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Interaction in vitro between cells infected with human immunodeficiency virus (HIV) and 
surrounding, uninfected, target cells often leads to cell fusion and the formation of 
multinucleated cells, called syncytia. The presence in HIV-infected individuals of virus 
strains able to induce syncytia in cultures of T cells is associated with disease progression 
and AIDS. Even in the asymptomatic stage of infection, multinucleated cells have been 
observed in different organs, indicating that fused cells may be generated and remain 
viable in the tissues of patients. We used lymphocytic cells transfected for the expression 
of the HIV-envelope (Env) glycoproteins to develop a method for the direct quantification 
of fusion events by flow cytometry (Huerta et al., 2006, J. Virol. Methods 138, 17–23; López-
Balderas et al., 2007, Virus Res. 123, 138–146). The method involves the staining of fusion 
partners with lipophilic probes and the use of fluorescence resonance energy transfer 
(FRET) to distinguish between fused and aggregated cells. We have shown that such a 
flow-cytometry assay is appropriate for the screening of compounds that have the 
potential to modulate HIV-Env–mediated cell fusion. Even those syncytia that are small or 
few in numbers can be detected. Quantitative analysis of the fusion products was 
performed with this technique; the results indicated that the time of reaction and initial 
proportion of fusion partners determine the number, relative size, and average cellular 
composition of syncytia. Heterogeneity of syncytia generated by HIV-Env–mediated cell-
cell fusion may result in a variety of possible outcomes that, in turn, may influence the 
biological properties of the syncytia and surrounding cells, as well as replication of virus. 
Given the myriad immune abnormalities leading to AIDS, the full understanding of the 
extent, diverse composition, and role of fused cells in the pathogenesis of, and immune 
response to, HIV infection is an important, pending issue.  

KEYWORDS: cell-cell fusion, HIV, syncytia, syncytium-inducing virus, flow cytometry, Env, cell 
aggregation, FRET 
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CELL-CELL FUSION IN HIV INFECTION 

Cell-cell fusion is a form of cell organization that occurs in physiological and pathological conditions, 

such as the formation of muscle[1] and placenta[2], development in metazoa[3], organ repair by stem 

cells[4,5,6,7], and malignant transformation[8,9,10]. Fusion of cells of the immune system is induced in 

several different infections and in noninfectious reactions to tissue injury[11,12]. This intimate association 

between cells from the same, or different, lineages (forming syncytia or heterokaryons, respectively) may 

result in a highly functional synchronization and an optimal efficiency in order to accomplish complex 

tasks, and may involve a major cellular reprogramming, resulting in an altered phenotype[8,13,14,15]. 

Thus, the properties of fused cells usually differ significantly from those of parental cells. An excellent 

review by Ogle et al.[10] describes the general biological implications of cell-cell fusion. 

A variety of enveloped viruses, including the human immunodeficiency virus (HIV), harbor “spikes” 

composed of glycoproteins that interact with receptors on target cells, thus inducing virus-cell fusion. 

Infected cells synthesize and then expose the viral fusion proteins on their membranes, thereby conferring 

the infected cells with the ability to fuse with uninfected cells. Included among the viruses that induce 

cell-cell fusion are many viruses that are associated with human diseases, such as the Herpesviridae 

(herpes viruses, cytomegalovirus, varicella zoster, Epstein-Barr virus), Paramyxoviridae (measles, 

mumps, syncytial respiratory virus), and Retroviridae (VIH, HTLV) families. The ability of viruses to 

induce syncytia is generally assumed to be indicative of the viruses being transmitted through a cell-to-

cell pathway, without exposure to the extracellular milieu, thus allowing virus to spread rapidly and to 

evade the immune response of the host[16]. However, the extent and consequences of syncytia formation 

during infection by these viruses are still poorly understood. Table 1 shows examples of specific 

pathogenic processes in viral infections with which syncytia formation has been associated. Given the 

relationship between several fusogenic viruses and cancer, Duelli and Lazebnik have considered the 

intriguing possibility that cell transformation arises from the combination of oncogene activity and 

chromosomal instability induced by cell-cell fusion[9].  

Cell adhesion molecules[33,34,35,36] and fusion proteins[37,38] are used by viruses to overcome the 

electrostatic barrier formed by the negatively charged surface of cell membranes. Cell fusion requires the 

close apposition of the surface membranes of cells, the induction of lipid perturbations, and the formation 

of fusion pores that eventually expand and lead to complete cell-cell fusion[39]. During HIV infection, 

virus-membrane fusion is accomplished by the HIV-envelope (Env) macromolecular complex, composed 

of heterotrimers of the gp120 and gp41 glycoproteins. Fusion requires a sequence of complex 

conformational changes that involve the specific interaction of Env with the CD4 molecule and a 

coreceptor of the chemokine receptor family[40,41,42]. HIV-Env–mediated cell-cell fusion is induced by 

a mechanism analogous to that of the virus-cell fusion process[43,44,45]. 

In contrast to the advances in the understanding of the molecular processes of HIV-induced 

membrane fusion, the factors involved in the cell-cell fusion and the biological role of fused cells in HIV 

infection has not been well studied. In early investigations, syncytia formation was described as a form of 

cytopathic effect occurring when mononuclear cells from HIV-infected individuals were cocultured with 

uninfected T CD4
+
 cells[43,44,45]. Later reports consistently showed that detection of virus with the 

ability to induce syncytia in cultures of T lymphocytes correlates with an increased rate of depletion of 

CD4
+
 T lymphocytes and with progression to AIDS[46,47,48,49]. Multinucleated cells supporting virus 

replication were detected in different tissues, such as brain and lymphoid organs, of HIV-infected 

individuals, even when these patients were in the asymptomatic stage of the disease[50,51,52,53,54,55]. 

That syncytia may originate from the fusion of monocytes, lymphocytes, and/or dendritic cells has been 

evidenced by both the anatomical location and the phenotypic markers of the multinucleated 

cells[52,54,56]. Because death of syncytia by apoptosis is commonly observed in cocultures of infected 

and uninfected cells[57,58,59], cell-cell fusion is mainly considered to be a potential mechanism 

underlying CD4
+
 T-cell depletion. Other reports argue that syncytia may function as viral reservoirs. Env-

dependent cell fusion also has been implicated in the transfer of virus from infected cells to target cells 

through intercellular contacts, a form of infection that can be more efficient than infection by cell-free virus  
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TABLE 1 
Some Events Associated with Syncytia Formation in Pathogenic Viral Infections 

Virus Cell/Tissue Observations Ref. 

Human herpes virus 6  Hepatocytes Infection induces giant cells that express viral 
antigens and induce the so-called syncytial 
giant-cell hepatitis. 

[17] 

Cytomegalovirus Many tissues Cell-cell fusion is a key mediator of viral spread.
a
 [18] 

Respiratory syncytial virus 
(RSV) 

Respiratory tract Cell-cell fusion favors virus spread  [19] 

 Epithelial cells Low fusogenicity associates with persistence of 
RSV in vitro. 

[20] 

Measles virus (MV) Epithelial cells of the 
respiratory tract 

Virus spread from epithelial cells to underlying 
tissues occurs through cell fusion.

b
 

[21] 

 Epithelial and dendritic cells 
(DC) 

Beta interferon
 
(IFN-ß) production is amplified in 

vitro by virus-induced multinucleated giant cells 
derived from human epithelial cells or

 
mature 

dendritic cells. 

[22] 

 DC and T lymphocytes The interaction of MV-infected DC with T cells
 

induces polykaryon formation and MV massive
 

replication. 

[23] 

 Tracheobronchial lymph 
nodes and thymus 

Live attenuated Edmonston strain induces large 
syncytia showing macrophage and DC surface 
markers in mice defective

 
for the alpha/beta 

interferon receptor and expressing human 
CD46.

c
 

[24] 

Parainfluenza Respiratory mucosal 
epithelial cells and diverse 
organs 

Severe lung injury associated to highly reactive 
bronchial epithelial tissue containing 
multinucleated giant cells in patients with severe 
combined immunodeficiency (SCID).

d
 

[25] 

 Blood vessels Antibodies directed against type 1 virus were 
shown in 40% of the cases vs. 20% of controls 
in giant-cell arteritis and polymyalgia rheumatica 
patients. 

[26,27] 

Murine leukemia virus 
(TR1.3 strain) 

Endothelial capillary brain 
cells (ECBC) 

Hemorrhagic disease with major brain damage 
associated to virus-induced syncytia.

e
 

[28] 

Epstein-Barr virus (EBV) Lymphoid tissue DC A clinicopathological study of 16 aggressive 
tumors containing EBV-positive Hodgkin and 
Reed-Sternberg-like giant cells. 

[29] 

Human papilloma virus 16 Cervical epithelial cells E5 viral protein induces binucleated cells by cell-
cell fusion in vitro. Coexpression of E5 with 
E6/E7 viral oncogenes enhances proliferation of 
fused cells.

f
 

[30] 

Varicella zoster virus Epidermis Induction of cytopathic effect through syncytia 
induced by cell-cell fusion. 

[31] 

 Human dorsal
 
root ganglion Virus-induced

 
cell-cell fusion and polykaryon 

formation between neurons and infected satellite 
cells during virus replication in vivo. Virus entry 
into

 
neuronal cell bodies is necessary for its 

transfer to
 
skin during herpes zoster. 

[32] 

a 
This hypothesis is supported by the finding that, in spite of intense viral replication, free virus is rarely found in blood.  

b 
Preventing virus-induced cell fusion abrogated the subepithelial spread of the virus in vivo.  

c 
It is suggested that dissemination of MV in the initial stages of infection may occur by fusion of MV-infected monocytic 
cells with other cells.  

d 
Syncytia were also detected in spleen, thymus, adrenal medulla, and urinary tract, among others tissues.  

e 
Brain damage was associated exclusively with syncytia formation by ECBC cells.  

f 
An interplay between E5, E6, and E7 proteins for the induction of carcinogenesis is suggested. 
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particles[60,61,62,63]. Other effects of syncytia formation, such as reduction in the rate of virus 

replication or promotion of recombination between virus strains, are also possible[64]. Table 2 contains a 

list of possible consequences of HIV-Env–dependent cell-cell fusion. 

TABLE 2 
Possible Consequences of HIV-Induced Syncytia Formation 

Consequence Ref. 

Cell death in vitro [50,57,65,66] 

T-cell depletion in blood [44,67,68] 

Spread by cell-to-cell transfer of virus at local fusion points [61,63,69,70,71,72,73,74] 

Reservoirs of replicating virus  [52,55,56,75,76,77] 

Recombination of viruses from different strains [64] 

Enhancement of virus replication [52,78] 

Cell phenotype modification N.f. 

Survival of infected cells by fusion with healthy cells N.f. 

Reduction of number of cells in the microenvironment N.f. 

Reduction of virus replication N.f. 

Tissue injury by production of cytokines N.f. 

Note: N.f., not found. 

The extent of Env-mediated cell-cell fusion may be important in lymphoid organs, where the high 

cellular density favors close contact between cells. That infected cells may constitute a major source of 

infectious particles in HIV infection[23] emphasizes the necessity of a fuller understanding of the 

consequences of cell-cell fusion in the immune system. Such understanding would aid in approaches to 

the challenge of inhibiting the different forms of viral spreading and virus-induced cell damage. 

A METHOD FOR THE STUDY OF CELL-CELL FUSION BASED ON FLOW 
CYTOMETRY AND FLUORESCENCE RESONANCE ENERGY TRANSFER (FRET)  

Cells transfected with the HIV env gene are a convenient system for the study of the mechanisms of HIV-

induced membrane fusion and syncytia formation. In such cells, the gp160 precursor protein is 

synthesized, processed, and glycosylated, thus producing the mature gp120 and gp41 molecules that are 

then transported to the cell membrane and exposed to the extracellular milieu[79]. Stably transfected 

lymphocyte cell lines generated by Cao et al.[80] contain the env gene under the control of a tetracycline-

inducible expression system, so that the synthesis of Env is repressed in the presence of tetracycline and is 

induced by the removal of the antibiotic from the medium (Env
+
 cells). A second cell line (522F/Y cells) 

expresses a mutant, nonfusogenic Env protein[80] (Fig. 1). A few hours after Env
+
 cells fused in vitro 

with target cells expressing the CD4 molecule and the proper coreceptor, a variety of fusion products can 

be detected (Fig. 2). Thus, because these cells provided an appropriate system for the study of HIV-Env 

syncytia formation, they were used in the experiments described in this article. 

Usually, syncytia are counted by microscopy techniques or by the expression of reporter genes in the 

entire cell population[81,82,83]. We devised an approach for the quantitative study of HIV-Env–mediated 

cell-cell fusion, the aim of which was to integrate the study of the quantitative parameters (number and 

diversity of syncytia) of fusion with functional considerations and with cell-population dynamics during 

fusion[84,84a]. Our experimental approach was based on the staining of each of the fusion partners with one  
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FIGURE 1. Tetracycline-inducible expression of HIV-Env proteins in Jurkat cells. Expression of the HIV-Env protein in 

transfected Jurkat cells was repressed when tetracycline was present in the culture medium (noninduced cells) and induced 

after its removal (induced cells). A time-dependent accumulation of envelope proteins in the induced cells was detected (A) 

by Western blot analysis of the immunoprecipitation products of cell extracts and (B) by flow cytometry on whole cells, 

using a rabbit anti-gp120 polyclonal antibody. In the Western blot, immunoprecipitates were separated by SDS-PAGE (7% 

gel) and transferred to a nitrocellulose membrane. After incubation with the anti-gp120 antibody and a second antibody 

coupled to horseradish peroxidase, the blot was then treated with a chemiluminescent peroxidase substrate. For the flow 

cytometry, a second antibody coupled to fluorescein  isothiocyanate was used.  

of the lipophilic fluorescent dyes, DiI (1,1’-dioctadecyl-3,3,3’,3’-tetramethylindocarbocyanine 

perchlorate) and DiO (3,3’-dioctadecyloxacarbocyanine perchlorate), which produce red and green 

fluorescence when excited by a 488 laser beam, respectively[83]. CD4
+
 cells were stained with DiI and 

Env
+
 cells were stained with DiO. After coculture, the syncytia and those cells that did not fuse were 

quantified by flow cytometry as double- and single-colored particles, respectively. The relative 

morphological pattern of double- and single-fluorescent populations can be visualized in dot plots of the 

forward scatter signal (FSC-H) vs. the side scatter signal (SSC-H). These signals are a measure of the 

relative size and granularity of the cell populations, respectively. These plots evidenced the high 

heterogeneity of the fusion products (Fig. 3). 
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A          B   C 

FIGURE 2. Heterogeneity of syncytia generated in vitro by the fusion of Env+ 

and CD4+ Jurkat cells in 5-h cocultures. (A) Binucleated cell; (B) five-nuclei cell; 

(C) multinucleated cell. Cells were stained with Giemsa.  

 

              

                                                       

                           

                                               
 
 

 

 

                                                  
                      

FIGURE 3. Microscopy view and flow cytometry analysis of syncytia formation in cocultures. Before 

coculture, Env+ and CD4+ cells were labeled with DiO and DiI, respectively. The cocultures of CD4+ 

Jurkat cells either (A) with Env+ fusogenic cells or (B) with Env+ nonfusogenic cells (522F/Y) were 

viewed by light microscopy (10×) and analyzed by flow cytometry. The fluorescence and 

morphological patterns of cells after syncytia formation is shown in dot plots (FL1-H vs. FL2-H and 

FSC-H vs. SSC-H, respectively). Double-fluorescent particles are shown in blue and their percentage 

in the coculture is indicated. 

(A) (B)    
     

R
e
d
 f

lu
o
re

s
c
e
n
c
e
 

in
te

n
s
it
y
 

Green fluorescence 
intensity 

S
iz

e
 (

F
S

C
) 

Granularity (SSC) 

S
iz

e
 (

F
S

C
) 

Granularity (SSC) 

Green fluorescence 
intensity 

R
e
d
 f

lu
o
re

s
c
e
n
c
e
 

in
te

n
s
it
y
 

 

15.6% 1.2% 



Huerta et al.: HIV-Envelope–Dependent Cell-Cell Fusion TheScientificWorldJOURNAL (2009) 9, 746–763 
 

 752 

Interaction between the two lipophilic dyes causes the DiI-red fluorescence to be enhanced due to 

FRET from DiO to DiI. This interaction is favored by the close proximity of the dyes in the fused cell 

membranes[85] and by the extensive overlap of the DiO-emission and DiI-absorption spectra 

(http://www.invitrogen.com/site/us/en/home/brands/Molecular-Probes.html). Here, double-fluorescent 

particles exhibited an enhancement of the DiI-red fluorescence, relative to that of nonfused DiI-stained 

CD4
+
 cells (Fig. 3). Labeling of one of the fusion partners with increasing concentrations of DiO induced 

a proportional increase in the red fluorescence of the double-fluorescent population, indicating an 

additional excitation of the DiI molecule by DiO[87]. 

We also used cytoplasmic dyes 5-chloromethylfluorescein diacetate (CMFDA) and 5-(and-6)-(((4-

chloromethyl)benzoyl)amino) tetramethylrhodamine (CMTMR) to label the fusion partners. However, 

because they did not show FRET, aggregated cells could not be distinguished from true fusions.  

Enhancement of the red fluorescence in the double-fluorescent population was most easily observed 

when low concentrations of DiI and relatively high concentrations of DiO were used to label the cells. 

Two populations of double-fluorescent cells could be observed under these conditions: one was FRET-

positive, showing approximately tenfold enhancement of the red fluorescence; the other, FRET-negative. 

An anti-CD4 monoclonal antibody, known to block CD4-gp120 interaction[86], inhibited the FRET-

positive, but not the FRET-negative, cell population (Fig. 4A,B). Sorting and microscopic examination of 

these two populations showed the FRET-positive cells to be multinucleated, whereas the FRET-negative 

population was composed of single cells, indicating that they were cellular aggregates (Fig. 5)[87]. Thus, 

FRET between DiO and DiI allows the distinction and quantification of fused and aggregated cells, as 

determined by flow cytometry. FRET permits the detection of even small numbers of fused cells.  

.  

 

 

             
 

FIGURE 4. Fluorescence profiles of FRET-positive (fused cells, upper region) and FRET-negative (cellular 

aggregates, lower region) particles in cocultures of DiI-CD4+ cells with (A) DiO-Env+ cells and (B) DiO-Env+ cells 

plus 30 µg/ml anti-CD4 monoclonal antibody. (Adapted from Huerta et al.[87]. Copyright 2006, with permission 

from Elsevier.) 

Comparison of the number of syncytia counted by fluorescence microscopy and flow cytometry 

showed an excellent agreement between the two techniques, as shown in Table 3.  

By using the FRET-based assay, a dose-dependent inhibition of fusion was obtained with monoclonal 

anti-CD4 and synthetic peptide T-20, which interferes with the membrane fusion step during virus 

entry[88]. The resulting values for the inhibition concentration (IC50) agree with that obtained by other 

methods[89,90,91,92] (Fig. 6). All experiments described in this article were conducted in serum-free 

medium containing human albumin (AIM-V medium, Gibco) in order to avoid any interaction between, 

or combined effect of, components in fetal serum and the inhibitors tested. 
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A                   B 

FIGURE 5. Appearance of double-fluorescent cells after sorting of (A) FRET-negative and 

(B) FRET-positive particles. Magnification 400×. (Reprinted from Huerta et al.[87]. 

Copyright 2006, with permission from Elsevier.) 

TABLE 3 
Percentage of Syncytia and Single Cells Obtained by Visual  

Counting and Flow Cytometry 

 Microscopy Counting
a

 Flow Cytometry
b

 

Single red (CD4+) 45.1 41.3 

Single green (Env+) 34 36.4 

Syncytia 21 20.8 

a 
Syncytia and single cells were identified as double- and single-
fluorescent cells, respectively, in cocultures of DiI-CD4

+
 and DiO-Env

+
 

cells. A total of 863 cells were analyzed in 58 microscope fields.  

b 
FACS quantitation was carried out on 10,000 events.  

Reprinted from Huerta et al.[87]. Copyright 2006, with permission from 
Elsevier. 

A QUANTITATIVE APPROACH TO THE STUDY OF SYNCYTIA DIVERSITY 

Given the requirements for close contact and specific binding between cells, cell-cell fusion may roughly 

follow the principles of mass action. If so, the number of fusion reactions and the cellular composition of 

syncytia would depend on the duration of reaction, on the relative abundance of cell-fusion partners, and 

on the number of membrane receptors[93]. In turn, the extent of fusion (abundance of fused cells in a 

given compartment or microenvironment) and the cell composition of the syncytia (number and cell types 

incorporated into syncytia), in addition to the nature and intensity of stimuli from the microenvironment, 

must eventually determine the fate and biological significance of the syncytia. The study of cell-cell 

fusion by the flow cytometry method described in the previous section allows the quantitative analysis of 

several parameters of the cell-cell fusion reaction for a given experiment, i.e., the number of syncytia, 

average cell composition, and size distribution.  
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FIGURE 6. Effect of the fusion inhibitor peptide T-20 (squares) 

and anti-CD4 monoclonal antibody (triangles) on cell fusion (black 

symbols) and cellular aggregation (white symbols), as analyzed by 

the FRET-based flow cytometry method. Fused cells are sensitive 

to both inhibitors to different extents, while aggregated cells are 

not appreciably affected. (Reprinted from Huerta et al.[87]. 

Copyright 2006, with permission from Elsevier.) 

The cellular composition of syncytia, i.e., the number of cells from each fusion partner that become 

fused, may prove to be an important biological parameter. For example, the ratio of healthy cells to virus-

infected cells in a given syncytium may determine whether that syncytium will survive or die. In the 

FACS analysis shown above, it was possible both to identify and to count not only the syncytia, but also 

the cells that did not fuse (i.e., cells having only a single-colored fluorescence). Therefore, compared to 

the respective initial amounts of the fusion partners, changes in the number of nonfused cells could be 

used to calculate the number of cells incorporated into syncytia in short-term experiments, where cell 

proliferation or death are not significant. However, typical fluorometric analysis renders the proportion, 

but not the absolute number, of each cell type in the whole population. Given that changes in the 

proportion of cells remaining nonfused do not directly reflect the actual numbers of cells forming 

syncytia[84], the following simple expression was derived in order to calculate the CD4
+
/Env

+
 ratio of 

cells incorporated into syncytia, or fusion stoichiometry coefficient (here designated as r)[84], using the 

percentage data provided by most of FACS equipment available: 

ri = 

i

i

f

cdRR }4){1( 00 +−  

In this expression, R0, {cd4}i,, and fi correspond to the initial CD4
+
/Env

+
 ratio in the coculture, the 

percentage of nonfused CD4
+
 cells, and the percentage of syncytia at time i, respectively. The fusion 

stoichiometry coefficient, r, has a value of 1 when the two fusion partners are equally incorporated into 

syncytia[84].  

Fusion kinetics and the stoichiometry coefficient, r, can be calculated by determining the proportion 

of fused and nonfused cells in different culture wells as fusion develops, as shown for an 8-h coculture of 

Jurkat cells seeded at R0 = 1 (Fig. 7A). In that study, maximal fusion (Fmax) was reached in 4 h.  

The percent of nonfused cells diminished at similar rates, indicating that equivalent numbers of CD4
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FIGURE 7. Changes in the percentages of syncytia and unfused cells (A) and in the ratio r (CD4+/Env+) 

of incorporation of fusion partners into syncytia (B), at equal initial proportions of CD4+ and Env+ 

fusion partners (R0 = 1). (C) Relationship of Fmax with R0 and (D) relationship of r with R0. (Reprinted 

from Lopez-Balderas et al.[84]. Copyright 2007, with permission from Elsevier.) 

Env
+
 cells were incorporated into syncytia. In this example, r showed a constant value of 1.4 throughout 

the duration of the culture (Fig. 7B). 
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effective contacts when one of the two fusion partners is in excess (Fig. 7C), while r stabilized at different 
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/Env

+
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+
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cells) when Env
+
 were in tenfold excess. Thus, culture conditions can determine the generation of 

syncytia that differ in the abundance of one or the other cell type in their composition. 

Distinct coculture conditions also generate different distributions of size and granularity of syncytia. 
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FIGURE 8. Changes in syncytia size (FSC) and granularity (SSC) with R0 and time of coculture.�, R0 

= 10; �, R0 = 2.4; �, R0 = 1; �, R0 = 0.5; �, R0 = 0.1; �, unfused CD4+cells. (Reprinted from Lopez-

Balderas et al.[84]. Copyright 2007, with permission from Elsevier.) 

cells show a major increase in granularity and a moderate increase in size, compared to nonfused cells. 

The modest increase in the intensity of the FSC-H signal of fused cells is related both to the observation 

that most of these cells were composed of two or three nuclei, as determined by microscopic counting 

(Fig. 9) and to the nonmonotonic nature of forward-scatter detector response. In contrast, the marked 

increase in the SSC-H signal is related to its high sensitivity to variations in the refractive index[94]. The 

finding that, under all the conditions tested, small syncytia comprised the greatest proportion (≈50%) 

points to the possibility that syncytia formed by only a few cells could be numerous during HIV infection 

and may go undetected in analysis by microscopy.  
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FIGURE 9. (A) Number of nuclei in syncytia formed in 

cocultures of DiI-CD4+ and DiO-Env+ cells. Nuclei were 

stained with the Hoechst 33342 dye and counted in 180 

triple-fluorescent cells. (Reprinted from Huerta et al.[87]. 

Copyright 2006, with permission from Elsevier.) 

Thus, as shown by the experimental results described above, the extent of fusion, the stoichiometry 

coefficient, and size of syncytia vary with time of reaction and initial proportion of fusion partners. The 

extent of fusion and diversity of syncytia under different experimental conditions may reflect 

heterogeneous features of the fusion-partner cell populations, such as different levels of expression of 

fusion-active proteins, or asynchronous cell cycles among the cell-line members. On the other hand, the 

increase in syncytia size without a similar increase of the proportion of fused cells suggests the 

occurrence of new fusion events that do not increase the number of double-fluorescent particles, such as 

the fusion of cells into already formed syncytia or fusion among syncytia.  

ASSOCIATION OF EFFECT OF SERA ON FUSION WITH MARKERS OF HIV 
DISEASE 

Cell-cell fusion and cell-to-cell spreading of HIV may be affected by antibodies produced by HIV-

infected patients. Although those antibodies that neutralize the cell-free virus would also block the Env-

dependent cell-cell fusion, several findings indicate that virus-cell and cell-cell fusion may have different 

requirements[69,95]. Contact between extensive areas of the membranes of cells would involve 

interactions among large numbers of receptors and adhesion molecules[96]. Thus, blocking of Env-

dependent cell-cell fusion may require higher concentrations of antibodies than those necessary to 

neutralize virus particles[97,98,99,100,101,102]. This idea is based on the finding that, in experiments 

using monoclonal antibodies against epitopes on the proteins gp120 and gp41, the concentration of 

monoclonal antibodies needed to inhibit fusion between Env
+
 and CD4

+
 Jurkat cells (Fig. 10) was 

considerably higher than those reported for neutralization of cell-free virus[98,99,100,101].  

We explored the effect of sera from HIV-infected individuals on the fusion of Env
+
 and CD4

+
 Jurkat 

cells[103]. Most (69%) of the sera from a sampling of 49 HIV-positive individuals inhibited fusion to 

some extent; 24.5% had no effect and 6.1% enhanced fusion. Inhibition of fusion correlated with  

the asymptomatic stage of human HIV infection, whereas sera that had no effect or enhanced fusion were  
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FIGURE 10. Fusion inhibition obtained with anti-CD4, anti-

gp41 (2F5), and two anti-gp120 (F105 and 2G12) monoclonal 

antibodies. Data are expressed as percent of fusion obtained in 

the absence of antibodies. (Reprinted from Huerta et al.[103]. 

Copyright 2005, with permission from the Society for General 

Microbiology.) 

associated with AIDS (Fig. 11). Coculture of labeled cells was performed in the absence of fetal bovine 

sera in order to avoid the influence of stimulating factors in the fetal serum on the patient’s sera effect on 

fusion. The inhibition and enhancement of fusion by the patients’ sera were shown to be related to IgG 

and IgM antibodies, respectively[103]. This study indicates that fusion-inhibiting antibodies predominate 

in the early stages of the disease, while loss of inhibition and the presence of fusion-enhancing antibodies 

appear during the late stages. This underscores the point that the effect of antibodies on syncytia 

formation should be considered in order to understand fully the role of the immune response in the control 

of the different forms of viral spreading and cell damage. 

CONCLUDING REMARKS  

Cell-cell fusion is a highly heterogeneous process; it results in diverse outcomes having potentially 

significant consequences for the success or failure of the HIV infection. Studies of the biological features 

of syncytia must deal with such diversity in order to form an objective picture of their biological 

significance in vivo. Given the heterogeneity of fusion products, it is probable that not all the possible 

outcomes of cell-cell fusion induced by HIV infection have been investigated. A possibility to be 

considered is that, although multiple cell-cell fusion events lead to formation of multinucleated giant 

cells, there may be many fused cells in vivo too small to be easily detected by current methods. 

Flow cytometry provides a convenient tool for the quantitative study of cell-cell fusion. The use of 

fluorescent dyes and of flow cytometry allows the high-speed analysis of the number, size, and average 

cellular composition of syncytia. This technique can be used not only to distinguish between aggregated and 

bona fide fused cells, but also to test for potential inhibitors to HIV entry. DiI and DiO can be combined 

with third-party fluorescent dyes coupled to antibodies for the determination of phenotypic markers of 

syncytia and other biological features (i.e., mechanism of death, cell cycle, cytokine production, virus 

production capability). The same features also can be determined in the surrounding cells that do not fuse.  
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FIGURE 11. Relationship of sera activity on fusion with CD4+ lymphocyte count (A), viral load (B), and clinical status (C). Values of fusion 

activity greater and lower than zero indicate inhibition or enhancement of fusion, respectively. Probability values (p) for significant differences 

are shown. Dilution of sera was 1:50. CONTR: HIV-negative controls. (Reprinted from Huerta et al.[103]. Copyright 2005, with permission from 

the Society for General Microbiology.) 

The combination of flow cytometry and FRET provides a method with sensitivity similar in degree to that 

of other current methodologies. It also has the advantages of technical simplicity, minimal cell-invasive 

procedures, and the possibility of using additional, distinct fluorochromes to explore simultaneously other 

biological markers of the cells involved in fusion. 
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