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Murine cell lines expressing human CD4 are resistant to the fusogenic effect of the human immunodeficiency
virus (HIV) envelope. Consequently, they cannot be infected by HIV or form syncytia with HIV envelope-
expressing cells. Murine cells could either lack human-specific cofactors necessary for the CD4/envelope-
mediated membrane fusion or express inhibitors of this process. To address this question, we have tested the
ability of heterokaryons made from CD4-expressing murine cells and human cells to undergo HIV envelope-
mediated fusion. We have devised a rapid and specific assay based on the induction oflacZ expression, in which
membrane fusion events with HIV-infected cells can be detected by a simple histochemical technique.
CD4-positive murine/human heterokaryons, but not murine/simian heterokaryons, were found able to fuse
with HIV envelope-expressing cells. In these experiments, the fusion resistant phenotype of murine-CD4 cells
could be complemented by human cellular factors.

Entry of the human immunodeficiency virus (HIV) into its
target cells is a complex process initiated by a high-affinity
interaction between the viral surface glycoprotein (gpl20)
and CD4, the first molecule to be identified as a retroviral
receptor (12, 24, 30). These observations were confirmed by
gene transfer experiments in which several human cell lines
could be infected by HIV-1 after they were engineered to
express CD4 (27). By contrast, murine cell lines expressing
human CD4 could not be infected by HIV-1 or vesicular
stomatitis virus (VSV) pseudotypes bearing HIV-1 envelope
glycoprotein, despite a seemingly correct gpl2O-CD4 inter-
action (27). More recently, other murine cell lines as well as
rabbit, feline, and simian cell lines expressing human CD4
were also found to be resistant to HIV-1 entry (7). Interest-
ingly, the same observation was also made for two human
cell lines, U87 and SCL1 (6). In every case, the block to HIV
infection appears to be at the level of virus entry.
The molecular events that follow the CD4-gpl2O interaction

and lead to uncoating and entry of the capsid in the target cell
are only partly understood. A key step is a pH-independent
membrane fusion between the HIV envelope and the cell
membrane (28, 29, 39). The fusogenic properties of the HIV
envelope are also responsible for the formation of syncytia
between human CD4 cells and HIV-infected or HIV enve-
lope-expressing cells (25, 37). Nonhuman cell lines engi-
neered to express CD4 do not form syncytia with cells
expressing gp160, the HIV envelope precursor (3). Resistance
to the envelope fusogenic effect is the most probable cause of
the block to HIV entry in CD4-positive cell lines.
There is no intrinsic inability for cells from different

species to fuse, and human CD4 cells readily formed syncy-
tia with rodent or other animal cell lines expressing gpl60
(3). The unidirectionality of the CD4/HIV envelope-medi-
ated fusion suggests a control by cellular factors distinct
from CD4 and acting in concert with it. These factors could
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be human-specific molecules participating in the HIV enve-
lope fusogenic activity, but it can also be envisioned that
murine and other cells that cannot be infected by HIV
express inhibitors of the fusion process. Indeed, CD4-ex-
pressing rodent-human somatic cell hybrids have been found
to be resistant to HIV entry or syncytium formation with
envelope-expressing cells (3, 40). Identification of cellular
factors controlling HIV entry has obviously elicited much
interest, but to date it has not been possible to provide
conclusive evidence for one or the other mechanism.
A direct way to address the problem would be to pheno-

typically mix fusion-resistant CD4-bearing cells and fusion-
permissive human cells. After their membranes have tran-
siently been disrupted by polyethylene glycol (PEG)
treatment, two or more cells can reassociate to form a
heterokaryon in which the cytoplasms and membranes are
mixed, but the nuclei remain individualized and functional
(for reviews, see references 23 and 33). Heterokaryons have a
limited viability and are not cycling, and they should not be
able to support retroviral integration and replication (10).
However, the ability to undergo CD4/envelope-mediated fu-
sion can be rapidly tested in assays independent of HIV
replication. To detect fusion events between heterokaryons
and HIV envelope-expressing cells, we have devised a simple
assay based on the transactivation of a bacterial 0-galactosi-
dase gene (lacZ) placed under the control of the long terminal
repeat (LTR) of HIV-1. Fusion events with effector cells
expressing the HIV-1 envelope and transactivator tat result in
a dramatic increase of lacZ expression and can be detected in
situ as blue foci in a simple histochemical assay. Using this
test, we found that murine/human heterokaryons expressing
CD4 were able to fuse with cells expressing the HIV enve-
lope.

MATERMILS AND METHODS

Maintenance of cell lines. Adherent cells were propagated
in Dulbecco's modified Eagle medium (DMEM) supple-
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mented with antibiotics (penicillin and streptomycin), 2 mM
glutamine, and 10% newborn calf serum (for NIH 3T3 and
derivatives) or 10% fetal calf serum (forCOS7, HeLa, and
derivatives). Cells growing in suspension were propagated in
RPMI 1640 plus antibiotics, glutamine, and 10% fetal calf
serum.

CD4-expressing cells. CD4 surface expression was ana-
lyzed with a fluorescence-activated cell sorter (FACS)
(FACScan; Becton Dickinson), using phycoerythrin-conju-
gated monoclonal antibody (MAb) Leu3A (Becton Dickin-
son) as recommended by the supplier. HeLa-CD4 cells (27)
were obtained from R. Weiss (Chester Beatty Institute,
London, England); 3T3-CD4 cells were made by infection of
3T3 cells with the retroviral vector pMA245 (5), containing a
human CD4 cDNA placed under control of the simian virus
40 early promoter, and a dihydrofolate reductase (dhfr)
cDNA (36) under control of the murine leukemia virus LTR.
Plasmid DNA was transfected by the calcium phosphate
technique in theT CRE helper-free ecotropic packaging cell
line (13), and the cell-free supernatant was harvested 48 h
later for infection of 3T3 cells as described previously (13).
Clones were selected in complete medium plus 0.2,uM
methotrexate (Calbiochem). CD4 expression in the 3T3-CD4
clone 14 used in this study was stable and not modified by
further transfection and selection steps necessary to gener-
ate the LTR-lacZ derivative, SC6 (Fig. la).
HIV envelope-expressing cells. The surface expression of

HIV envelope was analyzed by FACS, using the anti-gpl2O
MAb 110-4 (26), and by syncytium formation assay on
HeLa-CD4 cells as described previously (27). Chronically
HIV-1-infected H9/IIIB (32) and 8E5 (16) cells carrying a
reverse transcriptase-defective HIV-1 genome have been
described elsewhere.

tat-expressing cells. The Jurkat-tat cell line has been de-
scribed elsewhere (35). HeLa-tat cells were obtained by
calcium phosphate transfection of HeLa cells with the
expression vector pMA243, which has the capacity to en-
code the viral proteins Tat, Rev, Vpu, and Env. pMA243
was derived from an infectious HIV-1AI provirus, pLAI-3
(31), reconstructed from the fully sequenced HIV-1lAI iso-
late (43), previously known as HIV-lBRU or LAV/HTLV-
III. To obtain pMA243, pLAI-3 was deleted from SphI
(position 993) to NcoI (position 5257), and dhfr was substi-
tuted for the first 255 nucleotides of nef as in the R7dhfr HIV
vector (41). pMA243 also carries the 31-bp deletion (posi-
tions 301 to 331) previously shown to reduce the efficiency of
HIV-1 RNA packaging (8). Clones of HeLa cells carrying
pMA243 were selected in complete medium plus 2,uM
methotrexate.
LTR-lacZ cells. Construction of the HeLa-LTRlacZ cells

and their CD4 derivatives is described elsewhere (5). These
cells were stably transfected with an LTR-lacZ plasmid
(pMA175) in which the bacterial 3-galactosidase gene (2) is
placed under the control of a ScaI-HindIII fragment (posi-
tions -139 to +82) of the LTR of the HIV-1LAI isolate (43).
The same LTR-lacZ construct was used to generate 3T3-
CD4-LTRlacZ and COS7-LTRlacZ. 3T3-CD4 cells were
cotransfected with plasmids pMA175 and PGK-his, in which
the histidinol dehydrogenase gene (hisD) (18) is under the
control of the mouse phosphoglycerate kinase promoter (1),
and clones were selected in the presence of 0.5 mM histidi-
nol (Sigma) in DMEM without histidine as described previ-
ously (18). COS7 cells were cotransfected with plasmids
pMA175 and PGK-hygro, in which the hygromycin B resis-
tance gene (17) is under control of the phosphoglycerate
kinase promoter, and clones were selected in the presence of
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FIG. 1. CD4 (a) and HIV envelope (b) expression. Cell type and
MAb used for staining are indicated for each FACS profile. CD4 was
detected with MAb Leu3A (a, right panels). HIV envelope was
detected with anti-gp120 MAb 110-4 (b, right panels). A mouse
immunoglobulin Gl MAb was used as a control (left panels). 3T3
SC6 refers to the LTR-lacZ derivative of 3T3-CD4.

0.3 mg of hygromycin B (Calbiochem) per ml. LTR-lacZ-
containing clones were tested by PEG fusion with HeLa-tat
cells (see Fig. 4).

Heterokaryons. A 1:1 ratio of the two cell types to be fused
was used. A total of 106 cells were plated on a 35-mm-
diameter six-well petri plate to obtain a subconfluent mono-
layer the next day. For PEG-induced cell fusion, medium
was aspirated and the cells were overlaid with 1 ml of a
prewarmed 50% (wt/vol) PEG 6000 (Merck) solution in
DMEM. After 1 min, the PEG solution was extensively
washed off (four times) with phosphate-buffered saline
(PBS), culture medium was added, and the plates were
returned to 37°C. Heterokaryons started to form 2 to 3 h
after PEG treatment and remained viable for several days.
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Syncytium formation and detection. About 2 x 106 HIV-
envelope expressing 8E5 or H9/IIIB cells, as indicated, were
cocultured overnight with the target cells or heterokaryons
(in which case they were added 2 h after PEG treatment).
The next day, the plate was washed with PBS, and the cells
were fixed in 0.5% glutaraldehyde (Sigma) for 5 min at room
temperature, washed twice in PBS, and incubated in 5-bromo-
4-chloro-3-indolyl-3-D-galactopyranoside (X-Gal) buffer (34)
at 37°C for 2 h. Incubations were stopped by two washes in
PBS. For experiments reported in the tables, all blue foci
visible under a 40x -magnifying stereomicroscope, regardless
of their size and morphology, were counted.

RESULTS

Histochemical assay for the detection of cell fusion events.
Our purpose was to test the ability of murine/human hetero-
karyons to undergo CD4/HIV envelope-mediated membrane
fusion. PEG treatment disrupts the architecture of the cell
monolayer and generates multinucleated cellular structures.
It is therefore not possible to rely on morphological changes
to detect fusion events between heterokaryons and effector
cells. Cells chronically infected with HIV such as H9/IIIB
cells (32) can be conveniently used as effectors in syncytium
formation assays. These cells also express the HIV-1 trans-
activator, Tat, and we have taken advantage of the tight
control that this protein exerts on the HIV LTR (11). Our
assay is based on the induction of expression of a reporter
gene placed under the control of the HIV-1 LTR in the
heterokaryon after it has undergone membrane fusion with a
tat-expressing effector cell.
PEG fusion of a cell line containing an HIV LTR-driven

chloramphenicol acetyltransferase (CAT) gene with another
cell line expressing tat results in an overall increase in CAT
activity (15, 22). The use of an LTR-lacZ reporter allowed us
to detect transactivation in situ by a histochemical X-Gal
assay. PEG treatment of cocultures of HeLa-LTRlacZ and
tat-expressing cell lines results in a dramatic increase in lacZ
expression, indicated by the detection of intensely blue-
stained foci after short X-Gal incubations (Fig. 2a). In the
absence of PEG treatment, no blue-stained cells are detected
(Fig. 2b), which indicates that coculture of HeLa-LTRlacZ
and tat-expressing cells, even at high densities, is not
sufficient to induce lacZ expression. Transactivation by
cell-cell contact was recently proposed to explain the in-
crease in CAT activity seen in cocultures of HeLa-LTRCAT
and tat-expressing cells (20). We did not observe such a
phenomenon with LTR-lacZ reporter cell lines, possibly
because of a lower sensitivity of this enzymatic assay or
because of a position effect on the reporter construct that
may modulate its response to tat transactivation. Also, the
CAT assay is performed on extracts, and the possible
contribution of spontaneous fusion events of LTR-CAT and
tat-expressing cells cannot be ruled out.
To show that transactivation takes place when cells fuse

following an HIV envelope-CD4 interaction, we used CD4-
positive HeLa-LTRlacZ H12 cells in which lacZ expression
is highly induced by HIV-1 infection (5). When a subconflu-
ent monolayer of H12 cells was cocultured overnight with
H9/IIIB cells, most syncytia were stained in a 2-h X-Gal
assay (Fig. 2c), indicating a high level of lacZ expression
consistent with tat transactivation of the HIV LTR. The
assay was dependent on the presence of CD4 and HIV
envelope, since no blue foci could be detected on cocultures
of H12 cells and Jurkat-tat cells (35), which are HIV enve-
lope-negative (Fig. 2f) or when CD4-negative HeLa-LTR-

lacZ cells were used as targets with H9/IIIB cells (see
below).
To show that LTR-lacZ transactivation after cell-cell

fusion was possible in the absence of HIV replication, we
used the cloned human lymphoblastoid 8E5 cell line carrying
a single reverse transcriptase-defective HIV-1 provirus (16).
With the 8E5 effector cells, the formation of syncytia on
HeLa-CD4 cells was less efficient than with the H9/IIIB
cells, but in both cases, the X-Gal staining revealed intensely
blue foci too small to be unambiguously detected by direct
light microscopy or conventional histological techniques
(Fig. 2c and e). The X-Gal assay allowed discrimination of
these fusion events from bubblelike structures often present
in monolayers of HeLa cells. These small blue foci probably
correspond to the initial fusion event of an envelope-ex-
pressing cell and a target CD4 cell. Similar images have been
observed after membrane labelling with fluorescent dyes and
shown to form before or even in the absence of large
multinucleated syncytia (14). Our histochemical assay was
therefore independent of HIV replication and could detect
cell-cell fusion events not seen by classical syncytium for-
mation assays, both being prerequisites for such experi-
ments with heterokaryons.

Envelope-mediated fusion with CD4-expressing heterokary-
ons. In the first series of experiments, we used a CD4-
negative HeLa-LTRlacZ clone designated Z24 and charac-
terized by a null lacZ background, even in overnight X-Gal
incubations, and a dramatic lacZ induction upon introduc-
tion of tat (5). As expected, Z24 cells did not form syncytia
when cocultured with HIV envelope-expressing cells, and
the X-Gal staining remained negative (not shown). When
subconfluent cocultures of Z24 and HeLa-CD4 cells were
treated with PEG, heterokaryons started to form 2 to 3 h
later, and 10 to 30% of the cells were incorporated in
multinucleated structures by 16 to 18 h when the cells were
fixed for the X-Gal assay. No further morphological change
could be observed when effector cells expressing HIV-1 tat
and env (either H9/IIIB or 8E5) had been added to the plates
2 h after PEG treatment and left in contact overnight (see
Materials and Methods). However, numerous blue foci were
readily detected by a 2-h X-Gal assay (Fig. 3a and b). When
CD4-negative HeLa/Z24 heterokaryons were tested, or
when envelope-negative Jurkat-tat cells were used as effec-
tors, no heterokaryon (or isolated cell) was stained blue (Fig.
3c and d). This result further demonstrated the requirement
for an envelope-CD4 interaction for the induction of lacZ
expression in our assay and showed that PEG was efficiently
removed from the plate, any remaining traces being insuffi-
cient to mediate fusion with effector cells.
Complementation of 3T3-CD4 cells in human/murine het-

erokaryons. PEG fusions were performed on cocultures of
HeLa-LTRlacZ (Z24) and murine cells (3T3 or 3T3-CD4).
Blue foci were detected when cocultures of Z24 and 3T3-
CD4 cells, but not Z24 and 3T3 cells, were PEG treated and
put in contact of the 8E5 or H9/IIIB effector cells (Fig. 3e).
The results of several independent experiments are summa-
rized in Table 1. Relatively little variation is observed in the
number of blue foci between experiments. H9/IIIB cells
were more efficient as effector cells than were 8E5 cells.
Background lacZ activity was always null in the absence of
a CD4-positive fusion partner or envelope-expressing effec-
tor. The fusion-resistant phenotype of murine CD4 cells
appears to be complemented by phenotypical mixing with
human cells.
To limit the risk of inactivation of genes expressed in the

parental cell lines, heterokaryons were tested early after

J. VIROL.
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FIG. 2. tat transactivation of an HIV-1 LTR-lacZ reporter gene after cell-cell fusion. HeLa-LTRlacZ cells (a and b) or the CD4-positive
derivative (c to f) were cocultured with HeLa-tat (a and b), HIV envelope-expressing H9/IIIB (c and d) or 8E5 (e), or envelope-negative
Jurkat-tat (f) cells. In panel a, PEG fusion was performed on a subconfluent coculture as described in Materials and Methods, and cells were
left overnight to be fixed and stained together with the non-PEG-treated control (b). In all other cases, subconfluent monolayers of
HeLa-CD4-LTRlacZ cells were cocultured overnight with tat-expressing effector cells and fixed. The X-Gal incubations were for 2 h. Plates
were photographed under x 250 magnification except for panel d (x 1,000).

their formation; effector cells were added 2 h after PEG formation (not shown), which indicates that complementa-
treatment and left in contact overnight (14 to 18 h). The type tion is not a transient membrane phenomenon.
of assay that we have used did not allow us to perform a These experiments showed that CD4 is required for het-
precise kinetic analysis of complementation or to study the erokaryons to undergo envelope-mediated fusion with effec-
effect of protein synthesis inhibitors. However, we observed tor cells but did not rule out an artifact of the PEG treatment.
envelope/CD4-mediated fusion when effector cells were put To perform a negative control in the absence of human cells,
in contact with human/murine heterokaryons 24 h after their we designed the SC6 murine target cells by introducing the
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2 h after PEG fusion and cocultured overnight. X-Gal incubations were for 2 h. Plates were photographed under x 250 magnification.

LTR-lacZ reporter in 3T3-CD4 cells. The SC6 cells used in
this series of experiments express the same level of CD4 as

do the parental 3T3-CD4 cells (Fig. la), and lacZ expression
is induced by PEG fusion with HeLa cells expressing tat
(Fig. 4a). The efficiency of tat transactivation is extremely
low in murine cells (4, 11) but seemed comparable in human
cells and human/murine heterokaryons, as shown by PEG
fusion of HeLa-tat cells with HeLa-LTRlacZ (Fig. 2a) and
3T3-LTRlacZ (Fig. 4a) cells. This point had already been
established by PEG fusion experiments between a human

LTR-CAT cell line and either murine or human cells ex-
pressing tat (15). We did not observe evidence for CD4/HIV
envelope-mediated fusion after PEG treatment of cocultures
of 3T3-CD4-LTRlacZ (SC6) cells and either murine 3T3 or
simian COS7 cells. Blue-stained foci were readily detected in
parallel experiments in which the murine SC6 cells were
cocultured to form heterokaryons with human HeLa cells
(Fig. 4b; Table 2). This series of experiments confirmed that
human HeLa cells could complement murine 3T3 cells for
CD4/envelope-mediated fusion. A few weakly blue cells
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TABLE 1. Heterokaryons between HeLa-LTRlacZ (Z24) cells
and human or murine cells

No. of blue-stained foci' with fusion partner: Effector HIV

HeLa HeLa-CD4 3T3 3T3-CD4 cells envelope

0 620 80 0 39 7 8E5 +
0 954 203 0 68 6 H9/IIIB +
ND 0 ND 0 Jurkat-tat

a Number of foci per 35-mm plate, after a 2-h X-Gal incubation, indicating
fusion events with tat-expressing effector cells. Each number is the average of
four independent experiments. ND, not done.

were occasionally observed, but this background was clearly
independent of PEG treatment or the presence of tat-
expressing effector cells (Table 2).
The negative results obtained with the 3T3/COS7 hetero-

karyons further ruled out an artifactual role of the PEG
treatment. Indeed, the efficiency of tat transactivation is
comparable in COS7 and HeLa cells (4, 11), and the sensi-
tivity of the assay should be the same in murine/simian and
murine/human heterokaryons. COS7 cells are derived from
the African green monkey cell line CV-1, previously found to
be resistant to CD4/gp120-induced membrane fusion (3).
COS7 cells were therefore not expected to complement
3T3-CD4 cells for HIV envelope-mediated fusion. To con-
firm this point and rule out a dominant-negative effect, we
generated a tat-inducible COS7-LTRlacZ clone, Z25 (Fig.
4d). COS7-Z25/3T3-CD4 heterokaryons could not engage
fusion with H9/IIIB, while COS7-Z25/HeLa-CD4 hetero-
karyons could (Fig. 4e and f). In the context of a hetero-
karyon with human HeLa cells, neither COS7 nor 3T3 cells
appeared to express a dominant-acting inhibitor able to
block membrane fusion induced by the HIV envelope-CD4
interaction.

DISCUSSION

We have shown that the inability of murine 3T3-CD4 cells
to undergo HIV envelope-mediated membrane fusion can be
complemented in human/murine heterokaryons. These
events were detected by a sensitive assay based on tat
transactivation of a reporter lacZ gene by cell-cell fusion. In
a large series of experiments, this complementation was a
constant phenomenon. However, we always observed fewer
fusion events with HIV-infected cells for interspecific hu-
man/murine or human/simian heterokaryons than for in-
traspecific CD4-positive human heterokaryons (Tables 1 and
2). We must remain cautious with such comparisons, since
different cell lines may not respond in the same way to PEG
treatment, in terms of both efficiency of phenotypic mixing
and sensitivity to the toxic effects. Different explanations
could account for the higher number of blue-stained human/
human heterokaryons.
The assay could be less sensitive in the case of human/

murine heterokaryons because tat transactivation of the
HIV LTR is inefficient in murine cells (4, 11). However,
human/murine heterokaryons seem to provide a relatively
favorable environment for tat transactivation. Also, tat
efficiency is equivalent in COS7 and HeLa cells, and the
assay should have the same sensitivity in human/simian and
human/human heterokaryons. It can be envisioned that the
effect of a fusion inhibitor expressed in murine or simian
cells is partially relieved in the context of a human/murine
heterokaryons. The simplest explanation is that in human/

human heterokaryons in which one of the fusion partners is
a HeLa-CD4, the membrane is immediately able to engage
fusion with the HIV envelope-expressing cells. In human/
murine or human/simian heterokaryons, diffusion of diluted
human factors probably is needed to allow fusion with
effector cells. The time needed for the complementation
process could explain the lesser efficiency of the assay.
Human cellular factors other than CD4 seem necessary for

the HIV envelope to exert its fusogenic activity after recep-
tor binding. The identification of these factors could allow
novel antiviral approaches, and in this respect, murine or
other CD4-positive cells resistant to fusion represent a
valuable material. Candidate molecules have already been
proposed. The LFA-1 integrin was implicated in the HIV-
induced formation of syncytia (21, 42), but it does not
directly control the envelope-mediated fusion process since
LFA-1-negative cell lines, such as HeLa-CD4, can readily be
infected by HIV (3). Some protease inhibitors were shown to
reduce HIV infectivity, and it was proposed by analogy with
other enveloped viruses that the fusogenic activity of the
HIV envelope was activated by proteolytic cleavage (19).
More recently, cleavage of the V3 domain of recombinant
gpl20 was observed in the hamster cell line CHO (9).
However, the same CHO cells expressing CD4 could not be
infected by HIV (7). If V3 cleavage has a role in the HIV life
cycle, it does not seem sufficient to reveal the fusogenic
activity of the envelope.
The complementation of murine cells for CD4/envelope-

mediated fusion in the context of human/murine heterokary-
ons is in apparent contradiction with previously published
studies on human-murine somatic hybrids. Tersmette et al.
(40) have tested four hybrids made between a human CD4
cell line and a murine cell line and found them to be resistant
to HIV-1 infection. In their study, one hybrid carried all
human chromosomes but was tested only by direct infection.
For the other hybrids, infection with VSV (HIV) pseudo-
types or a syncytium formation assay was used. These
techniques, which are independent of HIV replication and
certainly more sensitive in the case of rodent cells, still gave
negative results. However, chromosomes 15, 18, 19, and 20
were not present in any of the three hybrids tested. Also, if
several chromosomes were necessary for complementation,
their combination was unlikely to be present in such a small
set of hybrids.
Ashorn et al. (3) have expressed human CD4 in a larger

and previously characterized collection of rodent-human
somatic hybrids. No CD4-positive hybrid was found able to
form syncytia with cells expressing the HIV envelope pre-
cursor, gpl60. The assay relied on the detection of cell
fusion by direct light microscopy, and syncytia had to form
within a few hours of coculture, before cells were killed by
the vaccinia virus used to express CD4 and gpl60. Under
these conditions, the assay could have been not sensitive
enough to detect complementation of rodent cells by human
factors. Indeed, we observed in our assay that HIV-infected
cells fused much less efficiently with human/murine hetero-
karyons than with human CD4 cells or even human/human
heterokaryons.

Besides the issue of assay sensitivity, the major problem
with experiments performed with interspecific hybrids is the
possible loss, mutation, or inactivation of the human genetic
material thought to be present after karyotype analysis. For
example, a large study of rodent-human hybrids has yielded
good evidence that human chromosome 17 carries the gene
encoding the human T-cell leukemia virus (HTLV) receptor
(38). Nonetheless, two hybrids could not be infected by VSV

VOL. 66, 1992
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FIG. 4. Detection of membrane fusion between human/murine or human/simian heterokaryons and HIV envelope-expressing cells.
3T3-CD4-LTRlacZ cells were cocultured with HeLa-tat (a), HeLa (b), or COS7 (c) cells. COS7-LTRlacZ cells were cocultured with HeLa-tat
(d), HeLa-CD4 (e), or 3T3-CD4 (f) cells. Subconfluent cocultures were treated with PEG (see Materials and Methods). In panels b, c, e, and
f, H9/IIIB effector cells were added 2 h after and cocultured overnight. X-Gal incubations were for 2 h. Plates were photographed under x 250
magnification.

(HTLV) pseudotypes, despite the presence of chromosome
17, evidenced by karyotype analysis and expression of
specific surface markers (38). In the case of HIV entry, we
think that too small a number of rodent-human hybrids has
been studied to allow definitive conclusions to be drawn.
Our histochemical assay is rapid and sensitive, and it could
allow faster and more reliable screening of collections of
somatic cell hybrids; they would not have to be manipulated
for CD4 expression, but only PEG fused to 3T3-CD4-

LTRlacZ cells. In fact, hybrids could be tested before the
tedious process of establishing them as genetically stable cell
lines, and only those able to complement murine CD4 cells
would be recloned and analyzed for their human chromo-
somal content.
Heterokaryons made between murine 3T3-CD4 and sim-

ian COS7 cells could not fuse to HIV envelope-expressing
cells. Since COS7 and 3T3 cells did not express a dominant-
acting inhibitor of fusion (in the context of heterokaryons
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TABLE 2. Heterokaryons between 3T3-CD4-LTRlacZ or COS7-LTRlacZ and human, murine, or simian cells

LTR-lacZ cells No. of blue-stained focia with fusion partner: Effector HIV
HeLa HeLa-CD4 3T3 3T3-CD4 COS7 cells envelope

3T3-CD4 (SC6) ND ND ND ND ND 8E5 +
46 4 ND 1 1 ND 2 1 H9/IIIB +
1 1 ND 2 1 ND 1 1 Jurkat-tat

COS7 (Z25) 0 19 1 0 0 ND 8E5 +
0 39 5 0 0 ND H9/IIIB +
ND 0 ND 0 ND Jurkat-tat

a Number of foci per 35-mm plate, after a 2-h X-Gal incubation, indicating fusion events with tat-expressing effector cells. Each number is the average of four
independent experiments. ND, not done.

with HeLa cells), we conclude that these simian and rodent
cell lines lack some common human factor(s) necessary for
the HIV envelope fusogenic activity. However, different
genetic defects could cause the same fusion-resistant pheno-
type, and it will be interesting to perform similar comple-
mentation experiments with other cell lines resistant to HIV
entry, in particular with the two human cell lines, U87 and
SCL1 (6).
The histochemical assay that we have developed detects

CD4/HIV envelope membrane fusion events not seen by
classical syncytium formation assays and can be performed
in the absence of viral replication. It could be standardized
and used to screen drugs or antibodies for their ability to
interfere with the gp120-CD4 interaction and the subsequent
membrane fusion event.
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