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There were two main themes during this first day of the conference in terms of HIV/AIDS basic science (Track A). The first theme was the generation of HIV molecular “diversity” (including drug resistant viral variants) and how this diversity influences virus transmission. A great deal of information on how HIV transmission works at the molecular level has been gathered by studies conducted by Eric Hunter (and summarized in a talk given in session MOSY06) and his collaborators. These studies have shown that HIV sexual transmission between discordant sex couples (i.e., one infected and one uninfected) involves a major genetic bottleneck occurring at the level of transmitted donor viruses. Interestingly, new data from Dr. Hunter’s lab indicate that, when transmission occurs between unknown individuals and/or involves multiple partners, the severity of this genetic bottleneck is much smaller. These findings have major implications in terms of HIV vaccine development as they suggest that this transmission-related “genetic bottleneck”, which could represent a phase in which virus replication is more vulnerable to antibody-mediated neutralization, is not a universal feature of HIV transmission. Along those lines, an interesting talk by the Richman’s laboratory described a possible underestimation of the number of HIV dual infection (i.e., when the host is infected with two viral strains originating from different sources) when “standard” methods are used as opposed to full genome sequence (11% versus 2.5%). This latter finding has implications both in terms of clinical course of disease (as dual infection may be associated with faster disease progression, possibly by favoring immune escape) as well as therapy (as the strains may differ in terms of drug resistance). Even more importantly, the growing evidence of in vivo super-infection—also suggested by published work by Drs. Overbaugh and Streek—indicates that immunity provided by the infection with one given strain of HIV does not necessarily protect from super-infection with different HIV strains. The second theme was the need to better understand HIV/AIDS pathogenesis, particularly at the level of the interaction between the virus and the host immune system. Two presentations by Thaidra Gaufin and Guido Silvestri have emphasized the importance of studying natural SIV hosts (i.e., African green monkeys and sooty mangabeys), in which progression to AIDS does not occur despite high virus replication and attenuated immune responses to the virus. These findings underline the complexity of HIV/AIDS immunopathogenesis that is not fully captured by pathogenic model wherein the strength of adaptive immune responses to the virus is the key factor protecting from disease progression. As discussed in an interesting talk by Dr. Garcia, the availability of new murine models for HIV infection (notably, the bone marrow/liver/thymus mice) will hopefully pave the way for work aimed at better understanding HIV/AIDS immuno-pathogenesis in vivo. The interesting evening session (“War and peace between microbes”) focused on the interaction between HIV and other microbes (referred to as co-pathogens) that highlights a further level of complexity of HIV/AIDS pathogenesis. Indeed, while this interaction between HIV and other pathogens often results in accelerated disease progression, it may also results in suppression of HIV replication as in the case of GBV-C virus (as discussed by Dr. Jack Stapleton). In all, these findings are of interest as they may uncover new strategies for anti-HIV therapy, either by targeting the HIV-associated chronic immune activation or by manipulating the interaction between HIV and other pathogens. 
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This session on HIV immunopathogenesis was mostly focus on a series of contributions aimed at elucidating the role of PD-1 expression on T cells during HIV infection. PD-1 is a marker of activation and/or dysfunction (“exhaustion”) whose expression on T cells correlates with disease progression. What remains to be elucidated is whether PD-1 upregulation on T cells is responsible for the loss of control of virus replication or, alternatively, if it is unchecked virus replication—for instance if the virus has already escaped or replicates in anatomic sanctuaries—that causes, via continuous T cell receptor stimulation, for PD-1 upregulation. In this session three presentations provided new insights on PD-1 expression during HIV infection. In an elegant study, Joseph Conrad from Dr. Kalams’ laboratory showed that PD-1 expression is higher in dominant HIV-specific CD8+ T cell clonotypes when compared to “sub-dominant” ones. Anne Maaggard from Oslo provided an interesting link between PD-1 upregulation and loss mitochondrial DNA. Finally, Dr. Belmonte presented data showing PD-1 uregulation and relative loss of CD127 (the Interleukin-7 receptor) from duodenal T cells. 
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There were several main themes during this third day of the conference in terms of HIV/AIDS basic science (Track A). 
 
In the morning plenary session, Dr. Robert Siliciano (Johns Hopkins University) focused on the extremely important issue of eradicating the reservoir of latently HIV-infected cells—a sine qua non condition in order to cure the infection. When activated CD4+ T cells are infected with HIV, a few cells survive and return to a resting state. These cells may remain “latently” infected for many years, with some of them being reactivated at any give time, likely in response to prevailing antigens, thus resulting in ongoing virus production (and replenishment of the reservoir). The ideal strategy to eliminate this latent virus (and thus possibly eradicate the infection) is to activate these resting memory cells and let them die out. Unfortunately, there is no way to activate these cells specifically, i.e., without massive activation of uninfected cells, which would again increase the pool of latently infected cells.  

 
In an interesting afternoon session, “looking to the future”, Dr Anthony Fauci, director of NIAID, presented his vision for the future of HIV research. He identified five areas for research that should be prioritized: (1) Pathogenesis, including studies of the early events post-infection; structural studies to devise immunogens that can induce neutralizing antibodies; high throughput genomic studies to identify new drug targets among host gene products; studies of immune activation to understand how the pool of CD4+ T cells is destroyed. (2) Diagnostics and monitoring should be made easier, cheaper, and brought to point of care worldwide. (3) Remove the obstacle for a “curing” tratment, notably the persistence of latent reservoirs and residual viral replication. (4) Prevention: while prevention of mother to child transmission and post-exposure prophylaxis (PeP) are proven strategies, pre-exposure prophylaxis (PreP) and antiretroviral containing microbicides hold promise. (5) Vaccines, with focus on basic and applied immunology (i.e., role of the innate immune response, induction of broadly neutralizing antibodies, devising appropriate animal models, and definition of the correlates of vaccine-induced immune protection) prior to launching new large scale vaccine trials.

 
An additional theme was the role of host genetic factors in restricting and influencing virus transmission and infection pathogenesis. This is an area of HIV/AIDS research that is rapidly evolving over the past few years, and may have a tremendous impact on both understanding the mechanisms of HIV action and identifying new targets for antiviral therapies. In two sessions (WEAA01 and WEPDA1) several interesting talks focused on this topic. Dr. Jeang (United States) used a library of small inhibitory RNA (siRNAs) to screen for cellular proteins whose expression is required for HIV replication. With this approach he >200 genes—and then validate their role using stably siRNA transfected cell lines. Dr. Devaux (Luxembourg) described a new, albeit rare, CCR5 mutation (hCCR524 mutation) that may protect from HIV infection and disease progression. While this observation, it remains to be determined how the hCCR524 mutation affects permissivity to virus replication and response to CCR5 ligands. 
 
Finally, there were two sessions focusing on preclinical models for HIV/AIDS vaccine development. At a time when the field of AIDS vaccinology is undergoing a major soul searching, numerous groups have presented interesting contributions. Lauren Hirao study of an optimized DNA vaccine delivered electroporation was particularly exciting.  The DNA was optimized via codon optimization and RNA optimization.  The vaccine was delivered with a plasmid that expressed IL-12.  The immune responses lead to approximately 1.7% of total CD8+ T cells responding to SIV antigens. Upon heterologous challenge, a 1.5 log decline of viral load was observed at week 12 post-infection. Dr. Ohlen presented interesting data on a vaccine that included an SIV nef mutant. The infection of T cells with this mutant, while having a suppressed viral replication, maintained a high level of MHC class I. These infected cells were incubated with MamuA01 CM9 specific CD8 cell clones.  The CD8 clones in the in vitro assay produced CD107a and IFN-gamma at significant levels.
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There were three main themes during this fourth day of the conference in terms of HIV/AIDS basic science (Track A). The first main theme was virus entry and transmission. This topic is very important for its wide range implications in terms of prevention—both through microbicides and vaccines—and pathogenesis. The exciting THAA01 session featured two exciting talks. The first was by Dr. Petropoulos from Monogram, who reported a study of seven individuals that were infected with CXCR4-tropic virus (a highly unusual circumstance as the overwhelming majority of transmitted viruses are CCR5-tropic). While the mechanisms underlying this uncommon pattern of transmission are still unclear, the fact that X4-tropic viruses can be transmitted has profound implications, particularly for microbicidal strategies based on CCR5-inhibition. The other study was by Dr. Perez (Chicago, USA), who presented a fancy two-color fluorescent-microscopy-based approach (with virus core labelled with GFP and the virus membrane labeled with S15-Cherry) to study virus uncoating. This approach would be very useful to define the molecular events involved in HIV uncoating, the role of uncoating in priming of HIV-specific immune responses and also testing drugs targeting this phase of HIV life cycle. The second theme was the so-called “elite controllers” (i.e., those HIV-infected individuals who appeared to control virus replication in absence of therapy). It is still unclear to what extent the “elite controller” (EC) phenotype is caused by intrinsic viral defects; genetically-determined host restriction factors; and stronger antiviral adative immune responses. In two elegant presentations, Dr. Miura (Boston) and Dr. Arts (Cleveland) presented data suggesting that viral fitness (either at the level of the gag/protease genes or at the level of virus entry) is significantly lower in virus isolated from “elite controllers” HIV-infected individuals (i.e., those rare subjects who control virus replication in absence of antiretroviral therapy). These presentations were of interest because they emphasize the complexity of the “elite controller” phenotype, and suggest the possibility that some of the immune features found in these EC individuals may be a consequence, rather than a cause, of their unusual phenotype. The third theme was the pathogenic role of chronic immune activation—a topic that has been extensively discussed in this conference given the growing appreciation of the pathogenic role played by this complication of HIV infection. Dr. Lisco (NIH) presented interesting data generated using the “artificial” lymph node system and suggesting that a vicious cycle of virus replication, immune activation, and death of both infected and uninfected cells is key to CD4+ T cell depletion associated with HIV infection. Also, Dr. Addo (Boston) presented very interesting data on a new marker of T cell “exahustion” (i.e., the impaired ability to proliferate and produce cytokines in response to cognate antigenic stmulation), i.e., the molecule T-cell immunoglobulin and mucin-like domain-3 (TIM-3) that modulates Th1 differentiation and IFNg production by T cells. She found that HIV infection is associated with increased TIM-3 expression on T cells, particularly CD8+ T cells, and correlated directly with virus replication and inversely with CD4 counts. 

