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Dengue disease; Dengue virus 

(http://www.healthmap.org) 

3.9 billion peoples live in dengue endemic 
t i /countries / year

100 million dengue symptomatic cases / year

30,000 cases die from severe dengue / year

No specific drugs available



Therapeutic antibody have been increasingly developed for the treatment of 

Cancer, Immune, viral diseases.Cancer, Immune, viral diseases.

can be alternative DENV treatment (Chan et al, 2013, Fabrienza and Lok, 2015)



Fully Human monoclonal antibodies (HumAbs) against DENV 
(Setthapramote et al, 2012; Sasaki et al, 2013)

Cell fusion9 Peripheral Blood Mononuclear cell (PBMC) 

f  D  ti t  t 

PBMCs SPYMEG cells  

PEG 1500 from Dengue patients at 

Tropical Diseases Hospital, 

HYBRIDOMA CELLS

HAT selective medium

(Hypoxanthine-aminopterin-thymidine)

FTM, MU (2009-2010) 

Seed into 96 well  plate Incubate for 10-14 days
HuMAbs against DENV    100%

 Anti Envelope (E)              85 %                    

Antibody-producing cells Anti Nonstructural (NS1)  10 %

 Anti Premembrane (PrM)    5%               

All HuMAbs were tested for their Neutralization against 4 serotypes of DENV



Neutralization assay

Vero cells
(2.5×104/well)Ab DENV 1, 2, 3, 4

(100 FFU)

Pre‐Incubate 
37 C, 15 min

T f 96 well cell culture plate

Ab of each Hybridoma cell

96 well round bottom plate

Transfer 96 well cell culture plate

Incubation 
2 hr  37

Add an overlay medium andAdd an overlay medium and 
further incubate for 2‐3 dayNeutralizing activity was expressed as 

percentages of focus reduction when 
Immuno‐stain by IFA

compared to the virus control without Ab.

Count focus‐forming unit (FFU) number



20  Anti E  NhuMAbs with 90‐100 % NT 
( ) ( ) ( ) ( )

Code Sample 1st 2nd DV1 DV2 DV3 DV4 Vero
NT (DV1) 
Reduction

Rate

NT (DV2) 
Reduction 

Rate

NT (DV3) 
Reduction

Rate

NT (DV4) 
Reduction

Rate

8 D23-1 A10 H7 1 1 1 1 0 94.9% 100.0% 92.0% 93.4%

25 D23-1 C2 D2 1 1 1 1 0 97.4% 100.0% 94.9% 95.3%

57 D23-1 H5 A11 1 1 1 1 0 100.0% 100.0% 93.4% 94.3%

87 D23-3 A10 G12 1 1 1 1 0 97.4% 100.0% 92.7% 97.2%

165 D23-5 E6 B1 1 1 1 1 0 92.3% 100.0% 92.0% 91.5%

183 D23-5 G8 E3 1 1 1 1 0 94.9% 100.0% 92.7% 95.3%

216 D23-1 C1 G4 1 2 1 1 0 97.4% 100.0% 91.2% 94.3%

310 D30-1 E7 B8 1 1 1 1 0 92.4 93.9 91.0 92.0

358 D30-3 A1 E2 1 1 1 1 0 97.0 97.2 90.5 94.9

325 D30-3 B10 E7 w 1 w w 0 91.6 96.7 91.0 96.4

491 D32-2 D1 G5 1 1 1 1 0 90.1 93.3 91.5 90.6

3 b t Ab (# 8 #19 #54) l t d f Nt t di3 best mAbs (# 8, #19, #54) were selected for Nt studies 
in vitro (clinical isolates) 

& in vivo (suckling mice & Marmoset) (Sasaki et al, 2013)     



Clinical isolated DENV for in vitro test
Serotype Our 

code
Year of 

Isolation
Titer

(FFU/ml) Serotype Our 
code

Year of 
Isolation

Titer
(FFU/ml)

Clinical	isolated	DENV	for	in	vitro	test	

D1-1 2008 4.71 x 106 D3-1 2008 2.83 x 106

D1-2 2008 3.58 x 106 D3-2 2008 5.90 x 106

DENV-1 DENV-3D1-3 2008 7.88 x 105 D3-3 2008 2.99 x 106

D1-4 2007 1.80 x 106 D3-4 2009 3.40 x 106

D1-5 2008 1.92 x 105 D3-5 2010 2.40 x 106

D2-1 2008 4.20 x 106 D4-1 2007 9.47 x 104

DENV-2 DENV-4

D2-2 2008 9.27 x 105 D4-2 2008 2.30 x 104

D2-3 2008 3.07 x 105 D4-3 2007 3.20 x 103

D2-4 2008 2 66 x 106 D4-4 2008 1 97 x 106D2-4 2008 2.66 x 10 D4-4 2008 1.97 x 10

D2-5 2009 6.14 x 105 D4-5 2008 3.58 x 104



NT activities of 3 candidate NhuMAbs to 20 clinical isolates DENV

● Laboratory strain● Laboratory strain

D23-1A10H7

(N  8)
D23-1B3B9

(N  19)

D23-1G7C2

(N  54)

Representative HuMAbs, D23‐1A10H7, D23‐1B3B9, and D23‐1G7C2, were examined for the VN50 
to a total of 20 clinical isolates (5 isolates of each serotypes isolated from Thai patients between

(No. 8) (No. 19) (No. 54)

to a total of 20 clinical isolates (5 isolates of each serotypes isolated from Thai patients between 
2007 and 2010) and laboratory strains. The VN50 to the laboratory strains in four serotypes are 
shown by closed circle.



In vivo evaluation of NhuMAbs using suckling mouse (SM)

2 d  B lb/  SM  IC ith 20 l 20 000 FFU DV2 + 0 2 10  f h Nh MAb

MAb 54 (0 2 /h d) 

2 days Balb/c SM were IC with 20 μl 20,000 FFU DV2 + 0.2-10 μg of each NhuMAbs

PBS 

MAb 54 (0.2μg/head) 
MAb19)

MAb 54)

(10μg/head)

MAb19 (0 2μg/head) MAb19 (0.2μg/head) 



In vivo evaluation test for NhuMAbs

using marmosets (Post-treatment)

• Antibodies: 20mg/kg (ip)  NhuMAb 54, NhuMAb 19, NhuMAb 8  
(Human IgG Commercial products, PBS as negative control)( g p , g )

• Virus: DENV‐2 16681 strain 
(1.0 x 107 FFU/head (ip))

A tib dA tib dViVi Antibody Antibody VirusVirus

≈

Day0 Day1 Day2 Day3 Day4Day-1 Day5 Day6 Day7Day-7
(4hr)

≈

Blood collectionBlood collection(4hr, before antibody injection)



Results of post-treatment

Virus + Human IgG Virus + PBS
600600ng

ue

e

400

600

S15
400

600

S7N
o.

 o
f d

en

iru
s 

ge
ne

0

200
S16

0

200
S8

S9

C
op

y 
N vi

Virus + No.54 Virus + No.19 Virus + No. 8

0
0 2 4 60 2 4 6

200

400

600

S1

S2
200

400

600

S4

S5
200

400

600

S13

0

200

0 2 4 6

S3

0

200

0 2 4 6

S6

0

200

0 2 4 6



High DENV viremia in PBMC associated with severe dengue (Srikiatkhachorn et al, Plos ONE 2012 )



Patented in 11 countries; USA, Australia, 
Japan India Indonesia SingaporeJapan, India, Indonesia, Singapore, 
Malaysia, Philippine, Vietnam, Laos 
and Thailand 



Therapeutic NhuMAb to be used in human 

Food and Drug Administration (FDA) accepted Therapeutic MAb expressed from Chinese Hamster Ovary 
(CHO) cell

A ib d   lifi d b  PCR  (V i bl  H )
V CJDL VH pGemT‐easy pGemT‐easy

Antibody genes amplified by PCR  (Variable Heavy)
Cloning vector

V CJL VL

CH CL(Variable light) 

Mammalian 

expression vector
Hybridoma
Cells (19, 54)

pQCXIP‐CH pQCXIH‐CL
(Variable light) expression vector

Co‐transfection

- Reactivity check by IFA

- NT activity compared with 

those from hybridoma cell
CHO cells

Ab of each mammalian cell 



Binding activity of rIgG compared
with IgG from hybridoma cells by IFA

D23-1A10H7

(No. 8)

D23-1B3B9

(No. 19)

D23-1G7C2

(No. 54)



Focus Reduction Neutralization test of 1 HuMAb rIgG
compared with hybridoma-secreting MAb with antibody 
concentration started at 64 µg/ml
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Production of stable expressed CHO cells
Antibiotics selection system

H i (0 100 200 400 600 800 / l)
Kill curve 
analysis

• Hygromycin (0, 100, 200, 400, 600, 800 µg/ml) 
• Puromycin (0, 2, 4, 6, 8 µg/ml)

Transfection

• Plasmid of HC and LC were cotransfected to CHO‐K1 cell
• Selection with the identified concentration of 2 antibioticsTransfection

• Single clone selection by limiting dilution
Limiting 
dilution

• Single clone selection by limiting dilution
• Determine antibody secretion by ELISA and IFA



Adaptation to suspension cell, and Serum‐free medium
d i i f l d di

% serum 10% Fetal Bovine 

serum ratio

Serum‐free 

medium ratio

Reducing ratio of serum supplemented medium 
with serum‐free

serum ratio medium ratio
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Industrial scale production of NhuMAbs

by stable expressed CHO cell

Ready for GMP Production;

• S f t  &  t i it  t t• Safety &  toxicity test

• Clinical trial Phase 1 - 3

0.4 mAb CHO19#1 stable cell
GMP Plant

0.25

0.3

0.35

g/
ce

ll)

0.1

0.15

0.2

Ab
/c

el
l (

µg 0.36 μg/cell/ 3 days

120 ng/cell/day
Stable expressed CHO cells 
in serum free media

0

0.05

100(+)s 75(+)s:25(‐)s 50(+)s:50(‐)s 25(+)s:75(‐)s 10(+)s:90(‐)s 100(‐)s

120 ng/cell/day

> 10 pg/cell/day



5 years
NRCT Innovation

2010
2014

Awards

2014

2016

National
Research

2008
2009

Research
Council
OfOf 
Thailand 
(NRCT) 



G ld M d l Gold Medal 

Award



Neutralizing humanMAb (NhuMAb) against Dengue virusNeutralizing human MAb (NhuMAb) against Dengue virus 

White blood cells NhuMAbs Viruses

No Infection× × ×× Neutralizing 

90‐100% neutralizing against DENV1‐4
Human
MAb (NhuMAb)

Pre‐clinical tested in mice and 
monkey



20 9

Milestones  

2009 2011

Production Pre‐clinical test

2015 2019 20232012 20222018

Safety & Tox, GMP Clinical trial Launch

2019 2020 2021 2023

Phase I Phase II Phase III

FDA approved

200 million baht

http://aspe hhs gov/report/examination‐clinical‐trial‐costs‐and‐barriers‐drug‐developmenthttp://aspe.hhs.gov/report/examination clinical trial costs and barriers drug development



Dr. John Kaundinya, President, BSV BioScienes Inc. signed MTA to produce 
& test our NhuMAbs before further licensing & clinical trials. g

NhuMAbs;;

1. Anti E clone 19

2. Anti E clone 54

3. Fc modified 19

4. Fc modified 54



Thank you


