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T helper cells — One of the most notable immunologic defects in HIV-1 infection is the relatively weak or absent HIV-1-specific T helper cell function seen in most infected individuals [19-26]. This qualitative abnormality in immune function is present in the earliest stages of infection, long before a quantitative decline in CD4 cells is observed. This lack of HIV-1-specific T helper cell activity may be a key factor in the inability of the host immune response to control viral replication during the chronic phase of infection. Several studies indicate a statistically significant inverse correlation between the presence of HIV-1-specific T helper cell responses and HIV-1 load [25].











Background 








NORMAL CELLULAR IMMUNE RESPONSES IN CHRONIC VIRAL INFECTIONS -





In most chronic viral infections, both virus-specific T helper cells and CTL are required to effectively eliminate a virally infected cell. CD4 T helper lymphocytes recognize viral antigens in the context of MHC class II molecules on the surface of antigen-presenting cells. Upon presentation and recognition of antigen, virus-specific T helper lymphocytes become activated and undergo clonal expansion. During this expansion, cytokines are produced and secreted which not only act on CD4 T helper lymphocytes to further direct clonal expansion but also serve as chemical signals to both B and T lymphocytes, orchestrating an effective immunologic attack (show figure 1).





Virus-specific CTL are defined by their ability to lyse target cells in vitro in an MHC class I restricted manner. Most CTL are CD8 T lymphocytes, but some CD4 T lymphocytes have been identified with cytotoxic activity [16]. In addition to recognition of a complex of the target antigen and MHC, CTL require other signals to become fully activated [17]. It is thought that virus-specific T helper cells elaborate and supply these signals in the form of cytokines such as interleukin (IL)-2.





Most CTL directly lyse target cells through the recognition of specific peptide-MHC complexes by the T cell receptor (TCR). Two pathways of killing have been identified. Engagement of the TCR with peptide-MHC complex results in the release of perforin and granzymes and destruction of the target cell. It has also been shown that CTL produce soluble inhibitory factors that can inhibit viral replication in a class I unrestricted manner [18].








INTERPLAY OF HIV AND HOST CHEMOKINE RECEPTORS 





CD4 cell depletion was appreciated early as an important manifestation of HIV-1 infection, yet the actual number of virally-infected CD4 cells was too low to explain the CD4 cell decline [1]. The envelope glycoprotein (gp)120 of HIV-1 binds to cells carrying the CD4 receptor, utilizing one of the chemokine receptors (usually CCR5 or CXCR4) as a coreceptor [2,3]. Macrophage-tropic viruses utilize CCR5 and T-lymphocyte-tropic viruses, which are usually synctium inducing, use CXCR4. The usual ligands for CCR5 include macrophage inflammatory protein (MIP)-1alpha and 1beta and RANTES (regulated on activation, normal T cell expressed and secreted), while stromal cell-derived factor type 1 (SDF-1) is the usual ligand for CXCR4 [4]. Studies with agents that block viral binding to chemokine receptors are currently underway and show promise for future use as antiviral agents.





The progression of HIV-1 infection varies greatly among individuals including those infected from the same source. This observation led investigators to explore features of the virus and immune system which might account for these differences. A number of studies implicate coreceptor expression as a factor in regulating rate of progression of infection.





* Individuals homozygous for a 32 base pair deletion in the CCR5 gene appear to be more resistant to acquisition of HIV-1 infection [5] since sexual transmission is more frequently associated with M-tropic virus. The V3 loop of gp120 is the critical domain for utilization of the CCR5 receptor [6].





* In several studies, CCR5 expression appears to be highest when viral load is high [7,8]. HIV-infected patients heterozygous for the 32 base pair deletion had fewer CD4 cells with CCR5 than HIV-1 infected patients without the deletion, but both groups had higher numbers of these cells than controls without HIV-1 [7]. Individuals heterozygous for the 32 base pair deletion in CCR5 generally have slower rates of disease progression than those homozygous for wild type CCR5 [9].














IMMUNE RESPONSES IN HIV-1 INFECTION








One of the paradoxes of HIV-1 infection is that the virus elicits a broad immune response which is not completely protective.





T helper cells


 


One of the most notable immunologic defects in HIV-1 infection is the relatively weak or absent HIV-1-specific T helper cell function seen in most infected individuals [19-26]. This qualitative abnormality in immune function is present in the earliest stages of infection, long before a quantitative decline in CD4 cells is observed. This lack of HIV-1-specific T helper cell activity may be a key factor in the inability of the host immune response to control viral replication during the chronic phase of infection. Several studies indicate a statistically significant inverse correlation between the presence of HIV-1-specific T helper cell responses and HIV-1 load [25].





The absence of virus-specific T helper cell function makes HIV-1 infection unique among chronic viral infections. One theory proposed to explain this lack of HIV-1-specific T helper cells is a selective clonal deletion during acute, primary HIV-1 infection. It is during acute viral infection that virus-specific T helper cells learn to recognize and respond to replicating virus. During acute infection there should be a massive expansion of virus-specific cells that establish a pool of memory T helper cells for immunologic recall upon subsequent exposure to the virus and persistence of virus-specific T helper cell function.





The critical factor that makes HIV-1 infection different from other chronic viral infections is that HIV-1 selectively targets and infects activated, expanding CD4 T helper cells. During acute, primary HIV-1 infection, HIV-1 viral replication occurs at an extremely rapid rate, producing the highest level of circulating virus observed at any time in HIV-1 infection [27]. (See "Primary HIV-1 infection: Pathogenesis; epidemiology and clinical manifestations"). This creates a situation in which rapidly proliferating virus-specific CD4 T helper cells become activated and expand in the presence of high level viremia, resulting in subsequent infection and deletion of these cells prior to the establishment of virus-specific memory cells.





There is some evidence that the initiation of HAART in individuals with acute HIV-1 infection results in the restoration of HIV-1-specific T helper cell responses [25,28]. This suggests that the rapid reduction of replicating virus during acute HIV-1 infection allows for the survival of this immune response. One study determined that patients with the DRB1*13 haplotype of class II alleles had a more durable suppression of virus following the initiation of antiretroviral therapy than those with other genetic haplotypes [29]. Other explanations for the lack of virus-specific T helpers include induction of anergy of T cells due to high-level antigen burden, antigen-induced apoptosis, or a defect in antigen presentation rendering HIV-1-specific T helper cells non-functional.





Cytotoxic T lymphocytes  





The discovery of a virus-specific CTL response to HIV-1 infection in the late 1980s [18,30,31] led to the realization that the host immune response could play an important role in containing HIV-1 infection and disease progression. HIV-1-specific CTL have been identified in most persons infected with the virus and have been shown to play an important role in containing virus replication early in infection [32,33]. There is a strong temporal association between a decrease in the viral load and the appearance of CTL [34]. Moreover, CD8 cell depletion of macaques just prior to infection with SIV leads to sustained high viral loads and rapid disease progression [35]. A study of administering a DNA vaccine supplemented by injection of a fusion protein of interleukin (IL)-2 and the FC portion of IgG in rhesus monkeys showed that these animals were clinically well 140 days after challenge with a significant virus-specific CTL response and preserved virus-specific helper T cells [36].





HIV-1-specific CTL also appear to be involved in the chronic phase of HIV-1 infection. (See "Natural history and classification of HIV-1 infection"). Certain individuals with apparently non-progressive HIV-1 infection (so-called long term nonprogressors) have been shown to have strong virus specific CTL responses [37-39], and several groups have shown that high levels of CTL correlate with low viral load and slower disease progression [40-42]. CTL, especially at the mucosal level, may prevent the acquisition of HIV-1 infection based upon a study of highly exposed but HIV-1 negative sex workers in Kenya [43]. If this observation bears out, it could influence vaccine development strategies.





Despite the presence of HIV-1-specific CTL, most patients infected with HIV-1 eventually progress to AIDS. Studies are currently underway to elucidate the mechanisms for the failure of CTL to completely control HIV-1 infection (show figure 2), but the explanation is probably multifactorial. HIV-1-specific CTL responses decline over time but persist at low levels even in patients close to death [26,44]. Under the influence of CTL pressure, HIV-1 often mutates to avoid immune detection and destruction; examples of such mutations include epitope changes that result in loss of HLA class I binding or recognition by the TCR [45-49]. This viral escape is a major mechanism by which HIV-1 evades the host immune response. Superinfection with a second, non cross reacting HIV-1 strain has also been shown to result in loss of CTL immune control despite persistence of recognition by the cells of multiple epitopes found in the original strain [50].





HIV-1 may also evade destruction by CTL by downregulating HLA class I on the host cell surface, which has been shown to be regulated by the viral protein, Nef [51,52]. Nef downregulates HLA-A and B alleles, but not C or E. A and B alleles are important in presenting antigen to CTL, while C and E alleles are pivotal in preventing lysis of the cell by natural killer (NK) cells. Thus, the HIV-1 infected cell is able to escape destruction by both CTL and NK cells. The HLA-B*35 subtype of the individual appears to affect the rate of progression to AIDS; patients with HLA-B*35-Px had a rapid progression to AIDS compared to those with HLA-B*35-PY despite the fact that these subtypes might differ by no more than a single amino acid [53].





HIV-1-specific CTL appear to have shorter life spans than CTL with specificities for other viruses, possibly due to the upregulation of markers for apoptosis [54,55]. This shortened life span may also contribute to the gradual decline in CTL over the course of infection.





Induction of apoptosis is also thought to play an important role in HIV-1 infection and may affect both CD4 and CD8 positive T cells. Once binding of the virus occurs, signaling results in cell activation or apoptosis [56]. Programmed cell death in one study was demonstrated to depend upon the binding to CXCR4 receptor; monoclonal antibodies against the site of gp120 and CXCR4 interaction prevented apoptosis as did SDF-1alpha and a protein inhibitor with binding to the V3 loop of gp120 [56]. Activation of caspase-3 and -6 is linked to apoptosis [56,57]. In one study HIV-1 envelope proteins were able to activate caspases, which are cysteine proteases capable of triggering apoptosis [57]. Cleavage of focal adhesion kinase (FAK), which inactivates the molecule and promotes cell death, was demonstrated in this report to occur following treatment of lymphocytes by HIV envelope. HIV-1 Nef appears to induce the expression of FasL on both virally infected and neighboring cells. This can lead to apoptosis of the neighboring cell but should also produce the same effect on the virally infected cell. One group found that Nef also inhibits apoptosis signal-regulating kinase (ASK)-1, which protects the virally infected cell from apoptosis at the same time that killing of neighboring cells is induced [58].





By contrast, other investigators have failed to find evidence of apoptosis in HIV-infected Jurkat and H9 cell lines [59]. Specifically, neither caspase activity nor evidence of cleavage of caspase substrates were found to any signficant degree and addition of antiapoptotic proteins did not affect cell death.





Humoral immune responses — Although many other viral infections can be contained by an effective neutralizing antibody response, the role that antibody plays in HIV-1 infection is unclear. It appears that in some circumstances, neutralizing antibody can prevent HIV-1 infection in vitro; however, this level of antibody response appears to be difficult to reproduce in vivo [60]. Furthermore, no convincing association between the presence of neutralizing antibody and control of viral replication has been made to date.





In some people who remain seronegative despite repeated exposure to HIV-1, neutralizing IgG or mucosal IgA have been detected but this appears to occur only in a minority [57,61]. The presence of neutralizing antibodies in mothers appeared to protect infants from vertical transmission of the virus in one study [62]. Broadly cross reactive neutralizing antibodies had been identified in some individuals with long-term nonprogressive infection although these responses were not observed in all individuals with non-progressing infection [63].





Cleavage of gp160, the HIV env gene, results in a non-covalently bonded trimer consisting of three gp120 molecules weakly associated with three gp41 moieties [64]. Binding of this complex to its receptor results in a conformational change that exposes potential targets for neutralizing antibodies. Because these sites remain hidden until receptor binding occurs, neutralizing antibodies are usually not formed. Studies are underway to devise trimeric molecules which mimic the natural Env structures in order to elicit neutralizing antibodies as part of a multivalent vaccine.





  HIV-1 superinfection — Infection with another strain of HIV-1 following containment of the first infection or superinfection has been described in experimental animals. A case has been reported of clear superinfection with subtype B in a patient in Switzerland infected with the AE clade for two years [65]. The patient during a HAART treatment interruption had unprotected intercourse in Brazil where the HIV-1 B subtype is prevalent; several weeks later the patient had a rebound in HIV-1 RNA and over a period of time the B subtype replaced the AE clade in the patient. The frequency of superinfection is difficult to gauge since most patients would be exposed to a second virus within the same clade but could have implications for vaccine efforts.





DENDRITIC CELLS 





Dendritic cells (DC) have been shown to play important roles in both the pathogenesis of HIV-1 and the immune response to infection. DCs are believed to be the initial cells infected with HIV-1 at mucosal sites [66]. DCs can be directly infected with the virus or can capture virus on their stellate processes [67]. They can then form syncytia with CD4 T lymphocytes and produce large amounts of virus [68]. These syncytia may form in situ at the mucosal surface, or the infected DC may travel to lymph nodes and infect nodal CD4 cells [69,70]. From lymph nodes, infected cells may spread throughout the body resulting in loss of CD4 cells and eventual progression to AIDS.





Dendritic cells also play an important role in the host response to infection. DCs are powerful antigen presenting cells and can present antigen in both class I and class II pathways, stimulating both CD4 T helper cell and CD8 cytotoxic responses [71]. The class II presentation pathway is designed to pick up extracellular material for presentation via the lysosomal pathway. By contrast, class I presentation requires the presence of cytoplasmic proteins within the cell; these cellular proteins are broken down by proteases and sent to the endoplasmic reticulum for presentation on class I molecules. DCs appear able to circumvent this need for cytoplasmic processing and can present exogenous viral proteins to CTL in a class I restricted manner [72]. DCs also appear less susceptible to downregulation of class I by HIV-1 Nef [73], rendering them better antigen presenting cells than HIV-1-infected CD4 cells.





These observations raise the possibility of utilizing DCs in vaccine and immune reconstitution strategies. It has been shown that autologous DCs primed with peptide can boost CD4 cell and CTL memory responses [74,75] and generate primary responses [76-78] both in vitro and in vivo. Studies are currently underway to determine if such strategies could be used in the development of immune reconstitution and HIV-1 vaccination strategies.


