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Summary
The latest data from 2008 indicate that around 33 million people were infected with HIV-
1, 2.7 million people were newly infected and around 2 million people died that year 
due to AIDS-related illnesses. The only possible treatment at the moment is a life-long 
regimen of a cocktail of antiretroviral drugs that can be accompanied by severe side-
effects over time. This scenario illustrates the urgent need for a vaccine. 

Despite more than 25 years of research, there is still no effective vaccine that protects 
against infection by HIV-1. Only very recently the first small success was reported in a 
vaccine trial in humans, although the significance of these findings and the exact mode 
of protection are still under debate. The extent of protection provided by the vaccine was 
in fact very low, but nonetheless these results may cautiously suggest that it is possible to 
develop a truly effective HIV-1 vaccine by further improvement. 

HIV-1 is transmitted to a new individual by contact with virus-containing bodily 
fluids or cells. The HIV-1 virions infect T lymphocytes using the glycoprotein trimer 
complex (Env), which binds the primary receptor CD4 and subsequently the CCR5 or 
CXCR4 co-receptor. The current consensus is that an effective HIV-1 vaccine should at 
least contain an antibody-inducing component that can neutralize Env-containing virus 
particles. Thus, a vaccine component should be some form of the Env protein because 
this is the only viral protein present on the outside of the virion. 

Chapter 2 outlines some of the key features of the Env protein using the crystal 
structure of the gp120 subunit bound by b12, one of a few antibodies that are able to 
neutralize a wide array of HIV-1 variants, a so-called broadly neutralizing antibody. The 
analysis helps to explain how this remarkable b12 antibody binds to the CD4 binding site 
of Env. The insight gained could aid in the development of novel Env immunogens aimed 
at eliciting b12-like antibodies with potent and broad neutralizing activity. 

The challenge of developing an effective antibody-inducing HIV-1 vaccine derives 
from several causes. First, the Env protein is covered by a “glycan shield”, consisting of 
large amounts of sugars (glycans) that prevent the elicitation of antibodies to underlying 
protein epitopes. These (N-linked) glycans cover almost the entire surface of Env, and 
the immune system does not usually recognize them as foreign because these sugars 
are natural products of the host cell biosynthetic machinery. These glycans may also 
suppress antibody responses in general by interfering with DC function. In chapter 3 
we try to address this issue by reducing the size of the glycan structures. We achieved 
this this by expressing the Env protein and Env-containing virus in a cell-line lacking 
N-acetylglucosaminyltransferase I (GnTI). Protein glycosylation and modification of 
the glycans takes place in several steps, each requiring a different enzyme. Knockout 
of GnTI blocks glycan processing beyond the Man5GlcNAc2 stage. This leads to smaller 
and much more homogeneous glycans than present on the normal Env protein, which 
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may potentially result in improved exposure of underlying epitopes. We did not observe 
any negative effects of this glycan-reduction on the folding of the Env protein and its 
function in cell entry on the virus particle. This method of reducing the complexity of the 
Env glycan shield could prove useful for future studies on the protein structure and the 
immunogenicity properties. 

A second immune evasive tactic deployed by HIV-1 consists of its variable domains 
that are structurally flexible and able to cover important conserved Env epitopes. In order 
to uncover and expose such important epitopes we tried to remove the variable V1V2 
domain without modifying the remainder of the Env protein structure (chapters 4 and 
5). As the residues exposed by the V1V2 deletion are normally not solvent-accessible, 
the newly exposed surface is quite hydrophobic, which is likely to lead to misfolding and 
loss of function of the Env trimer. In order to maintain the original Env structure and 
function, we decided to use the evolutionary capability of HIV-1 as an aid in creating 
ΔV1V2 mutants with proper Env function. To do so, we introduced various V1V2 
loop deletions into the CXCR4-using LAI isolate. As expected several mutants did not 
replicate, but some mutants were not totally replication-impaired and these viruses 
evolved over time by incorporation of compensatory mutations that largely restore Env 
function. In fact, all of these mutations seem to reduce the hydrophobicity of the newly 
exposed surface, which was achieved by reducing the number of hydrophobic residues 
and increasing the number of hydrophilic residues. Also N-linked glycosylation sites 
were introduced during virus evolution as glycans are hydrophilic in nature. The evolved 
ΔV1V2 Env mutant proteins were shown to be extremely sensitive to antibody-mediated 
neutralization, indicating that the neutralization epitopes were indeed well exposed. 

 In order to test whether better exposure of neutralization epitopes by ΔV1V2 Env 
mutants leads to enhanced induction of antibodies that recognize these epitopes, we 
tested the immunogenicity of three of these evolved ΔV1V2 mutants (chapter 5). We 
performed dermal immunization by means of a DNA gene gun in rabbits with the three 
ΔV1V2 mutants and a full-length Env control and boosted all rabbits with the same 
full-length Env protein. The ΔV1V2 mutant (ΔV1V2.9.VK) induced higher binding 
and neutralization titers of ΔV1V2 virus compared to the full-length Env control. This 
translated to an apparent improvement of neutralization of the neutralization sensitive 
SF162 virus containing an intact V1V2 domain, but not of the more neutralization 
resistant virus strains (such as LAI and JR-FL). Furthermore this difference was negated 
upon immunization with the full-length protein Env. This result indicates that removal of 
variable domains could indeed be an effective strategy for inducing higher neutralizing 
titers, but that the boosting agent should be carefully chosen.

The HIV-1 Env protein does not only prevent the elicitation and binding of 
neutralizing antibodies by various structural features, its general immunogenicity is 
also extremely low compared to other viral surface proteins. We tried to increase the 
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overall immunogenicity in several ways. In the first attempt described in chapter 6, the 
functional domain of GM-CSF was inserted into the space created by the V1V2 deletion 
(chapter 4 and 5). When we tested this fusion protein, folding of Env did not seem to be 
affected as indicated by binding of various monoclonal antibodies and receptor molecules 
to diverse domains (V1V2, V3, CD4 binding site, glycans, gp41 and the co-receptor 
binding site). Treatment of GM-CSF-susceptible TF1 cells with the fusion protein led to 
cell stimulation, whilst Env alone was inactive. This result was corroborated by a mouse 
dermal DNA immunization experiment using Env with or without GM-CSF, which 
showed enhanced anti-Env antibody titers and T-cell responses for the fusion protein. 
This socalled “cis-adjuvant approach” seems an attractive way to design future Env-based 
vaccine candidates. 

We also tried a different method of enhancing the immunogenicity of Env. In chapter 
7 we present the development of an Env fusion protein with CD40 ligand (tumor necrosis 
factor superfamily (TNFSF) member 5/CD154). The fusion of Env and CD40L was 
facilitated by insertion of an isoleucine zipper (IZ) motif, a strong inducer of trimerization. 
The Env-CD40L fusion was able to bind CD4, Env-neutralizing antibodies, CD40, a 
neutralizing CD40L antibody, and stimulated CD40-expressing cells. Env-CD40L was 
also able to stimulate dendritic cells, which in turn were able to activate naïve T-cells. 

In chapter 8 we tested whether Env with a cis-adjuvant is more immunogenic than Env 
without cis-adjuvant. We therefore created fusion constructs of Env with three different 
TNFSF members; CD40L, B-cell activating factor (BAFF/TNFSF13b) and a proliferation 
inducing ligand (APRIL/TNFSF13). The Env-CD40L construct was designed to target 
mainly DCs, whereas Env-BAFF and Env-APRIL target B cells. These constructs were 
found to express the Env fusion proteins, which also appeared to be folded correctly. 
When tested in a rabbit dermal DNA immunization experiment according to the same 
protocol as described in chapter 5, we found that Env-APRIL induced higher binding 
and neutralizing titers in a IgG-dependent manner, without inducing aspecific immune 
activation. This concept could be used to enhance the immunogenicity of HIV-1 Env and 
possibly other “difficult” antigens. 

Taken together, we have developed several strategies to improve the antigenicity and 
immunogenicity of the HIV-1 Env protein. We have reduced the size of the glycan shield, 
removed variable domains, inserted immunostimulatory domains in place of the variable 
domains, and improved the overall immunogenicity of Env by attachment of cis-adjuvant 
domains to the C-terminus. The lessons learnt could instruct the further development 
of an effective Env-containing vaccine that induces antibody-based protection against 
HIV-1 transmission. Some of the approaches described here may also improve vaccines 
for other pathogens than HIV-1. 




