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DENGUE VIRUS NEUTRALIZING ANTIBODIES AND USES THEREOQF

This application claims priority to ULS. Provisional Application Serial No. 61/104,911,
entitled “Dengue Vimus Neatralizing Antibodies and Use Thereof,” filed October 13, 2008,

which is incorporated herein by reference in its entirety.

5 BACKGROUND

Dengue viruses {DENV) are human pathogens with a significant threat to workd health.
These viruses are estimated to cause several hundred thousand cases of dengue fever, dengue
hemorrhagic fever and dengue shock syndrome annually. There are four closely related
serotypes of dengue viruses, DENV-1, DENV-2, DENV-3 and DENV-4, of the genus Flavivirus.
10 The four viruses are spread from human to human through the bite of Aedes aegypii, a highly
urbanized mosquito species that has successfully resisted all attempts at eradication and control.
Vaccination is considered to be the only efficient method of control of dengue. To this end,

several tetravalent dengue candidate vaccines are in late stages of development.

A first infection with one Dengue virus serotype induces a life-long protective immunity
15 to the homologous serotype. However, there is no cross-protection against infection by a
different serotype. Indeed, pre-existing immunity against one serotype is associated with
increased risk for dengue infection and dengue hemorrhagic fever caused by a different serotype
dae to antibady-dependent enhancement (ADE) of infection. In ADIE, antibodies raised by prior
dengue infection or passively transferred from mother form infectious immune complexes that
20 attach o Fe-receptor-bearing cells in the monoauciear phagocyte lineage resulting in efficient
infection,
Accordingly, there is a need for materials and methods for preventing dengue virus

infection withowt increasing the risk of antibody-dependent enhancement of infection,

SUMMARY

25 The invention is based, in part, on the discovery of antibodies and cocktails of antibodies
that aewtralize dengue virus infection without contributing to antibody-dependent enhancement
of dengue virus infection. Accordingly, in one aspect of the invention, the invention comprises a
human antibody, ap antibody variant, or ap anfigen biading fragment thereof, that neuiralize a
dengue virus, wherein the antibody, antibody variant, or antigen binding fragment does not

30 contribute to antibody-dependent enhancement of dengue virus infection. In one embodiment,

1
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the invention comprises a human antibody, an antibody variant, or an antigen binding fragment
thereof, that neutralize a dengue virus, wherein the antibody, antibody variant, or antigen binding
fragment comprises a mutation in the Fe region, and wherein the mutation reduces binding of the

antibody to an Fe receptor.

5 In another embodiment of the invention, the invention comprises a pharmaceutical
composition comprising two or more human antibodics, or antigen binding fragments thereof,
The antibodies or antigen binding {ragments neutralize dengue virus serotypes DENV-1, DENV-
2, DENV-3, and DENV-4 by binding at least two distinct epitopes on each dengue virus
serotype. The antibodies of the pharmacentical composition do not contribute to antibody-

10 dependent enhancement of dengue virus infection.

In yet another embodiment, the invention comprises an antibody, or an antigen binding
fragment therecf, comprising at least one complementarity determining region {CDR) sequence
having the sequence of any one of SEQ 1D NOs: 1-6, 17-22, 33-38, 49-54, 67-72, 83-88, 99, 100,
LO5-110, 121-123, 124, 125, 135-139, 149, 1533-138, 1069-174, 183-188, or 189, wherein the

15 antibody neutralizes dengue virus infection.

In yet another embodiment, the invention comprises an antibody, or an antigen binding
fragment thereof, wherein the antibody comprises a heavy chain variable region comprising the
aminoe acid sequence of SEQ T12 NO: 13 and a light chain variable region comprising the amino

acid sequence of SEQ H) NO: 14; or & heavy chain variable region comnprising the anyino acid

20

30

sequence of SEQ 1) NO:
sequence of SEQ H)Y NO:
sequence of SEQ D NO:
sequence of SEQ ID N
sequence of SEQ I NO:
sequence of SEQ DY NO:
sequence of SEQ HY NO:
sequence of SEQ D NO:
sequence of SEQ ) NO:
sequence of SEQ D NO:
sequence of SEQ D NO:
sequence of SEQ 1D NO:
sequence of SEQ ID NO:
sequence of SEQ D NO:

29 and a light chain variable region comprising the amino acid
30; or a heavy chain variable region comprising the amtno acid
4% and a light chain variable region comprising the amino acid
46; or a heavy chain variable region comprising the amino acid
61 and a light chain variable region comprising the amino acid
6Z; or a heavy chain variable region comprising the amino acid
65 and & light chain variable region comprising the amino acid
62; or a heavy chain variable region comprising the amino acid
79 and a light chain variable region comprising the amino acid
§{); or a heavy chain variable region comprising the anino acid
95 and a light chain variable region comprising the amino acid
96; or a heavy chain variable region comprising the amino acid
95 and a light chain variable region comprising the amino acid

103; or a heavy chain variable region comprising the amino acid
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sequence of SEQ D NO: 117 and a light chain variable region comprising the amino acid
sequence of S1Q HY NO: 113, or a heavy chain variable region comprising the amino acid
sequence of SEQ I NO: 131 and a light chain variable region commprising the amino acid
sequence of SEQ ) NO: 132; or a heavy chain variable region comprising the amino acid
3 sequence of SEQ D NQO: 145 and a light chain variable region comprising the amino acid
sequence of SHQ D NO: 146; or # heavy chain variable region comprising the amino acid
sequence of SHQ D NO: 151 and a light chain variable region comprising the amino scid
sequence of SEQ I NO: 146; or 2 heavy chain variable region comprising the amino acid
sequence of SHQ H) NO: 165 and a light chain variable region comprising the amino acid
10 sequence of SEQ Y NO: 166; or a heavy chain variable region comprising the amino acid
sequence of SEQ 1 NO: 181 and a jight chain variable region comprising the amino acid
sequence of SEQ H) NO: 182; or 3 heavy chain variable region comprising the amino acid
sequence of SHQ ) NO: 195 and a light chain variable region comprising the amino acid

sequence of SEQ HY NO: 196, wherein the antibody neutralizes dengue virus infection,

15 In 4 further embodiment, the inventior comprises a recombinant antibody, antibody
vartang, or antigen binding fragment thereof, that can neutralize a dengue virus. ‘the
recombinant antibody, antibody variant, or antigen binding fragiment does not contribuie to

antibody-dependent enhancement of dengue virus infection.

In another aspect, the invention comprises a nucleic acid molecule comprising &
20 polynuclectide encoding an antibody or antibody fragment of the invention that neutralizes
dengue virus infection. In yet another aspect, the invention comprises a cell expressing an
antibody of the invention. In s6ll another aspect, the invention comprises an isclated or purified

immunogenic polypeptide comprising an epitope that binds to an antibody of the invention.

‘Fhe invention also comprises a pharmaceutical composition comprising an antibody, an
25 antibody varianté or an antigen binding fragment of the invention, a nucleic acid of the invention,
or an immunogenic polypeptide of the invention and a pharmaceutically acceptable diluent or
carrier and, optionally, an agent usefu] for extending the half life of the aptibody or antigen

binding fragment thereof.

In another aspect of the invention, the inventior provides a method of inhibiting or
30 preventing dengue virus infection or & dengue virus-related disease or a method of treating
dengue virus infection or a dengue virus-related disease. The method comprises administering to
a subject in need thercof, a therapeutically effective amount of at least one antibody, antibody

vartant, antigen binding fragment, or a pharmacentical composition of the invention.
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In yet another aspect of the invention, the invention comprises a method of screening {or
poiypeptides that can induce of reveal an imnune response against denguoe virus, comprising
screening polypeptide Hbraries using an antibody, an aptibody fragment or variant of the

invention.

5 In yet another aspect of the invention, the invention comprises a method of monitoring
the quality of anti-dengue virus vaceines. The method comprises using an antibody, an antibody
vartani, or an antigen binding {ragment thereol of the inveation to check that the antigen of the
vaceine contains the specific epitope in the correct conformation.

In a further aspect of the invention, the invenfion comprises a vaccing COMprising an

10 epitope which specifically binds to an antibody, an antibody fragment or variant of the invention.

Use of an antibody of the invention, or an antigen binding fragment thereof, a nucleic
acid of the invention, an immuenogenic polypeptide of the invention, or a pharmaceutical
composition of the invention (1) in the manufacture of a medicament for the treatment of dengue
virus infection, (ii) in a vaccing, or (i) in diagrosis of dengue virus infection is also

13 contemplated to be within the scope of the invention. Further, ase of an antibody of the
invention, or an antigen binding fragment thereof, for monitoring the guality of anti-DENV
vaccines by checking that the antigen of said vaccine contains the specific epitope in the correct
conformation is also contemplated to be within the scope of the invention.

In a further aspect, the invention comprises an ¢pitope which specificaily binds to an

20 antibody of any one of the invention, or an antigen binding fragment thereof, for use (i) in
therapy, (i) in the manafacture of a medicament for treating dengue virus infection, (il) as a

vaccine, or (iv) in screening for ligands able to neutralise dengue virus infection.

BRIEF DESCRIPTION OF FIGURES

Figare 1. VRO cells and K362 cells were used in virus neutralization and enhancement
25 assays with each serotype of dengue virus using wild-type anti-dengue virus antibodies,
Antibodies &0 dengue virus inhibit infection of the target virus on VERO cells in a dose-
dependent maaner. On K562 cells, the antibodies lead to a dose dependent antibody-dependent

enhancement (ADE) of infection,

Figure 2. Anti-dengue virus antibodies that have a CH2 14A and L3A substitution
30 (LALA variants) in the heavy chain neutralize target virus infection on VERO cells as did the
unmodified antibodies. However, the LALA variants completely abolished the aptibody-
dependent enhancement of infection by the target virus on K562 cells.
4
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DETAILED DESCRIPTION OF THE INVENTION

The invention is based on the discovery of antibodies and cocktails of antibodies that
neutralize dengue vitus (DENV) infection without contributing to antibody-dependent
enhapcement (ADE) of dengue virus infection. In one aspect of the invention, the invention

5 comprises a human antibody, a variant antibody, or an antigen binding fragment thereof, that
neutralizes a dengue virus without contributing to antibody-dependent enhancement of dengue
virus infection. The antibodies or antibody {ragments can neutralize more than one dengue virus
serotype, for example, 2, 3 or all 4 dengue virus serotypes DENV-1, DENV-2, DENV-3, and
DENV-4.

10 ‘The invention also comprises a pharmaceutical composition comprising, for example, an
antibody cocktail that comprises two or more human antibodies, antibody variants or antigen
binding fragments thereof. The pharmaceutical compositions of the invention comprising a
cocktail of human antibodies, antibody fragments or variants neutralize all four dengue virus
serotypes, i.e., DENV-1, DENV-2, DENV-3, and DENV-4. In one embodiment, the cocktail of

15 antibodies, antibody fragments or variants neutralize dengue virus by binding at least two distinct
epitopes on each dengue virus serotype. It is noted that the antibodies, variants and fragments of
the pharmaceutical composition do aot contribute fo antibody-dependent enhancement of dengue
virus infection. In one embodiment, the cocktail comprises two antibodies, fragments or variants
thereof. In another embodiment, the cocktail comprises three antibodies, fragments or variants

20 thereof, In yet another embodiment, the cocktatl comprises more than 3 antibodies, e.g., 4, 5, 6,
7 or § antibodies.

LT

As used herein, the tenms “fragment,” “antibody fragment,” and “antigen binding
fragment™ are used interchangeably to refer 1o any fragment of an antibody of the invention that
retains the antigen-binding activity of the antibody. Exemplary antibody fragments inciude, bug

25 are not Hmited to, Fab, Fab’, F(ab"),, Fv, and scPv [ragments.

‘The terms “nyatation,” and “substitution” are used interchangeably 1o refer to a change in

one or more nucleic acid or amino acid residues.

As used herein, the terms “variant,” ard “antibody variant” are used interchangeably to
refer to any variant of an antibody of the invention that retains the antigen-binding activity of the
30 antibodies. The term variant incledes antibodies that comprise mutations and/or substitutions.
Exemplary antibody variants include, but are not limited to, those that have an L to A

substitution at position CH2 4, 5, or both.
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Antibodies of the invention
'The inveation provides antibodies that seutralize dengue virus, but do not contribute to
ADE of dengue virus infection. A “neutralizing antibody™ is one that can neutralize the ability
of a pathogen {o initiate and/or perpetuate an infection in a host. 'The antibodies of the invention
5 are able to neutralize one or more dengue virus serotypes DENV-1, DENV-2, DENV-3, and
DENV-4. In one embodiment, the antibody of the invertion neutralizes more than one, e.g., 2, 3,
or all 4 dengue virus serotypes. In another embodiment, a pharmaceutical composition
comprising two or more antibodies, antibody fragments or variants can neutralize all 4 dengue
virus serotypes. In yet another embodiment, the pharmaceutical composition comprising two or
10 more antibodies, antibody fragments or variants neutralizes dengue virus infection by targeting
two distinet epitopes on each dengue virus serotype. These antibodies, antigen binding fragment
and variants can be used as prophylactic or therapewtic agents upon appropriate formulation, or

as a diagrostic tool, as described herein.

The antibodies of the invention may be monoclonal, for example, human monoclonal
15 antibodies, or recombinant antibodies. The invention also provides fragments of the antibodies
of the invention, particularly fragments that retain the antigen-binding activity of the antibodies.
Although the specification, including the claims, may, in some places, refer explicitly to
antibody fragment(s), variant(s) and/or derivative(s) of antibodies, it is understood that the term
“antibody” or “antibody of the invention” includes all categories of antibodies, namely, antibody
20 fragment(s), variant{s} and derivative{s) of antibodies.

Without being bound {0 any theory, it is believed that antibody-dependent enhancement
of dengue virus infection is brought about by the binding of the Fe region of the antibody, in
particular, the e region of the heavy chain of an IgG molecule, to an Ve receptor, e.g., an Fey
receptor on a host cell. The invention, on the other hand, provides antibodies, including g3

25 molecules, that have reduced binding to the Fe receptors (FeR). In one embodiment, the
antibody of the invention comprises one or more mutations in the Fe region. The mutation(s)
may be any mutation that reduces binding of the antibody to an Fe receptor. In ope embodiment,
the Fe region of an antibody of the invention comprises a substitution at positions CH2 4, 5, or
both. In general, the amino acid at positions 4 and 5 of CH2 of the wild-type 1201 and IgG3 is a

30 lewcine (“L7). In one embodiment, the antibodies of the invention comprise an amino acid at
position CHZ 4, 5, or both, that is not an L. In another embodiment, the antibodies of the
invention comprise an alanine (“A”) at position CH2 4, or §, or both. An antibody comprising a

CH2 1.4A and an L3 A substitution is referred to herein as a “LAELA™ variant.
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Alternatively, the invention provides antibody fragments that do not comprise an I'c
region and thus do not bind to an FcR. Ixemplary antibody fragments include, but are not

limited to, Fab, Fab', F(ah',, Fv and schv.

The sequences of the heavy chains and light chains of several exemplary antibodies of the
5 invention, each comprising three CI3Rs on the heavy chain and three CIDRs on the Hght chain
have been determined. The position of the CDR amino acids are defined according o the IMGT
numbering system [1, 2, 31, The sequences of the CDRs, heavy chains, light chains as well as
the sequences of the nucleic acid molecuoles encoding the CIRs, heavy chains, light chains of
many exemplary antibodies of the invention are disclosed in the sequence listing. Table ]
10 provides the SEQ ID NOs for the amino acid sequences of the six CDRs, the variable region of
the heavy and lght chains, respectively, of exemplary amibodies of the invention. Table 2
provides the SEQ ED NOs for the sequences of the nucleic acid molecules encoding the CDRs,

heavy chains and light chains of exemplary antibodies of the invention.

Table 1. Amino Acid SEQ IDs for Antibody CDRs, Heavy and Light Chains

. T Heavy Chain Light Chain
Antibody CDRs Variable Region Variable Region
HMB-DDV-1 1-6 13 i4
HMB-DV-2 17-22 20 3G
HMB-DV-3 33-38% 45 46
HMB-DV-4 49-534 61, 65 62
HMB-DV-5 67-72 79 80
HMB-DV-6 §3-88 03 06
HMRB-1V-7 §3-85, 99, 33, 100 95 103
HMB-DV-§ 105-110 117 118
HMB-DV-S £21-323,70G 124, 125 121 132
HMB-DV-1( 135-139, 109 145 146
HMB-{V-1i 149, 136-139, 109 151 146
HMB-}V-12 153-158 165 166
HMB-DV-13 169-174 181 182
HMB-DV-14 185-188, 37, 189 195 196

15 Fable 2. Nucleic Acid SEQ IDs for Antibody CDRs. Heavy and Light Chaing

. - Heavy Chain Lighi Chain
Antibody CHRs Variab{e Region Varig:i?}le Region
HMB-DV-1 7-12 15 16
HMB-DV-2 23-28 31 32
HMB-V-3 3044 47 48
HMB-DV-4 55-60 63, 66 64
HMB-DV-5 73-78 81 82
HMB-DV-6 §9-94 97 98
HMB-DV-7 89-01, 101, 59, 102 97 104
HMB-DV-§ 111-116 11y 120




(48) JP 2016-20334 A 2016.2.4

WO 2610/043977 PCT/IB2609/007372
HMB-DV-9 126-128, 76, 129, 130 133 134
HMB-DV-10 140-143, 115, 144 147 148
HMB-DV-11 150, 141-343, 115, 144 152 148
HMB-DV-12 159-164 167 168
HMB-DV-13 175-180 183 184
HMB-DV-14 190-193. 43, 194 197 198

In one embodiment, the antibodies or antigen-binding fragments of the invention
comprise one or more heavy or light chain CDRs of the exemplary antibedies of the invention.
In an exemplary embodiment, the antibodies or antigen-binding {ragments of the invention
neutralize dengue virus infection and comprise at least one CR seguence having the seguence
5 ofanyone of SEQ I NOs: 1-6, 17-22, 33-38, 49-54, 67-72, 83-88, 99, 100, 105-110, 121-123,
124, 125, 135-139, 149, 153-158, 169-174, 185-188, or 189,

In another embodiment, the antibodies, antibody variants or antigen binding fragments of

the invention comprise a heavy chain comprising an amino acid sequence of one or more of SEQ)

i NOs: 1-3, 17-19, 33-35, 49-51, 67-69, §3-85, 105-107, 121-123, 135-137, 149, 153-155, 169-
10 171, or 185-187. 1n yet another embodiment, the antibodies, antibody variants or antigen

binding fragments ol the invention comprise a heavy chain CDR1 selected from the group

consisting of SEQ I NOs: 1, 17,33, 49, 67, 83, 103, 121, 135, 149, 153,169, and 185: 4 heavy

chain CDR2 selected from the group consisting of SEQ 1D NOs: 2, 1R, 34, 530, 68, 84, 106, 122, 136,

154, 170, and 186; and a heavy chain CDR3 selected from the group consisting of SEQ 1D NOs: 3,
15 19,35, 51, 69, 85, 107, 123, 137, 155, 171, and 187.

For example, the antibodies of the invention comprise a heavy chain comprising SEQ D

NO: 1 for CORHI, SEQ 1D NO: 2 for CDRH2, SEQ ID NO: 3 for CBDRH3; SEQ ID NO: 17 for
CDRHI, SEQ D NO: 18 for CDRHZ and SEQ 1D NGO 19 for CDRH3; SEQ ID NOG: 33 for
CDRHI1, SEG 1D NOx 34 for CDRHZ and SEQ D NO: 35 for CDRHZ; SEQ ) NO; 49 for

20 CBRHI, SEQ ID NO: 30 for CORHMZ and SEQ 1D NO: 51 for CDRH3; SEQ D NO: 67 for
CDRIL, SEQ D NO: 68 for CORI2 and SEQ 1D NC: 69 for CDRILY; SEQ 1D NG: 83 for
CDRHI, SEG LD NO: 84 for CDRH2 and SEQ D NO: 85 for CDRH3; SEQ 1D NG: 105 for
CDRHI, SEQ ID NO: 166 for CDRH2 and SEQ 1D NG: 107 for CDRH3; SEQ ID NO: 121 for
CDRHI, SEQ II) NO: 122 for CDRH2 and SEQ 1) NO: 123 for CDRH3; SEQ ID NO: 135 for

25 CDRHI, SEG ID NO: 136 for CDREZ and SEQ ID NO: 137 for CDRH3; SEQ 1D NQO: 149 for
CDRHI, SEQ IID NO: 136 for CDRH2 and SEQ 1) NO: 137 for CDRH3; SEQ 1D NO: 153 for
CDRHI, SEQ ID NOx» 154 for CDRHZ and SEQ D NO: 135 for CDR3; SEQ 1D NO; 169 for
CDRHI, SEQ ID NO: 176 for CDRHZ and SEQ H) NO: 171 for CDRH3; and SEQ D NO: 185
for CDRHI, SEG 1D NO: 186 for CDRH2 and SEQ 1D NO: 187 {for CDRI3.
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In yet another embodiment, the antibodies, antibody variants or antibody fragments of the
invention comprise a light chain comprising an amino acid sequence of one or more of SEQ D
NOs: 4-6, 20-22, 36-38, 52-54, 70-72, 86-88, 99, 100, 108-110, 124, 125, 138, 139, 156-158,
172-174, 188, or 189. In a further embodiment, the antibodies, antibody variants or antibody

3 fragments of the invention comprise a light chain CDR1 selected from the group consisting of

SEQ > NOs: 4, 20, 36, 52, 70, 86, 99, 108, 138, 136, 172, and 188; a light chain CDR2 selected
from the group consisting of SEQ D NOs: 5, 21, 37,53, 71, 87,109, 124, 157, and 173; and a
light chain CDR3 selected from the group consisting of SEQ D NOs: 6, 22, 38, 34, 72, 88, 100,
1HO, 125,139, 158, 174, and 189.

10 For example, the antibodies of the invention comprise a light chain comprising SEQ 1D
NG: 4 for CBRLI, SEQ 1D NQ: 5 for CDRL2; SEQ ID NO: 6 for CDRL3; SEQ 1D NO: 20 for
CDRLL, SEQID NO: 21 for CDRL2; SEQ ID NO: 22 for CDRL3; SEQ 1D NO: 36 for CDRLI,
SEQ HY NO:; 37 for CDRLZ; SEQ HX NG; 38 for CDRL3; SEQ D NO: 52 for CDRLA, SEOQ D
NO: 33 for CORE2; SEQ D NG 54 for CDRL3; SEQ ID NG: 70 for CRRLE, SEQID NO: 71

15 for CDREZ; SEQ ID NO: 72 for CDRL3; SEQ D NO: 86 for CDRLL, SEQ 1D NO: 87 for
CBRILZ:; SEQ ID NOs 88 for CDRL3; SEQ 1D NO: 99 for CDRLL, SEQ 11> NO: 53 for CDRLZ;
SHQ ID NO: 100 for CDRL3; SEQID NO: 108 for CDRLL, SEQ ID NO: 109 for CDRLZ; STIQ
1D NO: 110 for CDRL3; SEQ ID NO: 70 for CDRLI, SEQ 1D NO: 124 for CDRL2; SEQ ID
NO: 123 for CDRE3; SEQ D NO: 138 for CDRLL, SEQ HY NO: 109 for CDRLZ; SEQ 3 NO:

200 139 for CDRL3; SBEQ ID NO: 156 for CDRLIL, SEQ D NO: 157 for CDRLZ; SEQ ID NO: 158
for CDRL3; SEQ I NO: 172 for CDRLE, SEQ I NO: 173 for CDR1.2; SEQ 11 NO: 174 for
CDRL3; and SEQ D NO: 188 for CDRILI, SEQ ID NO: 37 for CDRLZ; SEQ ID NO: 189 for
CDRL3.

In one embodiment, an antibody of the invention, or antigen binding fragment thereof,

23 comprises all of the CDRs of aatibody HMB-DV-I as listed in Table 1, and neutralizes dengue
virus infection in a human host. In another embodiment, an antibody of the invention, or antigen
binding fragment thereot, comprises ali of the CDRs of antibody HMB-1DV-2 as tisted in Table 1,
and newtralizes dengue virus infection in a human host. In another embodiment, an antibody of
the invention, or antigen binding fragment thereof, comprises all of the CDRs of antibody HMB-

30 DV-3as listed in Table 1, and neutralizes dengue virus infection in a human host. In yet another
embodiment, an antibody of the invention, or antigen binding fragment thereof, comprises all of
the CDRs of antibody HMB-DV-4 as listed in Table 1, and neutralizes dengue virus infection in a
human host. In vet another embodiment, an antibody of the invention, or antigen bindiag
fragment thersof, comprises all of the CDRs of antibody HMB-DV-5 as listed in Table 1, and

G
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peutralizes dengue virus infection in & human host. In yet another embodiment, an antibody of
the invention, or antigen binding fragment thereof, comprises all of the CDRs of antibody HMB-
DV-6 as fisted in Table 1, and pevtralizes dengue virus infection in a human host. In yet another
embodiment, an antibody of the invention, or antigen binding fragment thereof, comprises all of
3 the CDRs of antibody HMB-DV-7 as listed in Table i, and neutralizes dengue virus infection in a

human host.

In a further embodiment, an aatibody of the invention, or antigen binding fragment
thereof, comprises all of the CDRs of antibody HMB-IDV-8 as listed in Table 1, and neutralizes
dengue virus infection in a human host. In another embodiment, an antibody of the invention, or

10 antigen binding fragment thereof, comprises all of the CDRs of antibody HMB-1DV-9 as Hsted in
Table 1, and neutralizes dengue virus infection in a buman host. In still another embodiment, an
antibody of the invention, or antigen binding {ragment thereol, comprises all of the CDRs of
antibody HMB-DV-16 as lListed in Table 1, and neutralizes dengue virus infection in a human
host. In yet another embodiment, an antibody of the invention, or antigen binding fragment

15 thereof, comprises all of the CDRs of antibody HMB-DV-11 as listed in Table 1, and neutralizes
dengue virus infection in a human host. In yet another embodiment, an antibody of the
invention, or antigen binding fragiment thereof, comprises all of the CDRs of antibody HMB-DV-
12 as listed in Table 1, and neutralizes dengue virus infection in 2 human host. In yet another
embodiment, an antibody of the fnvention, or antigen binding fragment thercof, comprises all of

20 the CDRs of antibody HMB-DV-13 as histed in Table i, and neutralizes dengue virus infection in
a human host. In yet another embodiment, an antibody of the invention, or antigen binding
fragment thereof, comprises all of the CDRs of antibody HMB-DV-14 as listed in Fable |, and

neutralizes dengue virus infection in 2 human host.

In still another embodiment, the antibodies of the invention comprise 4 heavy chain with
23 an amino acid sequence that is at least 70%, at least 75%, at Jeast 804%, at least 85%, at least
Q0% at least 95%, at least 984, or at feast 99% identical to those of SEQ ID NOs: 13, 29, 45,
61, 63,79, 95, 117, 131, 145, 151, 165, 181, or 195, In yet another embodiment, the antibodies
of the invention comprise a light chain with an amine acid sequence that is at least 70%, at least
T5%, at least B0%, at least 85%, at Jeast 0%, at least 95%, at least 98%, or at least 99% identical
30 1o those of SEQ 1D NOs: 14, 30, 46, 62, 80, 96, 103, 118, 132, 146, 166, 182, or 196.

In a further embodiment, the antibodies, antibody variants or aatibody fragments of the
tnvention comprise a heavy chain variable region comprising the anino acid sequence of any one of

SEQ D NOs: 13, 29, 45, 61, 65, 79, 93, 117, 131, 145, 151, 165, 181, or 195, and a light chain

10
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variable region comprising the anino acid sequence of any one of SEQ 1) NOs: 14, 30, 46, 62, 80,
96, 103, 118, 132, 146, 166, 182, or 196,

In yet another embodiment, the antibodies, antibody variants or antibody fragments of the
invention peutralize dengue vigas infection and comprise a heavy chain variable region comprising
5 the amino acid sequence of SEQ HY NO: 13 and a light chain variable region comprising the amino
avid sequence of SEQ 1D NO: 14; or a heavy chain variable region comprising the amino acid
sequence of SEQ 1D NO: 29 and a ight chain variable region comprising the amino acid sequence of
SEQ ID NO: 30: or a heavy chain variable region comprising the amino acid sequence of SEQ ID
NO: 45 and a light chain variable region comprising the amine acid segaence of SEQ 1D NO: 46; or
10 aheavy chain variable region comprising the amino acid sequence of SEQ D N(: 61 and a light
chain variable region comprising the amino acid sequence of SEQ 1D NO: 62; or a heavy chain
variable region comprising the antino ackd sequence of SEQ 1D NO: 65 and a light chain variable
region comprising the amine acid sequence of SEQ HD NO: 62; or a2 heavy chain variable region
comprising the amino acid sequence of SEQ H) NG; 79 and a light chain variable region comprising
15 the anino acid sequence of SEQ T NO: 80; or a heavy cham variable region comprising the amino
acid sequence of SEQ 1D NG: 95 and a light chain variable region comprising the anuno acid
sequence of SEQ ID NO: 96 or a heavy chain variable region comprising the amino acid sequence of
SEQ 1D NO: 93 and a light chain variable region comprising the amino acid sequence of SEQ ID
NO: 163: or a heavy chain variable region comprising the amino acid sequence of SEQ B NO: 117
20 and a light chain variable region comprising the amino acid sequence of SEQ 1D NO: 118; or a heavy
chain variable region comprising the amino acid sequence of SEQ I NO: 131 and a light chain
varighie region comprising the amino acid sequence of SEQ [1) NO: 132; or a heavy chain variable
region comprising the amino acid sequence of SEQ 1) NO: 145 and a light chain variable region
comprising the amino acid sequence of SEQ D NO: 146; or a heavy chain variable region
25 comprising the amino acid sequence of SEQ H) NO: 151 and a light chain variable region
comprising the amino acid sequence of SEQ H) NO: 146; or 2 heavy chain variable region
comprising the amino acid sequence of SEQ 1D NO: 165 and a light chain variable region
comprising the amine acid sequence of SEQ HD NO: 166; or 2 heavy chain varizble region
comprising the amino acid sequence of SEQ D NO: 181 and a light chain variable region
30 comprising the amino acid sequence of SEQ 1D NO: 182 or 2 heavy chain variable region
comprising the amino acid sequence of SEQ HD NO: 195 and a light chain variable region
comprising the amino acid sequence of SEQ ID NO: 196,
Methods for chain replacement and for CDR graflting are well known in the art
Originally these methods were developed to humanize non-homan antibodies (generally mouse
35 antibodies) or to sclect human antibody counterparts having equivalent bicactivity to the non-

I
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Duman antibodies, These methods include replacement techniques where only one of the CDRsg,
for example, the CDR3s, of the non-human antibody are retained and the remainder of the V-
region, including the framework and the other two CDRs, for example, the CDRs 1 and 2, are
individually replaced in steps performed sequentially {e.g. UL.S. Patent Application No.

3 20030166871; Rader, et al., Proc Natl Acad Sci USA 95:8910-15, 1998; Stweinberg, et al., J Biof
Chem 275:360G73-78, 2000, Rader, et al., J Biol Chem 275:13663-76, 2000).

In addition, methods of creating antibodies with the binding specificities of a relerence
antibody for a target antigen are described in Patent Application No, WO05/069,970. The
methods include transferring, from the reference antibody 10 a recipient antibody or antibody

10 fragment, the minimal essential binding specificity of the reference antibody. Examples of
regions that can be transferred include, but are not limited to, the transfer of a single CDR
segment, for example 2 CDR3 segment, from the heavy and/or {from the light chain, or a b
segment, or a CDR3-FR4 segment, or any CIDR3-FR4 segment that comprises the minimal
essential binding specificity determinant. Antibodies created using these methods retain the

15 binding specificity, and often affinity, of the reference antibody.

The antibodies, antibody variants or antibody fragments of the invention include
antibodies that comprise, inter alia, one or more CPRs, a heavy chain or a light chain of an
exemplary antibody of the invention and retain their specificity and ability to neutralize dengue
virus infection.

20 Exemplary antibodies of the invention include, but are not limited to, HMB-DV,
HMB-DVZ, HMB-DV3, HMB-DV4, HMB-DVS, HMB-DV6, HMB-DVT, HMB-DVE, HMB-
PVY, HMB-DV 10, HMB-DV1 i, HMB-DV 12, HMB-DV 13, and HMB-DV 14,
Variants of HMB-DV4 consist of a heavy chain variants having amine acid sequence
recited in SEQ 1D NO: 61 and SEQ 1D NO: 65, and a Hght chain having the amine acid sequence
25 recited in SEQ 1D NO: 62. The nucleic acid sequences encoding the heavy chain variants are
recited in SEQ 1D NO; 63 and SEQ 12 NO; 66. 'The nucleic acid encoding the light chain is
recited in SEQ ID NO: 64, Thus, antibodies comprising the HMB-DV4 variant heavy chains
(S5EQ ID NOs; 61, 63) and light chain (SEQ ID Nk 62) are included within the scope of the

trvention.

a0 As used herein, the term “HMB-DV4™ is used to refer to any and/or all variants of
HMB-1DV4, for example, those with heavy chains corresponding to SEQ 11D NOs: 61and 65 and
light chain corresponding to SEQ I NO: 62,

12
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In one embodiment, an antibody cocktail of the invention comprises two or more
antibodies selected from the group consisting of HMB-DVI, HMB-DVZ, HMB-DV3, HMB-
DV4, HMB-DVS, HMB-DV6, HMB-DV7, HMB-DVE, HMB-DV9, HMB-DVI0, HMB-DV11,
HMB-DVIZ, HMB-DVIZ, and HMB-DV 14, In another embodiment, a cocktail of the invention

3 comprises three antibodies selected from the group consisting of HMB-DV1, HMB-DVZ, HMB-
DV3, HMB-DV4, HMB-DVS, HMB-DV6, HMB-DV7, HMB-DVE, HIMB-DDVO, HMB-DVI0,
HMB-DV11, HMB-DVEDL HMB-DV13, and HMB-DV14, In yet another embodiment, an
antibody cocktail of the invention comprises more than three, forexample, 4, 5,6, 7, or 8
antibodies selected from the group consisting of HMB-DV1, HMB-DV2, HMB-DV3, HMB-

10 DV4, HMB-DV5, HMB-DV6, HMB-DV7, HMB-DVE, HMB-DV9, HMB-DVI0, HMB-DV i1,
HMB-1VI1Z, HMB-DV i3, and HMB-DV14. In an exemplary embodiment, a cocktail of the
invention comprises HMB-DV3, HMRB-DV6, and HMB-DVS,

‘The inveation further comprises an antibody, or fragment thereof, that binds to an epitope
capable of binding 10 an antibody of the invention.  The inveation also comprises an antibody or

15 an amtibody [ragment that competes with an antibody of the invention,

In another aspect, the invention also inclades pucleic aeid sequences encoding part or all
of the light and heavy chains and CDRs of the antibodies of the present invention. In one
embodiment, nucleic acid sequences according to the invention include nocleic acid sequences
having at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least

20 98%, or at least 999% identity to the nucleic acid encoding a heavy or light chain of an antibody
of the invention. In another embodiment, a nucleic acid sequence of the invention has the
sequence of a nucleic acid encoding a heavy or light chain CDR of an antibody of the invention.
For example, a aucleic acid seguence according to the invention comprises 4 sequence that is at
least 70%, at least 75%, at least 80%, at feast 85%, at least 90%, at least 95%, at least 98%, or at

23 least 99% identical to the aucleic acid sequences of SEQ 11 NOs: 7-12, 23-28, 39-44, 55-60), 73-
78, 89-94, 101, 102, F11-116, 126-128, 129, 130, 140-144, 150, 139-164, 175-180, and 190-194.

bue to the redundancy of the genetic code, vaniants of these sequences will exist that
encode the same amino acid sequences. These vartants are included within the scope of the
invention.
30 Variant antibodies are also included within the scope of the tnvention. Thus, variants of
the sequences recited in the application are also included within the scope of the invention. Such
variants include natural variandés generated by somatic mutation in vive during the imsmune

response or ir virro upon culture of immortalized B cell clones. Alternatively, variants may arise

13
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due 0 the degeneracy of the genetic code, as mentioned above or may be produced due to errors
in transcription or translation. Variants may also be introduced to modify the antibody effector

function, for instance in the Fe region o reduce the binding of the antibody to an Te receptor.

Further variants of the antibody sequences having improved affinity andfor potency may
5 be obtained using methods known in the art and are included within the scope of the invention.
For example, amino acid substitutions may be used o obtain antibodies with further imaproved
affinity. Alternatively, codon optimisation of the nucleotide seguence may be used o improve
the efficiency of transiation in expression systems for the production of the antibody. Further,
polynucleotides comprising a sequence optimized for antibody specificity or neutralizing activity
10 by the application of a directed evolution method to any of the nucleic acid sequences of the

invention are also within the scope of the invention.

In one embodiment variant antibody sequences may share 70% or more (ie. 75%, 80%,
85%, W%, 95%, 97%, 98%, 99%: or more) amine acid sequence identity with the sequences
recited in the application. In some embodiments such sequence identity is calculated with regard
15 to the full length of the reference sequence {i.e. the sequence recited in the application). In some
{further embodiments, percentage identity, as referred to herein, i3 as determined using BLAST
version 2.1.3 using the default parameters specified by the NCBI (the National Center for
Biotechnotogy Information; hitp://www.nchi.nlnnib.gov/) {Blosum 62 matrix; gap open

penalty=11 and gap extension penalty=1].

20 Further included within the scope of the invention are vectors, for example expression
vectors, comprising a nucleic acid sequence according to the invention. Cells ransformed with
such vectors age also included within the scope of the invention. Hxamples of such cells include
bat are not Himited to, eukaryotic cells, e.g. yeast cells, animal cells or plant cells. In one
embodiment the cells aze mammalian, e.g. human, CHO, HEK293T, PER.C6, N30, myeloma or

25 hybridoma cells.

‘The invention also relates to monoclonal antibodies that bind to an epitope capable of
binding an antibody of the invention. In one embodiment, the invention includes a monoclonal
antibody that binds 0 an epitope capable of binding a monoclonal antibody selected from the
group consisting of HMB-DV1, HMB-DV2, HMB-DV3, IIMB-DV4, HMB-DVS, HMB-DV6,

30 HMB-DV7, HMB-DVE, HMB-DVY, HMB-DVI10G, HMB-DVLE, HMB-DVI2, HMB-DV13, and
HMB-DV14,

Monoclonal and recombinant antibodies are particularly useful in identification and

purification of the individual polypeptides or other antigens against which they are directed, The

14
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antibodies of the invention have additional utifity is that they may be employed as reagents in
imntunoassays, radioimmuncassays (REA) or enzyme-linked immunosorbent assays (BLISA). In
these applications, the anlibodies can be labelied with an analytically-detectable seagent such as
a radicisotope, a floorescent melecule oF an enzyme. The antibodies may also be used for the

3 molecular identification and characterisation (¢pilope mapping) of antigens.

Antibodies of the invention will typically be glycosylated, N-linked glycans attached to
the Cg2 domain of & heavy chain, for instance, can influence Clg and FeR binding, with
aglycosylated antibodies having lower affinity for these receptors. The glycan structure can also
affect activity e.g. differences in complement-mediated cell death may be seen depending on the

10 pumber of galactose sugars (0, 1 or 2) at the terminus of a glycan's biantennary chain. An
antibody’s glycans preferably do not lead to a human immunogenic response after

administration.

Antibadies of the invention can be coupled 1o & drug for delivery (o a treatiment site or

coupled to a detectable label to facilitate imaging of a site comprising cells of interest, such as

15 cells infected with dengue virus, Methods for coupling antibodies to drugs and detectabie labels
are well known in the art, as are methods for imaging using detectable labels. Labelled
antibodies may be employed in a wide variety of assays, employing a wide variety of labels.
Detection of the formation of an antibody-antigen complex between an antibody of the invention
and an epitope of interest (a DENV epitope) can be facilitated by attaching a detectable

20 substance to the aptibody. Suitable detection means include the use of labels such as
radionuclides, enzymes, coenzymes, fluorescers, chemiluminescers, chromogens, enzyme
substrates or co-factors, enzyme inhibitors, prosthetic group complexes, free radicals, particles,
dyes, and the like. Fxamples of suitable enzymes include horseradish peroxidase, alkaline
phosphatase, B-galactosidase, or acetylcholinesterase; examples of suitable prosthetic group

25 complexes include streptavidin/biotin and avidin/biotin; examples of suitable fluorescent
materials include umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine,
dichlorotriazinylamine flucrescein, dansyl chloride or phycoerythrin; an example of a
laminescent material is lJuminol; exampies of bioluminescent materials include luciferase,
luciferin, and aequorin; and examples of suitable radioactive material include ml. H }E, » S, or H.

30 Such labeled reagents may be used ip a variety of well-known assays, such as
radioimmunoeassays, enzyme inmunoassays. e.g., ELISA, fluorescent immunoassays, and the
like.

15
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An antibody according to the invention may be conjugated (o a therapeutic nioiety such
as a cytotoxin, a therapeutic agent, or a radioactive metal ion or radioisotope. Examples of
radioisotopes include, but are not limited to, I-131, I-123, 1-125, Y-90, Re-188, Re-186, At-211,
Cu-67, Bi-212, Bi-213, Pd-109, Tc-99, In-111, and the like. Such antibody conjugates can be

3 wsed for modifying a given biological response; the drug moiety is not to be construed as limited
to classical chemical therapeutic agents. Tor example, the drug moiety may be a protein or
polypeptide possessing a desired biological activity. Such proteins may inciude, for example, 4
toxin such as abrin, ricin A, pseudomonas exotoxin, calicheamicin bacterial toxin, or diphtheria

toxin.

10 Techniques for conjugating such therapeutic moiety to antibodies are well known. See,
for example, Armon ef af. (1985) “Monocional Ansibodies for Immunotargeting of Drugs in
Cancer Therapy,” in Monoclonal Amtibodies and Cancer Therapy, ¢d. Reisfeld er al. (Alan R,
Liss, Inc.), pp. 243-256; ed. Hellstrom ef af. (1987) “Aatibodies for Drug Delivery,” in
Controlled Drug Delivery, ed. Robinson er al. (2d ed; Marcel Dekker, Inc.}, pp. 623-653; Thorpe

153 (1985 *Antibody Carriers of Cytotoxic Agents in Cancer Therapy: A Review,” m Monoclonal
Antibodies '84: Biological and Clinical Applications, ed. Pinchera ef al. pp. 475-5006 (Editrice
Kurtis, Milano, Italy, 1985); “Analysis, Results, and Future Prospective of the Therapewtic Use
of Radiolabeled Antibody in Cancer Therapy,” in Monoclonal Antibodies for Cancer Detection
and Therapy, ed. Baldwin ef af. (Academic Press, New York, 1985), pp. 303-316; and Thorpe ¢f

200 ql (1982) fmmunol. Rev. 62;119-158.

Alternatively, an antibody can be conjugated Lo a second sntibody to form an antibody
heteroconjugate as described in reference 4. In addition, linkers may be used between the labels
and the antibodies of the invention [5]. Antibodies or, antigen-binding fragments thereof may be
direedy labelled with radioactive iodine, indium, yttrium, or other radioactive particle known in

23 the art [6]. Treatment may consist of a combination of treatment with conjugated and non-

conjugated antibodies administered simultaneously or subsequentty |7, 8].
Antibodies of the invention may also be attached to a solid support.

Additionally, antibodies of the invention, or functional antibody fragments thereof, can be
chemically modified by covalent conjugation to a polymer to, for example, increase their
30 circulating hatt-life, for example. Examples of polymers, and methods to attach them to
peptides, are shown in references 9-12. In some embodiments the polymers may be selected
from polyoxyethylated polyols and polyethylene glyveol (PEG). PEG is soluble i water at room

temperature and has the general formula: R(O--CH; --CH;), O--R where R can be hydrogen, ora
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protective group such as an alkyl or alkanol group. In one embodiment the protective groap may
have between | and 8 carbons, In a further embodinent the protective group is methyl The
symbol n is a positive integer. In one embodiment n is between 1 and 1,000. In another
embodiment a is between 2 and 500. In one embodiment the PEG has an average molecuiar

3 weight between 1,000 and 40,000, In a further embodiment the PEG has & molecular weight
between 2,000 and 20,600. In yet a further embodiment the PEG has & molecular weight of
between 3,000 and 12,000, In one embodiment PEG has at least one hydroxy group, In another
embodiment the PEG has a terminal bydroxy group. In yet another embodiment it is the terminal
hydroxy group which is activated to react with a free amino group on the inhibitor. However, it

10 will be understood that the type and amouat of the reactive groups may be varied to achieve a

covalently conjugated PEG/antibody of the present invention.

Antibodies of the invention can be modified by introducing random amino acid mutations
into particalar region of the CH2 or CH3 domain of the heavy chain in order to alter their
binding affinity for FcRn and/or their serum half-life in comparison to the snmoedified

15 antibodies. Examples of such modifications include, but are not limited to, substitutions of at
least one amino acid from the heavy chain constant region selected from the group consisting of

amine acid residues 250, 314, and 428.

Water-soluble polyoxyethylated polyols are also useful in the present invention. They
include polyoxyethylated sorbitol, polyoxyethylated glucose, polyoxyethylated glycerol (POG),
20 and the like. In one embodiment, POG is used. Withowt being bound by any theory, because the
glycerol backbone of polyoxyethylated glycerol is the same backbone occurring naturally in, for
example, animals and umans in mono-, di-, trighyeerides, this branching would not necessarily
be seen as a foreign agent in the body. In some embodiments POG has 2 molecular weight in the
sarae range as PEG The structure for POG 1s shown inreference 13, and a discussion of

25 POG/AL-2 conjugales is found in reference 9.

Another drug delivery system that can be used for increasing circulatory half-life is the
liposome. Methods of preparning liposome delivery systems are discussed in references 14, 15
and 16. Other drag delivery systems are kmown in the amt and are described in, for example,
references 17 and 18.
30 Antibodies of the invention may be provided in purified form. Typically, the antibody
will be present in a composition that is substantiaily free of other polypeptides e.g. where less
than 90% (by weight), usually less than 60% and more usually less than 50% of the composition

is made up of other polypeptides.
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Antibodies of the invention may be immunogenic in non-human (or heterologous) hosts
e.g. inmice. In particular, the antibodies may have an idiotope that is immurogenic in
non-hurman hosts, but not in a human host. Antibodies of the invention for human use include
those that cannot be easily isolated from hosts such as mice, goats, rabbits, rats, nop-primate

5 mammals, ¢fc. and cannot generally be obtained by humanisation or from xeno-mice.

Antibodies of the invention can be of any isotype (e.g. IgA, leG, IgMie ana, vy or i
heavy chain), but will generally be Ig(G. Withia the 1gG 1sotype, antibodies may be IgGl, TgG2,
1g(G3 or [g(34 subclass. in one embodiment, the antibody is IgGL. Aatibodies of the invention

may have s xora & light chain.

10 Inciuded within the scope of the invention are DENV-neutralizing recombinant or
engineered bispecific antibody molecules or antigen binding fragments thereof. Such antibodies
and fragments may comprise a first binding site for an epitope on a first Dengue virus serotype
and a second binding site for a second epitope on the same dengue virus serotype or on a
different, for example, a second, third or fourth, dengue viras serotype. The variable domains of

15 the respective binding sites can be formed as immunogiobulin isotypes of the inveation or as
heterodimeric Faby, Paly’, Flab");, ScFv or diabodies that can be linked together via one or more

peptide linkers.

Production of antibodies

Meonoclonal antibodies according to the invention can be made by any method known in
20 the art, The general methodology for making menoclonal antibodies using hybridoma
techaology is well known [19, 20]. Preferably, the alternative EBV immortakisation method

described in reference 21 is used.

ising the method described in reference 21, B cells producing the antibody of the
invention can be transformed with EBV in the presence of a polyclonal B cell activator.
25 Transformation with EBV is a standard techrique and can easily be adapted to inchude
polyclonal B cell activators,

Additional stimulants of cellular growth and differenttation may optionally be added
daring the transformation step to further enhance the efficiency. ‘These stinulants may be
eytokines such as I1.-2 and 1L-15. In one aspect, IL-2 is added during the immortalisation step to

30 further improve the efficiency of immortalisation, but its use is not essential.
The immortalised B cells produced using these methods can then be cultured using

methods known in the art and antibodies isolated therefrom,
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The antibodies of the ipvention can also be made by culturing single plasima cells in
microwell culture plates using the method described in UK Patent Application 0819376.5.
Further, from single plasma cell cultures, RNA can be extracted and single cell PCR can be
performed using methods known in the art. The VIT and V1. regions of the antibodies can be
3 ampiified by RT-PCR, sequenced and cloned into an expression vector that is then transfected
into HEK293T cells or other host eells. The cloning of nucleic acid m expression vectors, the
transfection of host cells, the culture of the transfected host cells and the isolation of the

produced antibody can be dore using any methods knowa to one of skill in the art.

Monoclonal antibodies may be further purified, if desired, using filtration, centrifugation
10 and various chromatographic methods such as HPLC or affinity chromatography. Techniques
for purification of monoclonal antibodies, including techniques for producing pharmaceutical-

grade antibodies, are well known in the art.

Fragments of the monoclonal antibodies of the invention ¢an be obtained from the

monoclonal antibodies by methods that include digestion with enzymes, such as pepsin or

15 papain, and/or by cleavage of disulfide bonds by chemical reduction. Alternatively, fragments of
the monoctonal antibodies can be obtained by cloning and expression of part of the seqaences of
the heavy or light chains. Antibody “fragments” may include Fab, Fab’, F(ab"), and Fv
fragments. The invention also encompasses single-chain I'y fragments (scPv} derived from the
heavy and light chains of a monoclonal antibody of the invention e.g. the invention includes 2

20 scFyv comprising the CDRs from an antibody of the invention. Also inciuded are heavy or Hght
chain monomers and dimers as well as single chain antibodies, e.g. single chain v in which the

heavy and light chain variable domains are joined by a peptide linker.

Standard fechniques of molecular biology may be used (0 prepare DNA scquences coding
for the antibodies or fragments or variants of the antibodies of the present invention. Desired
25 DNA sequences may be synthesised completely or in part using oligonuclectide synthesis
technigues. Site-directed mutagenesis and polymerase chain reaction (PCR) technigues may be
used as appropriate.
Any suitable host cell/vector system imay be used for expression of the DNA sequences
encoding the antibody molecules of the present invention or fragments thereof. Bacterial, for
30 cxample E. cofi, and other microbial systems may be used, in part, for expression of antibody
fragments such as Fab and F(ab’); fragments, and especially Fv fragments and single chain
antibody fragments, for exampie, single chain Fvs, Fukaryotic, e.g. manmnalian, host cell

expression systems may be used for production of larger antibody molecules, including complete
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antibody molecules. Suitable mammalian host cells include CHO, HEK293T, PER.C6, NSO,

myelont or hybridoma cells.

The present invention also provides a process for the production of an antibody of the
invention comprising culturing a host cell comprising a vector of the present invention under
5 conditions suitable for leading to expression of protein from DNA eacoding the antibody of the

present invention, and isolating the antibody molecule,

‘The antibody molecule may comprise only a heavy or light chain polypeptide, in which
case only a heavy chain or light chain polypeptide coding sequence needs to be used to transfect
the host cells. For production of products comprising both heavy and light chains, the cell line

10 may be transfected with two vectors, a first vector encoding a light ehain polypeptide and a
second vector encoding a heavy chain polypeptide. Alternatively, a single vector may be used,

the vector including sequences encoding light chain and heavy chain polypeptides.

Alternatively, antibodies according to the invention may be produced by 1) expressing a
nucleic acid sequence according to the invention in a cell, and i1} isolating the expressed

13 antibody product. Additionally, the method may include iii) purifying the antibody.

Screening and isolation of B cells

Transformed B cells may be screened for those prodacing antibodies of the desired

antigen specificity, and individual B cell clones may then be produced from the positive cells.

‘The screening step may be carried out by ELISA, by staining of tissues or cells (including
20 infected or ransfected cells), a neutralisation assay or one of a munber of other methods known
in the art for identifying desired antigen specificity. The assay may select on the basis of simple
antigen recognition, or may select on the additional basis of a desired function e.g. to select
neutralizing antibodies rather than fust aptigen-binding antibodies, to select antibodies that can
change characteristics of targeted cells, such as their signalling cascades, their shape, their
25 growth rate, their capability of influencing other cells, thetr response Lo the influence by other

cells or by other reagents or by a change in conditions, their differentiation status, efe.

‘The cloning step for separating individual clones from the mixture of positive cells may
be carried out using linkting dilution, micromanipalation, single cell deposition by cell sorting or

another method known in the art.

30 The immortalised B celi clones of the invention can be used in various ways e.g. as a
source of monoclonal antibodies, as a source of nucleic acid (DNA or mRNA) encoding a
monoclonal angibody of terest, for research, ere.
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The invention provides a composilion comprising immortatised B memory cells, wherein
the cells produce antibodies that neutralize one or more dengue virus serotypes, and wherein the
antibodies are produced at >5pg per cell per day. The invention also provides & composition
comprising clones of an immeortalised B memory cell, wherein the clones produce & monoclonal

5 antibody that neutralizes one or more dengue virus serotypes, and wherein the antibody s

produced at 25pg per cell per day.

Exemplary immortalised B cell clone according to the invention include, but are not
limited to, HMB-DV1, HMB-DVZ, HMB-DV3, HMB-DV4, HMB-DVS, HMB-DV6, HMB-
DVT, HMB-DVE, IIMB-DV9, HMB-DVIG, IMB-DVIL, HMB-DVIZ, HIMB-DV13, and

10 HMB-DVI4.

Epitopes

As mentioned above, the antibodies of the invention can be used to map the epitopes to

which they bind. The epitopes recognised by the antibodies of the present invention may have a
number of uses. The epitope and mimotopes thereof in purified or synthetic form can be used to

15 raise immune responses (Le. as a vaceine, or for the production of antibodies for other uses) or
for screening patient serum for antibodies that immunoreact with the epitope or mimotopes
thereof. In one embodiment such an epitope or mimotope, or antigen comprising such an epitope
or mimotope may be used as a vaceine for raising an immune response. The antibodies and
antigen binding {ragments of the invention can also be ased in a method of monitoring the

20 guality of vaccines. In particular the antibodies can be used to check that the antigen ina

vaceine contains the specific epitope in the correct conformation.

‘The epitope may also be usetul in screening for ligands that bind o said epitope. Such
ligands, include but are not limited to antibodies, including those from camels, sharks and other
species, fragments of antibodies, peptides, phage display techaology products, aptamers,

25 adnectins, synthetic compounds, or fragments of other viral or cellular proteins, that may block
the epitope and so prevent infection. Such ligands are encompassed within the scope of the

invention.

Recombinant expression

Fhe immortalised B menory cells of the invention may also be used as a source of
30 nucleic acid for the cloning of antibody genes for subsequent recombinpant expression.

Fxpression from recombinant sources is more common for pharmaceutical purposes than
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expression from B cells or hybridomas e.g. for reasons of stability, reproducibility, culture case,

e,

Thus the invention provides a method for preparing a recombinant cell, comprising the
steps of: {1) obtaining one or more nucleic acids (e.g. heavy and/or light chain genes) from the B
5 celi clone that encodes the antibody of interest; and (ii) inserting the nucleic acid into an

expression host in order o permit expression of the antibody of interest in that host.

Similarly, the invention provides a method for preparing # recombinant cell, comprising
the steps of: (i) sequencing nucleic acid(s) from the B cell clone that encodes the antibody of
interest; and (i) using the sequence information from step (1) to prepare nucleic scid(s} for

10 insertion inte an expression host in order to permit expression of the antibody of interest in that
host. The nucleic acid niay, but need not, be manipulated between steps (i} and (if) to introduce
restriction sites, to chapge codon usage, to optimise transcription and/or translation regulatory

sequences, and/or o modily effector function,

The invention also provides & method of preparing a recombinant cell, comprising the

15 step of transforming a host cell with one or more nucleic acids that encode a monoclonal
antibody of interest, wherein the nucleic acids are nucleic acids that were derived from an
tnunortalised B cell clone of the invention. Thus the procedures for first preparing the nucleic
acid(s) and then using it to trapsform a host cell can be performed at different thimes by different
people in different places (e.g., in different countries).

20 These recombinant cells of the invention can then be used for expression and culture
purposes. They are particularly useful for expression of antibodies for large-scale
pharmaceutical production. They can also be used as the active ingredient of a pharmaceutical
composition. Any suitable culture technigues can be used, including but not limited o static
culture, roller bottle culture, ascites {uid, hollow-{fiber type bioreactor cartridge, modular

25 minifermenter, stirred tank, microcarrier culture, ceranyic core perfusion, erc.

Methods for obtaining and sequencing imnunoglobulin genes from B cells are well

known in the art (e.g., see reference 22).

The expression host is preferably a eukaryotic cell, including yeast and animal cells,
particuiarly mammalian cells (e.g. CHO ceils, NSO cells, human celis such as PER.C6 [Crucell;
30 reference 23] or HKB-11 [Bayer; references 24 & 25] cells, myeloma cells [26 & 27], efc.}, as
well as plant cells. Preferred expression hosts can glycosylate the antibody of the invention,
particufarly with carbohydrate structures that are not themselves imanunogenic in bamans. In

one embodiment the expression host may be able to grow in serum-free media. In a further
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embodiment the expression host may be able to grow in culture without the presence of

animal-detived products.
The expression host may be cultured to give a cell line.

The invention provides a method for preparing one or more nucleie acid molecules (e.g.
3 heavy and light chain genes) that encode an antibody of interest, comprising the steps of:
(i} preparing an immortatised B cell clone according to the invention; (ii) obtaining from the B
cell clone nucleic acid that encodes the antibody of interest. The invention also provides a
method for obtaining a nucleic acid seguence that encodes an antibody of interest, comprising
the steps of: (i) preparing an trmnortalised B cell clone according to the invention; (i)

10 sequencing mucieic acid from the 13 cell clone that encodes the antibody of interest.

The inveation also provides a method of preparing nucleic acid molkeculeds) that encodes
an antibody of interest, comprising the step of obtaining the nucleic acid from a B cell clone that
was obtained from a transformed B cell of the invention. Thus the procedures for first obtaining
the B cell clone and then prepariag nucleic acid(s) from it can be performed at very different

15 times by different people in different places (e.g. in different countries).

The invention provides a method for preparing an antibody (e.g. {or pharmaceutical use),
comprising the steps of: (i) obtaining andfor sequencing one or more nucleic acids (e.g. heavy
and light chain genes); (if) using the sequence information from step (i) to prepare aucleic acid(s)
for insertion into an expression host in order (o permit expression of the antibody of interest in

20 that host; {iii) culiuring or sub-culturing the expression host under conditions where the antibody
of interest is expressed; and, optionally, (#v) purifying the antibody of the interest. The nucleie
acid can, but need not be, obtained and/or sequenced from a B cell clone expressing the antibody
of interest. In one embodiment, the nucleic acid from step (1) may, optionally be modified so as

o introduce desired substitutions in the amino acid sequence of the antibody.

25 ‘The inveation also provides a methed of preparing an antibody comprising the steps of;
culturing or sub-culturing an expression host cell population under conditions where the antibody
of interest is expressed and, optionally, purifying the antibody of the interest, wherein said
expression host cell population has been prepared by (i} providing nucleic acid(s) encoding an
antibody of interest; (ii) inserting the nucleic acid(s) into an expression host that can express the

30 antibody of interest, and (iii} culturing or sub-culturing expression hosts comprising said inserted

rucleic acids to produce said expression host cell population.
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Pharmaceutical eompositions

‘The invention provides a pharmaceutical composition containing the antibodies and/or
antibody fragments of the invention and/or nucleie acid encoding such antibodies and/or
mzmortalised 13 cells that express such antibodies and/or the epitopes recognised by the

5 antibodies of the invention. A pharmaceutical composition may also contain a pharmaceutically
acceptable carrier (o allow administration. The carrier should not itself induce the production of
antibodies harmi{ul 1o the individual receiving the composition and shoudd not be oxie. Suitable
carriers may be large, slowly metabolised macromelecules such as proteins, polypeptides,
liposomes, polvsaccharides, polylactic acids, polvglyeolic acids, polymeric amino acids, amino

10 acid copolymers and inactive virus particles.

Pharmaceutically acceptable salts can be used, for example mineral acid saks, such as
hydrochlorides, hydrobromides, phosphates and sulphates, or salts of organic acids, such as
acelates, propienates, malonates and benzoates,

Pharmaceutically acceptable carriers in therapewtic compostions may additionally

15 comtain liquids such as water, saline, glycerol and ethanol. Additonally, auxiliary substances,
such as wetting or emuisifying agents or pH buffering substances, may be present in such
compositions. Such carriers enable the pharmaceutical compositions to be formulated as tablets,
pills, dragees, capsules, liquids, gels, symps, slurries and suspensions, for ingestion by the

palient.

20 Within the scope of the invention, forms of administration may include those forms
suitable for parenteral administration, e.g. by injection or infusion, for example by bolus
injection or continuous infusion. Where the product is for injection or infusion, it may take the
form of a suspension, solution or emulsion in an oily or aqueous vehicle and i may contain
formulatory agents, such as suspending, preservative, stabilising and/or dispersing agents.

25 Alternatively, the antibody molecule may be in dry form, for reconstitution before use with an

appropriate sterile liquid.

Once formulated, the compositions of the invention can be administered directly to the

subject. In one embodiment the compositions are adapted for administration o human subjects.

The pharmaceutical compositions of this invention may be administered by any number
30 of routes including, but not limited to, oral, intravenous, intramuscular, intra-asterial,
intramedublary, intraperitoneal, iatrathecal, intraventricular, transdermal, transcutanecus, topical,
subcutaneous, intranasal, enteral, sublinguoal, intravaginal or rectal routes. Hyposprays may also

be used to administer the pharmaceutical compositions of the invention. Typically, the
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therapeutic compositions may be prepared as injectables, either as liguid solutions or
suspensions. Solid forms suitable [or solution in, or suspension in, liquid vehicles prior o

injection may also be prepared.

Birect delivery of the compositions will generally be accomplished by injection,

5 subcutaneously, intraperitoneally, intravenously or intramuscularly, or delivered to the interstitial
space of a tissue. Dosage treatment may be a single dose schedule or a multipie dose schedule.
Known antibody-based pharmaceuticals provide guidance relating 1o frequency of administration
¢.g. whether a pharmaceatical should be delivered daily, weekly, monthly, ¢rc. Freguency and

dosage may also depend on the severity of symptoms.

10 Compositions of the invention may be prepared in various forms. For example, the
compositions may be prepared as injectables, either as liquid solutions or suspensions. Solid
forms suitable for solution, or suspension, in liguid vehicles prior to injection can also be
prepared (e.g. a lyophilised composition, like Synagis™ and Herceptin™, [or reconstitugion with
sterile water containing a preservative). 'The composition may be prepared for topical

15 administration e.g. as an ointment, cream or powdezr. The composition may he prepared for oral
administration e.g. as a tablet or capsule, as a spray, or as a syrup (optionally flavoured}. The
composition may be prepared for pulmonary administration e.g. as an inhaler, using a fine
powder or a spray. The composition may be prepared as a suppository or pessary. The
composition may be prepared for nasal, aural or ccular achninistration ¢.g. as drops. The

20 composition may be in kit form, designed such that a combined composition is reconstituted just
prior to administration to a patient. For example, a Iyophilised antibody can be provided in kit

form with sterile water or a sterife buffer,

It will be appreciated that the active ingredient in the composition will be an antibody
molecule, an antibody fragment or variants and derivatives thereof. As such, it will be
25 susceptible to degradation in the gastrointestinal tract. Thus, if the composition is 10 be
administered by a route using the gastrointestinal tract, the composition will need o contain
agents which protect the antthody from degradation but which release the antibody once it has

been absorbed from the gastrointestinal tract.

A thorough discussion of pharmaceutically acceptable carriers is avatlable in Gennaro

30 QOO0 Remungton: The Science and Practice of Pharmacy, 20th edition, ISBN: 0683366472,

Pharmaceutical compositions of the invention generally have a pH between 3.5 and 8.5,
in some embodiments this may be between 6 and 8, and in further embodiments about 7. The pH
may be maintained by the use of a buffer. The composition may be sterile and/or pyrogen free,
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The composition may be isotonic with respect to humans, In one embodiment pharmaceutical

compositions of the intvention are supplied in hermetically-sealed containers.

Pharmaceutical compositions will include a therapeutically effective amount of one or

more antibodies of the inventior and/or a polypeptide comprising an epitope that binds an

5 antibody of the invention .e. an amouni that is sufficient o treat, ameliorate, or prevent a desired
disease or condition, or to exhibit a detectable therapeutic effect. Therapeutic effects also
include reduction in physical symptoms. The precise effective amount for any particuiar subject
will depend upon their size and health, the nature and extent of the condition, and the
therapentics or combination of therapeutics sclected for administration. The effective amount for

10 a given situation is determined by routine experimentation and is within the judgment of a
clinician. For purposes of the present invention, an effective dose will generally be from about
.01mg/kg 1o about 50me/kg, or about (.05 mg/kg o about 10 mg/kg of the compositions of the
present invention in the individual o which it 18 administered. Known antibody-based
pharmaceuticals provide guidance in this respect e.g., Herceptin®™ is administered by

15 intravenous infusion of a 21 mg/ml solution, with an initiai loading dose of dmg/kg body weight
and a weekly maintenance dose of 2mg/kg body weight; Rituxan®™ is admimistered weekly at

375mg/m’; ere.

in one embodiment pharmaceutical compositions can include more than one (e.g. 2, 3, 4,
5,6, 7. 8, etc.y antibody of the invention. In another embodiment the composition comprises two
20 ormore{eg. 2, 3,4, 5, erc.) antibodies, wherein the first antibody is specific for a first DENV
epHope, and the second antibody is specific for a second DENV epitope. In yet another
embodiment, the pharmaceutical composition comprises three antibodies of the invention. In
another embodiment, the composition comprises two or more (e.g. 2, 3, 4, 5, erc.) antibodies, that
together neutralise more than one deague viras serotype. In yet another embodiment, the two or
23 more antibodies of the invention together nentralise all four dengue virus serotypes, DENV-1,
DENV2 DENV-3 and DIENV-4. In a further embodiment twoe or more antibodies of the
invention together neutralise all four dengue virus serotypes by binding at least two distinct

epitopes on each dengue virus serotype.

Exemplary antibodies of the invention for use in a pharmaceutical composition that
30 neutralize a dengue virus without contsibuting to antibody-dependent enhancement of dengue
virus infection include, but are not limited to, HMB-DVI, HMB-DVZ, HMB-DV3, HMB-DV4,
HMB-DVS, HMB-DV6, HMB-DV7, HMB-DVSE, HMB-DV9, HMB-DVLG, 1IMB-DV1L,
HMB-DVI12, HMB-DVI3, and HMB-DVi4.
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In one embodiment, a pharmaceutical composition includes two exemplary antibodies of
the invention, for example, HMB-DV3 and HMB-DVT, HMB-DV3 and HMB-DV9; HMB-DV3
and HMB-DV12; HMB-DV3 and HMB-DV14: HMB-IV6 and HMB-DV7; HMB-DV6 and
HMB-DVE. In another embodiment, a phanmaceuntical composition includes three exemplary

5 antibodies of the invention, for example, HMB-DVZ, HMB-DV3 and HMB-DV6; HMB-DV2,
HMB-DV6 and HMB-DVE; HMB-DV2, HMB-DVE and HMB-DV9; HMB-DV2, HMB-DVE
and HMB-DV12, HMB-DV2, HMB-DVS and HMB-DV14; HMB-DV3, HMB-DV6 and
HMDB-DVE. Based on the teachings herein, one of skill in the art can determine other

combinations of aatibodies for use in a pharmaceutical composition.

10 In one embodiment, the invention provides a pharmaceutical composition comprising the
antibody HMB-DV1 or an antigen binding fragment thereof, and a pharmaceutically acceptable
dilucnt or carzier. In another embodiment, the invention provides a phannaceutical composition
comprising the antibody HMB-1DV2 or an antigen binding lragment thereof, and a
pharmaceutically acceptable diluent or carrier. In another embodiment, the invention provides a

15 pharmaceutical composition comprising the antibody HMB-DV3 or an antigen biadiag [ragment
thereof, and a pharmaceutically acceptable diluent or carrier. In another embodiment, the
invention provides a pharmaceutical composition comprising the antibody HMB-DV4 or an
antigen binding fragment thereof, and a pharmaceutically acceptable diluent or carrier. In yet
another embodiment, the invention provides a pharmaceutical composition comprising the

20 aptibody HMB-DVS or an antigen binding fragment thereof, and a pharmraceutically acceptable
diluent or carder. In another embodiment, the invention provides a pharmaceutical composition
comprising the antibody HMB-1DV6 or an antigen binding fragment thereof, and a
pharmaceutically acceptable diluent or carrier. In another embodiment, the invention provides a
pharmaceutical composition comprising the antibody HMB-DV7 or an antigen binding fragment

25 thereof, and a pharmaceutically acceptable diluent or carrier.

In yet another embodiment, the invention provides a pharmaceutical composition

comprising the antibody HMB-DVE or an antigen binding {ragment thereof, and a
pharmaceutically acceptable diluent or carrier. In another embodiment, the invention provides a
pharmacentical composition comprising the antibody HMB-13V9 or an antigen binding fragment

30 thereof, and a pharmaceutically acceptable diluent or carrier. In another embodiment, the
invention provides a pharmaceutical composition comprising the antibody HMB-DV10 or an
antigen binding fragment thereof, and a pharmaceutically acceptable diluent or carrier. In yet
another embodiment, the tnvention provides a pharmaceutical composition comprising the
antibody HMB-1DV11 or an antigen binding fragment thereof, and a pharmaceutically acceptable
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diluent or carrier. In apother embodiment, the invention provides a pharmaceutical composition
comprising the antibody HMB-DV12 or an antigen binding fragment thereof, and a
pharmaceutically acceptable diluent or carrier. In another embodiment, the invention provides a
pharmaceutical composition comprising the antibody HMB-1DV13 or an antigen binding

3 fragment thereof, and & pharmaccutically scceptable diluent or carrier. In yet another
embodiment, the invention provides a pharmaceutical composition comprising the antibody
HMB-DV 4 or an antigen binding fragment thereof, and a pharmaceusically scceptable diluent

OT CArfter.

Antibodies of the invention may be administered (either combined or separately) with

10 other therapeutics e.g. with chemotherapeutic compounds, with radiotherapy, etc. Preferred
therapeutic compounds include anti-viral compounds. Such combination therapy provides an
additive or synergistic improvement in therapewtic efficacy relative (o the individual therapeatic
agents when administered alone. The term “synergy™ is used to describe a combined effect of
two or more active agents that is greater than the sum of the individual effects of each respective

15 active agent. ‘Fhus, where the combined effect of two or more agents results in “synergistic
inhibition” of an activity or process, it is intended that the inhibition of the activity of process is
greater than the sum of the inhibitory effects of each respective active agent. The term
“synergistic therapeutic effect” refers to a therapeutic effect observed with a combination of two
or more therapies wherein the therapeutic effect {as measured by any of a number of parameters)

20 is greater thar the sum of the individual therapeutic effects observed with the respective

individual therapies.

In compositions of the inventon that include antibodies of the invention, the antibodics
may make up at least 50% by weight (e.g. 60%, 70%, 75%, 80%, 85%, 9%, 95%, 97%, 98%,

99% or more) ol the total protein in the composition. The antibodies are thus in purilied form.

25 The invention provides a method of preparing a pharmaceutical, comprising the steps of:
(i) preparing an antibody of the inveation; and {ii} admixing the purified antibody with one or

more pharmaceuticaliy-acceplable carsiers.,

The invention also provides & method of preparing 2 pharmaceutical, comprising the step
of admixing an antibody with one or more pharmaceutically-acceptable carriers, wherein the
30 antibody s a2 monoclonal antibody that was obtained from a transformed B cell of the invention.
Thus the procedures for first obtaining the moncelonal antibody and then preparing the
pharmaceutical can be performed at very different times by different people in different places

(e.g. in different countries).
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As an alternative to delivering antibodies for therapeutic purposes, it is possible to deliver
nucleic acid (typically DNA) that encodes the monoclonal antibody {or active fragment thereot)
of interest to 2 subject, such that the nucleic acid can be expressed in the subject in sin to
provide a desired therapeutic effect. Suitable gene therapy and nucleic acid delivery vectors are

3 knownin the art.

Compositions of the invention may be imuunogenic compositions, and in some
embodiments may be vaceine composilions comprsing an antigen comprising a DENV epitope.
Vaccines according to the invention may either be prophylactic (£.e. to prevent infection) or
therapeutic (1.e. to treat infection).

10 Compositions may include an antimicrobial, particularly if packaged in a multiple dose
format. Compositions may comprise detergent e.g. a Tween (polysorbate}, such as Tweer 30,
Detergents are generally present at low levels e.g. <0.01%. Compositions may include sodium
salts {e.g. sodium chioride) fo give tonicity. A concentsation of 10-+2mg/mi NaCl is typical.

Compositions may comprise a sugars alcohol (e.g. mannitol} or # disaccharide (e.g.

13 sucrose or trehalose) e.g. at around 13-30me/ml {e.g. 235 mg/ml), particularly if they are to be
lyophilised or if they include material which has been reconstituted from lyophifised material.

The pH of 2 composition for lyophilisation may be adjusted to around 6.1 prior to lyophilisation.

The compositions of the invention may also comprise one or more immunoregulatory

agents. In one embodiment, one or more of the inmunoregwlatory agents include(s) an adjuvant.

20 Medical treatments and uses
The antibodies, antigen binding fragments, derivatives and variants thereof, or the
cocktails and pharmaceutical compositions of the imvention can be used for the treatment of
DENV infection, for the prevention of DENV infection or for the diagnosis of DENV iafection.
Methods of diagriosis may include contacting an antibody or an antibody fragment with a
25 sample. Such samples may be tissue sampiles taken from, for example, salivary glands, lung,
liver, pancreas, kidney, ear, eye, placenta, alimentary tract, heart, ovaries, pituitary, adrenals,
thyroid, braia or skin. The methods of diagnosis may also include the detection of an
antigen/antibody complex.
The invention therefore provides (i) an antibody, sn antibody fragment, or variants and
30 derivatives thereof according to the invention, (i) an immortalised B cell clone according o the

invention, (iif) an epitope capable of binding an antibody of the invention or (iv) a ligand,
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preferably an antibody, capable of binding an epitope that binds an antibody of the invention for
use in therapy.
Also provided is & method of (reating a subject comprising administering to that subject
(i} an antibody, an aptibody fragment, variants and derivatives thereof, or a pharmaceatical
5 composition according to the invention, or, a ligand, preferably an antibody, capable of binding

an epitope that binds ar antibody of the invention,

‘Fhe inveation also provides the use of (i) an antibody, an antibody fragment, or variants
and derivatives thereof according to the invention, (i) an inunortalised B cell clone according to
the invention, (iii} an epiope capable of binding an antibody of the invention, or (iv) a ligand,

10 preferably an antibody, that binds to an epitope capable of binding an antibody of the invention,

in the manufacture of a medicament for the prevention or treatment of DENYV infection.

The invention provides a pharmaceutical composition for use as a medicaiment for the
prevention or treatment of DENV infection. It also provides the use of an antibody of the
invention and/or a profein comprising an epilope (o which such an antibody binds in the

15 manufacture of a medicament for treatment of a patient and/or diagnosis in a patient. It also
provides a method for teating a subject, e.g., a human subject. The method comprises the step
of administering to the subject a therapeutically effective dose of a composition of the invention.
One way of checking efficacy of therapeutic treatment involves monitoring disease symploms
after administration of the composition of the invention. Treatment can be a single dose

20 schedule or a multiple dose schecdule.

In one embodiment, an antibody, antibody fragment, antibody variant, epitope or
pharmaceutical composition according to the invention is administered to a subject in need of
such freatizent. Such a subject includes, but is not imited (0, one who is particularly at risk of or
susceptible to DENV infection.

25 Antibodies of the invention can be used in passive immunisation. Antibodies and
fragments or variangs thereof, or a nucleic acid encoding an antibody or an antibody fragment or
variant as described in the present invention may also be used in a kit for the diagnosis of dengue
virus infection.

Epitopes capable of binding an antibody of the invention, e.g., the monoclonal antibodies

30 HIMB-DVI HMB-DVZ, HMB-DV3, HMB-DV4, HMB-DVS, HMB-DVS, HMB-DV7, HMB-
DVE, HMB-DV9, HMB-DVI0, HMB-DV1], BMB-DV12, HMB-DV13, and HMB-DV 14, may
be used in a kit for monitoring the efficacy of vaccination procedures by detecting the presence

of protective anti-DENV antibodies.
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Antibodies, antibody fragments, or variants and derivatives thereof, as described in the
present invention may also be vsed in a kit for monitoring vaccine manulacture with the desired
HHUnOgenicity.

‘The invention also provides & method of preparing & plarmaceutical composition,

5 comprising the step of admixing a monoclonal antibody with one or more pharmaceutically-
accepiable carriers, wherein the monoclonal antibody is a monoclonal antibody that was obtained
from an expression host of the invention. Thus the procedures for first obtaining the monocional
antibody (e.g. expressing it and/or purifying it) and then admixing it with the pharmaceutical
carrier(s} can be performed at very different times by different people in different places (e.g. in

10 different countries).

Starting with a transformed B cell of the invention, various steps of colturing,
sub-culturing, cloning, sub-cloning, sequencing, nucleic acid preparation efe. can be performed
in order to perpetuate the antibody expressed by the transformed 1B celdl, with optional
optimisation at each step. In a preferred embodiment, the above methods further comprise

15 techniques of optimisation (e.g. affinity maturation or optintsation) applied to the nucleic acids
encoding the antibody. The invention encompasses ali cells, nucleic acids, vectors, sequences,
antibodies ere. used and prepared during such steps.

In all these methods, the nucleic acid used in the expression host may be manipulated to
insert, delete or amend certaim nucleie acid sequences. Changes from such manipulation include,

20 but are not Hmited to, changes to introduce restriction sites, to amend codon usage, to add or
optimise transcription and/or translation regulatory sequences, ete. [t is also possible to change
the nucleic acid (o alter the encoded amino acids, For example, it may be useful to introduce one
ormore{e.g 1,2,3,4,5 6,7, 8,9, 10, esr.) amino acid substitutions, deletions and/or insertions
into the antibody’s amino acid sequence. Such point mutations can modify effector functions,

25 antigen-binding aflinity, post-transiational modifications, immunogenicity, eic., can introduce
amino acids for the attachinent of covalent groups (e.g. labels) or can itroduce tags {e.g. for
purification purposes). Mutations can be tntroduced in speeifie sites or can be introduced at
random, followed by selection (e.g. molecular evolution). For instance, one or more nucleic
acids encoding any of the CDR regions, heavy chain vartable regions or light chain variable

30 regions of antibodies of the invention can be randomly or disectionally mutated to introduce
different properties in the encoded amino acids. Such changes can be the result of an iterative
process wherein initial changes are retained and new changes at other nucleotide positions are

introduced. Moreover, changes achieved in independent steps may be combined. Bifferent
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properties introduced into the encoded amine acids may include, but are not lhmited fo, enhanced
atfinity.
General
The term “comprising” encompasses “inchuding™ as well as “consisting™ ¢.g. a
3 composition “comprising” X may consist exclusively of X or may include something additional

eg X+Y.

The word “substantially”™ does not exchude “compietely”™ e.g. a composition which is
“substantially free™ from Y may be completely free from Y. Where necessary, the word

“substantially” may be omitied from the definition of the invention.
10 The term “about”™ in relation o a numerical value x means, for example, x+10%,

The term “disease” as used herein is intended to be generally synonymous, and is vsed
interchangeably with, the terms “disorder™ and “condition™ (as in medical condition), in that all
reflect an abaormal condition of the human or animal body or of one of its pasts that impairs
normal functioning, is typically mantfested by distinguishing signs and symptoms, and causes

15 the human or animal to have a reduced duration or quality of life.

As used herein, reference to “treatment”™ of a patient is intended to include prevention and
prophylaxis as well as therapy. ‘The tern: “patient” means all mammals including humans.

CGenerally, the patient is a human,

EXAMPLES

0 Pxemplary embodiments of the present invention are provided in the following examples.
The following examples are presented only by way of illustration and to assist one of ordinary
skill in using the invention. The examples are not intended in any way (0 Himit the scope of the

Imvention.

Example 1. Cloning of B cells and screening for identification of Dengue virus specific Abs.
25 Memory B cells were isciated from the blood of DENY immune donors and
insmortalized using EBY and CpG as described in reference. Briefly, [gG™ memory B cells were
isolated using CD22 beads, followed by removal of IgM", IgD™ IgA™ B cells using specific
antibodies and cell sorting. The sorted cells (IgG™) were immortalized with EBV in the presence
of Cp( 2006 and irradiated allogeneic mononuclear cells. Replicate cultures each containing 30-
30 50 memory B cells were set up in several 96 well U-bottom plates.  After two weeks the culture
supernatants were collected and tested for their capacity to stain €6/36 cells infected with DENV
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of serotypes [, 2, 3 or 4 by immunofluorescence analysis and/or to bind to recombinant DENV1-

4 II2 proteins by ELISA. Supernatants were tested fog their capacity to nentralize DENV

infection of either VERO cells or DC-SIGN-transfected Raji cells and to enhance infection of

K362 cells. B cell clones were isolated from positive polyclonal cultures as described previously
5 [28]. IgG concentrations in the supernatants of selected clones were determined using an IgG-

specific TLISA.

Example 2. Human mAbs from immortalized B cells recognize Dengue virus proteins and

neutralize infection.

For the viral peutralization and viral enhancement assay, titrated amounis of attenuated
10 DENV of serotypes 1, 2, 3 or 4 were mixed with an equal volume of culture supernatants.
Viruses and mudtiplicity of infection (MOI) used were: rDENTAZG (O3B 186-1A+VZ) MOL
0.04; rDEN2/4A30 (04IBV351-1A-V2) MOI 0.04; rDEN3/4A30 (DEN3#107C) MOL 002,
TDEN4A3D (06IBVI]-V3+1AT4v2) MOT 0.064. After T-hour incubation at room temperature
the mixture was added to target cells (e.g. VERO cells, DC-SIGN-Raji cells or K562 cells) in 96
15 well flat bottom plates and incubated at 37°C for 72-96 hours. The cells were then stained with a
mouse monoclonal antibody to Dengue virus 1-4 B proteins (clone 4G2), followed by a
fluorescein-labeled goat anti mouse Ig and analyzed by FACS. The neutralizing titer is indicated

as the concentration of antibody (ng/ml) that gives a 5(:% reduction of DENV infection.

For identification of the target antigens recognized by the monocional antibodies yeasts
20 displaying Dengue virus E protein domains LI or domain I-H were stained with the monoclonal
antibodies followed by Cy5-labeled goat antd human IgG antibodies and analyzed by FACS.
Western blotting experiments were performed using Iysates of DENV-infected cells,
Table 3 shows that three different types of antibodies have been identified. They include
those that are specific for domain I {DHI) of E protein, those that are specific for domains I-1T
25 (DI-H) of & protein and those specific for prM. The antibodies show different degrees of cross-
reactivity with the 4 different DENYV serotypes and neotralize those serotypes to which they

bind.
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Table 3. Farget Antigen Specificity of Neutralizing anti-Dengue Virus Antibodies

Antibody Target Antigen I)engt;:eglii::;;e;etypes
HMB-DV-1 ki, DI 1.2.3
HMB-bV.2 i, DI 1,3
HMB-DV-3 prM 1,2,3.4
HMB-DV4 E, DEH 1.2.3.4
HMB-DV-5 B, Di-l 1.2,3.4
HMB.-DV-6 B, DI 1,23
HMB-DV-7 E, DI 1,2.3
HMB-DV- § £ 4
HMB-DV- 9 I DI 2
HMB-DV-10 E, DL 12,34
HMB-DV-11 I, Dl 12,34
HMB-DV-12 £, DI-DI 2
HMB-DV-13 E, DI 1,234
HMB-DV-14 i, Dl 2

Table 4 shows the results of virus neutralization assays on VERO cells and DC-SIGN-

transfected Raji cells,

Table 4. Neutralization of Dengue Virus (serotypes DENV 1-DENV4) by Antibodies

Neutralizalion
Antibody Cell type ECs vatues (g/ml)
DENVI] DENV2 DENV3 DENV4
VERO 0.013 0.577 0014 > 20
HMB-DV-1 — ”
BC-SIGN-Raji 0.032 5.340 0055 > 20
{IMB.DY-2 VERO 0.0606 > 20 0006 > 20
- DC-SIGN-Raji 0.014 > 20 0.013 > 20
VERO 0912 1615 0.120 0.070
HMB-PV-3 = -
DC-SIGN-Raji ND ND ND ND
LIMB.DV-4 VERO 0.591 0.251 0.80% 0.367
T DC-SIGN-Raji 2.250 1.370 (.613 > 20
] VERO 0.066 0.034 0.118 0.200
HMB-DV-5 -.
DC-SIGN-Raji 2.390 0.504 £.348 = 20
] VERO 0.008 0.002 0011 > 30
HMB-DV-6 BC-SIGN-Raji 0.027 0.440 0.332 > 20
VERG 0.016 0.004 0.020 > 20
HMB-DV-7 - j ]
DC-SIGN-Raji ND ND ND ND
o ¥ . “H
HMB.DV-8 VERO > 20 > 20 > 20 0.006
DO-STGN-Raji ND ND ND ND
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. VERC > 20 0.002 > 20 > 20
HMB-DV-9 BC-SIGN-Raji ND N ND ND
3 . R 2 X
HMB.DY-10 VERG ] > 20 0.084 > 0 0,466
DC-SIGN-Raji ND ND ND ND
HMB-DV-11 VERO > 20 0.048 > 20 0.520
o DC-SIGN-Raji ND ND ND ND
VERG 10 0007 [
HMB-DV-12 e —— Nli 3 ND N]..)
D0 SION Raji ND ND ND ND
VERC 0.993 3.32 513 2
MB-DY-13 & Rf _ 99 6 1.51 > 20
DC-SION-Raji ND ND ND ND
VERC > 20 0002 ) > 20
WDV
HMB-DV-14 BC-SIGN-Raji ND ) ND ND

N a0t determined

Example 3. Neutralizing recombinant anti-Dengue virus antibodies with mutations in the Fc
region do not cause enhancement of virus infection on K562 cells,
Antibody-dependent enhancement (ADE) of dengue virus infection has been described in the
5 literature. ‘This property could limit the therapeutic effectiveness of anti-dengue virus antibodies for
use in clinical situations. Therefore, mRNAs from the immortatized B cell lines expressing
antibodies HMB-DV-5, HMB-DV-6 and HMB-DV-8 were isolated, cDNA was synthesized vsing
oligo-dT specific primers, variable regions of heavy and light chain were sequenced and cloned isto
an expression vector using specific priners. Vectors were transfected into host cells for recombinant
10 expression, In addition to recombinant production of the wild-type kgl antibodies, cach of the
heavy chains was mutated at amino acids 4 and 5 of CH2 domain by substituting an alanine in place
of the natural leucine using site-directed mutagenesis thereby creating the LALA variant of each
antibody. Both recombinant wild type and mutated antibodies were harvested fron the expression
cell lines and purified. Both wild-type IgGl anti-dengue virus antibody and the LALA variant bound

15 to the target protein in comparable manner (data not shown),

Virus neutralization and enhancement was determined as above on VERO cells and K562
cells. BEach of the three antibodies has a defined molecular target as well as serotype target (see
Table 3). Figure 1 shows that the unmodified recombinant antibodies neutralive target virus infection
of VERO cells in a dose-dependent mamer (DOTTED LINES), On K362 celis, a cell line that s not
200 efficiently infected by Dengue viruses, the unmoedified antibodies show an enhancement of viral
infection at concentrations that are generally higher that those required for newtralization (SOLID
LINES). The experiment was repeated using the LALA variasts of cach antibody. Pigure 2 shows
that cach of the LALA variants of the recombinant anti-dengue virus antibodies also newralized the
target virus on VEROQ cells (DOTTED LINES) in a dose-dependent manner. However, cach of the

25 LALA antibodies did not show evidence of antihody-dependent enhancement of infection on K562
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cells (SOLID LINES). Note, the dose-response is flat on the K562 cells at the concentrations of
antibodies used in this experiment and the line appears very close 1o the X-axis.
All patents and publications referred to herein are expressly incorporated by reference in

their entirety,

1t should be noted that there are alternative ways of implementing the present invention and
that various modifications car be made without departing from the scope and spirit of the invention.
Accordingly, the present embodiments are (o be considered as illustrative and not restrictive, and the
invention is not to be limited to the details given herein, but may be modified within the scope and

equivatents of the appended claims.
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CLAIMS

A human antibody, or an antigen-binding fragment thereof, that neutralizes a dengue virus,
wherein the antibody does not contribute to antibedy-dependent enhancement of dengue virus
infection.

A human antibody, or an antigen-binding fragment thereof, that neutralizes a dengue virus,
wherein the antibody comprises a mutation in the Fc region, and wherein the mutation reduces

binding of the antibody to an Fe receptor.

The antibody of claim 1 or 2, or an antigen-binding fragment thereof, wherein the Fc region of

the antibody comprises a CH2 L4A mutation, a CH2 L5A mutation, or both.

The antibody of claim 1 or 2, wherein the antibody is a monoclonal antibody or a recombinant

antibody.

The antibody of clain 1 or 2, wherein the antibody neutralizes more than one dengue virus of

two, three or four different dengue virus serotypes.

A pharmaceutical composition comprising two or more human antibodies, or antigen-binding
fragments thereof, wherein the antibodies, or antigen-binding fragments thereof, neutralize
dengue virus serotypes DENV-1, BENV-2, DENV-3, and DENV-4 by binding at least twe
distinct epitopes on each dengue virus serotype, and wherein the antibedies do not contribute to

antibody-dependent enhancement of dengue virus infection.

The composition of claim 6, comprising three or more human antibodies, or antigen-binding
fragments thereof that neutralize dengue virus serotypes DENV-1, DENV-2, DENV-3, and
DENV-4.

The composition of claim 6, wherein the antibodies, or antigen-binding fragments thereof, each
comprise a mutation in the Fc region that reduces the binding of the antibodies to Fc receptors.
The composition of claim 6, wherein the Fc region of each of the antibodies, or antigen-binding

fragiments thereof, comprises a CH2 LAA mutation, a CH2 L5A mutation, or both.

. The composition of claim 6, wherein the antibedies, or antigen-binding fragments thereof, are

monoclonal antibodies or recombinant antibodies.

An antibody, or an antigen binding fragment thereof, comprising at least one complementarity
determining region (CDR) sequence having the sequence of any one of SEQ ID NOs: 1-6,
38
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17-22, 33-38, 49-54, 67-72, 83-88, 99, 100, 103-110, 121-123, 124, 125, 135-139, 149,

153-158, 169-174, 185-188, or 189, wherein the antibody neutralizes dengue virus infection.

The antibody of ¢laim 1, 2 or 11, or an antigen binding fragment thereof, comprising a heavy
chain CDR1 selected from the group consisting of SEQ 1D NOs: 1, 17, 33, 49, 67, 83, 105, 121,
135,149, 153, 169, and 185; a heavy chain CDR2 selecied from the group consisting of SEQ
D NQs: 2, 18, 34, 50, 68, 84, 1006, 122, 136, 154, 170, and 186; and a heavy chain CDR3
selected from the group consisting of SEQ ID NOs: 3, 19, 35, 51, 69, 85, 107, 123, 137, 133,

171, and 187, wherein the antibody neutralizes dengue virus infection.

The antibody of claim 1, 2 or 11, or an antigen binding fragment thereof, comprising a light
chain CDR1 selected from the group consisting of SEQ ID NOs: 4, 20, 36, 52, 70, 86, 99, 108,
138, 156, 172, and 188; a light chain CDRZ selected from the group consisting of SEQ D NOs:
5,21,37,53,7E 87, 109, 124, 157, and 173; and a light chain CDR3 selected from the group
consisting of SEQ 1D NOs: 6, 22, 38, 54, 72, 88, 100, 110, 125, 139, 158, 174, and 189,

wherein the antibody neutralizes dengue virus infection.

The antibody of ciaim 12, or an antigen binding fragment thereof, comprising a heavy chain
comprising SEQ ID NO: | for CDRHI, SEQ ID NO: 2 for CDRH2, SEQ 1D NO: 3 for
CDRH3; SEQ ID NO: 17 for CDRHI, SEQ ID NO: 18 for CDRH2 and SEQ ID NO: 19 for
CDRH3; SEQ 1D NO: 33 for CDRHI, SEQ ID NO: 34 for CDRHZ2 and SEQ ID NO: 35 for
CDRH3; SEQ ID NO: 49 for CDRHI, SEQ 1D NO: 50 for CDREZ2 and SEQ ID NO: 51 for
CDRH3; SEQ ID NO: 67 for CDRHI, SEQ ID NO: 68 for CORHZ and SEQ D NO: 69 for
CDRH3; SEQ D NO: 83 for CDRHI, SEQ 1D NO: 84 for CDRH2 and SEQ ID NO: 85 for
CDRH3; SEQ D NO: 105 for CDRHI, SEQ ID NO; 106 for CDRH2 and SEQ 1D NO: 107 for
CDRH3; SEQ ID NO; 121 for CDRHI, SEQ ID NO: 122 for CDRH2 and SEQ 1D NO; 123 for
CDRH3; SEQ D NO: 135 for CDRHI, SEQ ID NO: 136 for CDRH2 and SEQ 1D NO; 137 for
CDRH3; SEQ 1D NO: 149 for CDRHI, SEQ ID NO: 136 for CDRH2 and SEQ 1D NO: 137 for
CDRH3; SEQ D NO: 153 for CDRHI, SEQ ID NO: 154 for CDRH2 and SEQ 1D NO: 155 for
CDRH3; SEQ ID NO: 169 for CDRHI, SEQ 1D NO: 170 for CORH2 and SEQ 1D NO: 171 for
CDRH3; and SEQ ID NO: 185 for CDRH1, SEQ ID NO: 186 for CDRH?2 and SEQ [D NO:
187 for CORH3.

. The antibedy of claim 13, or an antigen binding fragment therecf, comprising a light chain

comprising SEQ 1D NO: 4 for CDRLI, SEQ 1D NO: 5 for CDRL2; SEQ 1D NO: 6 for CDRL3;
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SEQ 1D NO: 20 for CDRLI, SEQ ID NO: 21 for CDRL2; SEQ 1D NO: 22 for CDRL3; SEQ 1D
NO: 36 for CDRLI, SEQ ID NO: 37 for CDRL.2; SEQ ID NG: 38 for CDRL3; SEQ ID NO: 52
for CDRLIL, SEQ D NO: 53 for CDRL2; SEQ ID NO: 54 for CDRL3; SEQ ID NO: 70 for
CDRLL, SEQ ID NO: 71 for CDRL2; SEQ ID NO: 72 for CDRL3; SEQ D NQO: 86 for
5 CDRLI, SEQ 1D NO: 87 for CDRL2; SEQ 1D NO: 88 for CDRL3; SEQ ID NO: 99 for

CDRLIL, SEQ ID NO: 53 for CDRL2; SEQ 1D NO: 100 for CDRL3; SEQ ID NO: 108§ for
CDRLI, SEQ ID NO: 109 for CDRL2; SEQ ID NO: 110 for CDRL3; SEQ 1D NO: 7 for
CDRLI, SEQ ID NO: 124 for CDRL2; SEQ ID NO: 125 for CDRL3; SEQ ID NO: 138 for
CDRLI, SEQ ID NO: 109 for CDRLZ; SEQ ID NO: 139 for CDRL3; SEQ 1D NO: 156 for

1) CDRLIL, SEQ ID NO: 157 for CDRLZ; SEQ ID NO: 138 for CDRL3; SEQ ID NO: 172 for
CDRLI, SEQ ID NO; 173 for CDRL2; SEQ ID NO: 174 for CDRL3; and SEQ ID NO:; 188 for
CDRLI, SEQ ID NO: 37 for CDRLZ; SEQ 1D NO: 189 for CDRL3,

16. The antibedy of claim 14, or an antigen binding fragment thereof, comprising a light chain

comprising SEQ ID NO: 4 for CDRLI, SEQ ID NO: 5 for CDRL2; SEQ 1D NO: 6 for CDRL3;

5 SEQ 1D NO: 20 for CDRLI, SEQ ID NO: 21 for CDRL2; SEQ 1D NO: 22 for CDRL3; SEQ ID
NO: 36 for CDRLIL, SEQ ID NO: 37 for CDRL2; SEQ ID NO: 38 for CDRL3; SEQ ID NO: 52
for CDRLI, SEQ ID NO: 53 for CDRLZ: SEQ ID NO: 54 for CDRL3; SEQ ID NO: 70 for
CDRLI, SEQ 1D NO: 71 for CDRL2; SEQ ID NO: 72 for CDRL3; SEQ ID NO: 86 for
CDRLI, SEQ ID NO: 87 for CDRL2; SEQ ID NO: 88 for CDRL3; SEQ ID NO: 99 for

20 CDRLI, SEQ ID NO: 53 for CDRL2; SEQ 1D NO: 100 for CDRL3; SEQ ID NO: 108 for
CDRLI, SEQ ID NO: 109 for CDRL2; SEQ 1D NO: 110 for CDRL3; SEQ ID NO: 70 for
CDRLI, SEQ ID NO: 124 for CDRLZ; SEQ ID NO: 125 for CDRL3; SEQ ID NQO: 138 for
CDRLI, SEQ ID NO: 109 for CDRLZ; SEQ ID NO: 139 for CDRL3; SEQ ID NO: 156 for
CDRLI, SEQ ID NO: 157 for CDRLZ; SEQ ID NO: 138 for CDRL3; SEQ ID NO: 172 for

25 CDRLI, SEQ ID NO: 173 for CDRL2; SEQ ID NO: 174 for CDRL3; and SEQ ID NO: 188 for
CDRLIY, SEQ ID NO: 37 for CDRL2; SEQ 1D NO: 189 for CDRL3.

17. The antibedy of claim 1, 2 or 11, or an antigen binding fragment thereof, comprising a heavy
chain variable region having at least 70% sequence identity to any one of SEQ ID NOs: 13, 29,

45, 61, 65,79, 95, 17, 131, 145, 151, 165, 181, or 195,
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. The antibody of claim 1, 2 or 11, or an antigen binding fragment thereof, comprising a light

chain variable region having at least 70% sequence identity to any one of SEQ 1D NOs: 14, 30,
46, 62, 80, 96, 103, 118, 132, 146, 166, 182, or 196.

. The antibody of claim 1, 2 or 11, or an antigen binding fragment thereof, wherein the antibody

comprises a heavy chain variable region comprising the amino acid sequence of any one of
SEQ 1D NOs; 13,29, 45, 61, 65,79, 95, 117, 131, 145, 131, 165, 181, or 193, and wherein the
antibody comprises a light chain variable region comprising the amino acid sequence of any one
of SEQ D> NOs: 14, 30, 46, 62, 80, 96, 103, 118, 132, 146, 166, 182, or 156,

. An antibody, or an antigen binding fragment thereof, wherein the antibody comprises a heavy

chain variable region comprising the amino acid sequence of SEQ ID NO: 13 and a light chain

JP 2016-20334 A 2016.2.4

variable region comprising the amino acid sequence of SEQ ID NO:
variable region comprising the amino acid sequence of SEQ ID NO:
variable region comprising the arino acid sequence of SEQ 1D NO:
variable region comprising the amino acid sequence of SEQ ID NO:
variable region comprising the amino acid sequence of SEQ ID NO:
variable region comprising the amino acid sequence of SEQ ID NO:
variable region comprising the amino acid sequence of SEQ D NO:
variable region comprising the amino acid sequence of SEQ ID NO:
variable region comprising the amino acid sequence of SEQ ID NO:
variable region comprising the amino acid sequence of SEQ ID NO:
variable region comprising the amine acid sequence of SEQ ID NO:
variable region comprising the amino acid sequence of SEQ ID NO:
variable region comprising the amino acid sequence of SEQ ID NO:
variable region comprising the armino acid sequence of SEQ 1D NO:
variable region comprising the amino acid sequence of SEQ ID NO:
variable region comprising the amino acid sequence of SEQ ID NO:
variable region comprising the amino acid sequence of SEQ ID NO:
variable region comprising the amino acid sequence of SEQ D NO:
variable region comprising the amino acid sequence of SEQ ID NO:
variable region comprising the amino acid sequence of SEQ ID NO:

variable region comprising the amino acid sequence of SEQ ID NO:

41

14; or a heavy chain
29 and a light chain
30; or a heavy chain
45 and a light chain
46 or a heavy chain
61 and a light chain
62; or a heavy chain
65 and a light chain
62; or a heavy chain
79 and a light chain
80: or a heavy chain
95 and a light chain
96; or a heavy chain
95 and a light chain
103; or a heavy chain
117 and a light chain
118; or a heavy chain
131 and a light chain
132; or a heavy chain
145 and a light chain

146; or a heavy chain
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variable region comprising the amino acid sequence of SEQ ID NO: 151 and a light ¢hain
variable region comprising the amino acid sequence of SEQ ID NO: 146; or a heavy chain
variable region comprising the amino acid sequence of SEQ ID NO: 165 and a light chain
variable region comprising the amino acid sequence of SEQ ID NO: 166; or a heavy chain
variable region comprising the amino acid sequence of SEQ ID NO: [81 and a light chain
variable region comprising the amino acid sequence of SEQ 1D NO: 182; or a heavy chain
variable region comprising the amino acid sequence of SEQ ID NO: 195 and a light chain
variable region comprising the amino acid sequence of SEQ ID NO: 196, wherein the antibody

neutralizes dengue virus infection.

. The antibody of claim 1, 2, 6, or 11, wherein the antibody or antibodies are selected from the

group consisting of HMB-DV1, HMB-DV2, HMB-DV3, HMB-DV4, HMB-DV5, HMB-DV6,
HMB-DV7, HMB-DVE, HMB-DV9, HMB-DVI10, HMB-DV ], HMB-DV 2, HMB-DV13,
and HMB-DV14.

The antibody of any one of the previous claims, or an antigen binding fragrent thereof,
wherein the antibody is 4 monoclonal antibody, a single chain antibody, Fab, Fab’, Flab"),, Fv

or schv,

. An antibody, or an antigen-binding fragment thereof, that binds to the same epitope as the

antibody of any one of the previous claims, wherein the antibody or antigen binding fragment
thereof neutralizes dengue virus infection.
An antibody, or an antigen-binding fragment thereof, that cross competes with the antibody of

any one of the previous claims, wherein the antibody or antigen binding fragment thereof

neutralizes dengue virus infection.

. A nucleic acid molecule comprising a polynucleotide encoding the antibedy, antibodies, or

antigen binding fragments thereof, of any one of the above claims.

. The nucleic acid molecule of claim 25, wherein the polynucleotide sequence is at least 70%

identical to the nucleic acid sequences of SEQ 1D NOs: 7-12, 15, 16, 23-28, 31, 32, 39-44, 47,
48, 55-60. 63, 64. 66, 73-78, 81, 82, 89-94, 97, 98, 101. 102, 104, 111-116, 119, 120, $26-128,
129,130, 133, 134, 140-143, 144, 147, 148, 150, 152 159-164, 167, 168, 175-180, 183, 184,
190-193, 194, 197 and 198.
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A cell expressing the antibody, or an antigen-binding fragment thereof, of any one of

claims 1-24.
An immortalised B cell clone expressing the antibody of any one of claims 1-24.

An isolated or purified irmunogenic polypeptide comprising an epitope that binds to the

antibody of any one of claims 1-24.

An immunogenic polypeptide comprising the epitope of claim 29.

. A pharmaceutical composition comprising at least one antibody of any one of claims 1-5, or

11-24. or an antigen binding fragment thereof, the nucleic acid of claim 28 or claims 26, or the
immunegenic polypeptide of claim 30, and a pharmaceutically acceptable diluent or carvier and,
optionally, an agent useful for extending the half life of the antibody or antigen binding

fragment thereof.

The pharmaceutical composition of any one of claims 610, further comprising a
pharmaceutically acceptable diluent or carrier and, optionally, an agent useful for extending the

half life of the antibody or antigen binding fragment thereof,

. The pharmaceutical composition of claim 31, comprising a first antibody or antigen binding

fragment thereof, specific for a first epitope, and a second antibody or antigen binding fragment

thereof, specific for a second epitope.

A method of inhibiting dengue virus infection or a dengue virus-related disease comprising the
steps of: administering to a subject in need thereof, a therapeutically effective amount of at least
one antibody, or antigen-binding fragment thereof, of any one of claims 1-5, or 11-24, or the

composition of any one of claims 6-10, or 31-33.

The methed of claim 34, additionally comprising the administration of a second therapeutic

agent.

. The methed of claim 35, wherein said second therapeutic agent is an anti-viral agent.

. A method of inhibiting dengue virus infection or a dengue virus-related disease comprising the

steps of: administering to a subject in need thereof, a therapeutically effective amount of:
a first antibody, or antigen-binding fragment thereof, of any one of claims 1-5, or 11-24,
specific for a first epitope, and a second antibody or antigen-binding fragment thereof, specific

for a second, different epitope.
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38, A method of weatment of dengue virus infection or a dengue virus-related disease comprising
the steps of identifying a patient in need of such treatment and administering to said patient a
therapeutically effective amount of a purified, neutralizing, human monoclonal antibody, or
antibedy fragmeat of any one of claims 1-5, or 11-24, or the pharmaceutical composition of any

one of claims 6-10, or 31.33.

39. The method of claim 38, wherein said treatment comprises the administration of two or more of

the antibodies or antigen hinding fragment thereof,

40. 'The method of claim 38, wherein said treatment comprises the administration of three or more of

the antibodies or antigen binding fragment thereof.

41. A method of screening for polypeptides that can induce an immune response against dengue
virus, comprising screening polypeptide libraries using the antibody, or antigen binding

fragment thereof, of any one of claims 1-5, or 11-24.

42. A method of monitoring the quality of anti-dengue virus vaccines, comprising the use of the
antibody, or antigen binding fragment thereof, of any one of claims 1-5, or 11-24 to check that

the antigen of said vaccine contains the specific epitope in the correct conformation.

43. A vaccine comprising an epitope which specifically binds o the antibody, or antigen binding

fragment thereof, of any one of claims 1.5, or 11.24.

44. Use of the antibody of any one of claims 1-24, or an antigen binding fragment thereof, the
nucleic acid of claim 25 or claim 26, the immunogenic polypeptide of claim 30, or the
pharmaceutical composition of any one of claims 6-10, or 31-33 (i) in the manufacture of a
medicament for the treatment of dengue virus infection, (ii} in a vaccine, or (iil) in diagnosis of

dengue virus infection.

45, Use of the antibody of any one of claims 1-24, or an antigen binding fragment thereof, for
monitoring the quality of anti- dengue virus vaccines by checking that the antigen of said

vaccine contains the specific epitope in the correct conformation.

46. An epitope which specifically binds to the antibody of any one of claims 1-24, or an antigen
binding fragment thereof, for use (i} in therapy, (i) in the manufacture of a medicament for
treating dengue virus infection, {iil) as a vaccine, or (iv) in screening for ligands able to

neutralise dengue virus infection.
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