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OBJECTIVE
To develop a luciferase-based assay that quantifies cell-to-cell fusion for the purpose of distinguishing immune responses that inhibit the spread of HIV through cell-to-cell fusion from immune responses that inhibit infection by neutralizing free virus.

INTRODUCTION

HIV can infect CD4+ cells when free virus particles bind to host cells and release the virion into the cytoplasm, or when an infected cell fuses its membrane with an uninfected cell to form a syncytium. Both events are dependent on the interaction of the HIV envelope protein gp120 and the host receptor CD4 (Figure 1). Neutralizing antibodies isolated from HIV+ patients have been shown to inhibit the transmission of HIV between cells in vitro by blocking the entry of free virions into uninfected cells, but have often been shown to be poor prognosis factors in vivo, possibly because of their inability to address cell-to-cell transfer of virions1.  Many neutralizing antibodies have had their activity characterized in infection assays using cell-free virus only2. In this study we developed an assay to simultaneously examine the ability of neutralizing antibody to inhibit virus transmission via cell-to-cell fusion as well as neutralizing activity against free virus, utilizing a reporter cell line (1G5) containing an LTR-driven luciferase construct3. We then applied the assay to a spectrum of virus-antibody pairs to distinguish the means of viral inhibition in each pair. 
MATERIALS AND METHODS

Luciferase-based assay: To assure clinical relevance, we used freshly-donated human white blood cells (peripheral blood mononuclear cells, PBMCs) and infected them with HIV. Infected PBMCs were coincubated with 1G5 cells, a clonal cell line derived from Jurkat cells and tranfected with a luciferase gene driven by an HIV-1 long terminal repeat (HIV-LTR)2. Upon HIV-induced cell fusion, tat protein from the HIV originating from the infected PBMCs enters the 1G5 cells and activates LTR-regulated expression of the luciferase reported gene (Figure 2). Luciferase expression after 24 hours coincubation is quanitified with a luminescence reader (Figure 3).

Fusion inhibition/Neutralization Studies: To compare the different means of inhibition of HIV transmission between cells, two types of luciferase-based assays were developed. 

Fusion Inhibition: PBMCs were infected with HIV for 4 days. Serially-diluted antibody or serum was then incubated with the pre-infected PBMCs for one hour. PBMCs were then allowed to fuse with 1G5 cells for 24 hours and luciferase expression was measured.


Neutralization: Serially-diluted antibody or serum was incubated with cell-free virus for 24 hours, then uninfected PBMCs were added and incubated with the virus and serum for 4 days. IG5 cells were then added and allowed to fuse for 24 hours and luciferase expression was measured.

Virus-Antibody Pairs: Ten pairs of syncytium-inducing (SI) HIV-1 virus strains and antibody or sera were selected to study differences in fusion inhibition/neutralizing activity. Viruses 

used included isolates of subtype (clade) B, found primarily in US, Europe, Southeast Asia, and South America, isolates of subtype D, found primarily in Africa, and laboratory-adapted strains. Antibodies or sera used came from a variety of sources, including positive pooled patient sera, sera from patients on highly active antiretroviral therapy (HAART), and an experimental anti-host cell monoclonal antibody.

RESULTS TO DATE

(See Figures 4-7)

FUTURE EXPERIMENTS

Future experiments will include neutralization/fusion inhibition comparisons of other antibody-virus pairs across a spectrum of clades, particularly involving the experimental anti-host cell monoclonal antibody B4.

CONCLUSIONS AND SIGNIFICANCE

1. We have taken an established reported cell line (1G5)3 and developed a more clinically relevant assay by using PBMCs and variety of virus isolates where it was previously used only with laboratory-adapted cell lines and viruses.

2. We have demonstrated the difference in virus-inhibiting activities of various antibodies and confirmed that neutralization and fusion inhibition are in fact distinct characteristics.

3. We have established the usefulness of a cell-to-cell fusion assay in differentiating virus-inhibiting activities of various antibodies, which warrants further development for and use in vaccine research and other antibody studies.
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Figure 1: The inhibition of HIV transfer between cells by antibodies can occur by several means. Antibody can neutralize free virus particles (A) by binding to and blocking the binding site (gp120) or by binding elsewhere on the virus particle, changing the conformation of the binding site and inhibiting entry into the CD4+ cell. Alternatively, antibody can inhibit transfer of HIV during a cell-cell fusion event by blocking the binding site or binding elsewhere on the infected cell (such as the coreceptors) to prevent successful cell-to-cell fusion. Anti-host cell antibodies can also be directed against the binding site on the host cell (CD-4) to prevent direct infection by free virus or viral transfer during cell-to-cell fusion. 
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Figure 2: Following CD-4/gp120 mediated cell fusion, HIV-encoded Tat protein enters 1G5 cells containing the luciferase construct, binds to the LTR on the contruct, and induces Luc expression. Subsequent addition of luciferin substrate (not shown) results in production of detectable light by bioluminescence.


Relative Luminescence Units = 4 x 106


Relative Luminescence Units = 6000

Figure 3: Syncytia formation. Cell-to-cell fusion between 1G5 cells and HIV-infected cells (left) results in syncytia formation (indicated by arrows) as well as luciferase expression and subsequent bioluminescence upon addition of luciferin substrate. 1G5 cells in the absence of infected cells or virus (right) produce no syncytia and low bioluminescence.










