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ABSTRACT 
 

Project Code :   MRG 5480150 

Project Title : “Immunogenicity in mice of a chimeric dengue DNA vaccine based on DENV-4 
E domain III replaced in DENV-2 prM/E backbone” 

Investigator : Chutitorn  Ketloy 

E-mail Address : chutitorn.k@chula.ac.th 

Project Period :  15 June 2011 – 14 December 2013 

Several studies, including our dengue tetravalent DNA vaccine have been suffered from 

the lowest immunogenicity against dengue serotype-4 (DENV-4). This issue remains unexplained. 

In this study, two strategies were investigated to improve the DENV-4 immunogenicity: 1) 

restructuring the antigenic antigen by designing a new chimeric DENV-4 envelop glycoprotein 

domain III (EDIII) replaced in DENV-2 prM/E (D2prME) backbone (designated as “chimeric D4EDIII-

D2prME”; 2) changing the DENV-4 reference strains that used in plaque reduction neutralization 

test (PRNT): the new strain C0036 (isolated year 2006) VS the old strain 1036 (isolated year 1976).  
 

In vitro protein expression in Vero cells showed that our chimeric D4EDIII-D2prME, 

D2prME and D4prME DNA vaccines produced the similar levels of E. The immunogenicity was 

evaluated by three times in vivo electroporation of 25 µg chimeric D4EDIII-D2prME or D4prME DNA 

vaccine in mice. By using an old DENV-4 reference strain 1036, PRNT50 titers were not detectable 

in any serum samples from mice immunized with both DNA vaccines. Surprisingly, the neutralizing 

antibody titers were significant increased by changing the reference virus to a new strain C0036. 

The median PRNT50 induced by the chimeric and original DNA vaccine were 80 and 160, 

respectively. It is evident that the DENV-4 strain 1036 is not suitable for currently PRNT assay. This 

study illustrates the need to continuously monitor the dengue viral evolution that might have a 

profound effect on the design of antigenic antigen using in the DNA vaccine and the choice of the 

reference strain in the PRNT assay in the future. 

 

Keywords : chimeric DNA vaccine, E domain III, DENV-4, DENV-2, neutralizing antibody 
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CHAPTER I 

Executive Summary 
 

Dengue is a mosquito-transmitted viral disease occurring mainly in tropical and 

subtropical regions. Each year, an estimated 50-100 million cases of dengue occur worldwide 

and around 250,000-500,000 cases of dengue hemorrhagic fever  (DHF) have been reported 

(1). Dengue infection is caused by any four serotypes of dengue virus (dengue serotype 1-4 

virus; designated DENV-1-4) which belong to the genus Flavivirus in the family Flaviviridae  

(2). Infection with any four dengue serotypes can produce the illness range from a mild, 

dengue fever (DF), to the severe disease, dengue hemorrhagic fever (DHF) and dengue 

shock syndrome (DSS). The disease severity is depended on the subsequent virus infection. 

The homotypic infection is generally protective. In contrast, the heterotypic infection leads to 

an increased disease severity as a result of the presence of antibody dependent enhancement 

(ADE) and cross-reactive memory T lymphocytes (3). Therefore, an effective dengue vaccine 

should be a tetravalent vaccine.  
 

 Although, several dengue vaccine candidates are currently being developed, no 

licensed dengue vaccine is available. The major obstacles to develop vaccines are the lack 

of reliable animal model that mimic the dengue disease and the phenomenon of ADE (4).  In 

spite of this, the characteristic of an ideal dengue vaccine should include: a) good safety 

profile, b) rapid immunization regimen requiring a single vaccine or two that fit in with 

established vaccine programs, c) long lasting protection to all 4 serotypes (tetravalent), d) no 

ADE, e) useful for both children and adults, f) inexpensive and affordable, g) easily stored 

and transported (adapted from (5)). 
                   

          Nowadays, several approaches are being undertaken for the development of 

tetravalent dengue vaccines. Of these, live-attenuated vaccine strategy including traditional 

attenuation, engineered attenuation and chimerization, is the most advanced candidate that 

demonstrated the high immunogenicity in clinical trials. However, the viral replication 

interference is a crucial problem when all four DENV serotypes are combined (6-9). The new 
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non-infectious approach, DNA vaccine strategy, should be overcome this concern since it 

does not cause interference in antibody response when combined immunization (10). In 

addition, DNA vaccine has several advantages including safety (no risk for infection), low cost 

of production, simplicity of construction and stability for storage and handling (11). 
 

    In dengue virus vaccine development, DNA vaccine has been reported to be 

successful in pre-clinical studies in mice and non-human primates. Dengue DNA vaccines 

encoding the pre-membrance (prM) and envelope (E) genes, were reported to be 

immunogenic in animal without interference when combining monovalent components (12, 

13). Recently, the first proof-of-principle Phase I clinical trial of the prototype DENV-1 DNA 

vaccine, which was administered intramuscularly using needle-free Biojector 2000, 

demonstrated the safety and moderate immunogenicity of the dengue DNA vaccine in humans 

(14). 
 

    In our tetravalent dengue DNA vaccine study in mice, which was supported by the 

National Center for Genetic Engineering and Biotechnology (BIOTEC), Thailand, various 

strategies has been used to improve neutralizing antibody induction including the selected 

plasmid vector, the codon-optimization of the prM/E sequences, the addition of intracellular 

signal sequences, and the DNA delivery systems such as needle-free immunization and in 

vivo electroporation. Our tetravalent DNA vaccine candidate, consisting of pCMVkan-based 

plasmids expressing the prM/E genes of each of the four serotypes of dengue virus, induced 

neutralizing antibody responses to all dengue serotypes (median PRNT50 titer against DENV-

1, -2, -3 are 1:320 and DENV-4 is 1:20) after three-times immunization by in vivo 

electroporation (total 100 µg/dose, 25 µg of each monovalent). It is obvious that our DENV-4 

DNA stimulating the lowest titer. Such DENV-4 low immunogenicity has also been observed 

by others and remains unexplained. The tetravalent DNA vaccine study by Konishi E, based 

on mixing four monovalent plasmid vaccine encoding the prM/E gene, can induce NtAbs to 

all dengue serotypes but the weakest NtAb was observed in DENV-4 (PRNT70 of pooled 

serum = 1:10) (13). Recently, Lima DM showed that three time (100 µg) monovalent DENV-

4 prM/E DNA immunized mice also developed low titer of neutralizing antibodies (PRNT50 of 

pooled serum =1:128) (15). In an attempt to enhance the tetravalent DNA vaccine 
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immunogenicity, Porter KR used Vaxfectin as an adjuvant by mixing in the DNA formulation 

and evaluated the immunogenicity in monkeys. The addition of Vaxfectin resulted in a 

significant increase of the NtAb titers against all dengue serotypes. However, anti-DENV-4 

NtAb titers are still low in both animals immunized with tetravalent DNA vaccine alone or 

mixing with Vaxfectin (16). These lines of evidence, therefore, lead us to hypothesize that the 

antigenicity of DENV-4 viral structure might be a problem of the low immunogenicity.     
 

     The current efforts to develop candidate vaccines focus on the critical regions that 

elicit neutralizing antibodies in E protein. The E protein is the major surface exposed protein 

of the DENV virion which composed of three discrete domains: a central domain (I), a 

dimerization domain (II) and an immunoglobulin (Ig) like domain (III). The envelope domain 

III, referred to as EDIII, consists of 100 amino acids (residues 295-395) of the C-terminus. 

This domain is known as the receptor recognition and binding domain since it contains 

multiple serotype-specific neutralizing epitopes (17). Consistent with this, EDIII-based DNA 

and protein vaccine candidates have been developed and shown their immunogenicity in 

mice (18-22). However, the comparison study of DENV-2 DNA vaccines showed that levels 

of neutralizing antibodies were significantly higher in truncate envelope-vaccinated mice than 

in only EDIII-immunized mice (22).  
 

The main propose of this study is to improve our monovalent DENV-4 DNA vaccine 

immunogenicity. The antigenic design of a chimeric D4EDIII-D2prME DNA vaccine which 

used only EDIII of DENV-4 to replace in the prM/E backbone of DENV-2 DNA vaccine was 

evaluated in a mouse model. Furthermore, the comparison between the old strain DENV-4 

reference virus strain 1036 and new strain C0036 in PRNT assay was also investigated in 

this study. 
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Research questions 

1. Whether candidate chimeric DNA vaccine which encoded humanized DENV-4 

envelop glycoprotein domain III of replaced in DENV-2 prM/E backbone (designated 

“chimeric D4EDIII-D2prME”) can improve the neutralizing antibody against DENV-4 in 

mice? 

2. Whether the PRNT DENV-4 reference virus causes the sub-optimal chimeric and 

DENV-4 DNA vaccine immunogenicity?  

 

Objectives 

1. To improve the neutralizing antibody against DENV-4 by construct candidate chimeric 

humanized DENV-4 envelop glycoprotein domain III replace in DENV-2 prM/E as a 

backbone immunized in mice. 

2. To evaluate the candidate chimeric and DENV-4 DNA vaccine immunogenicity by 

changing the DENV-4 reference viruses from DENV-4 strain 1036 (isolated year 1976) 

to DENV-4 strain C0036 (isolated year 2006). 
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CHAPTER II 

LITERATURE REVIEWS 
  

Dengue virus, DENV, is belong to the Flavivirus genus of the Flaviviriade family 

which also includes yellow fever virus (YFV), West Nile virus (WNV), Japanese encephalitis 

virus (JEV) and tick-borne encephalitis virus. There are four antigenically distinct serotypes 

(DENV1-4) based on neutralization assay. DENV is transmitted to humans by biting of Aedes 

mosquitoes including the Aedes aegypti  and Aedes albopictus (23). The prevalence of 

dengue disease is high especially in the tropical and subtropical regions including the Asia-

Pacific region and the Americas. Due to the climate change and increased international travel, 

dengue disease is becoming one of the most important emerging vector-borne viral diseases 

with increasing the distribution to new countries. An approximately 50 million dengue infection 

cases occur annually with around 500,000 cases of severe dengue and 20,000 deaths per 

year (24). 

 

Characteristics of dengue viral genome 
 

Dengue viral genome is a positive-single strand RNA virus, approximately 10.7 

kb and encodes three structural proteins; capsid protein (C), precursor membrane/membrane 

protein (PrM/M), and envelope protein (E) and seven nonstructural proteins (NS): NS1-NS2A-

NS2B-NS3-NS4A-NS4B-NS5, which are associated with viral replication and disease 

pathogenesis (25). 
 

The capsid protein stabilizes the viral genome within the viral nucleocapsid. The 

N-terminus of the C protein act as a nuclear localization sequence which allows C protein 

translocation into the nucleus and interaction with heterogeneous nuclear 

ribonucleoprotein (26). The C-terminal of C protein encodes a signal sequence for helping 

the translocation of prM to ER and then were cleaved by viral serine protease (NS3 and its 
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co-factor, NS2B) (27). According to the capsid is located inside viral particle, no neutralizing 

epitope was contained in this region (28). 
 

The prM protein is a primary precursor of M protein which cleaved by host furin 

in the trans-Golgi network during virion maturation process. prM and M act as a chaperone 

that helps the folding of E protein during transportation in acidic pH in trans-Golgi network 

(29, 30). Mice immunized with prM and M proteins had been reported to confer protection. 
 

The E protein is the major protein exposed on the virus surface which functions 

for viral attachment and endosomal membrane fusion. Therefore, neutralizing epitopes were 

mostly detected in E protein (31-33). The E protein consists of three distinct structural 

domains, designed domains I (DI), II (DII) and III (DIII). DI, central β-barrel structure positioned 

between DII and DIII, play as hinge region which important for fusion. This domain contains 

predominately non-neutralizing of both virus-specific and cross-reactive epitopes. DII, an 

elongated domain, contains a dimerization region and a highly conserved “fusion loop”. It 

participates in structural rearrangements that trigger by acidic pH when the virus fuses with 

an endosomal membrance (34). Furthermore, several overlapping neutralizing epitopes are 

found at the tip of DII, in the hinge region between DI and DII. Finally, DIII, an immunoglobulin-

like domain, contains the host cell receptor binding site (33, 35) which involved in the immune 

response. Therefore, various serotype-specific neutralizing epitopes are concentrated in this 

domain.       
 

The NS1 protein is a glycoprotein that could be found in secreted form but mostly 

expressed on the surface of infected cells. The functions of surface expressed NS1 have 

been reported to induce protective antibodies with complement fixing activity, which kills 

infected target cells (36, 37).  
 

NS2A plays essential role in viral replication by interact with NS3, NS5 and 3’UTR 

(38) and also able to inhibit interferon (IFN) signaling pathway (39). NS2B is a cofactor of 

NS3 which together form an active serine protease complex (40). NS3 acts as a 

multifunctional proteins that required for polyprotein processing, viral replication and viral 

assembly which included N-terminal protease domain, RNA 5′-triphosphatase, RNA helicase 
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and RNA-stimulated NTPase domain in the C-terminal region (41-46). Both NS4A and NS4B 

may be involved in blocking IFN signaling pathway (47, 48). Moreover, NS4B assists viral 

replication by its association with NS3 (49). NS5 is the largest conserved DENV protein. It 

encodes two functional enzymes, i.e. methyltransferase (MTase) which can methylate the 

5′end of viral RNA (50) and RNA-dependent RNA polymerase (RdRp) (51). 

 

Dengue virus pathogenesis 

The pathogenesis of dengue hemorrhagic fever (DHF) or dengue shock syndrome 

(DSS) is not fully understood. Various hypotheses have been proposed including viral 

pathogenesis and immunopathogenesis, which might play important roles in clinical 

manifestation of DHF/DSS. 

The viral pathogenesis caused by the difference of dengue serotype or genotype 

which might provide to virus variation and influence human disease severity (52). Several 

factors are involved in immunopathogenesis of dengue disease including the adaptive 

immune responses and inflammatory mediators.  

The adaptive immune responses which known as “antibody-dependent 

enhancement (ADE)” play essential roles in the dengue immunopathogenesis. ADE 

phenomenon caused by the presence of preexisting heterologous antibodies which cannot 

neutralize the recent infecting virus (53). Those sub-neutralizing or non-neutralizing Abs allow 

viral internalization by Fc receptor (FcR)-dependent (53) or FcR-independent mechanisms 

(54) leading to increase viral load (55). This hypothesis was correlated with clinical outcome, 

95% of DHF/DSS cases in south-east Asia children are historical related with secondary 

infected by heterologous DENV serotype (56-58). 

Besides the ADE which induced by antibodies, the “original antigenic sin” also 

play a role in immunopathology. The original antigenic sin is caused by the cross-reactive 

memory T cells which were preferentially responses to previously infected DENV serotype 

during secondary infection with low affinity to current infecting serotype resulting in inefficient 

viral clearance (59, 60).   
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The inflammatory mediators including cytokines, chemokines, complements, 

coagulation and endothelial markers are remarkably increased in plasma of the severe 

dengue patients (61-63). There are mainly produced by monocytes (64), T cells (65), mast 

cells (66) and neutrophils (67) during the infection. 

 

Dengue Vaccines Development 

Ideal dengue vaccine and challenge 

The ideal dengue vaccine should provide “tetravalent” protection which induced 

balance immunity to all four DENV serotypes and reduce the risk of ADE. Moreover, the 

DENV vaccine should also have a) a good safety profile, b) the cost-effectiveness, c) the 

rapid immunization regimen (only single or two dose that fit in with established vaccine 

programs, d) the long lasting protection, e) be suitable for use in children and adults, and f) 

easily stored and transported (adapted from (5)). 

 

There are two major obstacles for the development of dengue vaccines. The first 

one is the pathogenesis is complicated and remained unclear. Another one is the lack of an 

appropriate animal model that reproduces human disease. Mice is commonly used at the 

beginning of preclinical study due to the reason of cost and convenience. Non-human primate 

is also used in further step in vaccine development. Although non-human primates can be 

infected but do not fully develop diseases as seen in human (68). At present, 

immunocompetent or humanized mice were used in preclinical vaccine evaluation and 

showed some clinical signs after DENV infection (69-71).  
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Current DENV vaccines in the pipeline 

Although no approved DENV vaccine is available, several approaches have been 

used to developed dengue vaccine candidates. These include live attenuated virus (LAV), 

live chimeric virus expressing dengue envelope (E) antigens, purified inactivated virus (PIV), 

recombinant subunit vaccines and DNA vaccines (72). The most clinically advanced dengue 

vaccine candidate is live viral vaccine. However, various problems had been reported such 

as unbalance neutralizing antibody responses of the four serotypes and viral interference 

when all four serotypes were combined into tetravalent vaccine. Non-viral vaccines are 

alternative approaches for safety issues. Most of the subunit and DNA vaccines are focused 

on the E protein and its derivatives. 

 

Live attenuated virus vaccine (LAV) 

LAV is the first strategy in DENV vaccine development. Viruses were attenuated 

by serially passage in primary dog kidney (PDK). Two groups from Mahidol University, 

Thailand and the Walter Reed Army Research Institute (WRAIR), USA are independently 

developed tetravalent attenuated DENV vaccines. The Phase I and II clinical trials of Mahidol 

LAVs has been ceased due to the seroconversion could not induced in all volunteers and 

some showed improper reactogenicity (73-75). The WRAIR LAVs also showed problems of 

unbalanced immune response and reactogenicity (76). Recently, new LAVs formulations 

revealed the safety and immunogenicity in Phase II, however, additional evaluation on the 

protective efficacy of vaccine are crucial (77).   

 

Live chimeric attenuated virus vaccine 

ChimeriVax Dengue tetravalent vaccine (Sanofi Pasteur) is the most advanced 

DENV vaccines in pipeline which is the first to reach the clinical Phase III studies 

(ClinicalTrials.gov identifier:NCT01134263). This vaccine employed the YFV 17D as genetic 

backbone which replacing the prM and E genes of one of the four DENV serotypes (CYD1-

4). Pre-clinical studies demonstrated that tetravalent vaccine is immunogenic in monkeys (78). 
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Although in Phase I studies, the CYD1-4 vaccine indicated their safety, recently Phase II 

study revealed only 30 percent effectiveness against only DENV-1, 3 and 4 (79). These 

results raise the number of concerns/questions that needs more testing and modification for 

clinical trials (80). 
 

A site-directed mutagenesis of the viral genome is another approach for 

generating the attenuated virus. Deletion of 30 nucleotides (∆30) in 3’-untranslated region 

(UTR) of DENV-4 was the first attenuate DENV-4 (designed as DEN4∆30) (81) and the other 

serotypes were subsequently performed. Unfortunately, only DENV-1 and DENV-4 were 

successfully developed and shown its immunogenicity (82-84). Therefore, alternative chimeric 

virus for DENV-2 and -3 was invented by using the DEN4∆30 as genetic backbone (designed 

as DEN2/4∆30 and DEN3/4∆30. The mixtures of these monovalent DENV vaccines 

(DEN1∆30, DEN-24∆30, DEN3/4∆30 and DEN4∆30) are currently in Phase I clinical studies 

(85). 
 

Inactivate/Killed virus vaccine 

Inactivated vaccine provides some advantages than LAV such as possibility to 

reverse into virulence virus is very low, induction both cell-mediated and humoral immune 

responses and more easy to manipulate or combine in tetravalent formulation (86). However, 

DENV propagation to reach high titer is quite difficult and inactivated DENV vaccination 

required multiple doses boosting or adjuvants for enhancing immunogenicity. Hence, this 

vaccine type might be useful in the combination with other vaccine platforms in prime-boost 

strategy (87, 88). 
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Subunit protein vaccine 

The major immunogen for dengue subunit vaccine is mainly focused on 

recombinant E protein. There are several dengue E protein expression systems including 

E.coli, yeast and insect cells which has been shown their immunogenicity and protective 

efficacy in animal models (89-92). Recently, two interesting E protein studies were performed. 

However, adjuvants are required for enhancing the immunogenicity of recombinant proteins.  
 

First, the truncated 80% E protein (DEN-80E) which was produced by Hawaii 

Biotech Inc by using Drosophila S2 expression system. Currently, the admixture of tetravalent 

truncated DEN-80 E proteins with aluminum hydroxide (adjuvant) have advanced into clinical 

studies (92).  
 

Second, the domain III of the DENV E protein (EDIII) is a new attractive subunit 

protein vaccine which had been demonstrated the induction of protective antibody in both 

mouse (93) and non-human primate model (94) immunized with EDIII protein. The summary 

of ED III subunit vaccine development within the past 5 year is in the Table 1. In an attempt 

to develop a tetravalent EDII subunit vaccine, the alignment of amino acid sequence from 

different isolates of four DENV serotypes was used to create a consensus EDIII (cEDIII) 

protein. The novel cEDIII with aluminum phosphate adjuvant successfully induced cross-

neutralizing Ab against all four DENV serotypes in mice (95) and neutralizing Ab against 

serotype 2 in non-human primate (96). An engineer recombinant lipoprotein (lapidated EDIII) 

which is EDIII protein fused with lipid signal peptides was showed to induce higher NtAb than 

EDIII formulated with alum (97).  
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Table 1  Currently dengue EDIII-based DNA and subunit protein vaccine candidates within last 5 years 

 

Vaccine 
types 

Developer/ 
Year 

Details Methodology Immunogenicity results Reference 

DNA vaccines  
Dengue 

serotype 2   
E and 

domain III 

Azevedo AS. 
2011 (Brazil 

DENV-2  E  DNA  vaccines 
fused to the human tissue 
plasminogen activator signal 
sequence (t-PA) using 
pcDNA3 vector (Invitrogen) 
  -pE1D2 Domain I II III,   
(80% E) 
  -pE2D2 only E domain III 

Two  time immunization (i.m) in  
BALC/ mice on day 0 and 14 

1. 100 µg DNA pE1D2 (80%E)  
2. 100 µg DNA pE2D2 (EDIII) 

Challenge intracerebrally with 3.8LD50 
NGC DENV-2 (mouse brain adapted) 
      

Group 1  PRNT50 titers higher than Group 2 
(Data not show) 
 
Protection rate:  DENV-2 Challenge 
 Gr.1 =  100 %  )02/02)  
 Gr.2  =  56 %   )31/02)  
 

(22) 

Subunit Protein Vaccines  
Dengue 

serotype 2 
E and 

domain III 

Izquierdo A. 
2012 (Cuba) 
 

Chimeric EDIII-C protein 
vaccine (DENV-2 Jamica) 
(Valdes et al., 2009). 

Three  time immunization )i.p.) of 23 
µg of DIII-C-2 protein in  mice BALC/c, 
n=10  using  Alum as a adjuvants on 
day 0, 15, 30 

Challenge intracranially (i.c.) 
with 50 LD50 of DEN-1,-2 and -
4 on one month after last dose  

PRNT50 Neutralizing antibody  =  36.1 )GMT) 
DIIIC-2  neutralizing antibodies only against 
the  homologous virus 
Protection rate: immunized with DIII-C-2 
protein 
DENV-3 Challenge =    6.6 %   
DENV-2 Challenge =   86.6 %   
DENV-4 Challenge =     5.5 %   

(98) 
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Vaccine 
types 

Developer/ 
Year 

Details Methodology Immunogenicity results Reference 

Dengue 
serotype 1 

E and 
domain III 

Chiang, C.Y 
2012 

(China) 

Recombinant dengue-1 
envelope  protein domain III 
(DENV-1-ED III) +  various 
adjuvants 

1. aluminum 
phosphate 

2. CpG 
3. PELC 
4. PELC plus CpG  

Three  time immunization )S.C.) in  
mice )BALC/C)10 µg per dose + 
various adjuvant  

1. Aluminum phosphate 
2. CpG 
3. PELC 
4. PELC +CpG 

 

FRNT50 Titer against dengue serotype 1 
1. Aluminum phosphate  =  <  23 

 )P < 0.05) 
2. CpG   =  <  23 )P < 0.05) 
3. PELC =  < 23  )P < 0.05) 
4. PELC + CpG  =  24.6  )P < 0.05) 

 

(99) 

Dengue 
serotype 2 

E and 
domain III 

Valdés I. 
2011 
)Cuba) 

Prime-boost strategy : 
infective DENV-2 virus and 
a chimeric E-domain III- 
capsid) protein (Valdes et 
al., 2009). 
 

Prime-boost  immunization )S.C.) in 
green monkeys (n=3)  
Prime with infective DENV-2 (4 log10 
PFU) and three months later boost 
with ED-III-C )100 µg) aggregated with 
random ODNs in Alum 
 

PRNT50  neutralizing antibody )GMT) on day 
30,60, 90 after prime on day 0 

Day 0 Day 
30 

Day 
60 

Day 
90 

<10 33.6 109.4 160.9 
PRNT50  neutralizing antibody )GMT) on day 
120,150,180,210 and 270  after boost on day 
90 

D120 D150 D180 D210 D270 
897.4 880.7 852.7 584.9 341.1 

 

(100) 
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Vaccine 
types 

Developer/ 
Year 

Details Methodology Immunogenicity results Reference 

Dengue 
tetravalent  

E domain III 

Chiang, C.Y. 
2011 

(China) 

Consensus ED III (cED III) 
and lipidated cED III (LcED)  

Two  time immunization )S.C.) in  
mice )BALC/C) 20 µg of cED III or 
LcED III 

FRNT40 Titer (Log2) 
Virus DEN 

V-1 
DEN 
V-2 

DEN
V-3 

DEN 
V-4 

cED III 2 2.8 2.6 2.2 
LcED III  4.5 5.2 5.8 2.8 

 

(101) 

Dengue 
tetravalent  

E domain III 

Block O.K. 
2010 (USA) 
 

 

Tetravalent recombinant 
dengue dIII proteins  
Using  pAcGP67A 
(Pharmingen, San Diego, 
CA) as baculovirus transfer 
vector  
 
 

Three  time immunization (i.m.) in  
mice )BALC/c) of individually (10 µg 
per dose) or in tetravalent combination 
(5–50µg per dose)  
Priming (day 0) in complete Freund’s 
adjuvant (FCA)  
Boost (day 14 and 28) in incomplete 
Freund’s adjuvant (IFA)Bleeding :  
Day 42 

PRNT50 titer (GMT) 
Gr 1 : 10 µg of each a DENV dIII protein 
mixture (tetravalent) 
Virus DEN 

V-1 
DEN 
V-2 

DEN
V-3 

DEN 
V-4 

PRNT50 986 1284 157 16 
Gr 2 : 25 µg DENV1 dIII; 5 µg DENV2 dIII; 
25 µg DENV3 dIII; and, 50 µg DENV4 dIII 
Virus/ 
PRNT50 

DEN 
V-1 

DEN 
V-2 

DEN
V-3 

DEN 
V-4 

Monova
lent 

12908 688 1753 18 

Tetraval
ent 

1196 3174 378 254 

 

(19) 
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Vaccine 
types 

Developer/ 
Year 

Details Methodology Immunogenicity results Reference 

Dengue 
tetravalent  

E domain III 

Leng, C.H. 
2009 

(China) 

Consensus ED III (cED III) 
with or without aluminum 
phosphate (AIPO4)  

Three  time immunization )S.C.) in  
mice )BALC/C) 20 µg cED III per 
dose formulated with or without AIPO4 
 

PRNT40 titers 
Virus DEN 

V-1 
DEN 
V-2 

DEN
V-3 

DEN 
V-4 

cED III <1:8 <1:8 <1:8 <1:8 
cED III / 
AIPO4 

1:16 1:128 1:32 1:8 

 

(95) 

Dengue 
tetravalent  

E domain III 

Etemad, B. 
(India) 

Chimeric fusion EDIII of the 
four DENV serotypes 

Four  time immunization (i.p.) in  mice 
)BALB/c) 20 µg per dose (3 
mice/group) : day 0, 21, 42 and 84 

1. FCA 
2. Montanide  ISA720 
3. Alum 

 

PRNT50 titers 
Virus DEN 

V-1 
DEN 
V-2 

DEN
V-3 

DEN 
V-4 

FCA 160 118 234 479 
Montanide 153 293 271 588 
Alum 197 363 47 546 

 

(18) 

Dengue 
serotype 4 

E and 
domain III 

Babu JP. 
2008 (India) 

 

The recombinant D4E-III 
protein (D4-61NIID strain) 
using pET 30a+ (Novagen, 
Madison,WI, USA) vector   
in various adjuvants  

 

Three  time immunization (S.C.) in  
mice )BALB/c) 25 µg per dose (6 
mice/group) : day 0, 21, and 42 

1. FCA 
2. Montanide  ISA720 
3. Alum 

 

PRNT90 titers against DENV-4  
1. FCA = 1:128 
2. Montanide ISA 720= 1: 128 
3. Alum = 1: 64 

(21) 
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Vaccine 
types 

Developer/ 
Year 

Details Methodology Immunogenicity results Reference 

Dengue 
serotype 1 

E and 
domain III 

 Bernardo L 
2008 

(Cuba, IPK) 

Recombinant protein  D1E-
III )Jamaica strain) +  P64k 
from Neisseria meningitidis 
)Zulueta et al., 2003) 

Four time immunization )i.m.) 100 µg 
per dose  
on day  0 , 30 , 60 and 90  
Group 1 D3E-III + P64K + Freund 
adjuvant / Alum 
Group 2  D1ED-III + Freund adjuvant / 
Alum  
Only first dose combine with complete 
Freund adjuvant 

Neutralizing titer (ELISA)  : 
1. Gr.1  group neutralizing titer > Gr.2  
2. Gr.1 + Freund adjuvant highest 

neutralizing antibody compare with 
other group 

 
 
  
 

(102) 
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DNA vaccine 

DNA vaccine is non-live, non-replicating vaccine platform by using recombinant 

DNA technology. Gene(s) of interest was/were inserted into expression vector then delivered 

to host cells to allow target protein(s) expression occur (11). The major target gene of dengue 

DNA vaccine is similar to subunit vaccine including full-length or partial E protein (80% E and 

EDIII) (13, 20, 103, 104). Several studies demonstrated that prM is required for accurate 

processing and structural conformation of E protein, moreover, viral-like particle could be 

observed when prM and E are co-expressed (29, 30, 105-107). The most advanced dengue 

DNA vaccine development was conducted by Naval Medical Research Institute, USA which 

finished phase I clinical trial of monovalent DENV-1 prME in flavivirus naïve volunteers. There 

is no serious related effected caused by DENV-1 prME DNA vaccine and the vaccine could 

induced neutralizing antibody in human but the titer is relatively low (103). Further 

investigation to increase vaccine immunogenicity such as DNA-adjuvant formulation, route of 

vaccine administration and combination with different vaccine type in prime-boost regimen 

are currently explored (108).  

 

DNA vaccine provides a number of advantages compared to conventional 

vaccines. Various genes of interest could be designed, synthesized and inserted into plasmid 

backbone thus it was further wildly studied in many fields such as immunotherapy, cancer 

therapy or infectious diseases (11, 109). DNA vaccine is non-replicating agent thus it could 

overcome the safety issue of live-attenuated vaccine or avoid production error of killed-

vaccine (110, 111). Production of DNA vaccine is quite easy and rapid. It could synthesize 

by PCR reaction and cloning (optimization procedures described below). Economical issue, 

stability and transportation are other advantages of DNA vaccine. The cost of DNA vaccine 

is relatively cheaper than other vaccine which used complex techniques or high quality/safety 

control during production. DNA vaccine is quite stable and not temperature sensitive, no cold-

chain require during transportation (11). However, immune responses induced by DNA 
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vaccine is relatively low when compared to replicating or live vaccine, thus strategies to 

improve immunogenicity is required (112). Long-term safety issue of DNA vaccine remained 

elusive. Vaccine integration to host chromosome, anti-DNA antibody induction or resistance 

to antibiotic used in vaccine construct are the major concerns. Currently, there is no study 

strongly confirmed that DNA vaccine could integrate to host genome, if possible, the 

integration rate is lower than spontaneous occurring (113-119). In the context of autoimmunity 

induction, anti-DNA antibody could not detect in non-human primate or clinical trial and no 

supportive evidence of autoimmunity related to DNA vaccination (120-123). Antibiotic 

resistance according to selective marker in plasmid DNA is another concern however, 

Kanamycin which commonly used for bacterial selection during DNA vaccine construction is 

not wildly use to cure infected-human currently (11). To date, antibiotic-free selection such 

as sucrose selection system is available (124, 125). The advantages and 

disadvantage/concern of DNA vaccine were summarized in table 2. 

 

Table 2  The advantages and disadvantages of DNA vaccine 

Advantages Disadvantages 

- Safer than LAV or inactivated vaccine with no 
risk for infection 

- Able to induction both CMI and HMI     

- Ease of development and production 

- High stability (no cold-chain required during 
transport and store) 

- Cost-effectiveness                                                                                                                                                                                                          

- Possibility of autoimmunity (antibody 

against DNA vaccine)  

- Possibility of antibiotic resistance  

- The low immunogenicity (requires the 
strategy to enhance immune response such 
as the effective DNA delivery systems, 
immune cells-targeted vaccine, adjuvants or 
combination with other vaccine platforms 
which also known as “prime-boost strategy”                                                                                 
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    Our tetravalent dengue DNA vaccine development was supported by the National 

Center for Genetic Engineering and Biotechnology (BIOTEC), Thailand. Several strategies 

has been used to augment the neutralizing antibody titer in our study including the selected 

plasmid vector, the codon-optimization of the prM/E sequences, the addition of intracellular 

signal sequences, and the DNA delivery systems such as needle-free immunization and in 

vivo electroporation. Our tetravalent DNA vaccine candidate, consisting of pCMVkan-based 

plasmids expressing the prM/E genes of each of the four serotypes of dengue virus, induced 

neutralizing antibody responses to all dengue serotypes (median PRNT50 titer against DENV-

1, -2, -3 are 1:320 and DENV-4 is 1:20) after three-times immunization by in vivo 

electroporation (total 100 µg/dose, 25 µg of each monovalent). The lowest NtAb was 

observed in DENV-4. 
 

Besides our group, Konishi E from Japan also developed the tetravalent dengue 

prM/E DNA vaccine which showed lower NtAb titer than our candidate vaccine. Although, it 

cannot be directly compared because of the difference of expression vector, immunization 

schedule and PRNT assay, the similar encouraging result was observed. The NtAb against 

all four DENV serotype was induced in mice immunized with tetravalent DNA vaccine, 

however, the weakest NtAb titer was detected in DENV-4 (PRNT70 of pooled serum = 1:10) 

(13).  
 

Recently, Lima DM developed a monovalent DENV-4 prM/E DNA vaccine and 

demonstrated that three time immunization of a large amount of 100 µg monovalent DENV-

4 prM/E DNA in mice also generated a low titer of NtAb against DENV-4 (PRNT50 of pooled 

serum =1:128) (15).  
 

In an attempt to enhance humoral immune responses of DNA vaccines, the lipid-

based formulations, vaxfectin, has been widespread used in preclinical studies (126, 127). 

Porter KR also conducted a non-human primate study to evaluate the formation of Vaxfectin-

adjuvanted tetravalent dengue DNA vaccine. The use of Vaxfectin resulted in a significant 
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increase of NtAb titers against all dengue serotypes. However, the lowest titer of NtAb still 

obtained against DENV-4 in both animals immunized with tetravalent DNA vaccine alone and 

tetravalent DNA vaccine formulated with the Vaxfectin (16). The mechanisms of low 

immunogenicity against DENV-4 are thought to involve the poor antigenicity of DENV-4 viral 

structure and the dengue reference viruses used in the PRNT assay. 
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CHAPTER III 

MATERIALS AND METHODS 
 

3.1  Design of chimeric D4EDIII-D2prME DNA sequence  
 

3.1.1 DENV-2 and DENV-4 prM+E amino acid sequences collection  
 

The DENV-2 and DENV-4 prM+E consensus amino acid sequence were collected 

from the published Thailand sequences in GENBANK database during Year 1974-2004, as 

described below: 

3.1.1.1 Thailand DENV-2 prME amino acid: total 124 sequences 

  NCBI accession number:                                                                                             

- AB194882                                                                                                      

- AF195032 - AF195043    12  sequences                                                            

- AF264053                                                                                                       

- AF410377                                                                                                                

- AY577435 - AY577438       4  sequences                                      

- DQ181797 – DQ181901   105 sequences                                          

- NC001474                                                                                                               

- NP739582.2                                                                                                                

- NP739583.2                                                                                                            

- NP739592.2              

Total nucleotide sequence = 1983 bp                                                                                            

Total amino acid = 661 amino acids 
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3.1.1.2 Thailand DENV-4 prME amino acid: total 65 sequences 

NCBI accession number: 

- AB11108                                                                                                                 

- AB111087                                       

- AB111089                                                                                                                                                                 

- AY618935-AY618993     59  sequences                                    

- U18440-U18442        3   sequences  

Total amino acid = 661 amino acids       

 Total nucleotide sequence = 1983 bp 

 

3.1.2 Consensus prME amino acid sequences  and  humanized codons creation 

Consensus prM/E amino acid sequences of DENV-2 and DENV-4 were created 

from the selected nucleotides and amino acid sequences as indicated in 3.1.1 by using 

BioEdit Sequence Alignment Editor Program version 7.0.5.3. After both consensuses were 

created, wild-type nucleotide sequences were changed from native into humanized codons 

by using a codon usage database (http://www.kazusa.or.jp/codon/).  
 

3.1.3 Chimeric D4EDIII-D2prME DNA sequence creation 

Consensus EDIII of DENV-4 was replaced in consensus prM/E of DENV-2 

backbone as shown in Figure 1. The Kozak’s sequence (ACC/GATGG) and DENV-2 prM 

leader sequence (Met-Val-Asn-Arg-Arg-Arg-Arg-Ser-Ala-Gly-Met-Ile-Ile-Met-Leu-Ile-Pro-Thr-

Val-Met-Ala) were inserted at the N-terminal. 

In order to subclone the chimeric nucleotide sequences into pCMVkan expression 

vector, SalI (GTCGAC) and NotI (GCGGCCGC) restriction sites were added at 5’ and 3’ of 

its sequence, respectively. Stop codon (TGA) was added at 3’ to stop protein translation.  

  

http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nuccore&id=31339365
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nuccore&id=31339369
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nuccore&id=53653598
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nuccore&id=53653702
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nuccore&id=604470
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nuccore&id=604474
http://www.kazusa.or.jp/codon/
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Figure 1  Design of chimeric D4EDIII-D2prME DNA vaccine construct 

 

3.2  Synthesis of the humanized chimeric D4EDIII-D2prME sequence 
The completely designed chimeric D4EDIII-D2prME nucleotide sequences were 

commercially synthesized by GenScript Corp. (NJ, USA) by inserted prM/E into pUC57-

chimeric D4EDIII-D2prME cloning vector. 
 

3.3  Chimeric D4EDIII-D2prME DNA vaccine construction 
3.3.1 Expression vector 

pCMVkan was kindly provided by  Dr. Barbara K Felber (National Cancer Institute, 

Frederick, Maryland, USA). This vector contains the cytomegalovirus immediate early 

promoter, the bovine growth hormone (bGH) polyadenylation signal, and kanamycin 

resistance gene. 
 

3.3.2 Subcloning procedure 

3.3.2.1 Competent cells preparation 

Starter E. coli (DH5-α) was prepared by slowly thawed frozen glycerol stock 

on ice and then inoculated into 5 ml of LB medium and incubated in a 37 oC for overnight 

with continuously shake, 250 rpm.  Next day, starter E.coli was inoculated into 50 ml of LB 

medium (1:500 v/v) at 37oC with continuously shake at 250 rpm about 2-3 hours until reach 

the OD600 nm 0.4-0.5.  Subsequently, the bacterial cells were incubated on ice for 30 min      
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then collected by centrifugation at 4,000 rpm (~3,000 x g) for 10 minutes at 4 oC. The 

supernatant were discarded, cell pellet was resuspended in 10 ml of cold, sterile 50 mM 

calcium chloride.  The mixture was incubated on ice for 30 min then the bacterial cells were 

centrifuged at 4,000 rpm (~3,000 x g).  The supernatant was discarded and the cell pellet 

was gently resuspended in 1 ml of cold, sterile 50 mM calcium chloride with 15% sterile 

glycerol (v/v). E. coli (DH5-α) competent cell were aliquot at 100 µl/tube and kept at -80 oC 

until use. 
 

3.3.2.2 Plasmid transformation 

Competent cells as prepared in 3.3.2.1 were slowly thawed on iced, after 

competent cells completely thaw, plasmid DNA was put and chilled on ice for 30 min. Then, 

competent cells-plasmid mixture tube was rapidly put (heat-shock) at 42oC H2O without 

shaking, 30 sec. Subsequently, competent cells-plasmid mixture tube was immediately put 

on ice for 5-10 min. After that, 900 µl of Super Optimal broth with Catabolite repression (SOC) 

medium was added into tube then shake for 1 hr (37°C) with shaking at 180-200 rpm. 

Transformants were plate on LB-Kanamycin or or LB-Ampicillin plate (final concentration = 

25 µg/ml or 100 µg/ml, respectively) plates. Bacterial colonies were observed after incubated 

for 16-24 hr, 37oC.            

                                            

3.3.2.3 Restriction endonuclease reaction 

To prepare the target, chimeric D4EDIII-D2prME DNA, DNA fragment and 
plasmid vector for ligation, the restriction enzymes, Sal I and Not I, were used for digestion. 
The total concentration of enzyme should be less than 1/10 v/v of total reaction volume. 
Then, the reaction was incubated at 37oC for 1 hr or followed the manufacturers instructions. 
The restriction products were analyzed by 1% agarose gel electrophoresis.  

 

3.3.2.4 DNA ligation 

Ligation reaction was performed to ligate the target, chimeric D4EDIII-D2prME 

DNA, DNA fragment into the pCMVkan expression vector with compatible restriction sites by 



25 

 

using T4 DNA ligase (Roche, Germany) and are designed as “pCMVkan- D4EDIII-D2prME” 

(Figure 2).  The ligation formula was described below:   

   vector (50-100 ng) X insert length (kb)   X  insert:vector ratio =  insert amount (ng)   

         vector length (kb)  

Ligation reaction was incubated at 16oC, overnight then transformed into 

competent cells as described in 3.3.2.1. 

 

Figure 2  pCMVkan-D4EDIII-D2prME construction 

 

3.3.2.5 Chimeric DNA vaccine inserted-bacteria selection and confirmation 
 

3.3.2.5.1 Selection of DNA vaccine inserted-bacteria by colony PCR 

Candidate colonies were selected and inoculated into LB broth with 

appropriated antibiotic, incubated with continuously shake at 250 rpm, 37oC for 8-16 hr. 

Bacterial cells were collected by centrifugation, pellets were use as DNA template in PCR 

reaction. 
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3.3.2.5.2 Confirmation of positive colony by restriction endonuclease  

Positive bacterial colonies by colony PCR were further confirmed by 

endonuclease restriction. Two approaches were used for analysis. 

- Using the enzymes that used for subcloning the target DNA fragment into 

pCMVkan expression vector (SalI, NotI), the expected product size should 

be equal 2,081 and 4,024 bp. 

- Using the enzyme, Sca I, which appear within the target DNA fragment, 

the expected product size should be equal 6,076 bp. 

- Using dual enzymes, Sal I and Sca I, the expected product size should 

be equal 1,738 and 4,338 bp.   
 

3.3.2.5.3 Nucleotide sequencing analysis 

  Plasmids or DNA fragments were purified by QIAGEN PCR/gel purification 

kit.  The purified product was used for sequencing reaction by using Sequencing Kit (ABI 

PRISM dideoxy Dye Terminator Cycle Sequencing Kit, BigDye™ Applied Biosystems, USA).   

 

3.4   Protein Expression 

3.4.1 Plasmid DNA transfection  

The mammalian cell, African monkey kidney cell mammalian (Vero) , was used 

for evaluating the protein expression of our chimeric DNA vaccine construct, pCMVkan- 

D4EDIII-D2prME, in comparison with the non-chimeric DNA vaccine construct; pCMVkan-

D2prME and pCMVkan-D4prME. Vero cells were plate on six well plate (Costar, NY, USA) 

at 4X105 cells/well total volume 2 mL culture medium ( 10% FBS MEM)  and incubated 24 

hours. Lipofectamine 2000Tm was used for the plasmid DNA transfection as following protocol, 

4 µg of each plasmid DNA were diluted in 250 µl Opti-MEM Medium ( Invitrogen, USA)  and 

diluted lipofectamine in 250 µl Opti-MEM Medium. The mixtures of DNA plasmid with 

lipofectamine were incubated at room temperature for 30 minutes and then added into Vero 
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cells by slowly drop on it. Transfected cells were incubated at 37oC, 5% CO2 for 24 hour. 

The protein expression was analyzed by indirect immunofluorescence. 
 

3.4.2 Indirect immunofluorescence assay 

According to the limitation of the monoclonal antibodies which are specific for the 

DENV-2 E domain I or II and the DENV-4 E domain III, the protein expression can be 

indirectly confirmed by using the available monoclonal antibodies as follows:  

- anti-DENV-2 E domain III antibody (clone 3H5) 

- anti-DENV-4 E domain I, II antibody (clone 1H10) 

- anti-flavivirus E antibody (clone 4G2) 
 

All monoclonal antibodies were kindly provided by Dr.Chunya  Puttikhunt (National 

Center for Genetic Engineering and Biotechnology (BIOTEC). 
 

The 24 hr post-transfected cells were fixed on ice-cold acetone for a few minutes 

and then incubated with different monoclonal antibodies described above for 1 hour, 37 oC. 

Rabbit anti mouse Immunoglobulins-FITC (Dako, Denmark) and goat anti- mouse IgG-Alexa-

fluor™ 568 (Molecular probe, OR, USA) were use as secondary antibody for E protein 

detection. Vero nuclei were counter stained with 4, 6-diamino-2-phenylindole hydrochloride 

(DAPI) (Sigma–Aldrich, MO, USA). Stained cells were visualized under confocal microscope. 
 

3.5  DNA vaccine preparation  

 The candidate chimeric DNA vaccine construct which confirmed by various strategies 

was further produced in large scale. Single positive clone of each construct was firstly cultured 

as a starter of 5-10 ml of LB medium containing 100 mg/ml Kanamycin and incubated 

overnight at 37 oC with vigorous shaking for 6-8 hr. The starter culture was diluted 1/500-

1/1000 in LB medium and inoculated in 2.5 liters LB medium containing 100 mg/ml 

Kanamycin.  The bacterial cells were grown at 37 oC for 16-18 h with vigorous shaking at 

250 rpm, then centrifuged at 6000 x g for 15 min at 4 oC and discarded the supernatant.  

QIAGEN® plasmid Giga purification kit was used to preparation of plasmid following 
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QIAprep® Endo-free gigaprep handbook (QIAGEN, USA). All reagents and containers used 

in this step were endotoxin-free. Purified plasmid DNA was aliqouted and stored at -20 oC 

until use. 
 

3.6  Mice Immunization 

ICR mice, age 3–6 weeks, were purchased from the National Laboratory Animal 

Centre, Bangkok, Thailand. Five mice/group were immunized 3 times with 25 µg of indicated 

plasmid DNA as shown in Table III by using in vivo electroporation (Ichor Medical System, 

San Diego, CA) on both thighs at two weeks interval. The negative control mice were 

immunized with 16.5 µg of empty pCMVkan which contain same molecular ratio of vector to 

the vaccine constructs. Then, the mice were bled at week 4 after the last injection for 

evaluating the neutralizing antibody titer. The immunization schedule was shown in figure 3. 
 

Table 3  Groups of dengue DNA vaccine immunized mice 

Group  Dose / DNA vaccines Number of mice 

1 Test 25 µg pCMVkan-D4EDIII-D2prME  5 

2 Comparison group 25 µg pCMVkan-D4prME 5 

3 Negative control 16.5 µg pCMVkan-empty 5 

 

 

       Figure 3  Mice immunization schedule 
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3.7 Plaque reduction neutralizing test (PRNT) 
 

The plaque reduction neutralizing test was employed in the assessment of 

neutralizing antibody against DENV-4 strain 1036, DENV-4 strain C0036 (new isolated) and 

DENV-2 strain 16681. Briefly, sera were inactivated at 56°C for 30 min, serially two-fold 

diluted in 10% MEM (1:10-1:1280), and then incubated at 37°C for 1 hour with an equal 

volume of DENV-4 or -2 dilution containing about 500 PFU/mL. The virus-antibody mixes 

were incubated on LLC-MK2 monolayers for 1 hour. Following virus absorption, cells were 

overlaid with 0.15 mL of the first overlay medium containing 1.8% low-melting agarose 

(Invitrogen). After 4-5 days of incubation at 37°C/5%CO2, cells were stained with 1.5 mL of 

the second overlay medium containing 4% [w/v] neutral red. Plaques were counted following 

an incubation of 24 hours at 37°C. The neutralizing antibody titer were expressed as the 

maximum serum dilution yielding a 50% reduction in plaque number by comparing when 

infected LLC-MK2 with medium-virus mixture which calculated by the given formula. 

 

Percent plaque reduction  =     100  –  
plaque number when incubated with serum

plaque number when incubated without serum
   X 100 

 

 

3.8  Characterization of the nucleotide sequences of the DENV-4 reference 

viruses; strain 1036 VS C0036 

According to the nucleotide sequence encoding the prM and E of both DENV-4 

reference strain 1036 and DENV-4 strain C0036 are not available in Genbank database, their 

prM and E of both DENV-4 were identified and compared their homology in this study.  
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3.8.1 DENV-4 RNA extraction 

DENV-4 RNA was extracted as follows, 500 µl of DENV-infected Vero cell culture 

supernatant was centrifuged at 13,000 rpm for 90 min. at 4 ๐C, then discarded supernatant. 

DENV particles were lyses by adding 200 µl lysis buffer, Amplicor monitor test, Roche, NJ, 

USA and incubated at 60 ๐C for 10 min. Two hundred of cold isopropanol was added and 

vortexed then centrifuged at 13,000 rpm for 20 min. Discarded the supernatant, pellet was 

washed with 400 µl cold 70% ethanol then centrifuged at 13,000 rpm, 10 min. The 

supernatant was discarded and let the RNA pellet dried at RT. The pellet was reconstituted 

with 20 µl of diluents and stored at -70 ๐C until use.   

 

3.7.2   DENV-4 prM/E nucleotide sequencing  

As DENV-4 strain 1036 were not available from Genbank database, thus the set 

of DENV-4 walking primers was designed by based on the DENV-4 accession no. AY618992 

(Thailand isolated year 2001). Figure 4 and Table 4 were shown the map and list of the 

DENV-4 walking primers. 

 

 

 

 

  

prM E 

4R 4F 

3R 3F 

2R 

1R 

2F 

1F 

Figure 4  Map of the prM/E walking primers using for DENV-4 nucleotides sequencing 
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Table 4  List of the walking primers using for DENV-4 prM/E sequencing 

Primer Sequence 5’-3’ 

DENV-4_1F ACTGGATTCAGGAAGGAGATAGG 

DENV-4_1R GCATCGCATTCCGTAGGATGG 

DENV-4_2F TTTCTAGCACATGCCATAGGAAC 

DENV-4_2R TTCATCAGAATCATCTCATTAAA 

DENV-4_3F ATGGAGTGACAGCCACGATAAC 

DENV-4_3R CTGTTGGTATTCTCAGCAAAAGG 

DENV-4_4F AGATGGCAGAAACACAGCATGG 

DENV-4_4R CTCGCTGGGGACTCTGGTTG 
 

Briefly for the assay, the DENV-4 RNA was reverse transcribed into 

complementary DNA (cDNA) and then amplified by PCR with the DENV-4_1F and DENV-

4_4R  primers. The PCR products were subjected for nucleotide sequencing by the walking 

primers as describe above. Then, the full length of prME were translated to amino acid and 

compared to detect their homology. 

 

3.9  Statistical analysis 

The comparisons of neutralizing antibody titer (PRNT50) between groups of 

immunized mice were performed by two-tailed nonparametric Mann-Whitney test using 

GraphPad Prism software version 5.0 (La Jolla, USA). Values were considered significant at 

p<0.05. 
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CHAPTER IV 

RESULTS 
 

4.1  Design of chimeric D4EDIII-D2prME DNA sequence  
 

The DENV-2 and DENV-4 prME consensus amino acid sequence were generated 

from 3 24 and 65 sequences of DENV-2 and DENV-4, respectively, from Thailand during 

1974-2004, GENBANK database. Consensus EDIII of DENV-4 (highlighting text) were 

replaced in consensus prM/E of DENV-2 backbone. Twenty one amino acid of DENV-2 prME 

signal sequence (bold alphabets) and stop codon (indicated by *) was added at N-terminus 

and C-terminus, respectively. The chimeric D4EDIII-D2prME DNA sequence is listed below. 

 

Chimeric D4EDIII-D2prME DNA sequence  
 

MVNRRRRSAGMIIMLIPTVMAFHLTTRNGEPHMIVGIQEKGKSLLFKTEDGVNMCTLMAMDL
GELCEDTITYKCPLLRQNEPEDIDCWCNSTSTWVTYGTCTTTGEHRREKRSVALVPHVGMG
LETRTETWMSSEGAWKHAQRIETWILRHPGFTIMAAILAYTIGTTHFQRVLIFILLTAVAPSMT
MRCIGISNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEAKQPATLRKYCIEA
KLTNTTTESRCPTQGEPSLKEEQDKRFVCKHSMVDRGWGNGCGLFGKGGIVTCAMFTCKK
NMEGKIVQPENLEYTIVVTPHSGEEHAVGNDTGKHGKEIKVTPQSSITEAELTGYGTVTMEC
SPRTGLDFNEMVLLQMENKAWLVHRQWFLDLPLPWLPGADKQESNWIQKETLVTFKNPHA
KKQDVVVLGSQEGAMHTALTGATEIQMSSGNLLFTGHLKCRLRMDKLQLKGMSYTMCSGK
FSIDKEMAETQHGTIVVRVKYEGTGAPCKVPIEIRDVNKEKVVGRIISSTPFAENTNSVTNIEL
EPPFGDSYIVIGVGDSALTLHWFRKGSSIGQMFESTYRGAKRMAILGDTAWDFGSLGGVFT
SIGKALHQVFGAIYGAAFSGVSWTMKILIGVIITWIGMNSRSTSLSVSLVLVGIVTIYLGVMVQA
* 

Pale =  ED III of DENV-4 that different from EDIII of DENV-2  
Dark   = ED III of DENV-4 that similar to EDIII of DENV-2 

 

DENV-2 signal sequence 
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4.2  Chimeric D4EDIII-D2prME DNA vaccine construction 
 

Chimeric D4EDIII-D2prME gene which successfully subcloned into pCMVKan 

expression vector and transformed into the E.Coli DH5-α were subsequently selected by 

colony PCR and analyzed by restriction endonuclease.  

The candidate chimeric D4EDIII-D2prME DNA vaccine was digested with different 

restriction enzymes as shown in Figure 5 
 

 

Figure 5    1 % Agarose gel electrophoresis of pCMVkanD4EDIII-D2prME DNA analyzed      
by restriction endonucleases 

Lane 1 :  digested with Sal I /Not I  Product size : 2,081 bp and 4,024 bp 

Lane 2 :  digested with Sal I  Product size : 6,076 bp 

Lane 3 :  digested with Sal I/ Sca I Product size : 1,738 bp and 4,338 bp 

Marker :  Hyper ladder 1 Kb marker 
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The candidate chimeric D4EDIII-D2prME DNA vaccine which confirmed by 

various strategies was further produced in large scale for mice immunization. Prior to use the 

candidate chimeric DNA vaccine was confirmed by nucleotide sequencing. The comparison 

between the consensus D4EDIII-D2prME and candidate DNA vaccine showed no mutations 

found in candidate DNA vaccine constructs after large scale production.  

 

4.3  Protein expression analysis  
 

Chimeric D4EDIII-D2prME, D4prME or D2prME DNA vaccine were transfected 

into Vero cells, intracellular protein expression were determined after transfection 24 hrs by 

indirect detection with the different serotype-specific E domain monoclonal antibodies (Figure 

6). Based on the 200X magnification power image, the chimeric DNA vaccine transfected 

cells are capable to express ED III of DENV-4 and ED II of DENV-2 which directly detected 

by a cross-reactive moAb to ED III of all four dengue serotype (clone 2H12) and an ED II 

flavivirus group specific moAb (clone 4G2), respectively. However, since the chimeric DNA 

vaccine used ED III of DENV-4 replaced in prM/E of DENV-2 DNA backbone and the specific 

E moAb are limited, the indirect confirmation was done by using the anti-DENV-4 ED I and 

II (clone 1H10) and anti-DENV-2 ED III (clone 3H5). As expected, no immunofluorescence 

signal from both moAb was observed in the chimeric DNA transfected cells. The D4prME 

and D2prME DNA transfection which are the positive controls demonstrated their specific E 

protein expression when using the specific moAb, clone 1H10 and 3H5, respectively. The 

negative control, empty pCMV vector transfection showed no expression of E. These results 

demonstrated that the candidate chimeric DNA vaccine could express the expected E 

proteins after entered the mammalian cells. 
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Figure 6  Intracellular dengue E protein expression. Vero cells were transfected with indicated 
dengue DNA vaccine. The different dengue serotype-specific E domains are shown in green 
(FITC), whereas DNA staining is shown in blue (DAPI). Merge images show a merge of the 
green and blue staining.  

 

4.4  Vaccine immunogenicity in mice 
 

The immunogenicity of the candidate chimeric DNA vaccine was evaluated in 

mice in comparison with the original D4prME DNA vaccine. ICR mice were immunized with 

25 g of either chimeric D4EDIII-D2prME or D4prME DNA, three times at two weeks interval 

using in vivo electroporation. Four weeks after the last immunization, individual mouse serum 

was assayed for neutralizing antibody against viruses currently used in DENV vaccine 

development or reference labs; DENV-2 strain 16681 and DENV-4 strain 1036, and used 

more recent DENV-4 (strain C0036) for comparison purpose (Table 5).   
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Table 5  PRNT50 titers of indicated DNA vaccine constructs against DENV-4 and DENV-2 
reference viruses 
 

Vaccine construct /  
No. of mice 

PRNT50 titers against DENV-4 and -2 reference strains 
 

DENV-4 strain 1036 
(isolated year 1976)  

DENV-4 strain C0036 
(isolated year 2006) 

DENV-2 strain 16681 

25 µg pCMVkan-D4EDIII-D2prME  
No.1 
No.2 
No.3 
No.4 
No.5 

 
<10 
<10 
<10 
<10 
<10 

 
80 
160 
40 
40 
160 

 
40 
160 
40 
40 
160 

25 µg pCMVkan-D4prME  
No.1 
No.2 
No.3 
No.4 
No.5 

 
<10 
<10 
<10 
<10 
<10 

 
320 
160 
20 
<10 
160 

 
20 
40 
20 
20 
40 

16 µg pCMVkan-empty  
No.1 
No.2 
No.3 
No.4 
No.5 

 
<10 
<10 
<10 
<10 
<10 

 
<10 
<10 
<10 
<10 
<10 

 
<10 
<10 
<10 
<10 
<10 
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By using DENV-4 strain 1036 as a reference virus, PRNT50 titers < 10 

(undetectable) were observed in all individual mice immunized with either new chimeric 

D4EDIII-D2prME or original D4prME DNA vaccine as shown in Figure 7. 
 

 

Figure 7  Neutralizing antibody against DENV-4 strain 1036 in individual mice immunized 
with 25 g pCMVkan-D4EDIII-D2prME, 25 g pCMVkan-D4prME and 16 g pCMVkan-empty 
(n=5/group). Horizontal lines represent the median PRNT50 titer in each group of mice.              
p < 0.05 was considered statistically significant.   

 

By using the DENV-4 reference virus strain 1036 in PRNT assay, both a new 

design of the chimeric pCMVkan-D4EDIII-D2prME and the original D4prME DNA vaccines 

showed the undetectable NtAb against DENV-4. Then, the neutralizing antibody levels were 

re-measured by replacing a reference virus with a more recent isolated DENV-4 strain C0036. 

The comparable of the NtAb titers against two reference strain of DENV-4 were shown in 

Figure 8. 
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Figure 8  Neutralizing antibody against DENV-4 strain 1036 (closed-triangle) and C0036 
(closed-square) in individual mice immunized with 25 g pCMVkan-D4EDIII-D2prME, 25 g 
pCMVkan-D4prME and 16 g pCMVkan-empty (n=5/group). Horizontal lines represent the 
median PRNT50 titer in each group of mice. p < 0.05 was considered statistically significant.   

 

By using strain C0036 as a reference DENV-4 virus, NtAb were detectable in 

most of individual mice. NtAb levels against DENV-4 in mice immunized with either new 

chimeric D4EDIII-D2prME or original D4prME DNA vaccine were significantly increased (p = 

0.0071 and 0.0248, respectively) compared to those measured by using strain 1036 (Figure 

8). The median PRNT50 induced by the chimeric and original DNA vaccine were 80 and 160, 

repectively. However, the statistic significant difference between both groups was not 

observed due to the small sample size and the high variation in NtAb titers of individual mice 

within the group. The negative control, when mice were immunized with the pCMVkan-empty, 

there was no any NtAb detected. 
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According to the chimeric DNA vaccine construct, the cross-reactive neutralizing 

antibody to dengue serotype 2 was further evaluated in both DNA vaccine immunized mice 

by using DENV-2 strain 16681. Interestingly, pCMVkan-D4EDIII-D2prME could generate 

slightly higher NtAb than pCMVkan-D4prME (the median PRNT50= 40 and 20, respectively), 

however the difference is not statistically significant (Figure 9).      
 

 

Figure 9  Cross-reactive neutralizing antibody against DENV-2 strain 16681 in individual 
mice immunized with 25 g pCMVkan-D4EDIII-D2prME, 25 g pCMVkan-D4prME and 16 
g  pCMVkan-empty (n=5/group). Horizontal lines represent the median PRNT50 titer in 
each group of mice. p < 0.05 was considered statistically significant.   
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4.5 Characterization of the nucleotide sequences of the DENV-4 reference 

viruses; strain 1036 VS C0036 
  

The full length prME nucleotide sequences of DENV-4 reference viruses; strain 
1036 and C0036, were analyzed as described in 3.8. The translated prME amino acid 
sequences are shown as below.    

 

4.5.1 DENV-4 strain 1036 prME amino acid sequence 

F H L S T R D G E P L M I V A K H E R G R P L L F K T T E G I N K C T L I A M D L G E M C E D T V T Y K C P L L 

V N T E P E D I D C W C N L T S T W V M Y G T C T Q S G E R R R E K R S V A L T P H S G M G L E T R A E T W 

M S S E G A W K H A Q R V E S W I L R N P G F A L L A G F M A Y M I G Q T G I Q R T V F F V L M M L V A P S 

Y G M R C V G V G N R D F V E G V S G G A W V D L V L E H G G C V T T M A Q G K P T L D F E L T K T T A K 

E V A L L R T Y C I E A S I S N I T T A T R C P T Q G E P Y L K E E Q D Q Q Y I C R T D V V D R G W G N G C G 

L F G K G G V V T C A K F S C S G K I T G N L V Q I E N L E Y T V V V T V H N G D T H G V G N D T S N H G V T 

A T I T P R S P S V E V K L P D Y G E L T L D C E P R S G I D F N E M I L M K M K K K T W L V H K Q W F L D L P 

L P W T A G A D T S E V H W N Y K E R M V T F K V P H A K R Q D V T V L G S Q E G A M H S A L A G A T E V 

D S G D G N H M F A G H L K C K V R M E K L R I K G M S Y T M C S G K F S I D K E M A E T Q H G T T V V K V 

K Y E G A G A P C K V P I E I R D V N K E K V V G R I I S S T P L A E N T N S A T N I E L E P P F G D S Y I V I G V 

G N S A L T L H W F R K G S S I G K M F E S T Y R G A K R M A I L G E T A W D F G S V G G L F T S W G K A V 

H Q V F G S V Y T T M F G G V S W M I R I L I G F L V L W I G T N S R N T S M A M T C I A V G G I T L F L G F T 

V Q A 

 

4.5.2 DENV-4 strain C0036 prME amino acid sequence 

FHLSTRDGEPLMIVAKHERGRPLLFKTTEGINKCTLIAMDLGEMCEDTVTYKCPLLVN

TEPEDIDCWCNLTSAWVMYGTCTQSGERRREKRSVALTPHSGMGLETRAETWMSS

EGAWKHAQRVETWILRNPGFALLAGFMAYMIGQTGIQRTVFFILMMLVAPSYGMR CV

GVGNRDFVEGVSGGAWVDLVLEHGGCVTTMAQGKPTLDFELIKTTAKEVALLRTYCI

EASISNITTATRCPTQGEPYLKEEQDQQYICRRDMVDRGWGNGCGLFGKGGVVTCA

KFSCLGKITGNLVQIENLEYTVVVTVHNGDTHAVGNDTSNHGVTATITPRSPSVEVKL
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PDYGELTLDCEPRSGIDFNEMILMKMKTKTWLVHKQWFLDLPLPWTTGADTLEVHW

NHKERMVTFKVPHAKRQDVTVLGSQEGAMHSALAGATEVDSGDGNHMFAGHLKCK

VRMEKLRIKGMSYTMCSGKFSIDKEMAETQHGTTVVKVKYEGTGAPCKVPIEIRDVN

KEKVVGRIISSTPFAENTNSVTNIELEPPFGDSYIVIGVGDGALTLHWFRKGSSIGKMF

ESTYRGAKRMAILGETAWDFGSVGGLLTSLGKAVHQVFGSVYTTMFGGVSWMVRILI

GLLVLWIGTNSRNTSMAMSCIAVGGITLFLGFTVHA 
 

Pairwise alignment of E amino acid sequence between DENV-4 strain 1036 and 
strain C0036 showed only 96.6% (475/495 amino acid) homology, this due to the different 
strain of viruses (see appendix 1). The E amino acid homology was also compared between 
the original D4prME DNA and both DENV-4 reference strains and was shown in table 6 (see 
appendix 2, 3). The results demonstrated that the original candidate D4prME DNA vaccine 
is quite similar to new isolated DENV-4 strain C0036 with 99.2% amino acid homology.  

As chimeric D4EDIII-D2prME vaccine used only consensus EDIII of DENV-4 
replaced in prME of DENV-2 backbone, the EDIII homology of D4 vaccine candidate was 
further analyzed with two DENV-4 reference strains and showed the highly match (99.2%) 
with the new DENV-4 strain C0036 (isolated year 2006). Further multiple alignment was 
investigated, the newly isolated Thailand DENV-4 in Year 2011 (accession no. APS033) was 
included for analysis. The consistent results were observed and emphasized that our 
designed D4prME vaccine candidate is similar to DENV-4 strain C0036 (see appendix 4). 

 

Table 6  Pairwise alignment results of the original candidate D4prME DNA vaccine and 
DENV-4 reference viruses (only “E” and “EDIII” amino acid sequence) 
 

Aligned D4prME DNA with Amino acid homology (%) 
all E   Only E domain III 

DENV-4 strain 1036 96.8 % (479/495) 95.0 % (95/100) 
DENV-4 strain C0036  99.2 % (491/495) 99.0 % (99/100)   
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CHAPTER V 

DISCUSSION AND CONCLUSION 
 

At present, dengue disease is a major and emergent public health concern due 

to its expanding distribution and also to an increased incidence of epidemics (128). There 

are several dengue vaccine candidates in clinical and preclinical development. However, no 

commercial dengue vaccine is available. The potent dengue vaccine have to protect against 

all serotypes of dengue virus or “tetravalent”. 
 

At present, our prototype of tetravalent dengue DNA vaccines has been 

developed and demonstrated the induction of neutralizing antibodies responses to all 

serotypes in mice. Our DNA vaccine composed of four separately plasmids containing the 

prM/E gene of each serotype. Our candidate vaccines showed the encouraging results 

compared with the previous study by Konishi E, et al, however, it could not be directly 

compared due to the different of immunization schedule, route of DNA delivery, expression 

vector and the PRNT assay. Overall, the NtAb titers induced by our TDNA were relatively 

higher than Konishi E (13). Surprisingly, the similar low level of NtAb against DENV-4 was 

observed in both studies. Other laboratories also faced with this problem (15, 16). 
 

In this study, we had tried to improve our monovalent DENV-4 DNA vaccine 

immunogenicity. The new design of antigenic gene was performed for the monovalent DENV-

4 DNA vaccine. The chimeric DNA vaccine “designated as chimeric D4EDIII-D2prME” has 

been designed by focused on the EDIII of the DENV-4 because this domain contains multiple 

type- and sub-type-specific neutralizing epitopes and choose DENV-2 prM/E DNA vaccine as 

a DNA backbone due to the highest NtAb stimulation compared to other serotypes.  
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Since the monoclonal specific antibodies which specific to different E domains of 

both dengue serotype 2 and 4 are limited, the indirect detection with the available monoclonal 

antibodies was used. We demonstrated the correct chimeric E protein expression from the 

chimeric DNA transfected mammalian cells as follows both ED III of DENV-4 (inserted 

domain) and ED II of DENV-2 (backbone) 1) can be directly detected by anti-DENV EDII 

(2H12) and anti-flavivirus EDII (4G2), respectively, and 2) cannot be stained with anti-DENV-

2 ED III and anti-DENV-4 ED I, II, respectively.   
 

 

Interestingly, the NtAb against dengue serotype 4 from mice immunized with both 

chimeric D4EDIII-D2prME and D4prME DNA vaccines were observed when the DENV4 

reference viruses in PRNT assay has been changed from strain 1036 to strain C0036. Our 

finding is consistent with the study of Dr.Butsaya  Thaisomboonsuk and colleagues, AFRIMS, 

Thailand. They reported that using of strain 1036 reflected sub-optimal NtAb titers in dengue-

infected clinical specimens compared with more recent isolated Thailand DENV-4 strain 

C0036. Since there is no significant difference of NtAb against DENV-4 strain C0036 between 

the chimeric D4EDIII-D2prME and original D4prME DNA vaccines, we can conclude that the 

new antigenic design is not benefit to improve the immunogenicity against DENV-4 as expect. 
 

The DNA vaccine and target virus mismatch might be used to explain the 

undetectable of NtAb against DENV-4 when strain 1036 was used in PRNT. DENV-4 strain 

1036 was isolated since year 1976 from dengue fever patient in Indonesia (belongs to 

genotype 2), in contract, DENV-4 strain C0036 was recently isolated in Thailand, year 2006 

(belongs to genotype 1) (129, 130). The difference of E amino acid sequence between strain 

1036 and C0036 was compared and found 96% homology (475/495 amino acid). Further 

analysis of the homology of E and only E domain III amino acid sequence between the 

original D4prME vaccine construct and reference viruses used in PRNT assay were 

investigated. Our consensus E and ED III sequence of vaccine construct is closely similar to 

DENV-4 strain C0036 with the 99.2% and 99.0% homology, respectively, while showed only 
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96.8% and 95% homology to strain 1036. From 16 amino acid difference in truncated E 

protein between our original D4prME vaccine and DENV-4 stain 1036, only one mismatch 

(E329) at the critical neutralizing epitope had been reported in the lateral ridge of E domain 

III (131). At this E329 position, both chimeric D4EDIII-D2prME and D4prME vaccine contained 

Threonine (T), a polar side-chain whereas DENV-4 strain 1036 contained Alanine (T), non-

polar side-chain. The difference in amino acid property might change the protein 

conformation. Therefore, the antibody produced from mice immunized with both vaccines 

could not recognize this region efficiency. Consequently, DENV-4 strain C0036, which 

contained Threonine at position E329 was highly neutralized by antibody induced by both 

vaccines. Furthermore, the other mismatch might be involved, further investigation is required. 
 

Of note, the cross-neutralizing to the DENV-2 serotype was found in both chimeric 

D4EDIII-D2prME and original D4prME DNA, this partly according to the E DI and E DII of 

DENV-2 were used as a DNA backbone in the chimeric DNA. Moreover, it might be imply 

that the fusion loop of domain II which contained highly conserved residues might be involved 

in the induction of the cross-reactive antibodies as shown by Lai that the mostly cross-reactive 

anti-E antibodies recognized the ED II epitope (132).  
 

In summary, the continuously monitor the dengue viral evolution should be 

concerned in order to design a vaccine and select the suitable reference viruses strain for 

vaccine efficacy evaluation especially in the current endemic area. 
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APPENDIX  
 

1. Pairwise alignment of DENV-4 1036 and DENV-4 C0036 (only E amino acid were 

compared) 

 Identity:      478/495 (96.6%) 

 Similarity:   483/495 (97.6%) 

 Gaps:           0/495 ( 0.0%) 
 

 

D4_1036E           1 MRCVGVGNRDFVEGVSGGAWVDLVLEHGGCVTTMAQGKPTLDFELTKTTA     50 

                     |||||||||||||||||||||||||||||||||||||||||||||.|||| 

D4_C0036E          1 MRCVGVGNRDFVEGVSGGAWVDLVLEHGGCVTTMAQGKPTLDFELIKTTA     50 

 

D4_1036E          51 KEVALLRTYCIEASISNITTATRCPTQGEPYLKEEQDQQYICRRDVVDRG    100 

                     |||||||||||||||||||||||||||||||||||||||||||||:|||| 

D4_C0036E         51 KEVALLRTYCIEASISNITTATRCPTQGEPYLKEEQDQQYICRRDMVDRG    100 

 

D4_1036E         101 WGNGCGLFGKGGVVTCAKFSCSGKITGNLVQIENLEYTVVVTVHNGDTHA    150 

                     |||||||||||||||||||||.|||||||||||||||||||||||||||| 

D4_C0036E        101 WGNGCGLFGKGGVVTCAKFSCLGKITGNLVQIENLEYTVVVTVHNGDTHA    150 

 

D4_1036E         151 VGNDTSNHGVTATITPRSPSVEVKLPDYGELTLDCEPRSGIDFNEMILMK    200 

                     |||||||||||||||||||||||||||||||||||||||||||||||||| 

D4_C0036E        151 VGNDTSNHGVTATITPRSPSVEVKLPDYGELTLDCEPRSGIDFNEMILMK    200 

 

D4_1036E         201 MKKKTWLVHKQWFLDLPLPWTAGADTSEVHWNYKERMVTFKVPHAKRQDV    250 

                     ||.||||||||||||||||||.||||.|||||:||||||||||||||||| 

D4_C0036E        201 MKTKTWLVHKQWFLDLPLPWTTGADTLEVHWNHKERMVTFKVPHAKRQDV    250 

 

D4_1036E         251 TVLGSQEGAMHSALAGATEVDSGDGNHMFAGHLKCKVRMEKLRIKGMSYT    300 

                     |||||||||||||||||||||||||||||||||||||||||||||||||| 

D4_C0036E        251 TVLGSQEGAMHSALAGATEVDSGDGNHMFAGHLKCKVRMEKLRIKGMSYT    300 

 

D4_1036E         301 MCPGKFSIDKEMAETQHGTTVVKVKYEGAGAPCKVPIEIRDVNKEKVVGR    350 

                     ||.|||||||||||||||||||||||||.||||||||||||||||||||| 

D4_C0036E        301 MCSGKFSIDKEMAETQHGTTVVKVKYEGTGAPCKVPIEIRDVNKEKVVGR    350 

 

D4_1036E         351 IISSTPLAENTNSATNIELEPPFGDSYIVIGVGNSALTLHWFRKGSSIGK    400 

                     ||||||.||||||.|||||||||||||||||||:.||||||||||||||| 

D4_C0036E        351 IISSTPFAENTNSVTNIELEPPFGDSYIVIGVGDGALTLHWFRKGSSIGK    400 

 

D4_1036E         401 MFESTYRGAKRMAILGETAWDFGSVGGLLTSLGKAVHQVFGSVYTTMFGG    450 

                     |||||||||||||||||||||||||||||||||||||||||||||||||| 

D4_C0036E        401 MFESTYRGAKRMAILGETAWDFGSVGGLLTSLGKAVHQVFGSVYTTMFGG    450 

 

D4_1036E         451 VSWMIRILIGFLVLWIGTNSRNTSMAMTCIAVGGITLFLGFTVQA    495 

                     ||||:|||||.||||||||||||||||:|||||||||||||||.| 

D4_C0036E        451 VSWMVRILIGLLVLWIGTNSRNTSMAMSCIAVGGITLFLGFTVHA    495 
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2. Pairwise alignment of the original D4prME candidate vaccine and DENV-4 strain 1036 

  Length: 495 

  Identity:     479/495 (96.8%) 

  Similarity:   484/495 (97.8%) 

  Gaps:           0/495 (0.0%) 
  

D4prME             1 MRCVGVGNRDFVEGVSGGAWVDLVLEHGGCVTTMAQGKPTLDFELIKTTA     50 

                     |||||||||||||||||||||||||||||||||||||||||||||.|||| 

D4_1036            1 MRCVGVGNRDFVEGVSGGAWVDLVLEHGGCVTTMAQGKPTLDFELTKTTA     50 

 

D4prME            51 KEVALLRTYCIEASISNITTATRCPTQGEPYLKEEQDQQYICRRDMVDRG    100 

                     |||||||||||||||||||||||||||||||||||||||||||.|:|||| 

D4_1036           51 KEVALLRTYCIEASISNITTATRCPTQGEPYLKEEQDQQYICRTDVVDRG    100 

 

D4prME           101 WGNGCGLFGKGGVVTCAKFSCSGKITGNLVQIENLEYTVVVTVHNGDTHA    150 

                     |||||||||||||||||||||||||||||||||||||||||||||||||. 

D4_1036          101 WGNGCGLFGKGGVVTCAKFSCSGKITGNLVQIENLEYTVVVTVHNGDTHG    150 

 

D4prME           151 VGNDTSNHGVTATITPRSPSVEVKLPDYGELTLDCEPRSGIDFNEMILMK    200 

                     |||||||||||||||||||||||||||||||||||||||||||||||||| 

D4_1036          151 VGNDTSNHGVTATITPRSPSVEVKLPDYGELTLDCEPRSGIDFNEMILMK    200 

 

D4prME           201 MKTKTWLVHKQWFLDLPLPWTAGADTSEVHWNHKERMVTFKVPHAKRQDV    250 

                     ||.|||||||||||||||||||||||||||||:||||||||||||||||| 

D4_1036          201 MKKKTWLVHKQWFLDLPLPWTAGADTSEVHWNYKERMVTFKVPHAKRQDV    250 

 

D4prME           251 TVLGSQEGAMHSALAGATEVDSGDGNHMFAGHLKCKVRMEKLRIKGMSYT    300 

                     |||||||||||||||||||||||||||||||||||||||||||||||||| 

D4_1036          251 TVLGSQEGAMHSALAGATEVDSGDGNHMFAGHLKCKVRMEKLRIKGMSYT    300 

 

D4prME           301 MCSGKFSIDKEMAETQHGTTVVKVKYEGTGAPCKVPIEIRDVNKEKVVGR    350 

                     ||||||||||||||||||||||||||||.||||||||||||||||||||| 

D4_1036          301 MCSGKFSIDKEMAETQHGTTVVKVKYEGAGAPCKVPIEIRDVNKEKVVGR    350 

 

D4prME           351 IISSTPFAENTNSVTNIELEPPFGDSYIVIGVGDSALTLHWFRKGSSIGK    400 

                     ||||||.||||||.|||||||||||||||||||:|||||||||||||||| 

D4_1036          351 IISSTPLAENTNSATNIELEPPFGDSYIVIGVGNSALTLHWFRKGSSIGK    400 

 

D4prME           401 MFESTYRGAKRMAILGETAWDFGSVGGLLTSLGKAVHQVFGSVYTTMFGG    450 

                     ||||||||||||||||||||||||||||.||.|||||||||||||||||| 

D4_1036          401 MFESTYRGAKRMAILGETAWDFGSVGGLFTSWGKAVHQVFGSVYTTMFGG    450 

 

D4prME           451 VSWMVRILIGLLVLWIGTNSRNTSMAMSCIAVGGITLFLGFTVHA    495 

                     ||||:|||||.||||||||||||||||:|||||||||||||||.| 

D4_1036          451 VSWMIRILIGFLVLWIGTNSRNTSMAMTCIAVGGITLFLGFTVQA    495 

 

 

High light indicated the amino acid mismatch within E protein.  
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3. Pairwise alignment of the original D4prME candidate vaccine and DENV-4 strain C0036 

 Length: 495 

 Identity:     491/495 (99.2%) 

 Similarity:   491/495 (99.2%) 

 Gaps:           0/495 ( 0.0%) 
 
 

D4prME             1 MRCVGVGNRDFVEGVSGGAWVDLVLEHGGCVTTMAQGKPTLDFELIKTTA     50 

                     |||||||||||||||||||||||||||||||||||||||||||||||||| 

D4_C0036/06        1 MRCVGVGNRDFVEGVSGGAWVDLVLEHGGCVTTMAQGKPTLDFELIKTTA     50 

 

D4prME            51 KEVALLRTYCIEASISNITTATRCPTQGEPYLKEEQDQQYICRRDMVDRG    100 

                     |||||||||||||||||||||||||||||||||||||||||||||||||| 

D4_C0036/06       51 KEVALLRTYCIEASISNITTATRCPTQGEPYLKEEQDQQYICRRDMVDRG    100 

 

D4prME           101 WGNGCGLFGKGGVVTCAKFSCSGKITGNLVQIENLEYTVVVTVHNGDTHA    150 

                     |||||||||||||||||||||.|||||||||||||||||||||||||||| 

D4_C0036/06      101 WGNGCGLFGKGGVVTCAKFSCLGKITGNLVQIENLEYTVVVTVHNGDTHA    150 

 

D4prME           151 VGNDTSNHGVTATITPRSPSVEVKLPDYGELTLDCEPRSGIDFNEMILMK    200 

                     |||||||||||||||||||||||||||||||||||||||||||||||||| 

D4_C0036/06      151 VGNDTSNHGVTATITPRSPSVEVKLPDYGELTLDCEPRSGIDFNEMILMK    200 

 

D4prME           201 MKTKTWLVHKQWFLDLPLPWTAGADTSEVHWNHKERMVTFKVPHAKRQDV    250 

                     |||||||||||||||||||||.||||.||||||||||||||||||||||| 

D4_C0036/06      201 MKTKTWLVHKQWFLDLPLPWTTGADTLEVHWNHKERMVTFKVPHAKRQDV    250 

 

D4prME           251 TVLGSQEGAMHSALAGATEVDSGDGNHMFAGHLKCKVRMEKLRIKGMSYT    300 

                     |||||||||||||||||||||||||||||||||||||||||||||||||| 

D4_C0036/06      251 TVLGSQEGAMHSALAGATEVDSGDGNHMFAGHLKCKVRMEKLRIKGMSYT    300 

 

D4prME           301 MCSGKFSIDKEMAETQHGTTVVKVKYEGTGAPCKVPIEIRDVNKEKVVGR    350 

                     |||||||||||||||||||||||||||||||||||||||||||||||||| 

D4_C0036/06      301 MCSGKFSIDKEMAETQHGTTVVKVKYEGTGAPCKVPIEIRDVNKEKVVGR    350 

 

D4prME           351 IISSTPFAENTNSVTNIELEPPFGDSYIVIGVGDSALTLHWFRKGSSIGK    400 

                     ||||||||||||||||||||||||||||||||||.||||||||||||||| 

D4_C0036/06      351 IISSTPFAENTNSVTNIELEPPFGDSYIVIGVGDGALTLHWFRKGSSIGK    400 

 

D4prME           401 MFESTYRGAKRMAILGETAWDFGSVGGLLTSLGKAVHQVFGSVYTTMFGG    450 

                     |||||||||||||||||||||||||||||||||||||||||||||||||| 

D4_C0036/06      401 MFESTYRGAKRMAILGETAWDFGSVGGLLTSLGKAVHQVFGSVYTTMFGG    450 

 

D4prME           451 VSWMVRILIGLLVLWIGTNSRNTSMAMSCIAVGGITLFLGFTVHA    495 

                     ||||||||||||||||||||||||||||||||||||||||||||| 

D4_C0036/06      451 VSWMVRILIGLLVLWIGTNSRNTSMAMSCIAVGGITLFLGFTVHA    495 

 

 

High light indicated the amino acid mismatch within E protein.  
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4. Multiple alignment of E amino acid among the original D4prME candidate vaccine, 

DENV- 4 strain 1036, DENV-4 strain C0036 and newly isolated Thailand DENV-4 (Year 

2011) 
 

 

D4C0036/06      MRCVGVGNRDFVEGVSGGAWVDLVLEHGGCVTTMAQGKPTLDFELIKTTAKEVALLRTYC 

D4_TH11         MRCVGVGNRDFVEGVSGGAWVDLVLEHGGCVTTMAQGKPTLDFELIKTTAKEVALLRTYC 

D4prME          MRCVGVGNRDFVEGVSGGAWVDLVLEHGGCVTTMAQGKPTLDFELIKTTAKEVALLRTYC 

D4_1036         MRCVGVGNRDFVEGVSGGAWVDLVLEHGGCVTTMAQGKPTLDFELTKTTAKEVALLRTYC 

                ********************************************* ************** 

 

D4C0036/06      IEASISNITTATRCPTQGEPYLKEEQDQQYICRRDMVDRGWGNGCGLFGKGGVVTCAKFS 

D4_TH11         IEASISNITTATRCPTQGEPYLKEEQDQQYICRRDMVDRGWGNGCGLFGKGGVVTCAKFS 

D4prME          IEASISNITTATRCPTQGEPYLKEEQDQQYICRRDMVDRGWGNGCGLFGKGGVVTCAKFS 

D4_1036         IEASISNITTATRCPTQGEPYLKEEQDQQYICRTDVVDRGWGNGCGLFGKGGVVTCAKFS 

                ********************************* *:************************ 

 

D4C0036/06      CLGKITGNLVQIENLEYTVVVTVHNGDTHAVGNDTSNHGVTATITPRSPSVEVKLPDYGE 

D4_TH11         CSGKITGNLVQIENLEYTVVVTVHNGDTHAVGNDTSNHGVTATITPRSPSVEVKLPDYGE 

D4prME          CSGKITGNLVQIENLEYTVVVTVHNGDTHAVGNDTSNHGVTATITPRSPSVEVKLPDYGE 

D4_1036         CSGKITGNLVQIENLEYTVVVTVHNGDTHGVGNDTSNHGVTATITPRSPSVEVKLPDYGE 

                * ***************************.****************************** 

 

D4C0036/06      LTLDCEPRSGIDFNEMILMKMKTKTWLVHKQWFLDLPLPWTTGADTLEVHWNHKERMVTF 

D4_TH11         LTLDCEPRSGIDFNEMILMKMKTKTWLVHKQWFLDLPLPWTAGADTLEVHWNHKERMVTF 

D4prME          LTLDCEPRSGIDFNEMILMKMKTKTWLVHKQWFLDLPLPWTAGADTSEVHWNHKERMVTF 

D4_1036         LTLDCEPRSGIDFNEMILMKMKKKTWLVHKQWFLDLPLPWTAGADTSEVHWNYKERMVTF 

                **********************.******************:**** *****:******* 

 

D4C0036/06      KVPHAKRQDVTVLGSQEGAMHSALAGATEVDSGDGNHMFAGHLKCKVRMEKLRIKGMSYT 

D4_TH11         KVPHAKRQDVTVLGSQEGAMHSALAGATEVDSGDGNHMFAGHLKCKVRMEKLRIKGMSYT 

D4prME          KVPHAKRQDVTVLGSQEGAMHSALAGATEVDSGDGNHMFAGHLKCKVRMEKLRIKGMSYT 

D4_1036         KVPHAKRQDVTVLGSQEGAMHSALAGATEVDSGDGNHMFAGHLKCKVRMEKLRIKGMSYT 

                ************************************************************ 

                                           E329 

D4C0036/06      MCSGKFSIDKEMAETQHGTTVVKVKYEGTGAPCKVPIEIRDVNKEKVVGRIISSTPFAEN 

D4_TH11         MCSGKFSIDKEMAETQHGTTVVKVKYEGTGAPCKVPIEIRDVNKEKVVGRIISSTPFAEN 

D4prME          MCSGKFSIDKEMAETQHGTTVVKVKYEGTGAPCKVPIEIRDVNKEKVVGRIISSTPFAEN 

D4_1036         MCSGKFSIDKEMAETQHGTTVVKVKYEGAGAPCKVPIEIRDVNKEKVVGRIISSTPLAEN 

                ****************************:***************************:*** 

 

D4C0036/06      TNSVTNIELEPPFGDSYIVIGVGDGALTLHWFRKGSSIGKMFESTYRGAKRMAILGETAW 

D4_TH11         TNSVTNIELEPPFGDSYIVIGVGESALTLHWFRKGSSIGKMFESTYRGAKRMAILGETAW 

D4prME          TNSVTNIELEPPFGDSYIVIGVGDSALTLHWFRKGSSIGKMFESTYRGAKRMAILGETAW 

D4_1036         TNSATNIELEPPFGDSYIVIGVGNSALTLHWFRKGSSIGKMFESTYRGAKRMAILGETAW 

                ***.*******************:.*********************************** 

 

D4C0036/06      DFGSVGGLLTSLGKAVHQVFGSVYTTMFGGVSWMVRILIGLLVLWIGTNSRNTSMAMSCI 

D4_TH11         DFGSVGGLLTSLGKAVHQVFGSVYTTMFGGVSWMVRILIGLLVLWIGTNSRNTSMAMSCI 

D4prME          DFGSVGGLLTSLGKAVHQVFGSVYTTMFGGVSWMVRILIGLLVLWIGTNSRNTSMAMSCI 

D4_1036         DFGSVGGLFTSWGKAVHQVFGSVYTTMFGGVSWMIRILIGFLVLWIGTNSRNTSMAMTCI 

                ********:** **********************:*****:****************:** 

 

D4C0036/06      AVGGITLFLGFTVHA 

D4_TH11         AVGGITLFLGFTVHA 

D4prME          AVGGITLFLGFTVHA 

D4_1036         AVGGITLFLGFTVQA 

                *************:* 

 

                  :  E Domain III 
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Abstract  20 

DNA vaccine against dengue is an interesting strategy for a prime/boost 21 

approach. This study evaluated neutralizing antibody (NAb) induction of a dengue 22 

tetravalent DNA (TDNA) vaccine candidate administered by intramuscular-23 

electroporation (IM-EP) and the benefit of homologous TDNA boosting in mice. 24 

Consensus humanized pre-membrane (prM) and envelope (E) of each serotypes, 25 

based on isolates from year 1962-2003, were separately cloned into a pCMVkan 26 

expression vector. ICR mice, five-six per group were immunized for three times (2-27 

week interval) with TDNA at 100 µg (group I; 25 µg/monovalent) or 10 µg (group II; 28 

2.5 µg/monovalent). In group I, mice received a TDNA boosting 13 weeks later. 29 

Plaque reduction neutralization tests (PRNT) were performed at 4 weeks post-last 30 

immunization. Both 100 µg and 10 µg doses of TDNA induced high NAb levels 31 

against all DENV serotypes.  The median PRNT50 titers were comparable among 32 

four serotypes of DENV after TDNA immunization. Median PRNT50 titers ranged 33 

240-320 in 100 µg and 160-240 in 10 µg groups (p=ns). A time course study of the 34 

100 µg dose of TDNA showed detectable NAb at 2 weeks after the second injection. 35 

The NAb peaked at 4 weeks after the third injection then declined over time but 36 

remained detectable up to 13 weeks.  An additional homologous TDNA boosting 37 

significantly enhanced the level of NAb from the nadir for at least ten-fold (p<0.05). 38 

Tetravalent dengue prME DNA vaccine candidate, with a very high homology DNA 39 

sequence to recent dengue viral isolates, induced good neutralizing antibody 40 

responses in mice; and the tetravalent dengue DNA/DNA prime/boost strategy is 41 

promising and warrants further evaluation in non-human primates. 42 

 43 



Introduction 44 

Dengue virus (DENV) infection is a major public health problem in tropical and 45 

sub-tropical countries. Approximately 2.5 billion people are at risk and  50-100 million 46 

infections occur annually worldwide [1]. Unfortunately, licensed vaccine to prevent 47 

dengue is currently unavailable although various vaccine development strategies 48 

have been investigated [2-9]. As four antigenic-related serotypes of DENV (DENV-49 

1, DENV-2, DENV-3 and DENV-4) commonly co-circulate, thus an effective vaccine 50 

must cover all serotypes. Safety, balance between immunogenicity and attenuation, 51 

and “interference” among DENV serotypes represent problems for live, attenuated 52 

dengue vaccine candidates [10-14] [15,16]. DNA vaccine is an alternative strategy 53 

to overcome the concern of these problems together with its many advantages 54 

[[17,18]. In addition, while a live-attenuated dengue vaccine requires at least 6 55 

months apart from the last immunization to be able to re-immunize as an effective 56 

boosting dose [19] [20]. DNA vaccine may have an advantage to be able to boost 57 

much sooner.  58 

In this study, we constructed TDNA dengue vaccine candidates encoding the 59 

prM and E proteins with a very high homology DNA sequence to recent dengue viral 60 

isolates; and examined their immunogenicity following repeated IM-EP in mice. We 61 

also investigated whether an additional boosting with the homologous TDNA when 62 

the NAb was declining, a TDNA-prime/TDNA-boost strategy, would further enhance 63 

the neutralizing antibody responses. 64 

Materials and Methods 65 

Cells and viruses 66 



Monkey kidney-derived cell lines (Vero and LLC-MK2 cells), DENV-1: strain 16007, 67 

DENV-2: strain 16681, DENV-3: strain 16562 and DENV-4: strain 1036 and C0036  68 

were kindly provided by Drs. Ananda Nisalak and Robert Gibbons, Armed Forces 69 

Research Institute of Medical Sciences, Thailand. Vero and LLC-MK2 were 70 

propagated in minimum essential medium supplemented with 10% fetal bovine 71 

serum (FBS) and in Medium 199 supplemented with 20% FBS, respectively (all 72 

reagents were from Gibco) and incubated at 37°C, 5% CO2.  Dengue viral stocks 73 

were propagated in Vero cells and stored in -80 °C. Virus titers were determined by 74 

a plaque assay on LLC-MK2 cell monolayer. 75 

TDNA construction 76 

Full length humanized codon of consensus prM/E were generated from dengue viral 77 

sequences deposited in Genbank during 1962-2003 then commercially synthesized 78 

GeneArt (Germany). The Kozak sequence and  prM signal sequence were inserted 79 

at the N-terminus. The expression cassettes were subcloned into pCMVkan 80 

expression vector [21]  and designated as pCMVkanD1prME, pCMVkanD2prME, 81 

pCMVkanD3prME and pCMVkanD4prME (Figure 1A). All recombinant plasmid 82 

constructs were transformed into Escherichia coli DH5F' (Invitrogen) and confirmed 83 

by nucleotides sequence analysis. 84 

Protein expression 85 

Vero cells were separately transfected with individual recombinant plasmid 86 

constructs (pCMVkanD1prME-pCMVkanD4prME) using lipofectamine 2000 87 

(Invitrogen). At 24 hr post-transfection, cells were fixed, permeabilized and stained 88 

with flavivirus-reactive anti-E antibody (clone 4G2) [22] and anti-DENV-NS1 antibody 89 

(clone DN3, Abcam). Rabbit-anti-mouse IgG-FITC (Dako) and goat-anti-mouse IgG-90 



Alexa-fluor (Molecular Probe) were used as secondary Ab for detection of anti-E and 91 

anti-NS1, respectively. Cell nuclei were counter stained with 4, 6-diamino-2-92 

phenylindole hydrochloride (DAPI) (Sigma–Aldrich). Stained cells were visualized 93 

under fluorescence microscope. Western blot was used for detection of E protein 94 

expression in cells culture supernatant at 24 hr post-transfection or infection by using 95 

4G2 mAb. Rabbit-anti-mouse IgG conjugated with horseradish peroxidase (KPL) 96 

was used as secondary Ab and detected by chemiluminescence substrate 97 

(Immobilon™ western, Millipore) then exposed to an X-ray film. Vero cells infected 98 

with DENV-2 (strain 16681) at the multiplicity of infection of 0.5 or transfected with 99 

empty pCMVkan expression vector were employed as positive and negative controls, 100 

respectively. 101 

Mice experiments 102 

ICR mice at 4-6 weeks of age were procured from the National Laboratory Animal 103 

Center, Mahidol University, Thailand. Mice were immunized with DNA constructs by 104 

intramuscular in vivo electroporation, IM-EP (Ichor Medical Systems) at the tibialis 105 

muscle as previously described [23]. Immunization and bleeding procedures were 106 

performed under isoflurane-induced anesthesia. All experimental procedures were 107 

approved by the Committee of Animal Care and Use of Faculty of Medicine, 108 

Chulalongkorn University (approval no. 05/54).  109 

Five-six mice/group were immunized with TDNA cocktail at a total of 100 µg 110 

(25 µg of each the monovalent preparation) or 10 µg (2.5 µg each) per dose for 3 111 

times at a 2-week interval using IM-EP. Mice were bled at 4 weeks after the last 112 

immunization and the sera were individually examined for NAb activity against each 113 

of the four dengue serotypes. 114 



 In the prime-boost study, six mice were immunized with 100 µg of the TDNA 115 

cocktail (25 µg of each the monovalent preparation) for 3 times at a 2-week interval 116 

and then boosted with 100 µg of the TDNA cocktail on week 17.  Mice were bled at 117 

week 4, 6, 8, 10, 17 and 20 after the first immunization. 118 

Plaque reduction neutralization test (PRNT)   119 

NAb titer was determined by PRNT as previously described [24]. Briefly, mice sera 120 

were inactivated at 56 ๐C, 30 min and serially diluted with MEM supplemented with 121 

10% FBS. Diluted sera were mixed with equal volume of target virus (30-50 122 

PFU/well) and incubated at 37 ๐C for 1 hr. Virus-serum mixture was transferred onto 123 

LLC-MK2 monolayer and allowed to absorb for 1 hr at room temperature. Cells were 124 

overlaid with first overlayer medium containing FBS, amino acid, vitamin, L-125 

glutamine, 0.9% low-melting point agarose (Invitrogen), Hank’s BSS and NaHCO3. 126 

After 4-5 days of incubation in 37 ๐C, 5% CO2, the secondary overlayer containing 127 

4% v/v neutral red (Sigma-Aldrich) was added. Plaques were counted after 24 hr of 128 

additional incubation. The highest serum dilution that resulted in 50% or more 129 

reduction of the average number of plaques as compared with the virus control wells 130 

was considered as the neutralizing endpoint titer (PRNT50).  131 

Statistic analysis 132 

The comparisons of NAb (PRNT50) between experimental groups or at different 133 

time-points were performed with the Mann-Whitney test. p<0.05 was considered 134 

significant. 135 

 136 



Results 137 

In vitro protein expression analysis 138 

At 24 hr post transfection, E protein, but not NS1, expression was detected in the 139 

cytoplasm of Vero cells transfected with each of the recombinant dengue prME DNA 140 

constructs (Figure 1B). Vero cells that were infected with dengue viruses showed 141 

both cytoplasmic E and NS1 protein expression. These two proteins were not 142 

detected in mock-infected Vero cells. Extracellular E protein, approximately 55 kDa 143 

in size, was detected after 24 hr post transfection in immunoblot analysis using the 144 

mAb 4G2 (Figure 1C) for all constructs, but not the empty expression vector.  145 

Induction of neutralizing antibody response in mice  146 

Mice immunized for three times with either 100 µg or 10 µg of total TDNA by IM-EP 147 

showed high levels of NAb against all four DENV serotypes. At 100 µg/dose of TDNA, 148 

the induced NAb titers against four dengue serotypes were comparable. The median 149 

PRNT50 titers against DENV-1, DENV-2, DENV-3 and DENV-4 (strain C0036) were 150 

240, 320, 240 and 320, respectively. Slightly lower levels of NAb were detected in 151 

mice after three injections of 10 µg TDNA/dose. An interesting finding was observed 152 

during the PRNT testing of sera against DENV-4. When strain 1036 was used initially 153 

as target in the PRNT, the NAb titers were significantly lower than those of other 154 

serotypes. When a more recent isolate, C0036, was employed, the magnitude of 155 

NAb titers improved significantly; the median NAb titers were 320 and 240 in the 100 156 

µg/dose and 10 µg/dose TDNA groups, respectively (Figure 2). A similar observation 157 

had been reported previously with recent clinical samples from DENV-4-infected 158 

individuals [74].  159 



 160 

Kinetics of NAb response following a prime-boost TDNA immunization  161 

In mice that were immunized for three times with 100  µg/dose of TDNA, NAb 162 

response were detected against all DENV serotypes at week 2 after the second 163 

immunization, reaching the peak levels at week 4 after the third dose (Figure 3). The 164 

NAb gradually declined over time but remained detectable at week 13 after the third 165 

dose. An additional TDNA boost injected at 3 months after the third dose resulted in 166 

a significant increase of the NAb titers (Figure 3). The median NAb titers increased 167 

by 16-fold (p=0.012), 12-fold (p=0.005), 10.7-fold (p=0.005) and 21-fold (p=0.007) 168 

against DENV-1, DENV-2, DENV-3, and DENV-4, respectively, when compared with 169 

the baseline levels at week 13 after the third dose. 170 

 171 

Discussion 172 

In this study, the recombinant dengue PrME DNA vaccine candidates, when 173 

immunized by intramuscular electroporation (IM-EP) as a tetravalent cocktail, 174 

generated good neutralizing antibody against all serotypes of DENV. With DNA/DNA 175 

prime/boost approach, the median NAb titers after the 4th TDNA immunization at 176 

1280, 640, 640 and 1280 against DENV1, 2, 3 and 4, respectively Our study confirms 177 

there is no interference observed when TDNA was administered in mice [5].  We also 178 

demonstrated the potential of IM-EP in DNA vaccine dose reduction. Ten microgram 179 

of TDNA (2.5 µg/monovalent vaccine) generated the similar levels median NAb titers 180 

against all DENV when compared with the 100 µg TDNA dose. Whether such an 181 

efficient delivery system can significantly reduce the cost of DNA vaccine and can 182 



increase the accessibility of dengue vaccine in most resource-limited countries and 183 

warrants further investigation. 184 

The dengue-specific NAb induced by this TDNA vaccine candidates was 185 

detectable at least up to approximately 3 months from the last immunization. The 186 

other study demonstrated that NAb induced by DNA vaccine encoding prME can 187 

persist until 30 weeks [5].  In addition, our study demonstrated that homologous DNA 188 

vaccine itself can be efficiently used as a boosting vaccine. This approach has been 189 

shown to be promising in a cancer DNA vaccine regimen [25]. It may be explained 190 

by previous observations that DNA vaccine is capable of induction both memory B 191 

and helper T cells [26,27]. Further study is warranted in non-human primate and 192 

thereafter in clinical study whether this tetravalent dengue DNA vaccine can really 193 

be used in a sequential boosting regimen i.e. before a rainy season in order to 194 

enhance the recall the memory cells and NAb responses similar to the seasonal 195 

influenza vaccine approach [28-31].  196 

Nonetheless, the magnitudes of NAb responses cannot be compared 197 

between studies dues to the difference in the neutralizing antibody assay 198 

methodologies and reported unit,.  Ramanathan et al. reported the range of NAb 199 

responses of 400-1000 unit/ml when mice immunized with 10 µg of synthetic 200 

consensus EDIII by using IM-EP [32]. Konishi et al. reported PRNT70 NAb titers of  201 

40-80 in mice after 2 doses of 100 µg tetravalent DNA immunization by needle-free 202 

injector. [5] In this study, the DNA/DNA prime/boost strategy induced median NAb 203 

titers at 1280, 640, 640 and 1280 against DENV1, 2, 3 and 4, after the 4th TDNA 204 

immunization respectively. The induced NAb levels in this study were promising 205 

when compared to the previous reports which showed protective efficacy in animal 206 



after viral challenge.[33].  A recent study by Porter et al. demonstrated that 207 

tetravalent prME DNA formulated with Vaxfectin adjuvant with NAb titers before 208 

challenge against DENV-2 at 105-390 significantly reduced viremia compared to 209 

control group [34] and this vaccine formulation is ongoing in phase I trial.  210 

 Recent evidences have raised the relevant of dengue viral strains to be used 211 

in vaccine design and PRNT-50 assay. A concern in matching between  the strain 212 

used for constructing a vaccine and  the recent circulating virus has been raised from 213 

a  recent phase 2b study conducted in Thailand [35]. A very low protection rate 214 

against DENV-2 (9.2%) was observed. The authors hypothesized that the mismatch 215 

between the DENV-2 CYD vaccine and circulating DENV-2 might be the cause of 216 

failure to protect against DENV-2 infection. In addition, the impact of more recent 217 

versus old dengue viral isolates on the PRNT50 results has also been observed by 218 

Thaisomboonsuk et al.  [36]. They found that when DENV-4 strain 1036 (genotype-219 

2, isolated in 1976, Indonesia) was used to test with DENV-infected serum samples 220 

collected during the 2005-2006 endemic season, the detected PRNT50 titers were 221 

less than expected. In contrast, the titers increased by 4.2 folds when a more recent 222 

Thailand DENV-4 isolate strain C0036 (genotype-1, isolates in 2006, Thailand) was 223 

used.   224 

Interestingly, our observation on dengue virus serotype 4 has further 225 

supported the critical consideration of viral strain to be used for vaccine design and 226 

for PRNT50 assay while developing a vaccine. The synthesized consensus dengue 227 

prME DNA sequence used in our candidate TDNA vaccine were based on the 228 

sequences of dengue viral isolates reported to the GenBank up to 2003, whereas 229 

the old DENV-4 strain 103 isolated from Indonesia in 1976 was used to test the post-230 



immunized murine sera. The PRNT50 titers were found to be very low; but a 231 

significantly increase of the titer in approaching to those other serotype NAb titers 232 

when the newer viral isolates strain C0036 (Thailand 2006) was used for the assay 233 

(see Figure 2). To investigate how close of our candidate DNA vaccine to the recent 234 

dengue isolates is, analyses the homology of E protein amino acid sequence were 235 

performed between the D4prME vaccine construct and DENV-4 strain 1036 or strain 236 

C0036. The D4prME in the DNA vaccine is only 96.8% (479/495 amino acid) 237 

homology to strain 1036 (Indonesia 1976), in contrast it is 99.2% (491/495 amino 238 

acid) homology to strain C0036 (Thailand 2006).  The 16 amino acids difference 239 

within E protein between the D4prME vaccine construct and DENV-4 strain 1036 240 

might be sufficient to alter the neutralization capacity of NAb, of which requires further 241 

investigation. This finding supports the use of most recent dengue viral strain for both 242 

vaccine immunogen design and neutralization assays to avoid such mismatching 243 

outcomes. However, this may affect the use of such vaccine in other geographical 244 

areas.  245 

Taken together, this study has shown that the tetravalent dengue prME DNA 246 

vaccine, with a very high homology DNA sequence to recent dengue viral isolates, 247 

induced good neutralizing antibody responses in mice; and the tetravalent dengue 248 

DNA/DNA prime/boost strategy is promising and is currently being evaluated in non-249 

human primates. 250 
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Figures  legend 262 

Figure 1. (A) Dengue DNA vaccine construction. Humanized sequence of the  263 

consensus prME genes from each dengue serotypes were cloned into pCMVkan 264 

expression vector. ss: signal sequence; HCMV: human CMV promoter. (B) 265 

Intracellular dengue proteins expression. Vero cells were transfected with 266 

indicated dengue DNA vaccine constructs or infected with DENV. The transfected or 267 

infected cells were stained with DAPI, anti-flaviviruses E mAb (4G2) or anti-DENV 268 

NS1 antibody, and analyzed using fluorescence microscopy. (C) Immunoblot 269 

analysis of secreted E protein. Cell culture supernatants were collected at 24 hr 270 

post transfection or infection, and analyzed by employing anti-flavivirus E antibody 271 

(clone 4G2). Lanes 1-5, recombinant plasmid pCMVkanD1, -2, -3, -4 prME and 272 

pCMVkan empty vector; lane 6, DENV-2 strain 16681. M: protein marker. 273 

 274 

Figure 2:  NAb responses against reference viruses used in PRNT in mice 275 

immunized with TDNA. NAb activities in sera of individual mouse following an IM- 276 

EP immunization with 100 µg/dose (opened diamond) and 10 µg/dose (grey square) 277 

for three times were determined at week 4 after the third dose. Horizontal lines 278 



represent the median PRNT50 titer for each group of mice (n = 5-6). ns: no 279 

statistically significant difference. 280 

 281 

Figure 3: Kinetics of NAb responses following TDNA prime-boost immunization. NAb 282 

titers of individual mice sera (n = 6), against each of the four dengue serotypes were 283 

shown separately. Open circle and grey square represent the median PRNT50 titer 284 

with inter-quartile ranges for the TDNA group and the empty vector group, 285 

respectively. Arrows represent the injection of each dose of TDNA .  286 

* indicates p<0.05.   287 
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