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A SEROTYPE CROSS-REACTIVE, DENGUE NEUTRALIZING ANTIBODY AND 

USES THEREOF 

 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of priority of Singapore patent application No. 5 

10201502068V, filed 17 March 2015, the contents of it being hereby incorporated by 

reference in its entirety for all purposes. 

 

FIELD OF THE INVENTION 

[0002] The present invention relates to a preparation for medical purpose or specific 10 

therapeutic activity of a preparation. In particular, the present invention relates to antibodies 

and other agents that bind to dengue virus (or DENV), as well as to methods of using the 

antibodies or other agents for the treatment of diseases.  

 

BACKGROUND OF THE INVENTION 15 

[0003] Dengue fever is the most common arthropod-borne viral disease in the world. The 

virus causing dengue (i.e. DENV) can be divided into four different infective serotypes such 

as DENV-1, DENV-2, DENV-3, and DENV-4. Symptoms of dengue infection include fever, 

muscle pain, headache, low platelet numbers and low white blood cell numbers, 

coagulopathy, bleeding and vascular leakage that can lead to dengue shock syndrome. When 20 

a person is exposed to the dengue virus after a previous dengue infection, antiviral antibodies 

may enhance the uptake of virus into host cells and the patient is at higher risk to develop a 

severe form or dengue. Severe forms of dengue can, however, also occur during a first 

infection.  

[0004] Whilst being the most common arthropod-borne viral disease, to date, there is no 25 

drug for dengue. Approaches with regards to dengue have mainly been towards the 

prevention of the infection and/or treatment to alleviate symptoms.  

[0005] Thus, there is a need to provide agents capable of neutralizing and/or binding to at 

least one dengue serotype.  
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[0005a] In one aspect, there is provided an isolated antibody, or antigen binding fragment 

thereof, wherein the antibody comprises: 

a heavy chain amino acid sequence comprising all of the CDRs of  

(a) a CDRH1 as shown in SEQ ID NO: 3,  

(b) a CDRH2 as shown in SEQ ID NO: 4, 5 

(c) a CDRH3 as shown in SEQ ID NO: 5, and 

light chain amino acid sequence comprising all of the CDR selected from the group 

consisting of:  

(a) a CDRL1 as shown in SEQ ID NO: 6,  

(b) a CDRL2 as shown in SEQ ID NO: 7, 10 

(c) a CDRL3 as shown in SEQ ID NO: 8, 

wherein the antibody, or antigen binding fragment thereof recognizes a whole dengue virus 

particle. 

[0005b] In another aspect, there is provided the use of the isolated antibody, or antigen 

binding fragment thereof as disclosed herein in the manufacture of a medicament for 15 

treatment of a dengue virus infection in a subject. 

[0005c] In another aspect, there is provide an isolated nucleic acid molecule comprising: a 

nucleic acid sequence encoding an isolated antibody, or antibody fragment thereof, as 

disclosed herein, or a nucleic acid sequence complementary thereto. 

[0006] In one example, there is provided an isolated antibody, or antigen binding fragment 20 

thereof, wherein the antibody comprises at least: one heavy chain amino acid sequences 
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comprising at least one CDR selected from the group consisting of  (a) a CDRH1 as shown in 

SEQ ID NO: 3, or a CDRH1 sequence having at least 70% sequence identity to SEQ ID NO: 

3 therefrom, (b) a CDRH2 as shown in SEQ ID NO: 4, or a CDRH2 sequence having at least 

70% sequence identity to SEQ ID NO: 4  therefrom, (c) a CDRH3 as shown in SEQ ID NO: 

5, or a CDRH3 sequence having at least 70% sequence identity to SEQ ID NO: 5 therefrom, 5 

or an antibody, or antigen binding fragment thereof. 

[0007] In another example there is provided an isolated antibody, or antigen binding 

fragment thereof, wherein the antibody comprises at least: one light chain amino acid 

sequences comprising at least one CDR selected from the group consisting of: (a) a CDRL1 

as shown in SEQ ID NO: 6, or a CDRL1 sequence having at least 70% sequence identity to 10 

SEQ ID NO: 6 therefrom, (b) a CDRL2 as shown in SEQ ID NO: 7, or a CDRL2 sequence 

having at least 70% sequence identity to SEQ ID NO: 7 therefrom, (c) a CDRL3 as shown in 

SEQ ID NO: 8, or a CDRL3 sequence having at least 70% to SEQ ID NO: 8 therefrom, or an 

antibody, or antigen binding fragment thereof. 

[0008] In yet another example, there is provided an isolated antibody, or antigen binding 15 

fragment thereof, wherein the antibody comprises at least: one heavy chain amino acid 

sequences comprising at least one CDR selected from the group consisting of (a) a CDRH1 

as shown in SEQ ID NO: 3, or a CDRH1 sequence differing 1 or 2 amino acids therefrom, (b) 

a CDRH2 as shown in SEQ ID NO: 4, or a CDRH2 sequence differing 1 or 2 amino acids 

therefrom, (c) a CDRH3 as shown in SEQ ID NO: 5, or a CDRH3 sequence differing 1 or 2 20 

amino acids therefrom, and/or at least one light chain amino acid sequences comprising at 

least one CDR selected from the group consisting of (a) a CDRL1 as shown in SEQ ID NO: 

6, or a CDRL1 sequence differing 1 or 2 amino acids therefrom, (b) a CDRL2 as shown in 

SEQ ID NO: 7, or a CDRL2 sequence differing 1 or 2 amino acids therefrom, (c) a CDRL3 

as shown in SEQ ID NO: 8, or a CDRL3 sequence differing 1 or 2 amino acids therefrom, or 25 

an antibody, or antigen binding fragment thereof, recognizing a whole dengue virus particle. 

[0009] In yet another example there is provided a composition comprising the isolated 

antibody, or antigen binding fragment thereof, as described herein. 

[0010] In yet another example there is provided a kit comprising the isolated antibody as 

described herein.  30 
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[0011] In yet another example there is a passive vaccine against at least one of the dengue 

virus serotypes comprising the isolated antibody as described herein, or the composition as 

described herein, or the kit as described herein. 

[0012] In yet another example there is provided a method of treating a dengue virus 

infection in a subject comprising administering to the subject an effective amount of the 5 

isolated antibody, or antigen binding fragment thereof, as described herein, or the 

composition as described herein, or the vaccine as described herein.  

[0013] In yet another example there is provided a use of the antibody, or antigen binding 

fragment thereof, as described herein or the composition as described herein, or the kit as 

described herein, or the vaccine as described herein, in the manufacture of a medicament for 10 

treating a dengue virus infection in a subject. 

[0014] In yet another example there is provided a method for detecting at least one dengue 

virus serotype in a sample. In one example, the method comprises: (a) incubating the sample 

with at least one of the isolated antibody as described herein, or kit as described herein, and 

(b) detecting the antibody-dengue virus complex wherein the presence or absence of the 15 

complex indicates the presence or absence of dengue virus in the sample. 

[0015] In yet another example there is provide an isolated nucleic acid molecule selected 

from the group consisting of: (a) a nucleic acid sequence encoding the isolated antibody, or 

antibody fragment thereof, as described herein, (b) a  nucleic acid sequence as shown in SEQ 

ID NOs: 1 and 2, (c) a nucleic acid complementary to any one of the sequences in (a) or (b); 20 

and (d) a nucleic acid sequence capable of hybridizing to (a), (b), or (c) under stringent 

conditions.  

[0016] In yet another example there is provided a vector comprising a nucleic acid 

sequence as described herein.  

[0017] In yet another example there is provided a host transformed with the vector as 25 

described herein.  

[0018] In yet another example there is provided a process of manufacturing an antibody, 

or antigen binding fragment, as described herein, comprising the step of obtaining the 

antibody from the host as described herein. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The invention will be better understood with reference to the detailed description 

when considered in conjunction with the non-limiting examples and the accompanying 

drawings, in which: 

5 [0020] Fig. 1 shows a bar graph of the initial screening of mAbs on UV-inactivated 

DENV-1, DENV-2, DENV-3, and DENV-4. The 3C-H5L1 antibody clone (pointed with an 

arrow) showed low binding to inactivated dengue virus particles, regardless of the serotype 

(bottom bar adjacent to x-axis). The expression level of 3C-H5L1 antibody was high (grey 

bar - top bar) as seen in the total concentration of IgGl in ng/ml (right y-axis). Thus, Fig. 1 

10 shows the initial characterization of 3C-H5L1 antibody. 

[0021] Fig. 2 shows a bar graph showing the binding capacity of various antibody clones 

on live viral particles as assayed by ELISA. Different viral particles are depicted in 

descending order, where 2641Y08 (top most bar) is a DENV-4 virus particle, 4141 (second 

bar from top) is a DENV-3 virus particle, TSV01 (third bar from top) is a DENV-2 virus 

15 particle, and 167 (bottom bar) is a DENV-1 virus particle. Binding profile of 3C H5L1 

antibody is highlighted with arrow. Thus, Fig. 2 shows that 3C H5L1 binds to all four 

serotypes of dengue virus when the virus is not inactivated. 

[0022] Fig. 3 shows a bar graph showing the binding capacity of various antibody clones 

towards recombinant E protein as assayed by ELISA. As highlighted by the arrow pointing 

20 down, binding of 3C H5L1 to recombinant E protein of all 4 DENV serotypes was very 

weak. Thus, Fig. 3 (as well as Fig. 1 and Fig. 2) shows that the epitope of 3C H5L1 antibody 

is more prominently displayed on whole viral particles, particularly when alive. 

[0023] Fig. 4 shows a line graph showing the results of a plaque reduction neutralization 

assay/test (PRNT) of 3C H5L1 antibody with BHK-21 cells (i.e. fibroblast cells). The virus 

25 strains used were DENV-1 167, DENV-2 TSV01, DENV-3 VN32/96 and DENV-4 2641Y08. 

Fig. 4 shows potent in vitro neutralization capacity against all four serotypes, wherein 

DENV2 was neutralized at EC50 of 0.001 (J,g/ml, followed by DENV1, 4, and 3, which were 

neutralized at 0.6 (J,g/ml, 0.07 (J,g/ml, and 0.5 (J,g/ml, respectively. Thus, Fig. 4 shows 3C 

H5L1 antibody is capable of neutralizing all four serotypes of DENV. 

30 [0024] Fig. 5 shows line graphs showing the results of the pre- and post-attachment 

neutralization assay of virus and Fc-modified 3C H5L1 antibody (3C H5L1 with a LALA 

mutation, named 3C LALA in Figure 5). For the pre-attachment neutralization assay, virus 
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and modified 3C H5L1 antibody were mixed before the mixture was added to U937-DC-

SIGN (i.e. monocyte-like human cell line U937 expressing DC-SIGN) cells for infection. For 

the post-attachment neutralization assay, virus was first incubated with the cells at 4°C (to 

avoid fusion and internalization of the virus). Virus was then washed away, and modified 3C 

5 H5L1 antibody was added before incubating the cells at 37°C to initiate infection. 08K3126 

(i.e. DENV-1 virus) and TSV01 (i.e. DENV-2 virus) were used for the assay. Thus, Fig. 5 

shows modified 3C H5L1 antibody could neutralize both DENV-1 and DENV-2 serotypes 

when presented before or after infection. 

[0025] Fig. 6 shows immunohistochemistry images of BHK-21 cells (i.e. fibroblast cells) 

10 stained with 3C H5L1 antibody and an E protein-specific human monoclonal antibody for 

comparison. BHK-21 cells were infected for 24 hours and fixed before staining with the 

respective antibodies. As illustrated by the dark immunohistochemistry images, 3C H5L1 

antibody showed weak staining for DENV-1, 2 and 3, and no staining for DENV-4. Infected 

cells produce large amounts of E protein in the endoplasmic reticulum (ER) and antibodies 

15 specific for E protein therefore produce a very bright stain (see lower panels showing staining 

of a control antibody binding to E-protein). As 3C H5L1 only weakly binds to E protein, the 

observed bright stain is probably the result of detection of whole virus particles binding to the 

cell surface or the detection of newly produced virus particles inside the cells, before being 

released. The scale bars in the graphs indicate 100|im. Thus, Fig. 6 confirms 3C H5L1 

20 antibody preferentially binds to intact virus particles and only binds weakly to E protein. 

[0026] Fig. 7 shows a series of confocal microscopy images of cells in fusion inhibition 

assay. 10 (J,g/ml antibodies (modified (3C-LALA)- top right panels; wild type (WT)- middle 

right panels; and control antibodies- bottom right panels) were added to infected C6/36 cells 

(i.e. Aedes albopictus clone). Fusion was then triggered by adding an acidic buffer. After 

25 removing the virus, cells were washed, stained with propidium iodide (PI) and imaged 

immediately, using a confocal microscope. PI stains fused cells and individual dead cells. 

The clusters of nuclei stained with PI represent clusters of fused cells. White field images of 

the cells are shown as a reference for the actual number of cells in the microscope field. A 

lOx magnification objective was used. Top left panels show very little propidium iodide (PI) 

30 staining in uninfected cells (i.e. very little bright spots). In contrast, bottom left panels 

showed cells infected with DENV-2 shows a significant number of cells stained positive for 

propidium iodide (i.e. bright spots). Right panels of Fig. 7 (labelled with 3C-LALA and 3C-
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WT) showed little propidium iodide staining. In contrast, bottom right panels of Fig. 7 

(labelled with control antibody HA4) showed many cells stained positive for propidium 

iodide. The scale bars in the graphs indicate 100[j,m. Thus, Fig. 7 shows both modified and 

wild type (i.e. 3C-LALA and 3C-WT, respectively) 3C antibody could significantly prevent 

5 fusion of DENV-2 into cells. 

[0027] Fig. 8 shows a series of confocal microscopy images of cells in fusion inhibition 

assay using varying concentrations of modified 3C antibody. In the assay, 10 (J,g/ml, 1 (J,g/ml 

and 0.1 (J,g/ml of modified 3C antibody (i.e. 3C-LALA) were used. Top panels showed a 

trend for a direct relationship between the concentration and the inhibition of fusion in cells, 

10 where cells treated with 10 (J,g/ml has very little propidium iodide positive cells, 1 (J,g/ml has 

more propidium iodide positive cells (as compared to 10 (J,g/ml) and 0.1 (J,g/ml has more 

propidium iodide positive cells (as compared to 1 (j,g/ml). A 20x magnification objective was 

used. The scale bars in the graphs indicate 100[j,m. Thus, Fig. 8 shows modified 3C antibody 

can significantly prevent fusion of dengue virus. 

15 [0028] Fig. 9 shows schematic diagrams of the experimental plans for in vivo efficacy 

tests in either AG129 or IFNAR mouse models. Time points of antibody transfer and virus 

challenge in the prophylactic and therapeutic models are depicted with reference to the 

number of days pre- or post-challenge. Antibody was injected intravenously whereas virus 

was injected intraperitoneally. 

20 [0029] Fig. 10 shows dot plots depicting the results of pre-infection (i.e. prophylactic) 

treatment of 3C H5L1 antibody in mice. 100[j,g or 10[j,g of 3C H5L1 monoclonal antibody 

(mAb) or 100[j,g of a control human mAb HA4 were injected intravenously (i.v.) into AG129 

mice. 24h later mice were infected with 5xl06 pfu DENV-1, DENV-2, or DENV-3. At day 3 

after infection, which is the peak of viremia, blood was collected from mice and virus was 

25 detected by qRT-PCR and standardized as pfu equivalent/ml serum by including a virus stock 

with known pfu/ml in the realtime PCR. Plaque forming units (pfu) are equivalent to 

infectious virus particles and are determined in a plaques assay. In particular, A) shows dot 

plot of infection detected (as measured in pfu equivalents/ml serum) in mice infected with 

DENV-2 strain TSV01 after mAb transfer; B) shows the dot plot of infection detected (as 

30 measured in pfu equivalents/ml serum) in mice infected after mAb transfer with DENV-2 

strain D2Y98P or DENV-1 strain 08K3126, respectively; and C) shows the dot plot of 

infection detected (as measured in pfu equivalents/ml serum) of mice infected with DENV-3 
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(VN32/96 strain). In mice treated with 100[j,g of 3C H5L1 monoclonal antibody, no viremia 

was detected (N.D.) at day 3 after infection (see Fig. 10C, most left item in x-axis). Thus, Fig. 

10 shows 3C H5L1 monoclonal antibody could protect mice from dengue virus infection 

caused by at least DENV-1, DENV-2 and DENV-3 serotypes. 

5 [0030] Fig. 11 shows the survival curve of mice up to at least 30 days post infection. Mice 

received either 3C H5L1 (i.e. 3C) antibody or control HA4 (i.e. HA) antibody 24 hours 
n 

before infection with 1 x 10 pfu DENV-2 strain D2Y98P (injected intraperitoneally) and 

monitored for their survival. Fig. 11 shows all mice receiving 3C H5L1 (with varying 

concentrations) survived the infection. In contrast, none of the mice receiving control 

10 antibodies survived the infection. Thus, Fig. 11 shows 3C antibody can protect mice from 

death caused by dengue virus infection. 

[0031] Fig. 12 shows the results of pre-infection treatment (prophylactic) treatment of 

mice with modified 3C antibody (i.e. LALA mutant of 3C H5L1 antibody). In particular, Fig. 

12 shows the validation of the efficacy of modified 3C antibody in preventing antibody-

15 dependent enhancement (ADE) of dengue infection. K562 cells were infected in the presence 

of different amounts of 3C H5L1 in its unmodified form (i.e. IgGl) or in a mutated form to 

interfere with Fcgamma-Receptor binding (i.e. with LALA mutation). Fig. 12 shows ADE 

manifested in a spike in the pfu measured in cells treated with unmodified 3C H5L1 (in box). 

In contrast, cells treated with modified 3C H5L1 did not show a spike in the pfu measured. 

20 Thus, Fig. 12 shows introduction of LALA mutation into 3C H5L1 antibody abolishes ADE 

in vitro. 

[0032] Fig. 13 shows the results of the in vivo validation tests of modified 3C H5L1 

antibody (i.e. with LALA mutation). In particular, A) shows the virus titers of mice infected 
n 

with 1 x 10 pfu DENV-2 strain D2Y98P (via intraperitoneal injection) and treated with one 

25 of unmodified (wild type) 3C H5L1, or modified 3C H5L1 (i.e. with LALA mutation), or 

HA4 control antibody 24 hours before infection with DENV2 virus. Virus titres in the blood 

were analysed three days after infection. The antibody-dependent enhancement (ADE) 

observed after injection of 1 jag of 3C H5L1 (see also Fig. 10) was reversed when using 1 jag 

of modified 3C H5L1 (i.e. 3C H5L1 LALA). B) shows the survival curve of mice treated as 

30 described in A), wherein mice treated with 1 jag of modified 3C H5L1 (i.e. 3C H5L1 LALA) 

have a marginal survival advantage over mice treated with 1 jag of unmodified/wild type 3C 

H5L1. Note that in this validation test, DENV-2 virus used to infect AG129 mice was a very 



WO 2016/148653 PCT/SG2016/050124 

8 

aggressive strain. Thus, mice could only survive when treated with 10jig of 3C H5L1 or more 

(see Fig. 11). Thus, Fig. 13 shows both modified and unmodified 3C H5L1 antibodies protect 

mice in a dose dependent manner. 

[0033] Fig. 14 shows dot plot graphs depicting the virus titers in IFNAR mice with or 

5 without antibody pre-treatment. 10[j,g antibody was injected per mouse. 5xl05pfu DENV-1 

strain 08K3126 and 107pfu DENV-2 strain D2Y98P were used for the challenge. Mice were 

treated with either PBS control, modified antibody 513 from Visterra (i.e. with LALA 

mutation), or modified 3C H5L1 antibody (i.e. with LALA mutation). Fig. 14 A) shows the 

virus titres in IFNAR mice infected with DENV1 and B) shows virus titres in IFNAR mice 

10 infected with DENV2. Viremia was tested at day 3 after infection. Thus, Fig. 14 shows mice 

treated with modified 3C H5L1 antibody has significantly lower serum virus titre as 

compared to mice treated with PBS control or 513 Visterra antibody (modified with LALA 

mutation). Thus, Fig. 14 shows modified 3C H5L1 antibody can decrease serum virus titre in 

mice better than control antibodies. 

15 [0034] Fig. 15 shows dot plot graphs depicting the virus titers in AG129 mice with or 

without antibody pre-treatment. 100(_ig antibody was injected per mouse. 1.5xl06pfu DENV-

3 strain VN32/96 and 10s pfu DENV-4 strain TVP360 were used for the challenge. Mice 

were treated with either PBS control, modified antibody 513 from Visterra (i.e. with LALA 

mutation), or modified 3C H5L1 antibody (i.e. with LALA mutation). Fig. 15 A) shows the 

20 virus titres in AG129 mice infected with DENV3 and B) shows virus titres in AG129 mice 

infected with DENV4. Viremia was tested at day 4 after infection. Fig. 15 shows mice treated 

with modified 3C H5L1 antibody has lower serum virus titre as compared to mice treated 

with PBS control or 513 Visterra antibody (modified with LALA mutation). Thus, Fig. 15 

shows modified 3C H5L1 antibody can decrease serum virus titre in mice better than control 

25 antibodies. 

[0035] Fig. 16 shows results of analysis of post-infection treatment with 3C H5L1 

antibody in mice. Mice were infected with lxlO7 pfu DENV-2 strain D2Y98P 

intraperitoneally (i.p.). 48h after infection lOOug 3C-H5L1 or control Ab were transferred 

intravenously (i.v.) Fig. 16 A) shows a dot plot depicting the virus titre (or viremia) measured 

30 24h after antibody treatment (72h after infection). Fig. 16 B) shows the survival curve of 

AG129 mice treated with 3C H5L1 antibody or control antibodies. Fig. 16 shows 3C H5L1 

can be used as a therapeutic antibody post dengue virus infection. 
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[0036] Fig. 17 shows the survival curve of mice receiving either pre-infection treatment 

(prophylactic model) or post-infection treatment (therapeutic model) after lethal challenge 

with DENV-2 D2Y98P. In A), AG129 mice were treated with either 10 [j,g or 100 [j,g of 3C 

antibody before lethal challenge with DENV-2 D2Y98P; and in B), IFNAR mice were 

5 infected first and treated two days later with 100 jag 3C antibody or control antibody. Fig. 17 

shows mice receiving 3C antibodies either pre-infection or post-infection could survive the 

lethal challenge with dengue virus. Of note, AG129 mice treated therapeutically die between 

day 20 and 35 after infection (Fig. 16) whereas IFNAR mice survive until at least day 32 

(Fig. 17B). This suggests that the lack of the interferon gamma receptor in AG 129 mice 

10 combined with the lack of the interferon alpha/beta receptor makes them more susceptible to 

infection compared to IFNAR mice which only lack the interferon alpha/beta receptor. 

[0037] Fig. 18 shows the results into the investigation of the effect of the modification of 

3C H5L1 antibody in preventing DENV-2 in vivo in AG129 mice. AG129 mice were treated 

intravenously (i.v.) with 5(_ig of 3C (unmodified / wild type): no Fc mutation, 3C (modified / 

15 LALA): LALA mutation in the Fc part, or isotype (wt): isotype control without Fc mutation. 

One day later mice were infected with DENV-2 D2Y98P intraperitoneally (i.p.). Viremia was 

measured at day three after infection. Fig. 18 shows that at low doses, modified 3C H5L1 is 

at least as efficient as unmodified 3C H5L1 in reducing virus titre in AG129 mice. 

[0038] Fig. 19 shows the results into the investigation of the effect of the modification of 

20 3C H5L1 antibody in treating DENV-2 infection in vivo in IFNAR or AG 129 mice. IFNAR 

or AG129 mice were treated intravenously (i.v.) with 100[j,g of 3C (unmodified / wild type): 

no Fc mutation, 3C (modified / LALA): LALA mutation in the Fc part, or isotype (wt): 

isotype control without Fc mutation two days post infection with DENV-2 D2Y98P injected 

intraperitoneally (i.p.). Viremia was measured at day three after infection. Fig. 19 shows the 

25 LALA modification of 3C H5L1 does not change its efficacy in reducing virus titre in either 

AG 129 or IFNAR mice. 

[0039] Fig. 20 shows the results into the investigation on the epitope recognized by 3C 

antibody. In Fig. 20A, relative binding of 3C H5L1 to the E protein mutants are indicated on 

the x-axis. The binding to wildtype protein (wt E protein) was used to normalize binding to 

30 mutants. The binding observed using the HEK cell approach is indicated in grey bars whereas 

the binding observed in ELISA is indicated in black bars. For K64A, G100A, F108A, 

Q167A, S274A only ELISA was done. For K122A, I162A, Q200A, E202A, K310A, W391A 
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and F392A only the HEK cell expression assay was done. The dotted line indicates 75% 

reduction in binding compared to wt E protein that was arbitrarily chosen as a cut-off for loss 

of binding due to the mutation. In Fig. 20 B) the residues identified in the epitope mapping 

assays are illustrated on a publicly available E protein dimer structure (PDB accession 

5 number 10AN). The eight amino acids identified (see Table 1) are highlighted with white 

dots in one E protein monomer (upper, lighter grey protein) and with grey dots in the second 

E protein monomer (lower, darker grey protein). Note that residue F392 for the second E 

protein monomer is hidden in the illustration, and hence the grey dots do not add up to eight. 

[0040] Fig. 21 shows the nucleotide and amino acid sequences of the antibody 3C H5L1. 

10 [0041] Fig. 22 shows the nucleotide and amino acid sequence of the antibody 3C H5L1 

heavy chain with LALA mutation. The mutation is indicated in bold characters in the amino 

acid sequence. 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 

15 [0042] Dengue virus is a common health problem in the tropical and subtropical regions 

of the world. Dengue virus (or referred to herein as "DENV") is a positive sense single 

stranded RNA virus of approximately 11 kb genome of the genus Flavivirus, family 

Flaviviridae. Flaviviruses encode a single polyprotein that is processed by host and viral 

proteases to produce three structural proteins, i.e. capsid (C) protein, precursor 

20 membrane/membrane (prM/M) and envelope (E) protein, and seven nonstructural proteins 

(NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5). Antibodies play an important role in 

protection against DENV. 

[0043] In the present disclosure, the inventors of the present invention found an alternative 

antibody (to those known in the art) that is capable of binding DENV. Thus, in one aspect, 

25 there is provided an isolated antibody, or antigen binding fragment thereof. In one example, 

the antibody comprises at least: one heavy chain amino acid sequences comprising at least 

one CDR selected from the group consisting of (a) a CDRH1 as shown in SEQ ID NO: 3, or 

a CDRH1 sequence having at least 70% sequence identity to SEQ ID NO: 3 therefrom, (b) a 

CDRH2 as shown in SEQ ID NO: 4, or a CDRH2 sequence having at least 70% sequence 

30 identity to SEQ ID NO: 4 therefrom, (c) a CDRH3 as shown in SEQ ID NO: 5, or a CDRH3 

sequence having at least 70% sequence identity to SEQ ID NO: 5 therefrom, or an antibody, 

or antigen binding fragment thereof. 
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[0044] As used herein, the term "antibody", which may be used interchangeably with 

"antibodies", refers to the usual term known in the art, which refers to an immunoglobulin 

that binds specifically to a particular antigen. The term encompasses immunoglobulins that 

are naturally produced in that they are generated by an organism reacting to the antigen, and 

5 also those that are synthetically produced or engineered. In one example, the antibody may be 

a monoclonal antibody or polyclonal antibody. In one example, the antibody may be a 

monoclonal antibody. In one example, the term antibodies may be loosely interpreted to 

include intact antibodies, antibody fragments, and antigen binding fragment, as long as they 

exhibit the desired biological activity. 

10 [0045] A typical immunoglobulin (antibody) structural unit, as understood in the art, is 

known to comprise a tetramer. Each tetramer is composed of two identical pairs of 

polypeptide chains, each pair having one "light" (approximately 25 kD) and one "heavy" 

chain (approximately 50-70 kD). The N-terminus of each chain defines a variable region of 

about 100 to 110 or more amino acids primarily responsible for antigen recognition. The 

15 terms "variable light chain" (VL) and "variable heavy chain" (VH) refer to these light and 

heavy chains respectively. Each variable region is further subdivided into hypervariable (HV) 

and framework (FR) regions. The hypervariable regions comprise three areas of 

hypervariability sequence called complementarity determining regions (CDR 1, CDR 2 and 

CDR 3), separated by four framework regions (FR1, FR2, FR2, and FR4) which form a beta-

20 sheet structure and serve as a scaffold to hold the HV regions in position. The C-terminus of 

each heavy and light chain defines a constant region consisting of one domain for the light 

chain (CL) and three for the heavy chain (CHI, CH2 and CH3). In one example, the antibody 

may comprise full length antibody, which when used referred to an antibody that contains 

two heavy chains and two light chains, and optionally associated by disulfide bonds as occurs 

25 with naturally-produced antibodies. 

[0046] In one example, the antibody as described herein may be produced by a cell. In one 

example, the antibody as described herein may be produced by chemical synthesis. In one 

example, the antibody as described herein may be derived from a mammal. In one example, 

the antibody as described herein may be derived from an animal such as, but not limited to, 

30 mouse, rat, horse, pig, or goat. In one example, the antibody as described herein may be 

produced using a recombinant cell culture system. In one example, the antibody as described 

herein may be a purified antibody (for example, by immune-affinity chromatography). In one 
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example, the antibody as described herein may be a human antibody. In one example, the 

antibody as described herein may be a humanized antibody (antibody from non- human 

species whose protein sequences have been modified to increase their similarity to antibody 

variants produced naturally in humans). In one example, the antibody as described herein 

5 may be a chimeric antibody (antibody made by combining genetic material from a non-

human source, e.g., mouse, rat, horse, or pig, with genetic material from humans). In one 

example, the antibody as described herein may be multispecific antibody. 

[0047] As used herein, the term "isolated" refers to a substance and/or entity that has been 

separated from at least some of the components with which it was associated when initially 

10 produced (whether in nature and/or in an experimental setting), and/or produced, prepared, 

and/or manufactured by the hand of man. Isolated substances and/or entities may be separated 

from about 10%, about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, 

about 80%, about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 

96%, about 97%, about 98%, about 99%, or more than about 99% of the other components 

15 with which they were initially associated. In one example, the isolated antibodies may be 

about 80%, about 85%, about 90%, about 91%, about 92%, about 93%, about 94%, about 

95%, about 96%, about 97%, about 98%, about 99%, or more than about 99% pure. As used 

herein, a substance is "pure" if it is substantially free of other components. As used herein, 

calculation of percent purity of isolated substances and/or entities should not include 

20 excipients (for example, buffer, solvent, water, and the like). 

[0048] At the same time, the phrase "antigen binding fragment", as used herein, includes a 

portion of an intact antibody, such as, for example, the antigen-binding or variable region of 

an antibody. For example, antigen binding fragment may include, but is not limited to, Fab 

fragment, Fabl fragment, F(ab'), fragment, Fv fragment, diabody, a single-chain antibody 

25 molecule, triabodies, tetrabodies, linear antibodies, and multispecific antibodies formed from 

antibody fragments. For example, antibody fragments include isolated include isolated 

fragments, "Fv" fragments, consisting of the variable regions of the heavy and light chains, 

recombinant single chain polypeptide molecules in which light and heavy chain variable 

regions are connected by a peptide linker ("ScFv proteins"), and minimal recognition units 

30 consisting of the amino acid residues that mimic the hypervariable region. In one example, 

the antigen binding fragment as described herein contains sufficient sequence of the parent 

antibody of which it is a fragment that it binds to the same antigen as does the parent 
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antibody. In one example, the antigen binding fragment as described herein binds to the 

antigen with a comparable affinity to that of the parent antibody and/or competes with the 

parent antibody for binding to the antigen. Examples of antigen binding fragments of an 

antibody include, but are not limited to, Fab fragment, Fab' fragment, F(ab')2 fragment, scFv 

5 fragment, Fv fragment, dsFv diabody, dAb fragment, Fd' fragment, Fd fragment, and an 

isolated complementarity determining region (CDR) region. An antigen binding fragment of 

an antibody may be produced by any means. For example, an antigen binding fragment of an 

antibody may be enzymatically or chemically produced by fragmentation of an intact 

antibody and/or it may be recombinantly produced from a gene encoding the partial antibody 

10 sequence. Alternatively or additionally, antigen binding fragment of an antibody may be 

wholly or partially synthetically produced. An antigen binding fragment of an antibody may 

optionally comprise a single chain antibody fragment. Alternatively or additionally, an 

antigen binding fragment of an antibody may comprise multiple chains which are linked 

together, for example, by disulfide linkages. An antigen binding fragment of an antibody may 

15 optionally comprise a multimolecular complex. A functional antibody fragment typically 

comprises at least about 50 amino acids and more typically comprises at least about 200 

amino acids. 

[0049] The antibody as described herein may be a member of any immunoglobulin class, 

including, but is no limited to, any of the classes known in the art, for example, IgG, IgM, 

20 IgA, and IgD. In one example, the antibodies as described herein may be an IgG antibody. In 

one example, the antibodies as described herein may be any one of the IgG antibody, 

including, but is not limited to, an IgGl antibody, an IgG2 antibody, an IgG3 antibody, an 

IgG4 antibody, and the like. In one example, the antibodies as described herein may be an 

IgGl antibody. 

25 [0050] As used herein, the term "about" as used herein to one or more values of interest, 

refers to a value that is similar to a stated reference value. In some examples, the term 

"about" refers to a range of values that fall within 25%, 20%, 19%, 18%, 17%, 16%, 15%, 

14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%), or less in either 

direction (greater than or less than) of the stated reference value unless otherwise stated or 

30 otherwise evident from the context (except where such number would exceed 100% of a 

possible value). 
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[0051] In one example, SEQ ID NO: 3 encodes the heavy chain CDR1 of 3C H5L1 

antibody, which comprises GYTFTSNY (SEQ ID NO: 3). In one example, SEQ ID NO: 4 

encodes the heavy chain CDR2 of 3C H5L1 antibody, which comprises INPRGGST (SEQ ID 

NO: 4). In one example, SEQ ID NO: 5 encodes the heavy chain CDR3 of 3C H5L1 

5 antibody, which comprises ARGGRALFYDSYTTPRDGGSWWFDP (SEQ ID NO: 5). The 

sequence identifier described herein referred to sequences described in Fig. 21. 

[0052] In one example, the isolated antibody, or antigen binding fragment thereof, 

wherein the antibody comprises at least: one light chain amino acid sequences comprising at 

least one CDR selected from the group consisting of: (a) a CDRL1 as shown in SEQ ID NO: 

10 6, or a CDRL1 sequence having at least 70% sequence identity to SEQ ID NO: 6 therefrom, 

(b) a CDRL2 as shown in SEQ ID NO: 7, or a CDRL2 sequence having at least 70% 

sequence identity to SEQ ID NO: 7 therefrom, (c) a CDRL3 as shown in SEQ ID NO: 8, or a 

CDRL3 sequence having at least 70% sequence identity to SEQ ID NO: 8 therefrom, or an 

antibody, or antigen binding fragment thereof. 

15 [0053] In one example, SEQ ID NO: 6 encodes the light chain CDR1 of 3C H5L1 

antibody, which comprises QDIRKY (SEQ ID NO: 6). In one example, SEQ ID NO: 7 

encodes the light chain CDR2 of 3C H5L1 antibody, which comprises DAS (SEQ ID NO: 7). 

In one example, SEQ ID NO: 8 encodes the light chain CDR3 of 3C H5L1 antibody, which 

comprises QQFDDLPIT (SEQ ID NO: 8). The sequence identifier described herein referred 

20 to sequences described in Fig. 21. 

[0054] In one example, the antibody, or antigen binding fragment thereof, as described 

herein comprises at least one heavy chain amino acid sequences comprising at least one CDR 

selected from the group consisting of (a) a CDRH1 as shown in SEQ ID NO: 3, or a CDRH1 

sequence having at least 70% sequence identity to SEQ ID NO: 3 therefrom, (b) a CDRH2 as 

25 shown in SEQ ID NO: 4, or a CDRH2 sequence having at least 70% sequence identity to 

SEQ ID NO: 4 therefrom, (c) a CDRH3 as shown in SEQ ID NO: 5, or a CDRH3 sequence 

having at least 70% sequence identity to SEQ ID NO: 5 therefrom, and at least one light 

chain amino acid sequences comprising at least one CDR selected from the group consisting 

of (d) a CDRL1 as shown in SEQ ID NO: 6, or a CDRL1 sequence having at least 70% 

30 sequence identity to SEQ ID NO: 6 therefrom, (e) a CDRL2 as shown in SEQ ID NO: 7, or a 

CDRL2 sequence having at least 70% sequence identity to SEQ ID NO: 7 therefrom, (f) a 

CDRL3 as shown in SEQ ID NO: 8, or a CDRL3 sequence having at least 70% sequence 
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identity to SEQ ID NO: 8 therefrom, or an antibody, or antigen binding fragment thereof, 

recognizing a whole dengue virus particle. 

[0055] In one example, the antibody, or antigen binding fragment, as described herein 

may comprise at least one, at least two, or all of the heavy chain amino acid sequences 

5 comprising the CDR as described herein. In one example, the antibody, or antigen binding 

fragment, as described herein may comprise at least one, at least two, or all of the light chain 

amino acid sequences comprising the CDR as described herein. 

[0056] As used herein, the term "CDR" or "complementarity determining region" refers to 

the amino acid sequence that encodes for the one or more structural elements of an antibody 

10 or antigen binding fragment thereof. In one example, the antibody, or antigen binding 

fragment thereof, may comprises a polypeptide whose amino acid sequence includes at least 

one CDR (e.g., at least one heavy chain CDR and/or at least one light chain CDR) that is 

substantially identical to one found in a reference antibody. In one example, the antibody, or 

antigen binding fragment thereof, the included CDR may be substantially identical to a 

15 reference CDR in that it is either identical in sequence or contains between 1, or 2, or 3, or 4, 

or 5 amino acid substitutions as compared with the reference CDR. In one example, the 

included CDR may be substantially identical to a reference CDR in that it shows at least 

70%, or at least 75%, or at least 80%, or at least 81%, or at least 82%, or at least 83%, or at 

least 84%, or at least 85%, or at least 86%, or at least 87%, or at least 88%, or at least 89%, or 

20 at least 90%, or at least 91%, or at least 92%, or at least 93%, or at least 94%, or at least 95%, 

or at least 96%, or at least 97%, or at least 98%, or at least 99%, or 100% sequence identity 

with the reference CDR. In one examples, the included CDR may be substantially identical to 

a reference CDR in that it shows at least 95%, or at least 96%, or at least 97%, or at least 

98%, or at least 99%, or 100% sequence identity with the reference CDR. In one example, the 

25 included CDR may be substantially identical to a reference CDR in that at least one, or at 

least two, amino acid within the included CDR is deleted, added, or substituted as compared 

with the reference CDR but the included CDR has an amino acid sequence that is otherwise 

identical with that of the reference CDR. In one example, the included CDR may be 

substantially identical to a reference CDR in that 1, or 2, or, 3, or 4, or 5 amino acids within 

30 the included CDR are deleted, added, or substituted as compared with the reference CDR but 

the included CDR has an amino acid sequence that is otherwise identical to the reference 

CDR . In one example, the included CDR may be substantially identical to a reference CDR 
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in that at least one amino acid within the included CDR is substituted as compared with the 

reference CDR but the included CDR has an amino acid sequence that is otherwise identical 

with that of the reference CDR. In one example, the antibody, or antigen binding fragment, as 

described herein may comprise a polypeptide whose amino acid sequence includes structural 

5 elements recognized by those skilled in the art as an immunoglobulin variable domain. In one 

example, the antibody, or antigen binding fragment, as described herein may be a polypeptide 

protein having a binding domain which is homologous or largely homologous to an 

immunoglobulin-binding domain. As would be appreciated to the skilled person in the art, an 

antibody is made of two light chains and two heavy chains each comprising variable regions 

10 and constant regions. The light chain variable region comprises 3 CDRs, identified herein as 

CDRL1, CDRL2, and CDRL3 flanked by framework regions. The heavy chain variable 

region comprises 3 CDRs, identified herein as CDRH1, CDRH2, and CDRH3 flanked by 

framework regions. 

[0057] As used herein, the term "substantially" refers to the qualitative condition of 

15 exhibiting total or near-total extent or degree of a characteristic or property of interest. One of 

ordinary skill in the biological arts will understand that biological and chemical phenomena 

rarely, if ever, go to completion and/or proceed to completeness or achieve or avoid an 

absolute result. The term "substantially" is therefore used herein to capture the potential lack 

of completeness inherent in many biological and chemical phenomena. 

20 [0058] In one example, the isolated antibody, or antigen binding fragment thereof, as 

described herein may comprises at least: one, or two or all heavy chain amino acid sequences 

comprising at least one CDR selected from the group consisting of (a) a CDRH1 as shown in 

SEQ ID NO: 3, or a CDRH1 sequence having at least 70%, or at least 80%, or at least 85%, 

or at least 90%, or at least 95% sequence identity to SEQ ID NO: 3 therefrom, (b) a CDRH2 

25 as shown in SEQ ID NO: 4, or a CDRH2 sequence having at least 70%, or at least 80%, or at 

least 85%, or at least 90%, or at least 95% sequence identity to SEQ ID NO: 4 therefrom, (c) 

a CDRH3 as shown in SEQ ID NO: 5, or a CDRH3 sequence having at least 70%, or at least 

80%, or at least 85%, or at least 90%, or at least 95% sequence identity to SEQ ID NO: 5 

therefrom, and/or at least one, or two or all light chain amino acid sequences comprising at 

30 least one CDR selected from the group consisting of (a) a CDRL1 as shown in SEQ ID NO: 

6, or a CDRL1 sequence having at least 70%, or at least 80%, or at least 85%, or at least 

90%, or at least 95% sequence identity to SEQ ID NO: 6 therefrom, (b) a CDRL2 as shown 
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in SEQ ID NO: 7, or a CDRL2 sequence having at least 70%, or at least 80%, or at least 85%, 

or at least 90%, or at least 95% sequence identity to SEQ ID NO: 7 therefrom, (c) a CDRL3 

as shown in SEQ ID NO: 8, or a CDRL3 sequence having at least 70%, or at least 80%, or at 

least 85%, or at least 90%, or at least 95% sequence identity to SEQ ID NO: 8 therefrom, or 

5 an antibody, or antigen binding fragment thereof, recognizing a whole dengue virus particle. 

[0059] In one example, the isolated antibody, or antigen binding fragment thereof, as 

described herein may comprise at least one heavy chain amino acid sequences comprising at 

least one CDR selected from the group consisting of (a) a CDRH1 as shown in SEQ ID NO: 

3, or a CDRH1 sequence differing 1 or 2 amino acids therefrom, (b) a CDRH2 as shown in 

10 SEQ ID NO: 4, or a CDRH2 sequence differing 1 or 2 amino acids therefrom, (c) a CDRH3 

as shown in SEQ ID NO: 5, or a CDRH3 sequence differing 1 or 2 amino acids therefrom, 

and/or at least one light chain amino acid sequences comprising at least one CDR selected 

from the group consisting of (a) a CDRL1 as shown in SEQ ID NO: 6, or a CDRL1 sequence 

differing 1 or 2 amino acids therefrom, (b) a CDRL2 as shown in SEQ ID NO: 7, or a 

15 CDRL2 sequence differing 1 or 2 amino acids therefrom, (c) a CDRL3 as shown in SEQ ID 

NO: 8, or a CDRL3 sequence differing 1 or 2 amino acids therefrom, or an antibody, or 

antigen binding fragment thereof, recognizing a whole dengue virus particle. 

[0060] In one example, the isolated antibody, or antigen binding fragment thereof, as 

described herein may comprise at least one, or two or all heavy chain amino acid sequences 

20 comprising at least one CDR selected from the group consisting of (a) a CDRH1 as shown in 

SEQ ID NO: 3, or a CDRH1 sequence differing 1 or 2 amino acids therefrom, (b) a CDRH2 

as shown in SEQ ID NO: 4, or a CDRH2 sequence differing 1 or 2 amino acids therefrom, (c) 

a CDRH3 as shown in SEQ ID NO: 5, or a CDRH3 sequence differing 1 or 2 amino acids 

therefrom, and/or at least one, or two or all light chain amino acid sequences comprising at 

25 least one CDR selected from the group consisting of (a) a CDRL1 as shown in SEQ ID NO: 

6, or a CDRL1 sequence differing 1 or 2 amino acids therefrom, (b) a CDRL2 as shown in 

SEQ ID NO: 7, or a CDRL2 sequence differing 1 or 2 amino acids therefrom, (c) a CDRL3 

as shown in SEQ ID NO: 8, or a CDRL3 sequence differing 1 or 2 amino acids therefrom, or 

an antibody, or antigen binding fragment thereof, recognizing a whole dengue virus particle. 

30 [0061] In one aspect, there is provided an isolated antibody, or antigen binding fragment 

thereof, wherein the antibody comprises or consist of heavy chain amino acid sequence 

comprising all of the CDR selected from the group consisting of (a) a CDRH1 as shown in 
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SEQ ID NO: 3, (b) a CDRH2 as shown in SEQ ID NO: 4, and (c) a CDRH3 as shown in SEQ 

ID NO: 5, recognizing a whole dengue virus particle. 

[0062] In another aspect, there is provided an isolated antibody, or antigen binding 

fragment thereof, wherein the antibody comprises or consist of light chain amino acid 

5 sequence comprising all of the CDR selected from the group consisting of (a) a CDRL1 as 

shown in SEQ ID NO: 6, (b) a CDRL2 as shown in SEQ ID NO: 7, (c) a CDRL3 as shown in 

SEQ ID NO: 8, recognizing a whole dengue virus particle. 

[0063] In yet another aspect, there is provided an isolated antibody, or antigen binding 

fragment thereof, wherein the antibody comprising or consisting of heavy chain amino acid 

10 sequence comprising all of the CDR selected from the group consisting of (a) a CDRH1 as 

shown in SEQ ID NO: 3, (b) a CDRH2 as shown in SEQ ID NO: 4, (c) a CDRH3 as shown 

in SEQ ID NO: 5, and light chain amino acid sequence comprising all of the CDR selected 

from the group consisting of (a) a CDRL1 as shown in SEQ ID NO: 6, (b) a CDRL2 as 

shown in SEQ ID NO: 7, (c) a CDRL3 as shown in SEQ ID NO: 8, recognizing a whole 

15 dengue virus particle. 

[0064] As illustrated in the experimental section, as exemplified in Fig. 2, Fig. 3, and Fig. 

6, the inventors found the antibody, or antigen binding fragment thereof, as described herein 

is capable of binding to a whole dengue virus particle. For example, Fig. 3 shows the 

antibody as described herein cannot bind efficiently to any of the recombinant E protein of 

20 the 4 DENV serotypes. In contrast, as shown in Fig. 2 and Fig. 6, the antibody as described 

herein binds to all four DENV virus particles. Thus, in one example, the antibody, or antigen 

binding fragment thereof, as described herein, is capable of binding to a whole dengue virus 

particle better than binding to a (recombinant soluble monomeric) dengue virus surface 

glycoprotein. In one example, the antibody, or antigen binding fragment, as described herein 

25 may not bind well to the monomeric dengue virus surface glycoprotein, which is an E 

protein. 

[0065] As known in the art, the dengue virus (or DENV) has four genetically and 

antigenically related viral serotypes, designated as DENV-1, DENV-2, DENV-3 and DENV-

4. The inventors of the present disclosure found that the antibody, or antigen binding 

30 fragment, as described herein, could surprisingly bind to and neutralize multiple dengue virus 

serotypes. For example, in Fig. 2, the antibody as described herein could bind to all four 

DENV serotypes. Thus, in one example, the antibody, or antigen binding fragment thereof, as 
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described herein, is capable of binding to and/or neutralizing at least one dengue virus 

particle. In one example, the dengue virus particle may be at least one, or at least two, or at 

least three, or all of the dengue virus selected from the group consisting of DENV serotype 1 

(DENV-1), DENV serotype 2 (DENV-2), DENV serotype 3 (DENV-3), and DENV serotype 

5 4 (DENV-4). In one example, the dengue virus particle may be at least one, or at least two, or 

all of the dengue virus selected from the group consisting of DENV serotype 1 (DENV-1), 

DENV serotype 2 (DENV-2) and DENV serotype 3 (DENV-3). In one example, the dengue 

virus particle may be at least one, or both, dengue virus selected from the group consisting of 

DENV serotype 1 (DENV-1) and DENV serotype 2 (DENV-2). Amongst all DENV 

10 serotypes, the antibody was found to neutralize DENV-2 serotype most efficiently. Thus, in 

one example, the dengue virus may be DENV serotype 2 (DENV-2). In general, a "serotype" 

refers to distinct variations within a species of bacteria or viruses or among immune cells of 

different individuals. 

[0066] In one example, the antibody, or antigen binding fragment thereof, as described 

15 herein comprises or consists of a heavy chain variable region encoded by a nucleotide 

sequence having at least 65%, or at least 70%, or at least 80%, or at least 85%, or at least 

86%, or at least 87%, or at least 88%, or at least 89%, or at least 90%, or at least 91%, or at 

least 92%, or at least 93%, or at least 94%, or at least 95%, or at least 96%, or at least 97%, or 

at least 98%, or at least 99%, or 100% sequence identity to SEQ ID NO: 1. In one example, 

20 the antibody, or antigen binding fragment thereof, as described herein comprises or consists 

of a heavy chain variable region encoded by the nucleotide sequence SEQ ID NO: 1. In one 

example, SEQ ID NO: 1 is the nucleotide sequence which encodes for the 3C H5L1 heavy 

chain variable region, which comprises the sequence as follows: 

GAGGTCCAGCTGGTACAGTCTGGGCCTGACGTCGAGAAGCCTGGGGCCTCAGTGAAG 

25 GTTTCCTGCAAGGCATCTGGATACACCTTCACCAGCAACTATATACACTGGGTGCGA 

CAGGCCCCTGGACAAGGGCTTGAGTGGATGGGGGTAATCAACCCTAGGGGTGGTAGC 

ACAG C CAG C G CACAGAAATT C CAGG GAAGAATCAC CAT GACCAG GGACAC G T CCAC G 

AG CACAGT T TACAT GGAAC T GAG CAGC C T GAGAT C T GAC GACAC GGCCGTGTATTAC 

TGTGCGAGAGGGGGAAGGGCCCTTTTCTATGATAGTTACACGACCCCCCGAGACGGA 

30 GGGTCGTGGTGGTTCGACCCCTGGGGCCAGGGAAGCCTGGTCACCGTCTCCTCA 

(SEQ ID NO: 1). 
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[0067] In one example, the antibody, or antigen binding fragment thereof, as described 

herein comprises or consists of a light chain variable region encoded by the nucleotide 

sequence having at least 65%, or at least 70%, or at least 80%, or at least 85%, or at least 

86%, or at least 87%, or at least 88%, or at least 89%, or at least 90%, or at least 91%, or at 

5 least 92%, or at least 93%, or at least 94%, or at least 95%, or at least 96%, or at least 97%, or 

at least 98%, or at least 99%, or 100% sequence identity to SEQ ID NO: 2. 

[0068] In one example, the antibody, or antigen binding fragment thereof, as described 

herein comprises or consists of a light chain variable region encoded by the nucleotide 

sequence SEQ ID NO: 2. In one example, SEQ ID NO: 2 is the nucleotide sequence which 

10 encodes for the 3C H5L1 light chain, which comprises the sequence as follows: 

GACATCCAGTTGACCCAGTCTCCATCTTCCCTGTCTGCATCTGTAGGAGACAGAGTC 

AC C T T CAC T T G C CAG G C GAG C CAG GACAT TAG GAAGTAT T TAAATT GG TAT CAG CAG 

AAACCAGGGAAAGCCCCTAAACTCCTAATCTACGATGCATCCAATTTGAAAACAGGG 

GTCCCATCAAGGTTCAGTGGAAGTGGATCTGGGACAGATTTTACTTTCACCATCAGC 

15 AGCCTGCAGCCTGAAGATGTTGCAACATACTACTGTCAACAGTTTGATGATCTCCCG 

ATCACCTTCGGCCAGGGGACACGACTGCAGATTAAACGA (SEQ ID NO: 2) . 

[0069] In one example, the antibody, or antigen binding fragment thereof, as described 

herein comprises or consists of a heavy chain variable region encoded by the nucleotide 

sequence SEQ ID NO: 1 and a light chain variable region encoded by the nucleotide 

20 sequence SEQ ID NO: 2. 

[0070] In one example, the antibody, or antigen binding fragment thereof, as described 

herein comprises a heavy chain variable region comprising or consisting of the amino acid 

sequence of SEQ ID NO: 9, or an amino acid sequence having a sequence identity of at least 

85%, or at least 86%, or at least 87%, or at least 88%, or at least 89%, or at least 90%, or at 

25 least 91%, or at least 92%, or at least 93%, or at least 94%, or at least 95%, or at least 96%, or 

at least 97%, or at least 98%, or at least 99%, or 100% thereto. In one example, the heavy 

chain variable region comprises the amino acid sequence: 

EVQLVQSGPDVEKPGASVKVSCKASGYTFTSNYIHWVRQAPGQGLEWMGVINPRGGS 

TASAQKFQGRITMTRDTSTSTVYMELSSLRSDDTAVYYCARGGRALFYDSYTTPRDG 

30 GSWWFDPWGQGSLVTVSS (SEQ ID NO: 9) . 

[0071] In one example, the antibody, or antigen binding fragment thereof, as described 

herein comprises of a light chain variable region comprising or consisting of the amino acid 
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sequence of SEQ ID NO: 10, or an amino acid sequence having a sequence identity of at least 

85% or at least 86%, or at least 87%, or at least 88%, or at least 89%, or at least 90%, or at 

least 91%, or at least 92%, or at least 93%, or at least 94%, or at least 95%, or at least 96%, or 

at least 97%, or at least 98%, or at least 99%, or 100% thereto. In one example, the light 

5 chain variable region comprises the amino acid sequence: 

DIQLTQSPSSLSASVGDRVTFTCQASQDIRKYLNWYQQKPGKAPKLLIYDASNLKTG 

VPSRFSGSGSGTDFTFTISSLQPEDVATYYCQQFDDLPITFGQGTRLQIK (SEQ 

ID NO: 10). 

[0072] In one example, the antibody, or antigen binding fragment thereof, as described 

10 herein comprises or consist of a heavy chain variable region comprising or consisting of the 

amino acid sequence of SEQ ID NO: 9 and a light chain variable region comprising or 

consisting of the amino acid sequence of SEQ ID NO: 10. 

[0073] As shown in the Experimental Section as described herein, antibodies towards 

DENV virus can neutralizes, inhibit virus uptake in cells (i.e. inhibit virus fusion to target 

15 cells), as well as provide prophylactic protection against DENV infection (see for example 

Fig. 4 and Fig. 5 for neutralization assay, Fig. 7 and Fig. 8 for fusion inhibition assay, and 

Fig. 9 to Fig. 11 for in vivo prophylactic assays). However, as known in the art, some 

antibodies (known in the art) could cause the severe clinical manifestation of DENV 

infection. For example, antibodies known in the art have been known to cause antibody-

20 dependent enhancement (ADE), which describes the unwanted increase in the efficiency of 

virus infection. Antibody-dependent enhancement has been known to occur when dengue 

infection occurs in the presence of non-neutralising or sub-neutralising concentrations of 

DENV serotype cross-reactive antibodies known in the art. In antibody-dependent 

enhancement phenomenon, the antibody-virus complex attaches to the Fc receptors on 

25 circulating antigen-presenting cells including dendritic cells, macrophages and monocytes, 

which allows DENV to replicate in the Fc receptor-bearing cells and achieve higher systemic 

titers compared to DENV that is not complexed to antibody. The overall outcomes lead to the 

potential for more severe manifestation of dengue fever. 

[0074] To avoid the antibody-dependent enhancement, modifications abolishing the 

30 potential binding of antibody to Fc receptors may be provided. In one example, the antibody, 

or antigen binding fragment thereof, as described herein may be a modified IgGl antibody, or 

a modified IgG2 antibody, or a modified IgG3 antibody, or a modified IgG4 antibody. In one 
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example, the modification may increase the antibody stability in vivo. In one example, the 

antibody, or antigen binding fragment thereof, as described herein may have a modification 

that abolishes the binding of antibodies to Fc-gamma-receptors (FcyR). Without wishing to 

be bound by theory, a modification that abolishes the binding of antibodies to Fc-gamma-

5 receptors may be advantageous because a decreased binding to FcR may avoid the 

phenomenon of ADE (Antibody-dependent enhancement) of infection, which is thought to be 

mostly mediated by the interaction with FcR. In one example, the LALA mutation may be 

introduced outside the variable region. In one example, the LALA mutation may be 

introduced to the Fc binding domain. Exemplary modified antibody non-variable (constant) 

10 region with LALA mutation is presented in Fig. 22. In one example, the LALA mutation may 

be in the non-variable heavy chain region, such as depicted in Fig. 22. In one example, the 

modified antibody with LALA mutation may have non-variable heavy chain region encoded 

by the nucleotide sequence SEQ ID NO: 11, or amino acid sequence SEQ ID NO: 12. 

[0075] In one example, the antibody, or antigen binding fragment thereof, as described 

15 herein may have modification including, but not limited to, glycosylation, substitution, 

mutation, and protein sequence modification. In one example, modification may be a LALA 

mutation as previously described in the art. It is appreciated that the method of modifying an 

antibody to comprise a LALA mutation is known in the art and the person skilled in the art 

would be well conversed to include such modification to the antibody as described herein. In 

20 one example, the LALA mutation has been described previously in W02012130831A1. 

[0076] As shown in the in vitro analysis in Fig. 12, a modified antibody as described 

herein, as expected, abolishes the spike in the viral titre that is usually observed in antibody-

dependent enhancement. When the antibody is tested in mice at low concentration, as shown 

in Fig. 13, the modification to the antibody as described herein only somewhat reduces virus 

25 titers in mice (as expected for the low amount of virus used) but importantly, does not cause 

an increase in viremia as observed for an antibody without Fc modification (Fig. 13A). 

Antibody with Fc modification marginally improves survival of mice (Fig. 13B) when 

compared to control unmodified antibody as described herein. When given as a prophylactic 

pre-infection treatment, the antibody as described herein significantly reduces virus titres (see 

30 Fig. 14 and Fig. 15). When given as a therapeutic treatment (i.e. antibody provided as post­

infection treatment), the antibody as described herein could significantly reduce virus titer 

and improve mice survival (Fig. 16), even after a lethal challenge of dengue virus (Fig. 17B). 
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Interestingly, the modified antibody, when compared to unmodified antibody, did not show 

change in efficacy in reducing virus titre in mice (Fig. 18, and Fig. 19). Thus, when taken 

together, the results demonstrate that the antibody as described herein, with or without the 

modification, could improve the survival of mice. At very low concentrations of unmodified 

5 antibody (i.e. below the minimum concentrations required to achieve neutralization of the 

virus) that causes ADE, Fc modification can abolish the enhancement effect in vitro and in 

mice. 

[0077] Thus, in another aspect the present invention provides an isolated antibody, or 

antigen binding fragment thereof, as described herein, for use in a therapy. As the antibody as 

10 described herein appears to be able to neutralize dengue virus without causing unwanted 

antibody-dependent enhancement, in one example, the antibody, or antigen binding fragment 

thereof, as described herein, may be used for treating a subject with a dengue fever caused by 

at least one of the dengue virus serotypes, either during a first infection with the virus or 

during a re-infection with the virus. 

15 [0078] In one example, the isolated antibody, or antigen binding fragment thereof, as 

described herein, may further comprise an agent including, but is not limited to, an antiviral 

agent, an immunoadhesion molecule, an imaging agent, a therapeutic agent, and the like. 

[0079] In yet another aspect, there is provided a composition comprising the isolated 

antibody, or antigen binding fragment thereof, as described herein. In one example, the 

20 composition may further comprise a pharmaceutically acceptable excipient. 

[0080] In yet another aspect there is provided a kit, comprising the isolated antibody as 

described herein. In one example, the kit may further comprise an agent, including but is not 

limited to, an antiviral agent, an immunoadhesion molecule, an imaging agent, a therapeutic 

agent, and the like. In one example, the kit may be used for treating a dengue virus infection 

25 in a subject. 

[0081] In one example, the imaging agent may be selected from the group consisting of a 

radiolabel, an enzyme, a fluorescent label, a luminescent label, a bioluminescent label, a 

magnetic label and a bio tin. 

[0082] In one example, the antibody, or antigen binding fragment, as described herein 

30 may be specific to an epitope found in the dengue virus particle. In one example, the 

antibody, or antigen binding fragment, as described herein may be specific to, or recognize, 

or bind to, or capable of binding to, the epitope comprising at least one of the amino acids, 
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including, but not limited to, K122, 1162, and S274 (of DENV-2 that was used for epitope 

mapping as shown in Fig. 20). In one example, the antibody may recognize, bind to, or is 

capable of binding to, or is specific to, at least two, or at least three, or at least four, or at least 

five, or at least six, or at least seven, or all of the amino acids of a dengue virus peptide 

5 selected from the group consisting of K122,1162, and S274. In one example, the antibody, or 

antigen binding fragment thereof, wherein the epitope may further comprise at least one of 

the amino acids of a dengue virus glycoprotein selected from the group consisting of G100, 

W101, K310, W391, and F392, when the epitope comprises at least one, or at least two, all, 

of the amino acids of the dengue virus glycoprotein selected from the group consisting of 

10 K122, 1162, and S274. In one example, the antibody, or antigen binding fragment thereof, 

wherein the epitope comprises at least two, or at least three, or at least four, or at least five, or 

at least six, or at least seven, or all, of the amino acids of a dengue virus glycoprotein selected 

from the group consisting of G100, W101, K122, 1162, S274, K310, W391 and F392. In one 

example, the antibody, or antigen binding fragment thereof, is specific for an epitope 

15 comprising or consisting of G100, W101, K122, 1162, S274, K310, W391 and F392 of a 

dengue virus glycoprotein. In one example, the antibody, or antigen binding fragment thereof, 

is specific for an epitope comprising or consisting of G100, W101, K122,1162, S274, K310, 

W391 and F392 of a dengue virus glycoprotein obtained from DENV2. 

[0083] As used herein, the term "epitope" has its meaning as understood in the art. It will 

20 be appreciated by those of ordinary skill in the art that an epitope also known as antigenic 

determinant, is a molecular region of an antigen that is recognized by the immune system, 

specifically by antibodies, B cells, or T cells. It will be further appreciated that epitopes can 

be composed of sugars, lipids, or amino acids. The epitopes of protein antigens are divided 

into two categories, conformational epitopes and linear epitopes, based on their structure and 

25 interaction with the paratope (part of an antibody that recognizes the epitope). A 

conformational epitope is composed of discontinuous sections of the antigen's amino acid 

sequence and these epitopes interact with the paratope based on the 3-D surface features and 

shape or tertiary structure of the antigen. Linear epitopes interact with the paratope based on 

their primary structure and a linear epitope is formed by a continuous sequence of amino 

30 acids from the antigen. In one example, the amino acid identified to be the binding site of the 

antibody as described herein is described with its conventional abbreviation in the art. For 

example, G refers to glycine and the number following G refers to the relative position of the 



WO 2016/148653 PCT/SG2016/050124 

25 

amino acid as compared to the start of the dengue virus protein monomer, which is part of a 

dimeric E protein complex that consists of two identical monomers as illustrated in a 

structure with PDB accession number 10AN (RCSB PDB (Protein Data Bank) ID: 10AN; 

DOI: 10.2210/pdbloan/pdb). As would be recognized in the art, W refers to tryptophan, K 

5 refers to lysine, I refers to isoleucine, S refers to serine, and F refers to phenylalanine. The 

epitope may also span across multiple E protein dimers as they are assembled on a virus 

particle. 

[0084] As shown in Fig. 7, Fig. 8, Fig. 14, Fig. 15, and Fig. 18, the antibody, or antigen 

binding fragment, as described herein may be used in prophylactic treatment. Thus, in yet 

10 another aspect the present invention provides a passive vaccine. In one example, the passive 

vaccine against at least one of the dengue virus serotypes may comprise the isolated antibody 

as described herein or the composition as described herein or the kit as described herein. The 

term "vaccine", as used herein, refers to a composition intended to provide immune 

protection, for example to a disease causing agent. In one example, the vaccine may be 

15 administered before, during, and/or exposure to the disease-causing agent (for example 

dengue virus). As used herein, the term "passive vaccine" may be used interchangeably with 

"passive immunization", which is used to refer to immunization wherein antibodies are 

administered to a subject. 

[0085] As shown in Fig. 16, Fig. 17B, and Fig. 19, the antibody, or antigen binding 

20 fragment, as described herein may be used in therapeutic treatment post-viral infection. Thus, 

in yet another aspect there is provided a method of treatment of a dengue virus infection in a 

subject. In one example, the method comprises administering to the subject an effective 

amount of the isolated antibody, or antigen binding fragment thereof, as described herein, or 

the composition as described herein, or the vaccine as described herein. In one example, the 

25 method further comprises administration of at least one additional therapy. In one example, 

the at least one additional therapy may be an antiviral therapy and/or anti-inflammatory 

agents. In yet another example, the additional therapy may be administered into the patient 

together or separately with the isolated antibody, or antigen binding fragment thereof. 

[0086] As used herein throughout this disclosure, the term "subject" may be used 

30 interchangeably with the term "patient", which refers to any organism to which a provided 

composition, or antibody, or antigen binding fragment, as described herein may be 

administered. For example, the administration may be for experimental, diagnostic, 
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prophylactic, cosmetic, and/or therapeutic purposes. Typical patients include animals (e.g., 

mammals such as mice, rats, rabbits, non-human primates, and/or humans). In one example, 

the subject may be a mammal. In one example, the mammal may be a human. 

[0087] As used herein, the term "treatment" (also "treat" or "treating") refers to any 

5 administration of a substance (for example, the antibody, antigen binding fragment or 

composition as described herein) that partially or completely alleviates, ameliorates, relives, 

inhibits, delays onset of, reduces severity of, and/or reduces incidence of one or more 

symptoms, features, and/or causes of a particular disease, disorder, and/or condition (such as 

dengue fever). Such treatment may be of a subject who does not exhibit signs of the relevant 

10 disease, disorder and/or condition and/or of a subject who exhibits only early signs of the 

disease, disorder, and/or condition. Alternatively or additionally, such treatment may be of a 

subject who exhibits one or more established signs of the relevant disease, disorder and/or 

condition. In some examples, treatment may be of a subject who has been diagnosed as 

suffering from the relevant disease, disorder, and/or condition. In some examples, treatment 

15 may be of a subject known to have one or more susceptibility factors that are statistically 

correlated with increased risk of development of the relevant disease, disorder, and/or 

condition. 

[0088] In yet another aspect there is provided a use of the antibody, or antigen binding 

fragment thereof, as described herein or the composition as described herein, or the kit as 

20 described herein, or the vaccine as described herein, in the manufacture of a medicament for 

treating a dengue virus infection in a subject. In one example, the medicament may be 

administered with at least one additional therapy. In one example, the at least one additional 

therapy may be an antiviral therapy. 

[0089] As used herein, throughout this disclosure, the term "antiviral therapy" refers to a 

25 class of medication or therapy used specifically for treating viral infections by inhibiting, 

deactivating, or destroying virus particles. In one example, an antiviral agent may be or 

comprise a compound of any chemical class (e.g., a small molecule, metal, nucleic acid, 

polypeptide, lipid and/or carbohydrate). In one example, an antiviral therapy or agent may be 

or may comprise an antibody or antibody mimic. In one example, an antiviral agent or 

30 therapy may be or may comprise a nucleic acid agent (e.g., an antisense oligonucleotide, a 

siRNA, a shRNA, etc) or mimic thereof. In one example, an antiviral therapy or agent may be 

or may comprise a naturally-occurring compound (e.g., small molecule). In one example, an 
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antiviral therapy or agent may be or may have a chemical structure that is generated and/or 

modified by the hand of man. 

[0090] In yet another example, the additional therapy may be administered into the patient 

together or separately with the isolated antibody, or antigen binding fragment thereof. 

5 [0091] As shown in Fig. 4, the antibody as described herein may be used to bind to at least 

one dengue virus serotype. Accordingly, in yet another aspect there is provided a method for 

detecting at least one dengue virus serotype in a sample. In one example, the method 

comprises the steps of incubating the sample with at least one of the isolated antibody as 

described herein, or kit as described herein, and, detecting the antibody-dengue virus 

10 complex wherein the presence or absence of the complex indicates the presence or absence of 

dengue virus in the sample. The detail of methods of detecting a dengue virus serotype in a 

sample is known in the art and the person skilled in the art would be able to perform the 

methods without additional experimental burden. 

[0092] In yet another aspect, there is provided an isolated nucleic acid molecule, 

15 including, but is not limited to, (a) a nucleic acid sequence encoding the isolated antibody, or 

antibody fragment thereof as described herein, (b) a nucleic acid sequence as shown in SEQ 

ID NOs: 1 and 2, (c) a nucleic acid complementary to any one of the sequences as described 

herein (i.e. (a) or (b)); (d) a nucleic acid sequence capable of hybridizing to (a), (b), or (c) 

under stringent conditions, and the like. 

20 [0093] As used herein, the term "nucleic acid" in its broadest sense, refers to any 

compound and/or substance that is or can be incorporated into an oligonucleotide chain. In 

one example, a nucleic acid may be a compound and/or substance that is or can be 

incorporated into an oligonucleotide chain via a phosphodiester linkage. In one example, the 

term "nucleic acid" refers to individual nucleic acid residues (for example, nucleotides and/or 

25 nucleosides). In one example, the term "nucleic acid" refers to an oligonucleotide chain 

comprising individual nucleic acid residues. As used herein, the terms "oligonucleotide" and 

"polynucleotide" can be used interchangeably. In one example, "nucleic acid" encompasses 

RNA as well as single and/or double-stranded DNA and/or cDNA. Furthermore, the terms 

"nucleic acid", "DNA", "RNA", and/or similar terms include nucleic acid analogs, i.e., 

30 analogs having other than a phosphodiester backbone. 

[0094] As used herein, the term "stringent conditions" refers to those conditions. The 

antibody variable regions in the heavy and light chain plasmid are amplified by PCR with 
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primers binding in the non-variable part of the vector (5'TGTCCACTCCCAGGTCCAAG 

(SEQ ID NO: 13) and 5'TTTCCTTTATTAGCCAGAGG (SEQ ID NO: 14)) and the 

resulting PCR products are sequenced using Sanger sequencing to confirm the correct 

sequence as defined in SEQ ID NO:l and SEQ ID NO:2. 

5 [0095] In yet another aspect there is provided a vector comprising a nucleic acid sequence 

as described herein. As used herein, the term "vector" refers to a nucleic acid molecule 

capable of transporting another nucleic acid to which it is associated. In one example, vectors 

may be capable of extra-chromosomal replication and/or expression of nucleic acids to which 

they are linked in a host cell such as a eukaryotic and/or prokaryotic cell. Vectors may be 

10 capable of directing the expression of operatively linked genes are referred to herein as 

"expression vectors". 

[0096] In yet another aspect, there is provided a host transformed with the vector as 

described herein. In one example, the host is a cell. In one example, the host may be a cell, 

which may include, but is not limited to, a human, bacterial, animal, fungal, amphibian, plant 

15 cell, and the like, which are known to be capable of producing antibodies, or antigen binding 

fragment thereof, as described herein. In one example, the cell is a cell line. 

[0097] In one example, the cell line may be generated from cells known in the art, for 

example, a human embryonic kidney 293 cells (HEK293), CHO, 293, 293e, plant cells, insect 

cells and the like. 

20 [0098] Those skilled in the art will recognize that the generation of antibody or antigen 

binding fragment thereof may be performed in animal. Thus, in one example, the host may be 

a non-human transgenic animal. 

[0099] In another aspect, there is provided a process of manufacturing an antibody, or 

antigen binding fragment as described herein, comprising the step of obtaining the antibody 

25 from the host as described herein. 

[00100] The invention illustratively described herein may suitably be practiced in the 

absence of any element or elements, limitation or limitations, not specifically disclosed 

herein. Thus, for example, the terms "comprising", "including", "containing", etc. shall be 

read expansively and without limitation. Additionally, the terms and expressions employed 

30 herein have been used as terms of description and not of limitation, and there is no intention 

in the use of such terms and expressions of excluding any equivalents of the features shown 

and described or portions thereof, but it is recognized that various modifications are possible 
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within the scope of the invention claimed. Thus, it should be understood that although the 

present invention has been specifically disclosed by preferred embodiments and optional 

features, modification and variation of the inventions embodied therein herein disclosed may 

be resorted to by those skilled in the art, and that such modifications and variations are 

5 considered to be within the scope of this invention. 

[00101] The invention has been described broadly and generically herein. Each of the 

narrower species and subgeneric groupings falling within the generic disclosure also form 

part of the invention. This includes the generic description of the invention with a proviso or 

negative limitation removing any subject matter from the genus, regardless of whether or not 

10 the excised material is specifically recited herein. 

[00102] Other embodiments are within the following claims and non- limiting examples. In 

addition, where features or aspects of the invention are described in terms of Markush groups, 

those skilled in the art will recognize that the invention is also thereby described in terms of 

any individual member or subgroup of members of the Markush group. 

15 

EXPERIMENTAL SECTION 

[00103] Materials 

[00104] The sequence for Ab 3C H5L1 was isolated from plasmablasts from a patient with 

20 acute dengue infection as described in Xu and Hadinoto et al, J. Immunol, 2012, Dec 15; 189 

(12): 5877-85. Doi: 10.4049/jimmunol. 1201688 (the content of which is incorporated herein 

by reference). Single CD19+CD20"CD38highCD27high plasmablasts were sorted with a 

FACSAria into 96 well plates containing Tris buffer and RNAse inhibitor, and frozen 

immediately. After thawing, mRNA of human IgG heavy and kappa light chain were 

25 amplified individually from single B cells by RT-PCR according to the protocol published by 

(Smith et al. 2009. Rapid generation of fully human monoclonal antibodies specific to a 

vaccinating antigen. Nat Protoc 4:372-384, the content of which is incorporated herewith by 

reference). The variable regions of heavy and light chain were cloned into IgGl expression 

plasmids (licenced from the National Research Council Biotechnology Research Institute, 

30 Canada). Heavy and light chain plasmids were co-transfected into HEK293-6E cells using 

293fectin for the transient expression of antibodies. The secreted IgGl antibody was purified 

from the culture supernatant using Protein A beads. 
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[00105] Methods 

[00106] The antibody was expressed recombinantly in HEK293e cells and was tested in 

ELISA, Neutralisation assay, immunofluorescence and in vivo in mice. 

5 

[00107] Viruses 

[00108] All viruses used were produced in C6/36 mosquito cells (ATCC). The following 

patient isolate dengue virus strains were used: DENV1-05K2916; also referred to as "167" 

(EU081234), DENV-1-08K3126 (isolated by Environmental Health Institute, Singapore), 

10 DENV2-TSV01 (AY037116.1), DENV-2 D2Y98P (JF327392.1), DENV3-VN32/96 

(EU482459), DENV4-2641Y08 (isolated by Environmental Health Institute, Singapore), and 

DENV-4 TVP360 (WHO reference strain). 

[00109] ELISA (Enzyme Linked Immunosorbent Assay) 

15 [00110] For DENV-specific ELISA (Figure 1), MaxiSorp plates (Nunc) were coated with 

PEG-precipitated, heat-inactivated DENV serotypes 1-4. Plates were blocked with PBS, 

0.05% Tween 20 (PBST) and 3% skimmed milk. Supernatants from Ab-expressing HEK 

cells were incubated on virus-coated plates for lh at RT before washing with PBST and 

detection of virus-binding antibodies with a secondary anti-human IgG-HRP (Sigma). 

20 Absolute concentrations of IgG were determined by IgG-specific ELISA, including a IgG 

standard of known concentration. In Fig. 2, ELISA plates were coated with 4G2 antibody 

(binding to E protein of all four serotypes, from ATCC) and blocked with Casein. Plates were 

then incubated with live virus particles and washed before the addition of antibodies. E 

protein-specific antibodies were measured on plates coated with 150ng/well E protein of 

25 DENV-1, -2, -3 or -4, which were produced in S2 cells as described in (Umashankar et al 

2008. Differential cholesterol binding by class II fusion proteins determines membrane fusion 

properties. J Virol 82:9245-9253, the content of which is incorporated herewith by reference). 

293HEK cell supernatants or purified antibodies were used for screening. Pooled serum from 

several dengue-immune healthy donors was used as a positive control. 3,3,5,5-

30 tetramethylbenzidine HRP substrate solution (TMB, Sigma) was used as substrate for all 

ELISAs. An OD value 2-fold higher than the background was defined as a positive signal. 



WO 2016/148653 PCT/SG2016/050124 

31 

[00111] Plaque Reduction Neutralization Assay 

[00112] BHK-21 cells (1 x 105/well) were seeded in 24-well plates and cultured overnight 

at 37°C. Antibody 3C diluted to different concentrations (30[j,g-0.3[j,g/ml) in serum-free 

medium was mixed with an equal volume of DENV and incubated at room temperature for 2 

5 h. Virus-antibody mixtures (100[j,l) were transferred to the 24-well plates and incubated for 1 

hr at 37°C before adding an equal volume of RPMI containing 10% FCS and 0.8% 

methylcellulose. After 4.5 days, cells were fixed with 3.7% formalin. The overlay was 

discarded and cells were stained with crystal violet containing 0.8% PFA. Plaques were 

counted by eye and PRNT50 values were calculated using the three-parameter non-linear 

10 curve fit in Graphpad Prism software. 

[00113] Immunohistochemistry 

[00114] BHK-21 cells were seeded in 96-well plates and infected with DENV-1, DENV-2, 

DENV-3 and DENV-4 at MOI 1 for lhr at 37°C. After removing the virus RPMI containing 

15 5% FCS, 1% Pen/strep was added to the cells and cells were incubated at 37°C. 48h post­

infection cells were fixed with 4% PFA for 20 mins at room temperature (RT). All washes 

were performed with phosphate-buffered saline (PBS) for 10 mins. Cells were permeabilize 

with lx PBS+ 0.05%Triton X-100 for 15mins at RT, followed by blocking (lxPBS + 

1%BSA) for 1 hr at RT. Cells were incubated with antibody 3C (l[j,g/ml) for lhr at RT, 

20 washed and incubated with anti-human IgG-AlexaFluor488 for lhr at RT. After two washes, 

Hoechst 33342 was added for 5min at RT. Antibody binding was visualized using an 

Olympus confocal microscope with AlexaFluor488-specific barrier and excitation filter. 

[00115] Mechanism of neutralization: pre-and post-attachment neutralization assay 

25 [00116] A pre- and post-attachment neutralization assay was performed to assess whether 

3C antibody would still be able to neutralize once virus particle have already bound to the 

target cell. The assay was done with U937-DC-SIGN cells. The protocol was adapted from 

Matthew et al. Journal of Virology 2009:6494-6507 (the contents of which are incorporated 

herewith by reference) and Crill et al. Journal of Virology 2001:7769-7773 (the contents of 

30 which are incorporated herewith by reference). For the pre-attachment neutralization assay 

cells were pre-chilled. A constant amount of virus was mixed with antibody at 10-0.001[j,g/ml 

final concentration and incubated at 4°C for lhr. Antibody-virus-mixtures were added to the 
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pre-chilled cells and incubated at 4°C for lhr. Cells were washed three times and then 

incubated at 37°C for 48h. Cells were washed, fixed, stained intracellularly with antibodies 

binding to E protein and NS1 protein and analyzed by flow cytometry. The percentage of 

infected cells per Ab concentration was plotted for the calculation of the EC50, using Prism 

5 (Graphpad) software. For the post-attachment neutralization assay cells were pre-chilled. 

Virus was added (same amount as above) and incubated for lhr at 4°C. Cells were washed 

three times. Antibody was added at a final concentration of 10-0.001 |ig/ml and incubated for 

lhr at 4°C. Cells were washed three times and then incubated at 37°C for 48hr. Staining of 

cell was performed as for the pre-attachment assay. 

10 [00117] As illustrated in Fig. 5, neutralizing effect was observed in both pre- and post-

attachment of the virus to cells. However, there is a trend of more efficient neutralization in 

pre-attachment experiment. 

[00118] Mechanism of neutralization: fusion inhibition 

15 [00119] An essential part of a successful infection is the fusion of the dengue virus particle 

with the host cell. Once the virus fuses with the host membrane the viral RNA can be 

released into the cytoplasm and can be translated, initiating the replication of the virus. After 

the virus is taken up by the cell the fusion event occurs in the endosome, triggered by the low 

pH in this cell compartment. It is known that some dengue antibodies are able to block this 

20 fusion event. The method for testing this in vitro is to use C6/36 cells, which have a cell 

membrane composition like human endosomes. Upon decreasing the pH in vitro the infected 

cells fuse. These fusions are permeable and nuclei are stained with propidium iodide (PI). 

The method is described in detail by Rajamanonmani et al, Journal of General Virology 2009 

(90) 799-809 (the contents of which are incorporated herewith by reference). In brief, 

25 500,000 C6/36 cells per well were mixed with DENV-2 TSV01 MOI 0.01 and incubated in a 

96well plate for 72hr at 28°C. Antibody at different concentrations were then added to the 

cells and incubated for lhr at 28°C. 0.5M MES buffer pH 5 (final concentration 0.0125M) 

was added to induce sycytia formation (lhr at 37°C). Medium was removed and a 

0.025mg/ml propidium iodide (PI) in RPMI solution was added to the cells and incubated at 

30 28°C for 30min. Cells were then immediately imaged using a confocal microscope. 

[00120] Antibody dependent enhancement (ADE) assay 
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[00121] Equal volumes of a constant amount of virus and a decreasing amount of antibody 

3C (starting from 30[j,g/ml) were incubated for lhr at 37°C. These virus-antibody mixtures 

were then transferred to K562 cells pre-aliquoted in round bottom 96 well plates and 

incubated for lhr at 37°C. Cells were washed twice with PBS and incubated in RPMI 

5 medium with FCS for 72hr. Virus in the supernatants of infected K562 cells was determined 

using a BHK-21 cell based plaque assay and crystal violet staining as described for the 

plaque reduction neutralization assay. 

[00122] Mouse model 

10 [00123] Interferon alpha/beta/gamma-Receptor knock out mice on a Svl29 background 

(AG129) mice (U&K Universal, UK) and Interferon alpha/beta-Receptor knock out mice on 

a C57BL-6 background (IFNAR) mice (originally from Prof. Michel Aguet, EPFL, 

Switzerland) were housed under SPF conditions at the Biological Resource Center (BRC), 

Singapore. The animal experiments were conducted according to the rules and guidelines of 

15 the Agri-Food and Veterinary Authority (AVA) and the National Advisory Committee for 

Laboratory Animal Research (NACLAR), Singapore. The experiments were reviewed and 

approved by the Institutional review board of Biological Resource Center, Singapore. 

[00124] The following virus strains were used for infection: DENV-1 08 K3126, DENV-2 

TSV01 or D2Y98P, DENV-3 VN-32/96, DENV-4 TVP360. 

20 

[00125] In vivo assays - pre-infection treatment (prophylactic) 

[00126] Ab in 100(_il PBS was injected intravenously via the retro-orbital sinus. Mice were 

infected intraperitoneally 24hr with DENV in RPMI medium. Three days after infection mice 

were bled from the retro-orbital sinus into tubes containing 20[j,l sodiumcitrate as an anti-

25 coagulant. Blood tubes were centrifuged for 5min at lOOOg and plasma was collected and 

frozen for later analysis. 

[00127] In vivo assays - post-infection treatment (therapeutic) 

[00128] Mice were infected intraperitoneally with DENV in RPMI medium. 48hr after 

30 infection Ab 3C H5L1 was injected intravenously via the retro-orbital sinus. 24hr later (day 3 

after infection) blood was collected via the retro-orbital sinus into tubes containing 20(_il 
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sodiumcitrate as an anti-coagulant. Blood tubes were centrifuged for 5min at lOOOg and 

plasma was collected and frozen for later analysis. 

[00129] Efficacy against all four DENV serotypes in the prophylactic model and 

5 comparison of Ab 3C with a published therapeutic dengue antibody 

[00130] In Fig. 14 and Fig. 15, AG129 mice or IFNAR mice were used to assess 

prophylactic protection of the antibodies against DENV-1, -2, -3 and -4. Viremia was tested 

at day 3 or day 4 after infection. Efficacy in AG129 and IFNAR mice is very similar 

(compare Fig. 19A and B). It appears that the IFN-gamma receptor has no impact on efficacy, 

10 at least early after infection. Mice were treated with antibodies as described in "In vivo assays 

- pre-infection treatment (prophylactic)". In the same experiment efficacy of antibody 3C 

was compared with efficacy of antibody 513 from Visterra (patent describing the sequence is 

published). Both antibody batches were produced at the same time by Chugai, and both 

antibodies contain a LALA mutation in the Fc part. Mice were treated with antibodies as 

15 described in "In vivo assays - pre-infection treatment (prophylactic)". 10[j,g per antibody 

was used for DENV-1 and DENV-2, and lOOug per antibody was used for DENV-3 and 

DENV-4. The results show that 3C decrease viremia more efficiently than Ab 513 for all four 

DENV serotypes. 

20 [00131] Efficacy against DENV-2 in the therapeutic model 

[00132] DENV-2 D2Y98P causes death and therefore the DENV-2 model was used to 

assess the protective capacity of Ab 3C. 

[00133] Epitope of 3C 

25 [00134] A number of full length E protein mutants of DENV-2 were transiently expressed 

in HEK293 cells and the binding of 3C to these transfected HEK cells was tested by flow 

cytometry. 

[00135] In addition, the soluble part of the E protein was also expressed in S2 cells. 

Various mutants and the wildtype form of DENV-2 (strain TSV01) were expressed, purified 

30 and used in ELISA. The E proteins contain a V5 tag and the plates were coated with anti-V5 

antibody, followed by adding the individual E proteins. This sandwich approach increases the 
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binding of 3C compared to an ELISA where the E protein is coated to the plate directly, 

possibly due to multimerization of the E protein. 

[00136] Mutations were introduced using QuikChange site directed mutagenesis kit 

(Agilent Genomics). HEK293 cells were seeded at 100,000 cells/well in a 24 well plate and 

5 incubated over night. Cells were then transfected with 1 [j,g pcDNA3.1 containing the prM 

and E protein of DENV-2 TSV01 using 293 transfectin according to manufacturers protocol. 

72 hours post infection the cells were harvested and analysed by flow cytometry: transfected 

HEK cells were incubated with 3C antibody, followed by incubation with anti-human IgG-

FITC. To test for expression of E protein mutants antibody 3H5 specific for DENV-2 EDIII 

10 (from ATCC) was used, followed by incubation with anti-mouse IgG-FITC. The following 

formula was used to calculate relative binding: relative binding of 3C for E protein mutant 

x=[(% FITC-positive cells stained with 3C/anti-human IgG for mutant x)/(%FITC-positive 

cells stained with 3H5/anti-mouse IgG for mutant x)]/[(% FITC-positive cells stained with 

3C/anti-human IgG for wt E protein)/(% FITC-positive cells stained with 3H5/anti-mouse 

15 IgG for wildtype E protein)]. 

[00137] For ELISA, a number of E protein mutants (the soluble part of E protein) were 

expressed in S2 cells as described in the section "ELISA". Mutations were introduced using 

QuikChange site directed mutagenesis kit (Agilent Genomics). The E protein constructs also 

contain a V5 tag. E protein mutants were purified using chelating sepharose beads. Nunc 

20 immune-assay ELISA plates were coated with mouse anti-V5 tag antibody. After blocking 

with 3% mild in PBST, E protein mutants at 5ug/ml were added to the wells for 2h. After 

washing, antibody 3C was added to all E protein mutants in duplicate and incubated for lh at 

RT. 3C was detected with anti-human IgG-HRP. TMB substrate was used to develop a color 

reaction. As a positive control a mixture of three human dengue antibodies with different 

25 epitopes was used. Binding of this positive control was similar for all E protein mutants and 

therefore the values for 3C binding to each mutant was only divided by the value for 3C 

binding to the wildtype E protein. 

[00138] A number of full length E protein mutants of DENV-2 were transiently expressed 

in HEK293 cells and the binding of 3C to these transfected HEK cells was tested by flow 

30 cytometry. In addition, the soluble part of the E protein was also expressed in S2 cells. 

Various mutants and the wildtype form of DENV-2 (strain TSV01) were expressed, purified 

and used in ELISA. The E proteins contain a V5 tag and the plates were coated with anti-V5 
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antibody, followed by adding the individual E proteins. This sandwich approach increases the 

binding of 3C compared to an ELISA where the E protein is coated to the plate directly, 

possibly due to multimerization of the E protein. 

[00139] In Fig. 20, relative binding of 3C to the E protein mutants indicated on the x-axis. 

5 The binding to wildtype protein (wt E protein) was used to normalize binding to mutants. The 

binding observed using the HEK cell approach is indicated in grey bars whereas the binding 

observed in ELISA is indicated in black bars. For K64A, G100A, F108A, Q167A, and 

S274A, only ELISA was done. For K122A, I162A, Q200A, E202A, K310A, W391A , and 

F392A, only the HEK cell expression assay was done. The dotted line indicates the 75% 

10 reduction in binding compared to wt E protein that was arbitrarily chosen as a cut-off for loss 

of binding due to the mutation. 

[00140] Table 1: Relative binding of 3C H5L1 to E protein mutants in the HEK and/or the 

ELISA assay. Amino acid substitutions in the E protein that result in more than 75% loss of 

15 binding are highlighted in bold letters. These highlighted amino acids define the epitope of 

3C H5L1 in the assays used here. 

HEK ELISA 

E49A 0.9957073 0.6953955 

K64A 0.4441286 

Q77A 0.3799409 0.7472253 

G100A 
0.1862654 

W101A 
0.1646154 0.2416909 

F108 0.8061085 

K122A 
0.2701714 

N134A 1.076023 0.2214801 

N153A 0.5353212 0.805963 

T155A 0.6206209 0.8386407 

E161A 1.069562 

I162A 
0.2423869 

Q167A 0.7740121 

SI 69 A 0.9633535 0.784286 
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Q200A 0.394081 

E202A 2.024244 

N203A 0.7187698 0.7201147 

S274A 
0.08588301 

K295A 1.036517 0.189356 

K310A 
0.150000 

R323A 0.4162633 0.3338105 

W391A 
0.144225 

F392A 
0.1325641 

NEGATIV 0.01564103 0.070000 

wt 1.000000 1.000000 

[00141] Summary 

[00142] 3C H5L1 antibody binds to and neutralizes DENV-2 and, to a lesser extent, but 

still very potently (with EC50 in the mM to nM range), DENV-1, 3, 4 in vitro. 3C H5L1 

5 antibody does bind to whole virus particles and not efficiently to recombinant E protein. 3C 

H5L1 antibody has a remarkable in vivo efficacy against all four DENV serotypes in vivo and 

protects against death from a lethal DENV-2 strain. The observed antibody-dependent 

enhancement (i.e. ADE) with low amounts of 3C H5L1 can be completely abolished by 

introducing a modification (such as a LALA mutation) in the Fc part of 3C H5L1 without 

10 compromising in vivo efficacy. The observed efficacy against four serotypes and protection 

against lethal DENV-2 is unmet by other known antibodies against dengue virus (i.e. DENV). 

Whilst very potent neutralizing antibodies known in the art are usually specific for one 

serotype, the antibody as described herein has been shown to possess neutralizing capability 

towards multiple DENV serotypes. In fact, in vivo, the antibodies as described herein appear 

15 to be potent towards all four DENV serotypes. 
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Claims 

1. An isolated antibody, or antigen binding fragment thereof, wherein the antibody 

comprises: 

a heavy chain amino acid sequence comprising all of the CDRs of  

(a) a CDRH1 as shown in SEQ ID NO: 3,  5 

(b) a CDRH2 as shown in SEQ ID NO: 4, 

(c) a CDRH3 as shown in SEQ ID NO: 5, and 

light chain amino acid sequence comprising all of the CDR selected from the group 

consisting of:  

(a) a CDRL1 as shown in SEQ ID NO: 6,  10 

(b) a CDRL2 as shown in SEQ ID NO: 7, 

(c) a CDRL3 as shown in SEQ ID NO: 8, 

wherein the antibody, or antigen binding fragment thereof recognizes a whole dengue 

virus particle. 

 15 

2. The antibody, or antigen binding fragment thereof according to claim 1, wherein said 

antibody is specific for an epitope comprising at least one of the amino acids of a dengue 

virus glycoprotein selected from the group consisting K122, I162, and S274. 

 

3. The antibody, or antigen binding fragment thereof, of claim 2, wherein the epitope 20 

further comprises at least one of the amino acids of a dengue virus glycoprotein selected from 

the group consisting of G100, W101, K310, W391, and F392, when the epitope comprises at 

least one of the amino acids of the dengue virus glycoprotein selected from the group 

consisting K122, I162, and S274; or wherein the epitope comprises at least three of the amino 

acids of a dengue virus glycoprotein selected from the group consisting of G100, W101, 25 

K122, I162, S274, K310, W391 and F392.  

 

4. The antibody, or antigen binding fragment thereof according to claim 1, wherein the 

antibody is capable of binding to a whole dengue virus particle better than binding to a 

dengue virus surface glycoprotein.  30 
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5. The antibody, or antigen binding fragment thereof according to claim 2, wherein the 

glycoprotein is an E protein. 

 

6. The antibody, or antigen binding fragment thereof according to claim 1, wherein the 

dengue virus particle is at least one dengue virus selected from the group consisting of DENV 5 

serotype 1 (DENV-1), DENV serotype 2 (DENV-2), DENV serotype 3 (DENV-3), and 

DENV serotype 4 (DENV-4). 

 

7. The antibody, or antigen binding fragment thereof according to claim 1, wherein the 

antibody comprises a heavy chain variable region encoded by a nucleotide sequence having 10 

at least 90% sequence identity to SEQ ID NO: 1.  

 

8. The isolated antibody, or antigen binding fragment thereof according to claim 1, 

wherein the antibody comprises a heavy chain variable region encoded by the nucleotide 

sequence SEQ ID NO: 1. 15 

 

9. The isolated antibody, or antigen binding fragment thereof according to claim 1, 

wherein the antibody comprises a light chain variable region encoded by the nucleotide 

sequence having at least 90% sequence identity to SEQ ID NO: 2.  

 20 

10. The isolated antibody, or antigen binding fragment thereof according to claim 1, 

wherein the antibody comprises a light chain variable region encoded by the nucleotide 

sequence SEQ ID NO: 2. 

 

11. The isolated antibody, or antigen binding fragment thereof according to claim 1, 25 

wherein the antibody, or antigen binding fragment thereof, comprises a heavy chain variable 

region comprising the amino acid sequence of SEQ ID NO: 9, or an amino acid sequence 

having a sequence identity of at least 90% thereto.  

 

12. The isolated antibody, or antigen binding fragment thereof according to claim 1, 30 

wherein the antibody, or antigen binding fragment thereof, comprises of a light chain variable 
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region comprising the amino acid sequence of SEQ ID NO: 10, or an amino acid sequence 

having a sequence identity of at least 90% thereto.  

 

13. The isolated antibody, or antigen binding fragment thereof according to claim 1, 

wherein said antibody is a monoclonal antibody. 5 

 

14. The isolated antibody, or antigen binding fragment thereof according to claim 1, 

wherein the antibody is a modified IgG1 antibody, a modified IgG2 antibody, a modified 

IgG3 antibody, or a modified IgG4 antibody. 

 10 

15. Use of the isolated antibody, or antigen binding fragment thereof according to claim 1 

in the manufacture of a medicament for treatment of a dengue virus infection in a subject. 

 

16. An isolated nucleic acid molecule comprising:  

 a nucleic acid sequence encoding an isolated antibody, or antibody fragment thereof, 15 

according to claim 1, or a nucleic acid sequence complementary thereto.  

 


