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Abstract 

Introduction: Traditional vaccine strategies are inefficient at protecting against more 

complex pathogens including HIV, therefore novel vaccine technologies are required. 

DNA vaccines are attractive as they are relatively cheap and easy to manufacture, but 

reduced immunogenicity in humans is a limitation. The key to improving DNA vaccine 

immunogenicity is enhanced DNA uptake and localised inflammatory responses, which 

may be achieved with the use of an appropriate adjuvant. HSP70 is a damage associated 

molecular pattern (DAMP) that binds to and activates dendritic cells, making HSP70 a 

potential natural adjuvant. The immunogenicity of a DNA vaccine encoding HIV gag 

and HSP70 was examined in which the latter was genetically modified to encode 

cytoplasmic, fusion, secreted or membrane-bound forms of HSP70, controlled by a 

separate promoter within the same construct, ensuring delivery of the antigen and 

adjuvant to the same cell. Furthermore, immune responses induced by DNA vaccines 

encoding multiple antigens compared with a single antigen were measured. 

Methodology: C57Bl/6 mice were vaccinated three times at two weekly intervals with 

10 μg doses of DNA via the intradermal route. Gag-specific T cell responses were 

determined by EliSpot, intracellular cytokine staining (ICS) and proliferation assays. 

Short term and long term protection was evaluated by challenge with EcoHIV, a 

chimeric HIV that can infect mouse, but not human, leukocytes.  

Results: A bicistronic vector containing the CMV and SV40 promoters was produced. 

The CMV promoter was shown to be approximately 10-fold stronger than the SV40 

promoter using the eGFP reporter gene. Therefore, initially, the HIV gag antigen was 

cloned downstream of the CMV promoter and the wild type and modified HSP70 genes 

were inserted downstream of the SV40 promoter, to ensure that the adjuvant properties 

of HSP70 targeted antigen-positive cells. Membrane-bound or secreted HSP70 

significantly enhanced gag-specific T cell responses in vaccinated mice and increased 

the breadth of T cell responses as determined by the recognition of otherwise 

subdominant gag epitopes. The adjuvant effect of membrane-bound or secreted HSP70 

also significantly improved the ability of HIV-specific T cells to secrete multiple 

cytokines, a characteristic thought to be important for vaccine efficacy. Finally, 

inclusion of genes encoding membrane-bound HSP70 resulted in increased protection as 
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shown by a significant reduction in the titre of EcoHIV in peritoneal exudate cells after 

virus challenge, compared with mice vaccinated with the gag-only DNA.  

To increase the expression of membrane-bound or secreted HSP70, these genes were 

also inserted downstream of the CMV promoter, while expression of gag was controlled 

by the SV40 promoter. However, this significantly decreased gag-specific T cell 

responses as shown by EliSpot and ICS analysis. Furthermore, DNA vaccines which 

included the HIV pol gene with gag compared with gag alone reduced the gag-specific 

T cell responses in vaccinated mice and reduced the protection in mice challenged with 

EcoHIV. 

Conclusion: This study demonstrated that expression of membrane-bound or the 

secreted form of HSP70 from a DNA vaccine encoding HIV gag significantly improved 

gag-specific T cell function, multifunctionality and proliferation. Most importantly, the 

adjuvant effect of membrane-bound HSP70 increased protection in mice challenged 

with EcoHIV. 
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