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suMMARy

The viral envelope (Env) on the surface of human immunodeficiency virus type 1 (HIV-1) 
mediates entry of a virion into a target cell. This entry process can be inhibited by the binding 
of neutralizing antibodies (NAbs) to Env, which either blocks attachment of Env to its recep-
tors on the cell surface, or prevents the conformational changes in Env necessary to promote 
fusion of the viral and cellular membranes. The majority of HIV-1-infected individuals develop 
a NAb response against the autologous virus within weeks to months after primary infection. 
However, HIV-1 variants with mutations in the viral envelope resulting in decreased sensitivity 
to these NAbs are rapidly selected. New NAbs are elicited in response to these escape variants, 
thus leading to successive cycles of antibody production and viral escape. As a results of the 
rapid emergence of HIV-1 escape variants, NAbs seem to have little effect on the control of 
viral replication. In this thesis, we studied the development of the NAb response in HIV-1-
infected individuals, the subsequent viral escape from antibody neutralization, the evolution 
of the viral envelope glycoprotein, and the effect of these processes on viral replication and 
disease progression. 

Primary HIV-1 infection is predominantly established by viruses that use the chemokine 
receptor CCR5 as a coreceptor (R5 variants). In approximately 50% of individuals infected 
with subtype B HIV-1, CXCR4-using variants evolve from R5 viruses during the course of 
infection, followed by an accelerated progression to AIDS. As this relatively late appearance 
of X4 HIV-1 variants is poorly understood, we studied whether humoral immunity may play 
a role in the evolution of HIV-1 from CCR5- to CXCR4 usage (chapter 2). We observed 
that recently emerged X4 viruses were more sensitive to neutralization by CD4 binding site-
directed agents than their coexisting R5 variants. Moreover, a subset of patients mounted a 
potent humoral immune response against these CXCR4-using variants. Although the humoral 
immune response in these patients was not sufficient to prevent the appearance of X4 vari-
ants, the increased neutralization sensitivity of HIV-1 during the transition from CCR5- to 
CXCR4-usage suggests that HIV-1 phenotype evolution may be prevented by strong humoral 
immunity in certain individuals.

The development of the NAb response and the evolution of Env coinciding with humoral 
immune pressure had mainly been studied in the initial phase of infection or cross-sectionally 
in acutely versus chronically infected patients. In chapter 3, we present a longitudinal study of 
autologous HIV-1 humoral immunity in relation to Env evolution that covers the entire course 
of infection from seroconversion to symptomatic disease. We show that, particularly early in 
infection, NAbs have a large effect on the evolution of Env, resulting in extended variable loops 
of the gp120 subunit, and an increased density of the glycan shield. Reversion of NAb-induced 
changes was observed late in infection in the face of declining neutralizing immunity, sugges-
tive of an effect of these changes on viral fitness. However, in chapter 4, we show that escape 
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of HIV-1 from autologous neutralizing serum activity, and the coinciding changes in Env, are 
in general not associated with a decrease in viral replication rate.

Although the NAb response in HIV-1-infected individuals is generally relatively strain-
specific, a subset of individuals develops broadly neutralizing activity in serum later in 
infection. As these cross-reactive NAbs are thought to target conserved regions of the viral 
envelope, escape of HIV-1 from broadly neutralizing serum activity may be limited. However, 
we observed that the development of HIV-1-specific cross-reactive humoral immunity does 
not influence the rate of disease progression (chapter 5). In chapter 6, we subsequently show 
the rapid selection of antibody escape variants in individuals who developed cross-reactive 
neutralizing activity, indicating that the conserved nature of the domains targeted by these 
antibodies does not prevent NAb escape of HIV-1. In addition, the replication rate of HIV-1 
is not affected by resistance of the virus to neutralization by monoclonal broadly neutralizing 
antibodies (BNAbs) (chapter 7). These findings suggest that HIV-1 may be able to escape from 
NAbs by changes in both the variable and the conserved regions of Env without the loss of 
viral fitness, which may explain the absent effect of potent cross-reactive neutralizing humoral 
immunity on the clinical course of infection. 

The conserved nature of the epitopes of the BNAbs b12, 2G12, 2F5, and 4E10, and the 
general lack of selective antibody pressure on these epitopes, may imply that the sensitivity of 
HIV-1 for these BNAbs remains fairly constant over the course of infection. On the contrary, 
we show in chapter 8 that viruses resistant to one or more BNAbs appear over the course of 
infection in most individuals, irrespective of the potency of the autologous NAb response. The 
emergence of viruses resistant to b12 neutralization was studied in more detail in chapter 9. 
We show that b12 resistant HIV-1 variants appeared during the course of natural infection in 
a substantial proportion of HIV-1-infected individuals, irrespective the presence or absence of 
humoral and/or cellular immune pressure. These results suggest that other mechanisms than 
immune pressure are likely to play a role in the selective outgrowth of viruses resistant to BNAbs.

In chapter 10, we investigated whether the successive rounds of NAb escape of HIV-1 in 
sequentially infected individuals has influenced the neutralization phenotype of the virus at the 
population level over the course of the epidemic. We observed that viruses from individuals 
who seroconverted between 2003 and 2005 were more resistant to antibody neutralization 
than virus variants from individuals who seroconverted between 1985 and 1988, suggesting 
that HIV-1 has adapted to humoral immunity over time. The decreased exposure of antibody 
epitopes coincided with enhanced masking mechanisms of the viral envelope and seemed to 
result in the elicitation of poorer NAb responses in more recently infected individuals. 

Taken together, the results described in this thesis have given us more insight into the role of 
NAbs in HIV-1 infection and the evolution of the viral envelope over the course of infection. 
Although NAbs may not be able to influence HIV-1 disease course, a better understanding of the 
elicitation of cross-reactive humoral immunity during natural HIV-1 infection and the escape of 
HIV-1 in response to antibody pressure will be relevant for the design of a NAb-based vaccine.


