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Abstract 

To overcome the genetic diversity of HIV-I among Asian countries, mosaic design of HIV-1 

DNA vaccines encompassing gag, pol and env regions derived from HIV -I CRFO 1_ AE and Asian 

subtype B were constructed. Full-length gag, pol and env sequences were computerized to 

generate Asian mosaic HIV -1 gag/poVenv DNA. The immunogenicity of the Asian mosaic DNA 

were tested in BALB/C mice by electroporation. Cellular immune responses were measured from 

splenocytes by IFN-gamma ELI Spot assay by both HIV-I AE and B pooled truncated peptides. 

The median ELISpot responses to env AE and B peptides of the Asian mosaic HIV-1 env alone 

group were 1088 and 680 SFU/million splenocytes respectively as compared to 81 and 18 in the 

gag/poVenv combination. Boosting with recombinant env-vaccinia alone or recombinant 

gag/poVenv significantly enhanced (p = 0.002) the responses to 2012 and 1550 and 1833 and 

1285 SFU/million splenocytes against AE and B pooled peptides, respectively. Our results 

suggest that the Asian mosaic env HIV-l DNA vaccine was more immunogenic when immunized 

alone at high dose. The DNA priming effect of both groups was effective when boosted with 

recombinant AE-vaccinia. 
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1. Introduction 

Like any other infectious diseases, great expectation for an effective preventive vaccine was 

generated once the human immunodeficiency virus (HIV) was discovered as the causative 

agent of acquired immunodeficiency diseases (AIDS) in 1983 [1-3]. However, no successful HIV 

vaccine has been generated in spite of many efforts during the last three decades [4-12]. The 

only successful human trial of HIV vaccine so far was the RV144 study (canarypox vector 

vaccine: ALVAC-HIV, vCP1521 priming plus the gp120 AIDSVAX B/E vaccine boosting) with an 

efficacy of only 31.2 % [13]. Genetic diversity of HIV-1 and the lack of protective immune 

correlates in HIV infection are the two major obstacles for HIV vaccine development [4,14-16]. 

One of the attempts to overcome the genetic diversity of HIV-1 is the construction of a mosaic 

model that will be able to cover as many genetic diversities as possiblen[17-20]. Here, we report 

the immunogenicity of the Asian mosaic HIV-1 subtype AE/B consisting of gag, pol, env 

combination or env alone in BALB/c mice. 

2. Materials and Methods 

2. 1 Computational design of Asian AEIB vaccines 

Considering co-circulating subtypes and the possibility of new B/CRF01 recombination, 

vaccine candidates were designed by optimizing 1.5 kb full-length mosaic gag, 3.5 kb full-length 

mosaic pol and 2.7 kb full-length env sequences based on alignments including all Asian B, 

CRF01_AE and B/CRF01 recombinant sequences (156 CRF01_AE and 72 Asian HIV-1 

subtype B for gag, 76 CRF01_AE and 30 Asian subtype B for pol , 113 CRF01_AE and 59 Asian 

HIV-1 subtype B for env) in the Los Alamos HIV database (until September 2007 for gag and 

pol and until September 2011 for env). The combination of Band CRF01_AE sequences into 

the design allows the vaccine to cover all potential B/CRF01_AE recombinants that may arise in 
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Thailand. The Mosaic Vaccine Tool Suite at http://www.hiv.lanl.gov/contentisequence/MOSAIC/ 

was used to optimize all the mosaic sequences [17] . The resulting 3 each of Asian AE/B mosaic 

gag , pol and env were used for DNA construction and immunization. 

2.2 HIV gag, pol, env sequence construction and in vitro protein expression 

The 3 Asian AE/B mosaic gag, pol and env genes were optimized and cloned into pCMVkan 

expression vector (CMVHIV Gag3.1 , 3.2 and 3.3; CMVHIV pol 3.1, 3.2 and 3.3; and CMVHIV 

env 1, 2 and 3). The in vitro protein expression of each constructs were conducted by 

transfecting 0.1 ~g of the DNA construct in 293T cells. After 48 hours, the cells and 

supernatants were harvested and analyzed by western blot using 12 % NuPAGE Bis-Tris Gel 

(Invitrogen) and ECl plus kit (GE Healthcare) for detection. 

2.3 In vivo immunogenicity testing 

The immunogenicity were tested in BALB/c mice. Six to eight-week female BAlB/c mice were 

immunized by intramuscular (1M) fOllowed by in vivo electroporation (EP) using 1 00 ~g DNA at 

the 1st dose and 20 ~g DNA at the 2nd and 3rd doses (mosaic env 1+2+3 in env DNA alone and 

mosaic gag/pol/env combination groups). The vaccinations were performed on days 0, 14 and 

28 for DNA alone group. The mosaic env DNA (mosaic env 1 +2+3) prime/vaccinia boost (with 

recombinant vaccinia-AE or B, mosaic env 1+2+3/vEnv E boosted and mosaic env 1+2+3/vEnv 

B boosted) strategy were also tested by boosting with 5-million pfu vaccinia-AE or vaccinia-B 

(NIH catalog# 4012, reagent vT176 for vaccinia-AE and NIH catalog# 3538, reagent vT1174 for 

vaccinia-B) on day 42. For the mosaic gag/pol/env, 4-mi"ion pfu of individual recombinant 

vaccinia HIV-AE gag, pol and env (NIH catalog# 3667, reagent vT142 for gag, NIH catalog# 
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3895, reagent vT143 for pol and NIH catalog# 4012, reagent vT176 for envAE), resulting as 12­

million pfu were used for boosted dose in the DNA prime/vaccinia boost group (mosaic 

gag/pol/env/v_boosted). Altogether, 5 groups of mice, N =6 per group, were immunized with 

mosaic env 1+2+3, mosaic env 1+2+3/vEnv E boosted, mosaic env 1+2+3/vEnv B boosted, 

mosaic gag/pollenv and mosaic gag/pol/env/v_boosted. 80th HIV-1 AE- and 8- env peptide 

pools were separately used to stimulate splenocytes. Two groups of 5 mice per group were 

intradermally immunized 3 times at 2-week interval with 5-million pfu recombinant vaccinia-AE 

(rW_AE) or B (rW_B) to serve as positive controls. 

2.4 ELiSpot assay for HIV-specific T cell responses 

The ELlSpot assay was performed by using mouse interferon-gamma (IFN-y) kit (Mabtech, 

Stockholm, Sweden) according to the manufacturer's instructions. Briefly, 96-well ELlSpot 

plates were coated with 50 )lL/we" of 10 )lg/ml of anti-mouse IFN-y monoclonal antibody (mAb) 

(AN18, Mabtech, Stockholm, Sweden) in PBS and incubated at 4°C over night. The plates were 

washed and blocked with R10 medium (RPMI 1640 medium with 10% fetal calf serum). 5x105 

isolated splenocytes per well were stimulated in duplicates with HIV-1 AE env pooled peptide 

(164 synthetic overlapping peptides (OlPs), 15 amino acid long overlapping by 11, AusPep, 

Melbourne, Victoria, Australia) [21] or HIV-1 8 env pooled peptide (211 OlPs, 15 amino acid 

long overlapping by 11, NIH AIDS Reagent Program, catalog# 9480) or cultured in medium 

alone for 16 hours at 37°C with 5% CO2. Concanavalin A (Con A) at 2.5 !-Ig/ml was used as 

positive control. After incubation, the plates were washed 6 times with 200 !-II/well of PBS/0.05% 

Tween20 followed by 1 time with PBS. Then 1 !-Ig/ml of biotinylated monoclonal antibody to 

IFN-y (R4-6A2-Biotin; Mabtech, Stockholm, Sweden) was added and were further incubated for 

3 hours. The plates were washed again and 1: 1,000 dilution in PBS of streptavidin alkaline 
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phosphC!tase (Mabtech, Stockholm, Sweden) was added and incubated for 1 hour. After another 

wash, alkaline phosphatase conjugate substrate kit (5-bromo-4-chloro-3-indolylphosphate and 

nitro blue tetrazolium, Bio-Rad Laboratories, Hercules, CA) was added for 30 minutes. The 

number of specific IFN-y secreting T-cells were counted using an automated ELiSpot reader 

(Carl Zeiss, Germany) and expressed as spot-forming units (SFU) per 106 splenocytes. 

3. Results 

3. 1 Asian mosaic AEIB gag, pol and env constructs 

From 156 CRF01.-AE and 72 Asian HIV-1 subtype B for gag, 76 CRF01_AE and 30 Asian HIV­

1 subtype B for pol, 113 CRF01_AE and 59 Asian HIV-1 subtype B for env, 3 Asian mosaic HIV­

1 subtype AE/B sequences were generated for individual genes, namely CMVHIV Gag3.1, 3.2 

and 3.3; CMVHIV pol 3.1, 3.2 and 3.3; and CMVHIV env 1, 2 and 3, respectively, resulting as 9 

mosaic DNA constructs. Since the env have much more diversity than either gag or pol, mosaic 

env 1 favours CRF01.-AE, mosaic env 2 favours both CRF01_AE+B and mosaic env 3 was 

more or less the same as mosaic 2 with some modification to fill in some of the gaps occurred in 

mosaic env 2. All constructs were proved to have good protein expressions. 

3.2 Cell-mediated immune responses to env AE pooled peptides stimulation in DNA alone and 

in gag/po//env combination groups 

When stimulated with env AE pooled peptides, the mosaic env 1 +2+3 DNA alone group could 

induce good cell-mediated immune response, 1088(938-1713) spot forming unites (SFU)/1x106 

splenocytes. The response was much higher after boosting with 5-million pfu of vaccinia-AE, 

2012(1836-2256) SFUl1x106 splenocytes (p = 0.0022). Vaccinia-B could also boost the 
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response to 1683 (997-2004) SFUl1x106 splenocytes but not significantly different from DNA 

priming only [1088 (938-1713) SFU/1X106
] (Figure 1). 

For the mosaic gag/pol/env combination group, it was surprising that the response was 

significantly lower, 81(8-751) SFUl1x106 splenocytes, than the mosaic env 1+2+3 DNA alone 

group (p =0.0022). After boosting with 12-million pfu of vaccinia -AE gag/pol/env, the response 

was brought up to 1833(836-2026) SFU/1 x1 06 splenocytes which was significantly difference (p 

= 0.0022) from the mosaic gag/pol/env alone group. This mosaic gag/pol/env/v_boosted 

response was not significantly different from the mosaic env 1+2+3/vEnv E boosted or from the 

mosaic env 1+2+3/vEnv B boosted (Figure 1). 

The responses of mosaic env 1+2+3 were much higher than the positive control groups, 

recombinant vaccinia-AE (rW_AE) or B (rW_8), were much higher (p = 0.0080 and p = 

0.0043, respectively) (Figure 1). For the mosaic gag/pollenv group, although the responses 

were almost the same as the positive control groups, boosting with 12-million pfu of vaccinia­

AE gag/pollenv significantly enhanced the response «p = 0.0080 as compared to positive 

control groups), (Figure 1). 
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Figure 1 The median IFN-y ELiSpot responses to env AE pooled peptides stimulation of mouse 

immunized with Asian mosaic env alone, mosaic gag/pollenv, mosaic env DNA 

prime/recombinant vaccinia boost and mosaic gag/pollenv DNA prime/recombinant vaccinia 

boost. 
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3.3 Cel/-mediated immune responses to env B pooled peptides stimulation in DNA alone and in 

gag/pol/env combination groups 

When stimulated with env B pooled peptides, the mosaic env 1 +2+3 DNA alone group could 

also induce good response, 680(472-1700) SFU/1x106 splenocytes. The response was higher 

after boosting with S-million pfu of vaccinia-AE, 1550(1025-1694) SFU/1x106 splenocytes even 

was not statistically difference. However, the boosting with vaccinia-B could induce significant 

higher response 1654(1284-1950) SFU/1x106 splenocytes (p = 0.0152, Figure 2). 

For the mosaic gag/pol/env combination group, it was again surprising that the response was 

significantly lower, 18(13-706) SFU/1x106 splenocytes, than the mosaic env 1+2+3 DNA alone 

group (p =0.0304). After boosting with 12-million pfu of vaccinia -AE gag/pollenv, the response 

was brought up to 1285(387-1867) SFU/1 x1 06 splenocytes which was significantly difference (p 

= 0.0129) from the mosaic gag/pollenv alone group. However, the responses had no statistical 

difference when compared the mosaic gag/pollenv/v_boosted to either the mosaic env 

1+2+3/vEnv E boosted or mosaic env 1+2+3/VEnv B boosted (Figure 2). The responses of 

mosaic env 1 +2+3 as compared to the positive control groups, rW_AE or rW_B were much 

higher (p = 0.0080 for both groups (Figure 2). For the mosaic gag/pollenv group, even the 

responses was almost the same as the positive control groups, the boosting with 12-million pfu 

of vaccinia -AE gag/pollenv could again significantly enhance the response «p = 0.0080), 

Figure 2. 
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Figure 2 The median IFN- y EUSpot responses to env B pooled peptides stimulation of mouse 

immunized with Asian mosaic env alone, mosaic gagJpol/env, mosaic env DNA 

prime/recombinant vaccinia boost and mosaic gag/pol/env DNA prime/recombinant vaccinia 

boost. 
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4. Discussion 

The Asian mosaic env DNA, either being used alone or as combination of gag/pollenv, was 

proved immunogenic, especially with the DNA prime/vaccinia boost strategy. It is quite 

surprising but is explainable that the immunization with mosaic env 1 +2+3 DNA alone (3 mosaic 

DNA constructs) was much more immunogenic than the mosaic gag/pollenv DNA combination 

(1088 vs 81 and 680 vs 18 SFU/1x106 splenocytes when stimulated with env-AE and env-B 

pooled peptides, respectively). This is because of the 3-fold less env DNA in the mosaic 

gag/pollenv combination (9 mosaic DNA constructs as compared to only 3 DNA constructs in 

the mosaic env 1+2+3 only group). For example, if a total of 100 1-19 DNA was used for 

immunization, the amount of env 1 or 2 or 3 constructs in the mosaic env 1 +2+3 was 33 I-Ig per 

construct but it was only 11 I-Ig per construct in the mosaic gag/pollenv combination group. 

In spite of the lower T-cell response with mosaic gag/pollenv DNA immunization, boosting with 

gag/pollenv recombinant vaccinia could heighten the env immune response to the same level 

as env only prime /env only boost. It indicates that less env DNA can be used for priming if 

strong boosting is given. This may lower the cost of DNA vaccination. 

Our results clearly show that the mosaic env DNA constructs cover both the HIV-I AE and B 

subtypes since it could be boosted equally well by both env AE and env B recombinant vaccinia. 

In addition, both env AE and env B pooled peptides could stimulate the in vitro T-cell response 

equally well in the immunized mice, again showing the broad immunogenicity of the mosaic 

vaccine. 

Our results are in accordance with many other reports of increasing breadth and depth of 

immune responses by mosaic immunogens [20, 22-24]. Santra et al reported the increased 

breadth of cellular and humoral immune responses elicited in rhesus monkeys by multi-valent 
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mosaic as compared to consensus immunogens [23]. Kong et ai, reported the expanded 

breadth of the T-cell response to mosaic human immunodeficiency virus type 1 envelope DNA 

targeting HIV-1 envelope [24]. However, the DNA prime/vaccinia boost strategy could enhance 

comparable responses between the 2 groups (mosaic env 1 +2+3 vs mosaic gag/pollenv), i.e., 

2012 vs 1833 and 1683 vs 1833 SFU/1x106 splenocytes when stimulated with env-AE pooled 

peptides. This is also true when stimulated with env-B pooled peptides, 1550 vs 1285 and 1654 

vs 1285 SFU/1 x1 06 splenocytes. 

To further advance the clinical development of our Asian mosaic HIV-1 vaccine, we are in the 

process of testing our DNA prime / recombinant vaccinia boost strategy in pigtailed macaque In 

addition to humoral and cell-mediated immunity evaluation, challenge with recombinant 

Simian/human HIV-1 (SHIV) with AE, Band AE/B subtypes is planned 
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