll} H@ceﬁ%fet
TREATMENT REG I\/E S: PHARMACO CI NETI CS 1001281 The phar maceuti cal

conpos karrien Sughble fiemubatens instudeaquémisaddinon-stjasodd sierilainjeatipe sglutidnsuni t
dosage forns dependi ng upon m nistratj.on,. Dosa for

vt oMt n SRRy A B, bt o tgiSten B A R RS s o of
skill iWhidhhend¥rithe fOHAtlaton ORAREHItR IR Bodily TRidso ARy inkQid¥d kdtipiaitUal and are
adﬁusted depending on the particul ar therapeutic context or patient

to @r apgusous frd mwomti:misdysmaféqmawbwb@alambadplsumndmgggergs ged i ned as a

"t her apeuyti cal | |ve ose e gedue ts effective
for t nickien? et TR RalBRGan et P AR AEROr i BB ey o

fact or for elxﬁhﬁblécbleiil@d hﬂﬁpoﬁlteagﬁi wihls! 4R AhbeaRedin @@@zantdrmezé-hﬂecs everity of

t he d| sease or _condition, the ?ener al state of the
(lyophilized) condltlon requiring only the addition of sterile liquid carrier, for example water

for injections, 1mmed1ately prior to use. Some exemplary ingredients are SDS in the range of
26



30patient's health, the patient's physical status, age, pharnaceuti cal
formul ati on and concentration of active agent, and the like. In calculating
t he dosag¥Oretp/osee73f or a patient, the node of adm ni str ZCIIEG2e01800436 t aken
into consideration. The dosage regi men nust al so take into consideration

the phay SRR BEEHERS 09 1o 101RRIAHTBAR rital maﬁmwogﬂ%@« Mol

absorption, bioavailability, abolism clearance .
e. g., nhenitatoeshotRensuggt inrthsrangegbeinmomeRephadileentd 80 td HELmEABIO jn ST ;

Langer, Science 249 1527-153 For oses of the present

i nvent F‘Qﬁ ‘!hﬁlef‘ﬁéﬂ% teiﬁl Eé’iﬂ ‘é‘i“fé@ts&%i’é‘; g“%?fﬁ% S%}fnea(Bgég ‘?tg?rc?rgeE@rrprl si ng
an ant phedyiorP it} fheask @bﬁllgtregar@% e tyROS thifulRi G ﬁl' sﬂﬁfneéa?lrtfémsé(d gpout 10
to 1000 jig protein, nore preferably about 30 to j1g a

pr ef er sirhg embodimens, the catmr pophaomacenticallyt a@gqrtabietlmermetekrémdlmmm@s For

exanpl ant i bodi es of ..the in ion can be adm nistered to a subject at a
dose ofmgﬁﬁﬁﬁgﬁnfweW6mp3a&ﬁ@&¥$§%ﬁuﬁbul “fromabout 0.1 jig to about

51. 19, [60126) atmiahn&ceun&ﬂ cbpasiQbihs dehd:]i @serft ARG10RMRan hRvd 4 BHIHRARAU. 5 25
jig, from10about 25 jig to about 501 E from about 50 | g to about 100
5 ¢

jlg, fm&ébmaferql@mbetwepg 6tapd §bend mewprferbly akswt b b pfs@@n glainﬁaia@but 1

ny, t hoos iven a

exarp! 87V bt vl 3p@e6ighodudReanbe alEbh PEPYERERLS Tnf siheflion. %
nond hs canist wstoRicyweid respdceto hdtﬁaﬂsSPhH?ﬁh@éé&itﬂﬁlCtoiﬂ}@Tsnibheoﬁtlhe@)kcfsbﬁitl}dOSe | evel
for any particular patient depends upon a Varla:laqqzc of factors including the

acti vi EWCIBFedt%’@J%b@éit?ﬁC@“PSéhl?Hllﬁ’éd?h@mﬂU@? ORfNCIHody wei ght, general
heal t h¥00?1§’f Ghlfaa}maci?'uﬁgal %Brﬁggml&sséaﬁ%cgf?&ﬁ]ar{ Grlchve %m@gxﬁ'? (ﬂ'oﬂ: bff o?t)é-I and
e severity o

rate of excretion, drug conblination an the particul ar
di seasentibudésgsidegribbéhapin. I @ddSdhbddimtets, ophamtiacautisslrcahipositionchnide, but

are not limted to, qral,. p i cal , subcutaneous, intramyscul ar
i nt r avEPTBRRSE W&ﬁ@bﬁ@ Rilsp e ST it & AEPITR LEBYeATral

Dependiifih, bPFo E@iea H’éteaam Medgeptit eﬁecttﬁ?er%[@uﬂereﬁp&g alOSR iR Preferably
about 0.001 to 10 m, nore preferably about O , and nost

prefer eﬁduynmmhy@cal symp®md. ThEpreosieffiectne mmribéoraxnmpmtmubxr subjeat vallsi ngl e
dose treat in nu dos treatments a and over a tinme
per 05 BP gpp Beir o KBS <R kERBLATIR PN e DeCeuBi or ne
part i cubrabindtid SRHYrap&itidb kelédt@dfod a8mhinidRdioh"ehd &fadcBive hmddht fof & zvahi on. 25
KITS [00131] The invention provides kits conprising antibodies produced in

accor daittasionis determingsk astentineiexperipaiationsas pracdend yeongsd@rdingy skikinghee, for
pgrl.[ltl c applications described above. The article of manufacture
corrpri Seés a container with a |abel. Suitable containers include, for

exanp| TREPAFVERT REGRMENS PHARSIAGORESETITRE containers can be formed from

a v
[00128] The pharmaceutical compositions of the invention can be administered in a variety

of unit dosage forms depending upon the method of administration. Dosages for typical
antibody pharmaceutical compositions are well known to those of skill in the art. Such

25  dosages are typically advisory in nature and are adjusted depending on the particular
therapeutic context or patien.t tolerance. The amount antibody adequate to accomplish this is
defined as a “therapeutically effective dose.” The dosage schedule and amounts effective for
this use, i.e., the “dosing regimen,” will depend upon a variety of factors, including the stage
of the disease or condition, the severity of the disease or condition, the general state of the

30 patient’s health, the patient’s physical status, age, pharmaceutical formulation and
concenfration of active agent, and the like. In calculating the dosage regimen for a patient, the
mode of administration also is taken into consideration. The dosage regimen must also take

into consideration the pharmacokinetics, i.e., the pharmaceutical composition’s rate of
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30 variety of materials such as glass or plastic. The container holds a
conposition which includes an active agent that is effective for

t her apeutWeo 2a1ppI82wWat i ons, such as descri bed above. The RETiSGREA@ENB6i n t he
conposition can conprise the antibody. The | abel on the container indicates

bopl i caFeEABROROs ARy Ry 38R SichRRk Sl Be HOCSERY. £ Rt (o7 Speuti e
di r ect Rensington’seEglaen, Peptides v8:dr 31114991 19971 Emges Selenas24NdS27-d633;r | bed

above. 500132] The foll owi ng exanples of specific aspects for carrying out
t he pré &ht invention are offered for illustrative pur poses only, and are

not in [0 N0 B ' ' way.
EXAI\/PLEgﬁ%gFholf})s:r ﬂé@é’g ?rga('lt;%?iég s&lé?i\i’e%{slg%? at? gﬁgﬁ{ik%ﬁf@%@{% i&rﬂloﬁg gékynaed consent
was5 obtampesitiancbraprisiny acadibody, coatarrsabout}.0utvdEY00aug @mpteim pexfeqablyt ocol from
the Natjonal Unjversity.lnstitutional \Review Board US- | n r is 06-
196) . ebrta0 B0 hpudeingBere shoreabbupoct 7 o SNEH Enid mostouroetont ¢ ur e
as desqpibegh pg ¥ aRY ltdpet Bveettilesd vald@NGte eﬁrfl?lbna%tﬁ)ﬁ&f%E’Bf felinandor VP 159

strains were g%t ained fromNovartis Institute of Tropical Diseases,

Si ngapoarebd adriiDjster&Ho stubgichatviadose bf above . If poto dbout 2@me)kt.gl, frbadbipht
Institute, Singapore EHI%) and PVP 159 (DENV1/ SGE 07K3640DK1/2008) fromthe
EDEN pAtli hio B08HLY be(1pum abeytanigty abeupl Giue feom abpuid 931 tojabeytAS ki fromy

a1y 0358y Bport Gl BoliEBoSER8 LS iy TR0 RS BEH BN £ 7
ant i bogo@sg MvorbéA 90GEARMBou LK EArbAGbA0 AE53XBout LOALIAIN Gioil | 11 at

bottom pl ates (Maxi sorp plates, Nunc) were coated with nouse 4G 25
ant i bo&gostere giviegat. fertex@mply, hwaske? wiegkst 3 weicks, dswerks ctwnenoslis.tthieee ti mes

wi th PBS/ Tween-20 0.01% Dif.ferent NV, st.ai ns, wer e .added at, 1x105pfu in 50
o or ManeCE Riohths oy s viin A GF 2 o oRt Bt By e R OSSR U ARoE 11 o
Wi t h PBatituaepatat Serdads updldialRtyetaadeiadciuging e Mtiattgof Bedpesifivbat ed for
a further 1 hr. Plates were washed three tines with PBS/ Tween-20 0.01%

Ant? - hawihedy gopréesisiugaeeel bofp wemshérgeacrabhepiiptnxeflichdineefpdminisaatzm,
i ncub : | ' dded and
| ncu a}(ﬁﬁ% {leidnllnﬁtratg&% and' peﬁ% Bf;%)gcg,(tﬁﬁé&?l é:%ﬁf)g{ﬁl?ion §h(§] %F)sg{}&}ty Wrmeacdead an

0.1 Ms uric acl sed
particular disease undergoing therapy.

[00130] Routes of administration include, but are not limited to, oral, topical,
subcutaneous, intramuscular, intravenous, subcutaneous, intradermal, transdermal and

20  subdermal. Depending on the route of administration, the volume per dose is preferably about
0.001 to 10 ml, more preferably about 0.01 to 5 ml, and most preferably about 0.1 to 3 ml.
Compositions can be administered in a single dose treatment or in multiple dose treatments
on a schedule and over a time period appropriate to the age, weight and condition of the
subject, the particular antibody formulation used, and the route of administration.

25 KITS
[00131] The invention provides kits comprising antibodies produced in accordance with
the present disclosure which can be used, for instance, for therapeutic applications described
above. The article of manufacture comprises a container with a label. Suitable containers
include, for example, bottles, vials, and test tubes. The containers can be formed from a

30  variety of materials such as glass or plastic. The container holds a composition which
includes an active agent that is effective for therapeutic applications, such as described above.
The active agent in the composition can comprise the antibody. The label on the container

indicates that the composition is used for a particular therapy or non-therapeutic application,

28



Production of reconbi nant HVL4c10 [00137] RNA from B cells was extracted
using an RNA extraction kit (Q agen). The d oni ng and expression of
reconbi naWo 2a17a8pydi es was conducted as previously descPCHSG2¢B3OP436

5Ant i body- dependent enhancenent assay [00138] Dengue virus (5 X 102 pfu/m)

o it . L PO L Les( VG, !
4616 P TR S Tor H 1 8o PR e St o e
(1gd, abe@2, 1gG3 or 1g&A) and then added to 105 of K562 cells. After an

hour, cells were shed extepsively with PBS to renove unbound, virus and 10
monocl &?{Hﬁibnﬁ'tfd‘g@?wmwﬁsgéam e8It camying vk threseieinieIHign est ed
and vi 5ﬂ:|of}‘érécffo§ nﬁ%}rsﬁ\r,e oS oftl AP RS ARARPIINRR (BELoBe of fhoVi VO MOUSE
experinments 00139] AG 129 mce are deficient I1n IFN-a/13 and -y receptors
(31). Presentiiventien & drgnethyed i n accordance with the Institutional Anina

Care and Use Commttee 15 recommendati ons (I ACUC protocol no: 018/ 11). A
schematic diagram detailing the prophylactic and therapeutic applications
of HML4sdOmvypgEis PBS treated controls is provided in Figure 21. Mce were
sacrificed and virem a quantified by an established plaque assay (32).

Ti me- | apse Obethodsand matergd$ | | nagi ng 20 [00140] Al tinme-lapse live cel

m cr oscopy gﬁs $§é{org§d on an inverted Al Rsi confocal mcroscope (N kon,

Japan) usin romat 100X 1.4 nunerical aperture (N.A) lens. Live

celd | HOBBY VRAforRRE CoRsERCwH sbtainbd itall probidires Bifedalthmdar AMppRIVed5 MM

gl ass coverslips (Marienfeld GrbH Germany) nounted onto chanber hol der

(Ni konproteged frpm t@eNagov@r@l%@@e@satutlandéi%iwB@qtrdz(I\BUSr&?qB wempenis@8y bef or e
t he exqgéfnent and cultured in 25 RPM 1640 suppl enmented with 10% FCS. For
t he sinul‘taneous detection of Alexa Fluor-488 |abelled antibodi es and Al exa
Fl uor-647 | ghis$ hebvikisb viruses, the 488 nmline of an argon ion | aser and
t he Ii%@h_of a_633-nm hel ium neon | aser were djrected over a

( / n HFT
uv/ 4881¥334h e 4r9/3p celtsamd BRGNP lrqells Mo entied gedegatbed piey Iodsn8arAINFT 545
beam spLi i i j i > £l . exa
e ik SRR LAPPYID RS S BSy Bl of)
det ect iToopicdl agpascsyeimgamap (NF1d). AHIXragewas olitained fremafnvirdhmental plealtls ec

et ng BHge: Siaragaredi i anghe v o E5b g alo R Sk L B0 eetB o PBEN: o
(CkoLapmkhgaM*}H?§ﬁe i mges were anal yzed and processed by N kon | magi ng

Software (NI S) elenents C software (64 bit, version 3, SP7/build 547)
[ Ni kon, Jap&idning 9¥B 2ellv/ 082073PCT/ SG2011/ 000436 Quantification of

| ntr ac r JFl.uerescence 00141 he,effect ..o nt i,bod n the
Ll 2o gt SR AR oA daton] PRtk e o % uPebePrekity o
f1 uor esmpn&fend 3 dHyd of BEltlre,\Supénstahts Sverdédrédnell TEEDRRMspakifit dnfiBodieshect i ve

ant i bod |n%ges of at least 100 cells were randomy acquired using A Rsi
conf OCEI\:ISAan PRNT. -

ELISA binding assays

[00136] 96 well flat bottom plates (Maxisorp plates, Nuhc) were coated with mouse 4G2
25 antibody overnight at 5 pg/ml overnight. Plates were washed three times with PBS/Tween-20
0.01%. Different DENV stains were added at 1x10° pfu in 50 ul per well and further
incubated for 2 h. Plates were washed three times with PBS/Tween-20 0.01%. HM14C10 was
added to the plates and incubated for a further 1 hr. Plates were washed three times with
PBS/Tween-20 0.01%. Anti-human IgG conjugated HRP (Pierce, Singapore) was added and
30 incubated for 1 h. TMB substrate (GE healthcare, Singapore) was added and 0.1 M Sulphuric

acid used to stop the reaction.
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5 mcroscope fromthree i ndependent experinments. The intracellular region
of the cells were then individually demarcated nmanually using the "region
of i nter ¥02072R8R(73f uncti on of NI S El enents software (NPKBSG20EMa0B6 and t he
relative fluorescence |evel of Alexa Fluor-488 within each cell was

measur ed usipp(gjuggmgit%[:&ﬁg%gﬁt}flmg“(pn of the software. The average,

standard deviat were cal cul ated for each cell

popul ajé0137psi Ry AMram dsadils wi ektrased ustineard RYoY edeaetior kit (Qiagem) That ed cel |
popul atjons infected with DENL were nqrmalized to 100% and used as. a

conpar (SUHN BGGPressig of f@aﬁ@w@h%&ogwsa@ﬁ|Ce9d@%¢ﬁmre‘ﬁ@efm§%<=@§ ue virus
(strai d?)>_\/P 159) was prepared as described previously (3). Virus was m xed
with F HML4c10 in a nolar ratio of 1:1, incubated at 37 C for 30 mn, and
15 $hen 4 CAntibody-fiepehtientcohmicementmssaynen fl ash frozen in i quid ethane on

| ace ids, whi pe.coated wth thin.layer .of. conti nuous

car bon 0038 Hereti s Cosr D PrEDawes itk o Balsd OB B RAl 05 Tt he
f ol I ownpRgosIeRali dhtibRies @1Ma6E onvAas Ry &f HAA 48&7AR29MOYH fubeRbdes B Pivi 461600,
defocus range of 1 lamto 3 1nn. The inages were recordgd on a 4K by 4K

y

Gat an @oODoelanaraatibedied ghl, lea2alghidxern Ig6ity andothen added tpdP” pf k862 cefise t ot al of
5, 566 ticles e 20 boxed and. contr.a transfer functi.on rameters
were. st i RET PSRy A PSR RS G ARy B LB ABRLETY T e
EMAN ( 8dhofloglfaafibsdyl. iAfter &) héditiedl a8 hofupehitandd Wil asvesd ad@RaIiwBRd by
using nmulti-path sinmulated anneal i nl%h(NPSA) protocol (34). West Nile virus
was us éetersingg by plagnepssaygeBHIOE) celfhe t hree- di nensi onal nap was gener at ed
by using the 9159%%% %Fﬁﬁgn{sn EMAN. The resolution of the final map was
found to be as determ ned by the fourier shell
coef fi ¢00489] cuAGh 29 nficelard defldient DERN-opf® srid fuceprofs (BI Ot Riemmice ywetal
structure, (18) does not, fit well into the cryo density map as a rigid
body, ﬂéilﬁllymca%rﬁwet%@l @eﬁ?%‘tt‘éti%af/\éfl’émﬁﬁ@ée @@”M%me then fitted
separ a g4 i 10 4 t 4a contour

P }&bxme]&lzisuéﬂsta@éutggogg&w b?§/1p; oG ?c}hgl‘?laﬁé mg%mﬂ unalﬁlﬁg&hea

| evel ) were then optimz using t t-1n-m ction of Chinera
(35). Pwpbylkeatiearal thempéwiyappbddions bf HMUic10 v&QuyBBS #ighted cegframis a structure

ith the best. tch .~.Ch .(PDB th I
rodel | RESMERdAT BATBY IR FREETISGE FEF v {SToh SARERIN Y SR RGHERa 5 of
the hogghpgsp)model were fitted separately into the cryoEM map (set at 3a

contour level) in the two possible orientations of the Fab (Fig. 19). WO
2012/ 082073 Rame-kpse Confog e Cell Imagingnpl e 1: Isolation of a strongly

o MPEP; R BRIy PR AP b VR F AT REL oo RN

ant i bogii@®satipt (IN&@hOlap )RR 1An-A potitdinag 1 G0 1 Aeiiniet chZapeeurcN . Xi)tlynst or
DENV1 were identified, sub-cloned and expanded. One 5of these cell Ilines,
BCL- 14&1v9, cel imaging wvas perfaimpgd witly Hymgcuiizeg BHK salbegropm s ymanhglass

; i e . . ; 1sed

sour co S eSREELEN B, SRRt pioBioqdtfd il iR QULOF By oed o @

expr es Skeliniwefe seedwd ianlandityrofitex 10°g&kls 1 ey defoietiBe @k periridie ané colodredant human
ib 14¢10 had | i ndi tivity f 1 wth

204 Dot iSO SR AEEE bl sell el Loty ENVE hbge

but  nof, DRV ib3dfRE afd AF%XQ Flidtel7 15581 & DEN %i%g%?tﬁ@@%lﬁﬁqfn%@f hh 'ax]"g%n

activity wth a PRNT50 of 0.328 ug/ml in vitro ig. ). 100144]" The ADE
act i vi ton lasenkedithedighhef aié3hmhebnm reon bider wan dd$sted ayebaeHFprlopE88/6438 o

occur en -neutJyalizing concentrati ons i bodi and NY form
ool o HaEm sl oDt shenty s OB ERel ing A8 NItk P15 bt Witieh P Mt ot ease
i N Vi T usthWB0ske3@pshdsRss Bkérddr Afexd FluvrofsgifeteIBRART M 630 RKi ?@@ fand for
chenokines (11). W conpared the ADE activity of HVL4c10 wth a hunani zed
an?® - FAdgxailvarso4foietastiondmages Wers dppiMraice 30sthimterrale st hrmegpetisdciins) t r o
assa | i the,FcyR expressi ng .nvel ononocviic cell |ine K 2).
ey BIR03¥ s0ghiboRY Y B HRERS bORMeR BB bt Bl LAl fndiBaga bl )
| oop 087 EDlid SHTCONRidRb¥YEe dage Iifdubatde spsr (ORSLAL) BhlyhMitGi{dcexweRi t s sone

honot ypi ¢ 20 enhancenent of DENV1 infection at sub-neutralizi n%«ﬂn
concentdyzed3ad pracesisd by Aliken Hpagieg Softwgre IS taments & sgftware ¢64 Bifi ch i t

does n%rsi%h@?éﬁ%/_ﬂuﬁ@?é?ﬁkoﬂ"%@’ﬁ%”Edi at es enhancenent of all four

serotypes at neu I Z1I ng entgoati ons (Fig. 11B). To




i nvestigate the contribution of K562 FcyRs to the observed honotypi c ADE
activity of HML4cl1l0, we expressed the anti body as a Fab fragnent or reduced
FcyR bi naWOgoi08253r enovi ng t he gl ycosyl ati on site on hRERSGRYED436 ough
substitution of the aspargine residue (N) at position 297 for glutamne (Q
(14). Both d ﬁnt‘fﬁ@a@iﬁﬁ%?ﬁﬁra@ﬂ%l-%@e?&éh@@t exhibited a reduetion in their
honot ypi ¢ ADE actrvity versus wiore rgal controls (Fig. 11C(a)). W next -
conpar ¢ad1dbE | Tid efésecef aftibbdyos tHe-andasygoinoADENAML was dvwaluated yhaedsudg a
partial correlation with the reported bindjng_activities for FCyRLIA on
k562 ( ibprelatife exei@fsfbma%semﬁetvvﬂ%Fheﬂéw%mﬂédgggr eAmEiavith the respective

| gG3>I i 1R Hehess 4 S (Fig.

11C( b) )gﬁ}l%dhdgg%t?%g%f[%m%%% |i Vi t;ﬁﬁégﬁ#ggn%tcrgpgzP%g%aAr}!tR?l- %‘él\fl\ﬁ&gnt i body
appear sictepapd érim thnecHagédenierd ierperirhatig A hetintsdvelibldr tegionadfable tdllatwdrbie

i nfluence .of. the high affinit cyRl and conpl enent .c ent.s o | rus
neut r ateadeqisioae e Saed Mol s feceeiberiniay SROIG netipnonnls an
addi t i pnaher® O INiKbA J2FAY ahd theelaBk € BabfkScente YL dARXHERBEURES Wi thin
a single serotype. NV1 genotypes can vary up to 3% in their amno acid
conpos mithoneash gelh mas mpasured peing 8 Qd fstatsticsefunetian-abEhdsadivward oldicewetage.e
suggested.that .protectiv ivity can ry _between not ypes 7).

conpar eandard aby R Gl ElrsbpenbeR AL Ay SR ReP AR Baf Vit ca

i SO at ExcélEPhERRIEIcRACd ff6in AinfrPatAt&] io8s MFEMtEEHith DENHwWeN) W th HVAG2.

Both HML4c10 and 11MAG2 exhi bited binding activity for the genotypes
t est ednoxmpalizediim 0% padpsedian g compeasondp gatibefyctieatedinégctesiqells: in al | cases

(Fig. 15). trast, HML4cl1l0 exhi bited superior neutralization activity
conpared to for all of the isolates/genotypes tested (Fig. 11D).
10Exampoed42] HMrbui Qirs (MaiBP P68y way preparediad ddseribeimadiensly €p). Vars.

[ 00146] The exact nature of the interaction between a .given antibady and

t he DENFS mized wish fab HM14a)0dna mghargatie ﬂ%l:Aelaw%ﬂtqdzaét3i7o%.forr%0 BER&Hi ne this,
o ] - |

a ¢f yOFl’EBQLCUfBPfH %Qéﬁ%ﬁ éﬁ&%@\ﬁalsg%o}z% %H ﬁ%l{?ﬁﬁ efhidhe SiMut Qa{%%dsgo”p ex

was solved to 7 A resolutl occupancy, pres of
Fab HVivhichOwdree mdated wathla thin laper ofi cantimiphie cdrBon. Adopisgmrtides werepmagai wighan t he

i ( i Af f j f i .h
ety S KB A o Bk e BGRaRRE By Y hiBhca o R oy
densi t y¢ #RP04, defbcud FindOdf ifglm ® Fhm, THEinfadls Wesldbidel off hYREN ARIGALPVed

cl ear density connectirons between the HMI4cl1l0 Fabs and the prot el ns,

al | owi B¢ bemérd eesultingdatipixel size Bf p19A eempirels Theiesal af 51966 partickrsandre ng

in rfgce (Fi,g. 12B and. Fig..17). The e itage r.ecggni zed by HML4c10 is 20
defina Dot Bt E BN He ARG OFere ARCUMGR O Pl AATRIOBETRE 4c 10

bi nd t goidiaRE chrtesietindy,) il thd EMAN E‘ﬁ?)%?éééfﬁﬁtsﬁit_@. O¥rtat{dnl & thel pdetiadl D) -
Each anti body binds across two adj acent roteins wwth half of the epitope
on E- DWas detadninké by usisg nhatipatrsimubtedandealing (MHSA-pdblochli (3dk Voést Aile

i ghbor i E in..[001 .and .t he Fab | ' ith the E
or ot ot KR RONRR By ARl 1 B DREUBRE b it SRR o et o

(Fig. ﬂlﬁ)pr%&ﬁﬂn%ﬁ ifi BVEANNTRe Fesslationof ihe gl mbp wat taadtPbB7¢hde 2GHW by
usi ng the deller (19). The variable region of the I_kght and heavy chain

of 2% herasehiirn gy detemainediay thetfputierishell eepffigient qutelt of §SERMIPERIV Rest- Al t hough
t he st C &Eﬂiﬂ 1l L i i St I | t hat
gi ves gl% g&el}ulff g?()té(::% ¢ BgFaEP on t 31(?)[1%)6% ke‘ﬁ?sif‘%ell H?‘S{h%f b?&’%ggfe%ﬂ.ﬂﬁ%?yasflgl{dof t he
Fab- E pody, ehedondisy inahe Equagimswere thatbroltdn glandahgd finehdepatataly. didieditfni ng
regions (CDR) of the heavy and |ight chains are involved in the interaction
(Fi g. Hsayolecules into the cryoEM map (set at 4o contour level) were then optimized by using

the “fit-in-map” function of Chimera (35). To create a homology model of HM14¢10

30  variable region, a structure with the best sequence match was chosen (PDB code 2GHW) and
the homology model was created by using the Modeller (/9). The heavy and light chain of
the homology model were fitted separately into the cryoEM map (set at 36 contour level) in

the two possible orientations of the Fab (Fig. 19).
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WO 2012/ 082073PCT/ SG2011/ 000436 Table 1: Fitting of DENV 1 E protein
domains into HVL4c10: DENV1 cryoEM density. E protein in E protein
asynmet r iWOQOI2AI8207aNni t' Nunber of fitted atons Average REP/SGAOOEB6 at om
positions beforeb / after fitting' Nunmber of atons outside contour before"

[ after fit tlif.xgﬂllple 1: Isolation of a strongly neutralizing, DENV1 specific antibody 14¢10
~ from a convalescent DENV1 infected patient. |
[00143] A group of B-lymphocyte cell lines secreting antibodies with serotype-specific
binding and neutralizing activity for DENV1 were identified, sub-cloned and expanded. One
5  of these cell lines, BCL-14¢10, produced IgG with significantly stronger binding and

neutralizing activity than others (Fig. 14A). This cell line was used as a source of
immunoglobulin gene templates for PCR amplification and expression of recombinant human
IgG1s (Fig. 14B(a)). One recombinant human antibody (HM) 14¢10 had comparable binding
activity for DENV1 with the parental BCL-14¢10 (Fig. 14B(b)). HM14c¢10 neutralized and

10 bound to DENV1 but not DENV2, 3 or 4 (Fig. 14C), and exhibited strong neutralizing
activity with a PRNTsg of 0.328 pg/ml in vitro (Fig. 11A). '
{00144] The ADE activity linked to the development of DHF and DSS has been proposed
to occur when sub-neutralizing concentrations of antibodies and DENV form complexes that
bind to Fc receptor-bearing cells. This leads to an increase in virus uptake and secretion of

15  pro-inflammatory cytokines and chemokines (/7). We compared the ADE activity of
HM14¢10 with a humanized anti-Flavivirus monoclonal antibody HM4G2 using an
established in vitro assay employing the FcyR expressing myelomonocytic cell line K562
(12). HMAG2 has cross-serotype binding activity and targets a conserved fusion loop of E-
DII on the DENV1-4 (13). We observed that HM14¢10 exhibits some homotypic

20  enhancement of DENV1 infection at sub-neutrélizing concentrations but no enhancing
activity for DENV2, 3 or 4, to which it does not bind. In contrast, HM4G2 mediates
enhancement of all four serotypes at sub-neutralizing concentrations (Fig. 11B). To
investigate the contribution of K562 FcyRs to the observed homotypic ADE activity of
HM14c10, we expressed the antibody as a Fab fragment or reduced FcyR binding by

25  removing the glycosylation site on human IgG1 through substitution of the aspargine residue
(N) at position 297 for glutafnine (Q) (/4). Both the HM14c10Fab and N297Q mutant
exhibited a reduction in their homotypic ADE activity versus whole IgG1 controls (Fig.
11C(a)). We next compared the influence of IgG sub-class on ADE activity and observed a
partial correlation with the reported binding activities for FcyRIIA on K562 (15). The ADE

30 activity can be ranked as follows: IgG3>IgG1>1gG2>1gG4 with IgG3 being highest‘and 1G4
the lowest (Fig. 11C(b)). Thus the ADE activity of this neutralizing anti-DENV antibody
appears dependent on FcyR binding though it should be noted that the influence of the high
affinity FcyR1 and complement components on virus neutralization was not addressed in-

these experiments (/6).
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[00145] An additional complexity in DENV is the presence of multiple genotypes within a
single serotype. DENV1 genotypes can vary up to 3% ih their amino acid composition and
previous reports of mouse anti-DENV antibodies have suggested that protective activity can
vary between genotypes (/7). We compared the binding activity of HM14c¢10 for a number
5 of DENVI clinical isolates representing two disparate DENV1 genotypes (I and IV) with
HM4G2. Both HM14c10 and HM4G?2 exhibited binding activity for the genotypes tested,
with HM4G?2 displaying better binding characteristics in all cases (Fig. 15). In contrast,
HM14c10 exhibited superior neutralization activity compared to HM4G?2 for all of the
isolates/genotypes tested (Fig. 11D).
10 Example 2: HM14¢10 binds a quaternary structure dependent epitope.
[00146] The exact nature of the interaction between a given antibody and the DENV must
hold the key to explaining neutralization. To determine this, a cryo-electron microscopy
(cryoEM) structure of Fab HM14c10:DENV1 complex was solved to 7 A resolution (Fig.
~ 12A). At full occupancy, 120 copies of Fab HM14¢10 bind to all of the available 180 copies
15  of E proteins on the virus surface. To identify the footprint of HM14c10 on E protein, the
crystal structure of DENV1E protein (/8) was fitted into the cryoEM density map (Fig. 16
and Table 1). The 7 A resolution cryoEM map showed clear density connections between the
HM14c10 Fabs and the E proteins, allowing the identification of E protein residues at the
interacting interface (Fig. 12B and Fig. 17). The epitope recognized by HM14c¢10 is
20  dependent on the quaternary structure of the Vifus. Two Fabs of HM14¢10 bind to three E
proteins in the virus asymmetric unit (Fig. 12C and D). Each antibody binds across two
adjacent E proteins with half of the epitope on E-DIII and the other half on E-DI and the E-
DI-E-DII hinge of a neighboring E protein. '
[00147] To understand the Fab interaction with the E protein, a homology model of the
25 - variable region of HM14c10 was created (Fig. 18) based on a reference human antibody
structure (PDB code 2GHW} by using the Modeller (/9). The variable region of the light and
heavy chain of the homology model were then fitted into the cryoEM densities. Although the
structures of both chains are similar, there is a distinctive fit that gives a better correlation to
the density (Fig. 19A and B). Analysis of the Fab-E protein interface suggests that all
30  complementarity determining regions (CDR) of the heavy and light chains are involved in the

interaction (Fig. S6C).
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10014811?y g i ndomgirf oot rleﬁts ertotgs Y 21%Fabpzosntmnan peyowet ri c
unit are™™8bt identical . e ftﬁ t fo agAgls ceosfon {°p both
interfaces but four that are unl cf ngTabI e ln%equence conparison of the

epi tope residuds bet weg8 di f f 8r796t 4DBRIV1 44)7$3)623t es 264di cat es.t hat nost
resi dues are cdghservedl,Q6dg. 2A®AP/S5Asi steht 424 th t pgeobsery el

neutral i zi ng agfri vity pk2HML4gK90 /un4gont BasT 693 hesep pgsi duegoar e not
conserg/ed i n ofher DEI\M;gser ot Mg@g/qr%‘géstmﬂ%gn rusygyv) (9. 20B).

Table 2. Fab HWL4cl1l0 epbgepe gn;lg)l;‘dy\é@ BE®) ghs. EoRpoteinggplecule in E
protein FabE pr tein ria Q ues 4 i sjg?matigg J}t dorriaBb T51, %35 K136,
G159, CT160’ H clO(I)8 Hl\/g‘%% é@; 37 166, 67, 1173, T275
1,260 4.744/5.098  499/428 1.06 7:37
III 1,522 4.100 / 4.345 739 / 668 1.64 6.03

? For designation of E protein position see Fig. 12.
® Dengue 1 E protein domains were first superimposed onto the E protein positions of the
cryoEM structure of mature dengue 2 virus (27).

5  °The fit of dengue 1 E protein domains into the HM14¢10:DENV1 cryoEM map (set at a

contour level of 4c) were optimized by using the fit-in-map function in Chimera (35).
[00i48] The binding footprints of the two HM14¢10 Fabs in an asymmetric unit are not
identical (Fig. 12D), with twelve amino acids common to both interfaces but four that are
unique (Table 2). Sequence comparison of the 'epitope residues between different DENV1
10 isolates indicates that most residues are conserved (Fig. 20A), consistent with the observed
neutralizing activity of HM14c¢10. In contrast, these residues are not conserved in other
DENV serotypes or West Nile virus (WNV) (Fig. 20B).
Table 2. Fab HM14¢10 epitope on DENV 1 E proteins.

E protein molecule in  E protein
Fab E protein residues
the asymmetric unit domain

T51, L135, K136, G159, T160,

HM14c10() A I T165, P166, Q167, E172, 1173,
T275
A n NS2,G274
B I K310, E384, K385
HM14c10(II) B I T51, Q131, Y132, G159, T160,
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1 N52, &74 111K310, E384, K385 T51, Q131, Y132, G159, T160, WO

2012/ 082073 PCT/ S&2011/ 000436 T165, Pl166, Ql67, E172, 1173, L175, T275

| 1 N52, GW0 201208308, K310 *Residues conmon in both epi POpSS20iaWne3by Fab
HML4c10(1) and HML4c10(11) are indicated in bold. Exanpl e 3:- Tine

| apse confocal m croscopy reveals the ne [ of HML4c10.
5[ 00149] Anti bodies can neutralize viral uﬁ@egl?gng@gwl verg? mechani sns -
i ncluding inhibition of virus attachnent ﬁ‘g Ll?z n to endosomal menbranes,
or through blocking virally-induced confo i changes of the surface
gl ycoproteins (20, 21). To understand the nechani smof HML4c10
neutralization ofB DENV1,, tine | apge conf o¥ad GR oscopy was enpl oyed to
track the infection of cells by live, fluorescently tagged DENV (22) (Fig.
13 and 10 21A). \hen BHK cells welé i ncubiG8dKHlPh DENV1 and i sotype.
control Mabs (non-DENV binding), the virus coalesced in nultiple,

pr edonT ResiddeY cORionUf bEfrepitbpds tdua€ by FaBHM 0AF18(Th BRNHM (4ch ol T)JaﬂaA( a)).
Neutralizing concentrations of HWM& induced the formation of viral

aggr egédseatgdnintiedd.ext r acel | ul ar space but these vvere al so successfully

1’1’?% :{:Eﬁlelntzle:ibr’f?gl IH’ r?é glé&?ﬁl‘)lﬁ%%tﬂféb}ﬁmwtre ﬁllternaeé' ra 91'%:10 I nduced

t he fomhamlmqffﬁmﬁhbm aggregates, but effici ent ly bl ocked att achnent,
with mopst of the small viral artlcl s remaining in the extracel |l ul ar space
af t &r é(mal%urAl(ltﬁMjhengxé\(leqtyahZﬂmézln tiagsehy dinersameghamsns iggluging

| nt racﬁlﬂlﬂﬁhﬁé OYblhkﬁﬁéim%%\rr/%lérptotéﬂﬂoé lifk?ndﬁ%r@thfdﬁ o’cﬁEzégt upper and

m ddl e pane 1 conpl exes to enter coul d be
seen defrhlde indruged‘ copfiortrfational chadges ef (Heisgrfade38ycdpporens maanezu) T(ledEi'm:ﬂeg ree

(ki g, Hecpehhnsmat v P it ot of RENY | e Bhescondrcal RTBREPEATST DENV
by HMLéFn%Q)yb& 1 HEQUEE lﬁeaio%f%a@s & 1iv4, El‘d%re@&éxﬁ‘j hagRl DINYQSE) @R, 113 anfxanpl e

4: HML4c10 exhibits great prophylactic¢ and thefapeutic activity in vivo.
10 21A). When BHK cells were incubated with DENV1 and isotype control Mabs (non-DENV

binding), the virus coalesced in multiple, predominantly perinuclear, intra-cellular
compartments (Fig. 14A(a)). Neutralizing concentrations of HM4G?2 induced the formation
of viral aggregates in the extracellular space but these were also successfully internalized,
confirming that HM4G2 does not inhibit virus attachment/internalization (Fig. 13A(b)). In
15  contrast, HM14c10 induced the formation of smaller aggregates, but efficiently blocked
attachment, with most of the small viral particles remaining in the extracellular space after
one hour (Fig. 13A(c)). HM4G2 delayed the accumulation of intracellular viruses compared
to the isotype control (Fig. 13B, upper and middle panels). HM14c10:DENV1 complexes
failed to enter cells but could be seen deflecting from their surface (Fig. 13B, lower panel).
20  The degree of fluorescent DENV1 internalized under all three conditions was quantified (Fig.
13C). These data suggest that the primary mode of inhibition of DENV1 by HM14c¢10 is
through a blockage of virus attachment to host cells.
Example 4: HM14c10 exhibits great prophylactic and therapeutic activity in
vivo.

25 [00150] DENV is not a natural pathogen in immunocompetent rodents, it is possible to
induce a dose-dependent viremia in AG129 mice deficient in receptors for Type I/Il IFN. We
injected these mice with unmodified DENV1 subcutaneously (model I, Fig. 21B(a)) or
intraperitoneally (model II, Fig. 21B(b)) then quantified viremia 3-4 days later respectively
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25[ 00150] DENV is not a natural pathogen in i mmunoconpetent rodents, it is
possible to induce a dose-dependent virema in AGL29 m ce deficient in
recept or sWwoa@p12Ziogpey3l /11 I FN. W injected these mce w t RCH$Gi1f0p@&Id6 DENV1

subcut aneously (nodel 1, Fig. 21B(a)) or intraperi toneally (nodel 11, Fig.
21B(b) Yod\h f
Son2r oET IR %gﬂéldf/ﬁ%@}éiﬁ%%w(s% reée'%)ém Ianf}?EghFPs{gbgtgg}s{Qyp ol

r epr eseeasuny edipsp gemﬂyqaedé’hg&wemhe@—ﬂo dBte:tmgwrthe ypeve effeasyuef MBHUPHE
t dt t th ffi 4c10.
0o kol e 5o S5 GEIURS S Wk it St stygfn o

bef or e [pENL, bIWRSGE $i06h 4Oh a%eiﬂf&hk{ﬁfﬁésljD)af"Itlﬁ:rloW&ft%ﬁﬁéeﬂﬁaﬁ(ﬁiQf 13D) The
| onest concentration of 5 HVL4c10 wheré a significant reduction in virenia

wasS ob&iM 4sd Oivéhetr Hsiguificant redugtien (rovirdaia was)obserapd sdbmug pgr mauser(ov i &b
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Pher apblD BPIaR AR B o E ey B i B8 Ped] Palshif By b S ELieb e b Fiurror )

r esSpoNSENERaeapatie thrivlddehl i nfection (23 24) 10 suggest that there is a
dom nance of antibodies that are nostly DENV serotype cross-reactive with

weak neutraDﬁEﬁ_@h activities. Although scarce in the human serum

odj
P 81,5 R ARG A R B SUEPERS SRR TN SR L o
anto bOélyggl’eﬁﬁﬂzﬁl’tBﬁe tigoa Q¥rhiviahiok) of a]iﬁsodxumhat a8 mddDEN ¢ Reoageerdssechdiay e

principally been specific for D and DI of the virus E protein. A small 15
nunber Wath sRkmaBrdlization agliitieso Aitheughecarce i thevugman sepmh EEPERORRE-RINGI e vi r us

but  noL, ki, Ee%%?é’@iﬁgé‘&éd Op%félzt%lfg IQP?EW in@&tr%ﬂg% fz'mghl{;] YL c9{1§?{t§r§“ar y

structure epende epit nthis stu ave 1s0 and
t hor ougzlntlhwtmlmrcanhe mwriad aatlhmlyerastponmmorDIENkf Yy Tént}ihhndyarag:admst DENV
in.both in vitro and in

serotype Thi.g anti.bq i.s hi eutralizin
vivo s§r Srierised e pritc heen %Pl%cop d T} offhesims E eafsise Astelhced

| nect heRbA of2Har¥ Rl SIPARBY s w%F‘é dbReR¥d B &%H tpﬁw\()vﬁﬁé QY PB not %0152] The
7A resolution cryoEM structure of Fab 1-1ML4c10 conpl exed wth DENY 1

showedratembinagt Bipratéia sbggﬂﬁtm@ spssifioaty HolFgbteanay tshuctBrepdeperdant efitvipss | evel of

ot bot TR sRES e BRvH ¥t el Bl it A B s £ o111

and E- BhtidedPlabaibstaMER VeI GAROL. IThik datiPb&y & g1y ndutrdlZilg inolbin 8RS ahd ON a
human anti body CR4354 specific for WAV has also inplicated this region as a

t ar get i Gyo pystames. Since aPindsynd g ENMe itddogp mof cgusa githaneeddriegion efonpl exed
F soI ution (14A resolution) (Fig.
22%(? ﬁﬁ' %F}'(%%[%éﬁ y ceﬁgbg%ﬂﬁk@@ g%{sylp structure generates a pseudo-atom c

resol uj0oas2pt rT.Ket’u@[ eesollkibs c@JoEMvadudtﬂe if iFhb emimocabnipmxea agthi [DENWQsi dues.
Conpari son of CR4354 epitope on and HML4c10 30 epitaope on DENV1

22B) s detals of e nding Betyegn § @'é ambﬂ)sﬁoprpf% Tdns kel afdlstaprhon powr«e.&_- IDI I
et e 5101 D O LS LRSI e BRC Thpies
over | apszMlt4lol(HMiaﬁs m&oemE{Diﬂemd Exbd:B-DH foarsral repghbogng Eqiroteas(Fag. d 2BpsA | y
n0£|5- Corne%%lr't\i)%da h m 'antl%CAy C}Q?3 gﬁ? slpze/cf%gczfgr7 W/hgs 2% %819%31 this region as a

target for immunity (25). Although the cryoEM structure of WNV complexed with Fab

CR4354 is solved to a lower resolution (14A resolution) (Fig. 22A), the fitting of Fab

CR4354 crystal structure generates a pseudo-atomic resolution structure. This allowed

identification of interacting residues. Comparison of CR4354 epitope on WNV and HM14¢10

30 epitope on DENV1 (Fig. 22B) showed that CR4354 has a bigger proportion of the fbotprint

on E-DIII whereas HM14c¢10 has most of the interacting residues on E-DI. Sequence

comparison of the epitopes showed that only approximately 20% of the CR4354 overlaps

with HM14c10 epitopes, and the overlapping residues are mostly non-conserved (Fig. 22C).
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[ 00153] Al t hough CR4354 and HML4c1l0 epitopes are not identical, the binding
of these anti bodies should hold the neighboring E proteins together thereby
| ocki ng twe 2vix083073t r uct ure and preventing the confor marcesceiangess
essential for a productive infection i.e., virus attachnment to host

[ Tve s PRSRD° AMRAER At ol B VRAD B FTRRIAA o RicRne AL BB 2R e

of DEN¥ntiddieshowléhbkl tht Reighbdrimst pfIrdBStbgether SR 16ckin BE &ira8 biradthry
i nhi bit WAV fusion surggest_i ng that targeting this region by antibodies
resul t 804 preetingithapordpranation ichangsreseniigl Hphi ProgHctiyegDEsHPn Fhevisyy f ace

protei : 0 ]

phys of da Pt o Yeeeph s ind HIREEY Hiu 1B AW L BOR I TR T9RE A0
br efit hiingimapingpta@focl dicrobeply Bhdwsihat HM 1400 athilkighthe attachinehhéf DENWstot 0
cells. Si nc]E%HNMclO cross-1links surface Ei:fﬁLyO't eins., it may then inhibit

alt t achhesieely Ippenfrast CRE Hhwasthorade Prrfereatislly inhibih WADG fusiin yessag hi ng.
ter nglak Ya‘?éétfﬁg %xlplrr]%ﬁl%rgﬁg ?IRE?%E?ET Wits E:Pm%f‘e &Qifrgl;i/é {ﬁﬁ&haﬁﬁﬁn S'Pﬁhpﬁtsdr{.ﬂ der

att achnent, to E-Dl 11 us sterica
this p{0désd4s. HidsnrfaBIpdtinsad filMiENYHalve bekmapgeestad toi undergoeghsantahahgdt4c 10,

does not i nhibi.t VWV, attachnent. This,15 jnplies. that the encephalitis
Causi ng MRBIOLGRIY BRI © (THEQ SOrARYIE S B BOIE Teh et oy B 2
re¢@pt aile ﬁ@ili’i‘eﬁir@%&tﬁélﬁh&ﬁ@f fhe iRQ 1o dlisHYRe FIRARRA 0 WSk s SARWSurtRe B eVent

fusion of virus to the endosomal nmenbrane at |ow pH (25). Since HML4cl0
al so bpredeing et e therinfhbiv aftashmEnpbyopreiverdingtthesybrss phitéins fromhertdetgdide 10 may

inhibit the r r angement diinmeri.c E tq trimeric structures, duri fusi on
20 canRiseiie AR EiEl ngRt i b e mpBTienuathos S AEEPmEH ifng “anc
f usi onbif@hgeofRIMI £ 0R6 FERTIE BidyAhd stéritalll héndef fhisHo¥esef HMMIICRA354,00156]

Most flaviviruses E-proteins have simlar quaterna%structure based on a

hi gh dalireghbindingiol sinjlarregionwe BVt 4¢d Ocdges mut whibic WY e sttashmegiy Thiss)  and
DE . L. i Vi , i Ao
ot Mot fies BEHE Sbondis il NV Bnd HELRC b RARNAL BN, WBERRC ° 101 &

t ar get idntitalirdceptor difiding deserhlifiahesl 0 or CR4354 in ot her flaviviruses my
therefore be protective. Since HML4cl1l0 and CR4354 anti bodies are the only

two anil8i8al esHMddy GREEM Yatshpivnro prsvenhiusian of vius fotne gndasgmgbmgmirage
erl Ve?tylt)a L), né@HN?IQ\SJIO hiko b[ai‘ﬂ's 4 %T%Qﬁoflﬁl 'S]E,Sﬁnroyel?r'f‘se ffe p%%?ns Bﬁg%?

pr obab ermnant for generalized F nmunity.
i mpor t M 14ciP mayathibitshd warradpendesofjdimand Eetoatinatic stnuaares dunimgfidldwacci nes.

[00157] Finall iven that. HMLA4c10 has strong neutral.i zati on profiles
227 nobatppbbe il patipif Woiibapodh e tnBE Mndife oo S obmar eRABayhETL i <
anti bogycebggﬂﬁ,%,gm@eﬁ]cg%ogﬂt{mqggguti c candidate for the treatnent of DENV1
infected patients. WO 2012/ 082073PCT/ SG2011/ 000436 REFERENCES 1. S. B.

Hal st eW1561 MogvflRwimitees IDprajeios haveusmdanqidternnary suudtorerbas¢thooe highs. | .
(1977) 168t S BRGERE ot BE BN Srichirnco oAl ity end PSPV ) Thekafers 17 o
Med Hygll Havi#fudSurface E proteins may undergo similar structural rearrangements during their
25 infection cycle. Antibodies that target a similar region as HM14c10 or CR4354 in other
flaviviruses may therefore be protective. Since HM14c¢10 and CR4354 antibodies are the only
two antibodies characterized with this binding activity and both are derived from human
sources, it indicates that this type of epitope is probably a determinant for generalized
Flavivirus immunity. This has important implications for the design and evaluation of future
30  vaccines.
[00157] . Finally, given that HM14c10 has strong neutralization profiles against most
clinical DENV1 isolates and excellent in vivo efficacy, this antibody represents a good

therapeutic candidate for the treatment of DENV1 infected patients.
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CLAI M5 What is d ained: 1. An isolated antibody or fragnent thereof that
bi nds to a Dengue virus serotype 1 5 envel ope protein or fragnent thereof,
wherei n tWe 2a1@8bydy i s a hunman anti body wi th neutral i ZiPRE/S&2OTLODA436 2.
The anti body or fragnent t hereof according to claim1, wherein the anti body
or fra t ¢ ) whol e
unof ARt | nFhAPtpdMERPRIL SEE TS LAYy DTS WD R a b I1D°
and ( epspecdisballdl bdeohsiddredtiilfastrative oF tﬂ'dmvantdnbmﬂyam ndtraadimeting theer eof

according to claim1, .which congéis S a heavy i.n i mmunogl obul i n const ant
domai niTEENERR FOPFiEHRdiAscHrdate S afcogrgnYing f £P®Shuman 1gM constant

domai n BO(KIB) a Ay waRidaa6is eﬁﬂ'}ﬁaftéﬁ‘é ﬂﬂﬁﬁbﬁb cife@)in ﬁn%?@fﬁchﬂ&?a&%x%ﬁm domai n;
(d) a human 1 gG3 constant domain; (e) a hunman | onstant domal n; and (O

a hu rramCDg)Mdth by referante iddhair entirdty far athpurposesias dyeaoln irfdivd dwead publidation of
accordl aim1 I ses.a ch I mmuno ul i n const ant
domai nP %gﬁl ﬁ‘&at]f’flé’mr? ﬁ%ecb(h Cgﬁﬁng g\“ﬂb g‘fh'cat(:g? Qe H\ﬁﬂ?ﬁrq%f%éppa const ant
domai Nyefa@fcd 8} a@ hﬂﬁm | g | anbda constant donai n. 5. The anti body or
fragment thereof accordlng to claim1, wherein the antibody or fragnent

t her eof0068br |f§léls>ush W@@fmﬂg@m lnvmsmprhas b@@ descrilesisin some depR byevaycefed f r om

the 20..qr lences S The ntlbod

{1 agmosPiiBrCi B r BB S o b eandin il by g B P

t hew eobneomgrdinansskall kd mhtartqﬂ &ight mn@fea&hﬂg dftthis@addntion ehaCB¥Rtfirbiagioed from

t he gro(P of . CDR sequences shown in Flgure 4(B) 7.. The anti body or

f r agmeAR mﬁékf@amor&cfeeblmﬂgietﬂaﬁr%tpémmoyt GG ﬁﬁomrﬁhe S agPeoRt the fragnent
t her eo a heavy chain conprising three CDR sequences as shown in
Figure&%%%gafagﬁﬁ%he anti body or fragnment thereof according to claima1,
wherein the antibody or fragnment thereof conprises a light chain conprising
three CDR sequences as shown in Figure 4(B). WO

2012/ 082073PCT/ SG2011/ 000436 9. The anti body or fragnent thereof according
to claim1, wherein the antibody or fragment thereof conprises a heavy
chain framework of |GHV1-2*02 and at | east one of the CDR sequences as
shown in Figure 4(B). 10. The anti body or fragnent thereof according to
claim1l1, wherein the antibody or 5 fragnment thereof conprises a |ight chain
framewor k of | GKV3-20*01 and at | east one of the CDR sequences as shown in
Figure 4(B). 11. The anti body or fragnment thereof according to claiml,
wherein the anti body conprises the heavy chai n sequence shown in Figure
4(B). 12. The anti body or fragnent thereof according to claiml1,
wherein the anti body 10 conprises the |light chain sequence shown in Figure
4(B). 13. The anti body or fragnment thereof according to claiml, wherein
the anti body is 14c10, clone 8.
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14. The anti body or fragment thereof according to claim1l, wherein the
anti body or fragnent thereof binds to an antigen with an affinity constant
(KD) of |we20t21sm73 x 10-8 M 1515. The anti body or fragREmRSG2éid0eei36
according to claim1l, wherein the antibody or fragnent thereof binds to an
antigen with an affinity constant (KD) of less than 1 x 10-9 M 16. The
anti body or fragnent thereof according to claim1, wherein the antibody is
deri veqdIfAlMs$sa B cell of a patient who has recovered from Dengue virus
infection. . 17. The anti body or fragnent thereof according to claim]l1,
wher ei NVhatds &44imsddy bi nds 20across two envel ope proteins in a virus. 18.
The anyi bodynQgorhtka dnREYdy o a8 REnBRERDEIHAObINGS © ADEAhE viMiES&Bypetine bi nding
across two envel ope protéins conprises binding to DI” and the hinge between
DI &andenvelepe proteinforgdragnenhtharedf,Bihdreio theaantidiodh bor hungarEargibodewith  19.  An
anti bodg or. fr%fg{mnt t hereof that binds to a Dengue virus having the

bi ndi n§ ‘ﬂf‘i‘ﬁﬁ]@i W%y of 14c10, clone 8. 20. A pharmaceutical conposition

conpriging the antibody or fragmepnt thereof agccording to any one of clains
1-19 ahd a EE%?'PFQ%‘MW égwmafg%rs asPringiorglaim %qu@eqlwee F0pdtitte. or
preven L USal j ' i . : . i cal

ompos  Taa ape SN Selsd o Foirifc b SNl of. (kAR AR ST

2012/ 0820%8RCTY) 8GR0 V,/(COOBS6ragifient Tlde ap FéabhB et (ey adisuddedisiked Bw. of cl ai m
21, wherein the second agent is an antiviral drug or analgesic drug. 23. A
method3of paks himébddyou filag@thtathereoMuicoriinptoatiiinni , sitiel ¢@nprises a hsayj ect an
effective anount of the antibody or fragnent thereof .according to any one
of cl aFhain ynmgnoglobulincopsianisipngin selecteiram the eravpgausisine f: () Adumagn

conpr i fiNIQoRGH Hboftal (B hirParflgBH YohiSthnt ddnifRdc] NG aomupt  of

anti bo OI(’)H?I‘ agnent ’{(wer eo ag?gr &ﬁng to any’ctgjne 01Fl c}gglmms 1{-“519, effective

t o r eddamains (d) adweran [gG8 cdns®d slemaitt; (Prachumenhg4abnstheti dondn; antiéeai n t he

anti bo i S inistered i ntravenously (1V), subcutaneously (SO,

i ntranﬂé‘?ﬁﬂ‘ };ﬁaj)rdk/%f?mﬁm PAAdermal Iy, or orally. 10 26. The nethod of claim
wherein_the antibody is admnjstered in an amount in the range of 1 to

24
1085 mi M i gr 2he apsihodyior fgemenigherepkacsonsding o claipuliwhigh gamprises a light chain

immunoglobulin constant domain selected from the group consisting of: (a) a human Ig

kappa constant domain; and (b) a human Ig lambda constant domain.

5. The antibody or fragment thereof according to claim 1, wherein the antibody or
fragment thereof comprises a heavy chain comprising at least one CDR selected from the

20 group of CDR sequences shown in Figure 4(B).

6. The antibody or fragment thereof according to claim 1, wherein the antibody or
fragment thereof comprises a light chain comprising at least one CDR selected from the

group of CDR sequences shown in Figure 4(B).

7. The antibody or fragment thereof according to claim 1, wherein the antibody or
25  fragment thereof comprises a heavy chain comprising three CDR sequences as shown in

Figure 4(B).

8. The antibody or fragment thereof according to claim 1, wherein the antibody or
fragment thereof comprises a light chain comprising three CDR sequences as shown in

Figure 4(B).
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27. The nmethod of claim 24, further conprising admnistration of a second
agent. 28. The nethod of claim27, wherein the second agent is antiviral
drug or aWweI20L4i8207drug. 29. A net hod of generating a neBCT&IG20i19g04d0t | body
agai nst a Dengue virus, the nethod 15conprising the steps of:

(a) idgntify Wple [PSVAN S g . gﬂ%}( gue virus
I nf ect ?bn; ?%?g%%bgp%?#gég%%@{e F@%%ﬁ%‘iﬁ%&ﬁ%‘ﬁ/{ ua @B?%Jl{t%%?tggl I zing the
B- cel | $rafimenn thérgof @mtprises a heavy chain(fegmevesrk wif BIGHW €2 i02rand tag lcagteste Bf ded | S
from(c) for Dengue virus neutralization. 20 30. The nethod of claim 29,

wher ei FRheednersss pgshovan inhigwre 4BB1. The net hod of claim 29, wherein the B
cells are imortalized wwth EBV. 32. An isolated nucleic acid encoding the
ant i bod{- or The agfikady or fragment thereef aicaglingtogigimohavhsreinlthg gngibedy or 33, An

exp ess) C LS] t he. | &] G aG ol 2934. A-host cel |
conpr; SeReyiitEbr CRIRLees Dl i EhRLRTIONT S Tl oy g P O
34, wWheDR sequbtcebasthoval in Higura4B)cterial cell. 36. The host cell of claim
34, wherein the host cell is a eukaryotic cell. 37. The host cell of claim

34, wherei NThBantsy of Babmiet BelBMARbIdHY ©&1dim 1, wherein the antibody

comprises the heavy chain sequence shown in Figure 4(B).

12. The anﬁbody or fragment thereof according to claim 1, wherein the antibody

10  comprises the light chain sequence shown in Figure 4(B).

13.  The antibody or fragment thereof according to claim 1, wherein the antibody is 14c10,

clone 8.

14. The antibody or fragment thereof according to claim 1, wherein the antibody or

fragment thereof binds to an antigen with an affinity constant (Kp) of less than 1x 108 M.

15 15.  The antibody or fragment thereof according to claim 1, wherein the antibody or

fragment thereof binds to an antigen with an affinity constant (Kp) of less than 1 x 10®° M.

16.  The antibody or fragment thereof according to claim 1, wherein the antibody is

derived from a B cell of a patient who has recovered from Dengue virus infection.

17.  The antibody or fragment thereof according to claim 1, wherein the antibody binds

20  across two envelope proteins in a virus.

18.  The antibody or fragment thereof according to claim 17, wherein the binding across
two envelope proteins comprises binding to DI and the hinge between DI and II on one E

protein and DIII of a neighboring E protein.

19.  Anantibody or fragment thereof that binds to a Dengue virus having the binding
25  specificity of 14¢10, clone 8.

20. A pharmaceutical composition comprising the antibody or fragment thereof according
to any one of claims 1-19 and a pharmaceutically acceptable carrier effective to reduce or

prevent Dengue virus infection in a subject.

21.  The pharmaceutical composition of claim 20, further comprising a second agent.
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22. = The pharmaceutical composition of claim 21, wherein the second agent is an antiviral
drug or analgesic drug.

23. A method of passive immunization comprising administration to a subject an effective

amount of the antibody or fragment thereof according to any one of claims 1-19.

24. A method of treatment of Dengue virus infection comprising administration to a
subject in need thereof an amount of antibody or fragment thereof according to any one of

claims 1-19, effective to reduce or prevent the disease.

25.  The method of claim 24, wherein the antibody is administered intravenously (IV),

subcutaneously (SC), intramuscularly (IM), transdermally, or orally.

26. The method of claim 24, wherein the antibody is administered in an amount in the

range of 1 to 100 milligrams per kilogram of the subject’s body weight.
27.  The method of claim 24, further comprising administration of a second agent.
28.  The method of claim 27, wherein the second agent is antiviral drug or analgesic drug.

29. A method of generating a neutralizing antibody against a Dengue virus, the method

comprising the steps of:
(a) identifying an individual who has recently recovered from Dengue virus infection;
(b) obtaining B-cells from the individual,;
(c) immortalizing the B-cells from (b); and
(d) assaying the immortalized B-cells from (c) for Dengue virus neutralization.
30. The method of claim 29, wherein the B cells are CD 22+,
31. The method of claim 29, wherein the B cells are immortalized with EBV.

32.  Anisolated nucleic acid encoding the antibody or fragment thereof according to any

one of claims 1-19.

33. An éxpression vector comprising the nucleic acid of claim 32.
34. A host cell comprising the expression vector of claim 33.
3s. The host cell of claim 34, wherein the host cell is a bacterial cell.

36.  The host cell of claim 34, wherein the host cell is a eukaryotic cell. -
37. The host cell of claim 34, wherein the host cell is a mammalian cell.
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