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ABSTRACT
Background:  With the sobering results of the STEP and HVTN 505 HIV vaccine clinical trials, novel approaches to HIV vac-
cine development must be explored.  The HIV protease is a 99-amino acid aspartic enzyme that mediates the cleavage of 
Gag, Gag-Pol and Nef precursor polyproteins.  This process is a highly specific, temporally regulated and essential for the 
production of infectious viral particles.  A total of 12 proteolytic reactions are required to generate an infectious virion, and 
a single impaired cleavage reaction can render the virus noninfectious.  Thus,  HIV vaccine-elicited responses targeting the 
protease cleavage sites (PCS) could be highly efficacious.
Methods:  We assess vaccine immunogenicity elicited against PCS immunogens using a modifiedVesicular stomatitis 
virus (VSV) vector combined with a nanodelivery system.  We then evaluate protective efficacy to disrupt SIV acquisition 
and disease progression using a Cynomolgus macaque (Macaca facicularis, Philippines) and SIVMAC239 intrarectal chal-
lenge model.  To examine whether the immune driven viral mutations surrounding the PCS were detrimental to the virus, 
we amplified and sequenced the plasma viruses by 454-pyrosequencing and correlated the amino acid mutations sur-
rounding PCS with alterations in viral load and CD4 count.
Results:  PCS peptides expressed by rVSVs and packaged in nanoparticles are able to generate both antibody and T cell 
responses in macaques.  The ability of macaques to withstand high dose SIVMAC239 challenge was significantly correlated 
with the antibody and antibody/T cell responses to the number of PCS peptides(p=0.0005, R=0.8005).  This combination 
imparted resistance to all but the higher SIV doses that were required to infect vaccinnees (p=0.01). the vaccine group 
maintains significantly higher CD4 counts (p=0.0002).  Amino acid mutations (SN or NS) surrounding PCS correlated sig-
nificantly with reduced viral RNA levels (p<0.0001).
Conclusions:  We show here in a Cynomolgus macaque/SIV model that a candidate HIV vaccine focusing immunologic re-
sponses to the regions surrounding the SIV protease cleavage sites can force viral mutation resulting in impaired SIV fit-
ness.  Focused immune response to the PCS region enables the macaques to withstand multiple high dose pathogenic 
SIVMAC239 intrarectal challenges. Virus recovered from vaccinnees harbored mutations surrounding the protease cleavage 
region that correlated significantly with reduced viral load, and the maintenance of CD4+ T cells in vivo. 
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overlapping each of the 12 protease cleavage sites, Gag or Env 
were cloned into pATX VSV-G vector at Mlu1-Bln1 site.  
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Agarose gel electrophoresis of RT-PCR products.
The results demonstrate the expression of RNA of peptides 
overlapping the p27/p2 site of protease cleavage site of
SIVmac239. 
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A vaccine expressing PCS peptides generates antibody and T cell responses
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INTRODUCTION
Developing an effective preventative vaccine for HIV has proved to be an enormous scientific 
challenge. The classical approach to HIV vaccine development has shown at best, only modest ef-
ficacy. An effective HIV vaccine should not only generate potent immune responses capable of 
destroying infected cells, but also limit aberrant immune activation that increases the susceptibil-
ity of the HIV target cell population to infection. Vaccines that generate focused immune re-
sponses to highly conserved regions of HIV protease cleavage regions (PCS) might be able to 
strike such a balance.  The HIV protease is a 99-amino acid aspartic enzyme that mediates the 
cleavage of Gag, Gag-Pol and Nef precursor polyproteins. This process is highly specific, tempo-
rally regulated and essential for the production of infectious viral particles (1-4).  Twelve proteo-
lytic reactions are required to generate an infectious virion, and a single impaired cleavage reac-
tion can render the virus noninfectious (5).  Thus, an HIV vaccine eliciting immune responses tar-
geting the sequences surrounding these PCS could be highly efficacious. 

we assessed vaccine immunogenicity elicited against PCS immunogens using a modified Vesicular stomatitis virus (VSV) vector combined with a nanodeliv-
ery system. We then evaluated protective efficacy to disrupt SIV acquisition and disease progression using a Cynomolgus macaque (Macaca facicularis) and 
SIVMAC239 intrarectal challenge model.  To examine whether the immune driven viral mutations surrounding the PCS were detrimental to the virus, we ampli-
fied and sequenced the plasma viruses by 454-pyrosequencing and correlated the amino acid mutations surrounding the PCS regions with alterations in viral 
load and maintenance of CD 4 T cell counts.

PCS specific immune responses protect cynomolgus monkeys against 
pathogenic SIVMAC239 infection and disease progression
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Immune responses to PCS peptides drive viral mutation that is detrimental 
to the challenge virus 

Amino acid mutations surrounding PCS at the peak and set point 
correlated with reduced peak and set point viremia  
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progression.  HIV disease progression is measured by rapid CD4 decline;  this is also shown in monkey models.  We showed that 
1) PCS vaccinated monkeys can maintain significantly higher and healthy CD4 counts. 2) there is a significant inverse correla-
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tions around the PCS correlated significantly with lower viral load. The data demonstrated that protease cleavage of the 
pathogenic SIVmac239 is extremely vulnerable to any amino acid alternations around PCS, thus the sequences surrounding 
PCS are good targets for an effective HIV vaccine.  Our proof of concept study demonstrated that disrupting HIV maturation 
process by vaccination against sequences surrounding the PCS is feasible and effective. 
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