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Hypothesis

Antibodies that are capable of neutralizing free HIV-1 virus are not necessarily equally capable of inhibiting cell-to-cell fusion, and antibodies that can inhibit cell-to-cell fusion are not necessarily equally capable of neutralizing free virus. These differences in antiviral activity of antibodies can be quantified in the same host cells by a luciferase-based cell fusion assay.

Background

Development of antibody against HIV (seroconversion) generally occurs within three months after primary infection with the virus (Montefiori, et al, 2001). Much research has been done on antibodies developed by HIV-1 infected persons. Many of the antibodies developed have been shown to neutralize HIV-1 in vitro. Monoclonal antibodies have also been shown to neutralize HIV-1 in vitro. While strong neutralizing antibody responses have been associated with HIV-infected persons who do not develop AIDS for over 10 years (long-term nonprogressors), the inverse is not necessarily true: the presence of neutralizing antibodies does not necessarily predict reduced disease progression (Emilie et al, 1991). Most persons who are HIV positive and seroconvert may resolve the acute phase of infection, but are still unable to totally clear the virus and do still progress to AIDS over time (Schultz, 1999). It has been hypothesized that virus variants (escape mutants) emerge in response to the development of neutralizing antibodies, thus avoiding autologous neutralization (Albert et al, 1990). 

Because of unclear protective nature of neutralizing antibodies, it is important to examine the HIV-inhibiting activity of antibodies that are being studied. Specifically, we questioned if neutralizing antibody also inhibits spread of virus by syncytium formation. Human immunodeficiency virus can enter uninfected CD4+ T cells by two routes: via direct infection of the target cell by free virus, or via fusion of an infected cell(s) with an uninfected cell(s), thus forming a syncytium. Like infection with free virus, cell-to-cell fusion is dependent on the interaction of viral glycoprotein gp120 with CD4 on the target cell (Stocker et al, 2000), but there may be other differences in the two infection mechanisms. Free-virus infection of CD4+ T cells, but not syncytium formation, has been shown to be inhibited by soluble synthetic CD4 peptides in vitro (Okhi et al, 1990). 

Most antibodies have been assessed for ability to inhibit HIV infection of CD4+ T cells in assays using free virus only (Emile et al, 1991), and one would suspect that even though an antibody has been defined as neutralizing of free virus, it still may not be protective against cell-to-cell transmission of virus. A variety of factors determine virus-inhibiting activity of an antibody, and these factors may differ between a virion target and an infected cell target. These factors may include the angle at which the antibody binds its epitope or ability of the antibody to aggregate its target (Dimmock, 1995). These factors may also play into the efficacy of anti-host-cell antibodies (e.g. anti-CD4 antibodies) to inhibit HIV infection versus anti-virus antibodies (e.g. anti-gp120 antibodies). One recent study concluded that the coreceptor-binding domain of gp120 is not accessible at the cell-to-cell fusion interface, and therefore anti-gp120 antibodies would not have fusion-inhibiting effects (Finnegan et al, 2001).

It would seem appropriate to determine whether an antibody can either inhibit free virus, inhibit cell-to-cell fusion, do both, or do neither. Syncytium-inducing (SI) virus strains have been found to produce greater cytopathicity of CD4+ T cells, which correlates to increased disease progression (Fouchier et al, 1996; Graham et al, 1990; Graham et al, 1995). The ability of a neutralizing antibody to both inhibit free virus and inhibit syncytium formation could explain decreased disease progression in some persons. Alternatively, an antibody that can only neutralize free virus or only inhibit cell-to-cell fusion would unlikely be protective in vivo. An assay that compares the ability of an antibody to neutralize free virus and/or to inhibit cell-to-cell fusion side by side in the same set of cells would have uses in assessing humoral responses to vaccines as well as in development of monoclonal neutralizing antibodies.

Several systems have been developed to assess cell-to-cell fusion, including a (-galactosidase transactivation assay (Emilie et al, 1991), neutral red uptake (Graham et al, 1990), and a luciferase transactivation assay (Aguilar-Cordova et al, 1994; Barbeau et al, 1998). The luciferase assay has the advantage of greater induction of enzymatic activity upon cell-to-cell fusion than the (-galactosidase assay, and can fusion can be rapidly quantified in a bioluminescence reader. The luciferase assay demonstrates cell fusion using a Jurkat-derived T cell line (1G5) transfected with a luciferase gene that is driven by HIV-1 long terminal repeat (HIV-1 LTR).  Upon fusion with an HIV-infected cell, tat from the infected cell activates expression of the luciferase gene, which can be quantified upon addition of substrate. 

Using this fusion detection assay, we will attempt to demonstrate that antibodies that neutralize free virus do not necessarily inhibit cell-to-cell fusion, and that antibodies that inhibit cell-to-cell fusion do not necessarily neutralize free virus. 

Aims

· Demonstrate that antibody can be examined for neutralization of free virus or inhibition of cell-to-cell fusion side-by-side in the same set of cells using the luciferase transactivation assay.

· Compare neutralization of various syncytium-inducing HIV-1 strains (lab-adapted strains, primary isolates from a variety of HIV-1 clades [subtypes]) or inhibition of fusion with cells infected with these viruses, using freshly obtained peripheral blood mononuclear cells (PBMCs) and various antibodies (polyclonal and monoclonal) to demonstrate that different antibodies do have different means of inhibiting spread of HIV. 
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