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The XC cell line undergoes extensive syncytium formation after infection with ecotropic murine leukemia
viruses (MLVs) and is frequently used to titrate these viruses. This cell line is unique in its response to the
ecotropic MLV envelope protein (Env) in that it undergoes syncytium formation with cells expressing Env
protein containing R peptide (R� Env), which is known to suppress the fusogenic potential of the Env protein
in other susceptible cells. To analyze the ecotropic receptor, CAT1, in XC cells, a mouse CAT1 tagged with the
influenza virus hemagglutinin epitope (mCAT1-HA)-expressing retroviral vector was inoculated into XC and NIH
3T3 cells. The molecular size of the mCAT1-HA protein expressed in XC cells was smaller than that in NIH 3T3 cells
due to altered N glycosylation in XC cells. Treatment of XC cells with tunicamycin significantly suppressed the
formation of XC cell syncytia induced by the R� Env protein but not that induced by the R� Env protein. This result
indicates that N glycosylation is required for XC cell-specific syncytium formation by the R� Env protein. The R�

Env protein induced syncytia in XC cells expressing a mutant mCAT1 lacking both of two N glycosylation sites, and
tunicamycin treatment suppressed syncytium formation by R� Env in those cells. This suggests that N glycosylation
of a molecule(s) other than the receptor is required for the induction of XC cell syncytia by the R� Env protein.

Ecotropic murine leukemia viruses (MLVs) enter host cells
mediated by fusion between the viral envelope and the cellular
membrane following the recognition of the viral envelope gly-
coprotein (Env) by the cellular receptor, CAT1 (1). The Env
protein of the MLVs is synthesized as a precursor polyprotein
and is cleaved to surface (SU) and transmembrane (TM) sub-
units in infected cells by a cellular protease (25). The C-ter-
minal 16 amino acids of the TM protein (R peptide) are fur-
ther cleaved off during virion maturation by the viral protease
(5, 7). The R peptide-truncated Env protein (R� Env) has
membrane fusion activity to induce syncytium formation when
it is expressed in susceptible cells, but the R peptide-containing
Env protein (R� Env) does not. This result indicates that the
R peptide inhibits membrane fusion (14, 23, 24). Because cells
expressing the R� Env protein will form syncytia and die, the
selective truncation of the R peptide may be an adaptive mech-
anism that allows ecotropic MLVs to delay membrane fusion
until the viruses leave the cells.

Rat XC cells, which are widely used to measure ecotropic
MLV titers (12), are more susceptible to ecotropic MLV in-
fection than other rat cells, such as F10 cells (13, 28). In
addition to the R� Env protein, R� Env can induce syncytia in
XC cells but not in other susceptible cells (9). Recently, it was
found that some CAT1 cDNA clones isolated from XC cells
have an amino acid substitution of aspartic acid for asparagine
at one of two N-linked glycosylation sites, and the XC cell

receptor was designated xcCAT1 (13). CHO cells expressing
xcCAT1 were more susceptible to Moloney MLV (Mo-MLV)
vector transduction than those expressing the wild-type rat
CAT1 (rCAT1). In addition, F10 cells treated with tunicamy-
cin, an inhibitor of protein N glycosylation, were more suscep-
tible to Mo-MLV vector transduction than untreated F10 cells.
These results indicate that the N glycosylation of rCAT1 in-
hibits Mo-MLV vector infection. In CHO cells expressing xc-
CAT1, however, the R� Env protein does not induce syncytia,
but R� Env does. This result indicates that the amino acid
substitution detected in xcCAT1 is not sufficient for XC cell-
specific syncytium formation by the R� Env protein and that
another mechanism is necessary.

To analyze the ecotropic MLV receptor in XC cells, a ret-
roviral vector encoding a mouse CAT1 (mCAT1) protein C-
terminally tagged with the influenza virus hemagglutinin (HA)
epitope was inoculated into XC and NIH 3T3 cells. The mo-
lecular size of the HA-tagged mCAT1 (mCAT1-HA) ex-
pressed in XC cells was smaller than that in NIH 3T3 cells due
to altered N glycosylation in XC cells. Tunicamycin treatment
of XC cells significantly inhibited XC cell-specific syncytium
formation by the R� Env protein but not that by the R� Env
protein. This result indicates that N glycosylation in XC cells is
required for XC cell-specific syncytium formation by the R�

Env protein. N glycosylation inhibits Mo-MLV infection in rat
and hamster cells (15, 29, 32) but is required for the formation
of XC cell syncytia by the R� Env protein.

MATERIALS AND METHODS

Expression plasmids. cDNA clones of mCAT1 (1) and rCAT1 (28) were
kindly provided by J. M. Cunningham (Harvard Medical School) and by R.
Watanabe (Soka University), respectively. Two cDNA clones of CAT1 have been
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isolated from XC cells in our laboratory (13). One of them had an amino acid
substitution at an N-linked glycosylation site compared to rCAT1, and we des-
ignated it xcCAT1. A retrovirus vector DNA (M3) encoding a mutant mCAT1
lacking both of two N glycosylation sites was kindly provided by D. Kabat
(Oregon Health Science University) (31). A glucosidase I expression plasmid was
kindly provided by E. Bause (Rheinische Friedrich-Wilhelms-Universitat) (10).

Expression plasmids of mCAT1, rCAT1, and xcCAT1 C-terminally tagged
with the influenza virus HA epitope (mCAT1-HA, rCAT1-HA, and xcCAT1-
HA) were constructed by PCR using the following primers: 5�-TTACTGCAGA
CAGATTTGCTCAGCGCGATG-3� and 5�-TCATGCGTAATCCGGAACAT
CGTACGGGTATTTGCACTGGTCCAAGTTGCT-3�. The latter (antisense)
primer contains the HA epitope sequence. The PCR product was ligated into the
pTargeT expression vector (Plomega) by TA cloning. The PCR product of
mCAT1-HA was also ligated to pMXpuro retrovirus vector DNA (19).

The expression plasmids encoding R� Env of Mo-MLV and Friend MLV
(Fr-MLV) (18) were constructed by PCR using a mutant primer that replaces the
codon for valine at amino acid position 617 with a termination codon. The PCR
product was ligated into the pTargeT expression vector by TA cloning.

Cells, retrovirus vectors, and N-glucan processing inhibitors. NIH 3T3, F10,
XC, 293T, BOSC23 (22), and TELCeB6 (3) cells were cultured in Dulbecco’s
modified Eagle’s medium (Sigma) at 37°C in 5% CO2. CHO cells were cultured
in Ham’s F-12 nutrient mixture medium (Gibco BRL). The culture media were
all supplemented with 8% fetal bovine serum (HyClone).

BOSC23 ecotropic packaging cells (22) were transfected with mCAT1-HA or
mCAT1-M3 mutant-expressing retroviral vector DNA. Culture supernatant of
the transfected BOSC23 cells was inoculated into XC and NIH 3T3 cells. Several
drug-resistant cell clones were isolated, and mCAT1-HA-expressing cell clones
were selected by Western immunoblotting using the anti-HA antibody.
mCAT1-M3 mutant-expressing cell clones were selected by Northern hybridiza-
tion.

The mCAT1-HA-expressing XC and NIH 3T3 cells were treated with tunica-
mycin (Sigma), 1-deoxynojirimycin (dNM) (Sigma), or 1-deoxymannojirimycin
(dMM) (Sigma).

Syncytium formation assay. The expression plasmids encoding the wild-type
Env protein (R� Env) or Env lacking the R peptide (R� Env) were transfected
into 293T cells using the TransIT-LT1 reagent (Mirus). Two days after transfec-
tion, aliquots of the target cell culture were inoculated onto the transfected 293T
cells. These cells were fixed and stained with 1% methylene blue in methanol
24 h later, and the number of syncytia per microscopic field was determined.

Transduction assay. The ecotropic retrovirus vector was generated by stable
transfection of TELCeB6 cells, which express the Mo-MLV gag and pol genes
and the retroviral vector genome containing Escherichia coli lacZ (3), with the
wild-type Mo-MLV or Fr-MLV Env expression plasmid. Target cells were ex-
posed to the retrovirus vector for 24 h in the presence of Polybrene (4 �g/ml).
After being cultured for an additional 24 h in fresh medium, the cells were
stained with 5-bromo-4-chloro-3-indolyl-�-D-galactopyranoside (X-Gal), and the
blue cells were counted to estimate the transduction titer.

Western immunoblotting. Cell lysates were prepared, and aliquots containing
60 �g of protein were subjected to sodium dodecyl sulfate–7.5% polyacrylamide
gel electrophoresis and subsequent Western immunoblotting using the mouse
anti-HA epitope monoclonal antibody (Covance) and horseradish peroxidase-
conjugated anti-mouse immunoglobulin G (IgG) (Bio-Rad).

Immunofluorescence assay. XC cells expressing mCAT1-HA were fixed with
cold methanol. The cells were treated with the mouse anti-HA antibody and then
with an anti-mouse IgG conjugated with indocarbocyanine (Cy3) (Sigma). They
were observed by immunofluorescence microscopy.

RESULTS

Altered glycosylation in XC cells. To analyze the ecotropic
MLV receptor protein in XC cells, a retroviral vector DNA
encoding the mCAT1-HA protein was constructed and trans-
fected to BOSC23 ecotropic packaging cells (22). The retrovi-
rus vector also contains the puromycin resistance gene (19).
Culture supernatant of the transfected BOSC23 cells was in-
oculated into XC and NIH 3T3 cells. Several puromycin-resis-
tant cell clones were isolated, and cell clones expressing
mCAT1-HA were selected by Western immunoblotting using
the anti-HA antibody. CHO cells expressing the mCAT1-HA
were as susceptible as those expressing the untagged mCAT1

to Mo-MLV vector carrying the lacZ reporter gene. The trans-
duction efficiency of Mo-MLV vector in the mCAT1-HA-ex-
pressing XC cells was comparable to that in the parental cells.
The R� Env protein induced syncytia in XC cells expressing
mCAT1-HA as efficiently as in the normal XC cells. This result
indicates that mCAT1-HA does not inhibit XC cell-specific
syncytium formation by the R� Env protein and that XC cell
syncytia are induced through interaction between the R� Env
and mCAT1-HA proteins.

In order to determine the molecular sizes of the
mCAT1-HA proteins in XC and NIH 3T3 cells, Western im-
munoblotting was performed using the anti-HA antibody. The
mCAT1-HA protein expressed in XC and NIH 3T3 cells
showed high heterogeneity (Fig. 1). At the shorter exposure
time, several different bands were detected. The molecular size
of mCAT1-HA in XC cells was smaller than that in NIH 3T3
cells. Tunicamycin treatment reduced the molecular sizes of
mCAT1-HA proteins in XC and NIH 3T3 cells. The molecular
sizes of the mCAT1-HA proteins expressed in tunicamycin-
treated XC and NIH 3T3 cells were similar, and they had much
lower heterogeneity than in untreated cells. The same result
was observed in other puromycin-resistant cell clones express-
ing the mCAT1-HA protein.

A 40-kDa molecule which was reacted with the anti-HA
antibody was not detected in mCAT1-HA-expressing NIH 3T3
cells and tunicamnycin-treated mCAT1-HA-expressing XC
and NIH 3T3 cells, but it was detected in other cells. It is
unknown why tunicamycin treatment of mCAT1-HA-express-
ing XC cells induced the disappearance of the 40-kDa mole-
cule but that of control XC cells did not.

The molecular sizes of the mCAT1-HA proteins in CHO
and 293T cells were similar to those in NIH 3T3 cells (data not

FIG. 1. Altered N glycosylation in XC cells. Normal XC and NIH
3T3 cells and mCAT1-HA-expressing XC and NIH 3T3 cells were
treated with 100 ng of tunicamycin/ml for 24 h. Cell lysates were
prepared from the cells. Western immunoblotting was performed us-
ing the anti-HA antibody.
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shown). This result indicates that the mCAT1-HA protein is
modified by N glycosylation in XC cells but that N-linked
glycosylation of mCAT1-HA in XC cells is different from that
in NIH 3T3, CHO, and 293T cells.

N glycosylation is responsible for XC cell-specific syncytium
formation by R� Env protein. To know whether N glycosyla-
tion in XC cells is involved in XC cell-specific syncytium for-
mation by the R� Env protein, the fusion activity of the R�

Env protein was measured in tunicamycin-treated XC cells.
XC cells were pretreated with tunicamycin (50 or 100 ng/ml)
for 24 h. The tunicamycin-treated or untreated XC cells were
plated onto 293T cells expressing the R� Env protein of Mo-

MLV or Fr-MLV and cultured for 24 h in the absence of
tunicamycin to exclude the effect of tunicamycin on expression
and N glycosylation of the Env protein in 293T cells. Tunica-
mycin treatment significantly and reproducibly inhibited the
fusion activity of the R� Env proteins of Mo-MLV and Fr-
MLV in XC cells (Fig. 2). However, tunicamycin treatment
slightly inhibited the fusion activity of the R� Env protein in
XC and NIH 3T3 cells. This result indicates that N glycosyla-
tion in XC cells is required for XC cell-specific syncytium
formation by the R� Env protein.

Tunicamycin treatment of NIH 3T3 (Fig. 2) and F10 (data
not shown) cells did not make the R� Env protein fusogenic.
This result supports the previous finding that CHO cells ex-
pressing a glycosylation-defective variant of the ecotropic
MLV receptor isolated from XC cells (xcCAT1) do not re-
spond to syncytium induction by the R� Env protein (13).

Tunicamycin treatment did not affect cellular distribution of
mCAT1-HA protein. To determine the effect of tunicamycin
treatment on cellular distribution of the mCAT1-HA protein,
immunofluorescence analysis of mCAT1-HA-expressing XC
cells was performed using the anti-HA antibody. XC cells ex-
pressing mCAT1-HA were treated with 100 ng of tunicamy-
cin/ml for 24 h. The XC cells were fixed with methanol and
blotted with the mouse anti-HA antibody and then with a
Cy3-conjugated anti-mouse IgG antibody. Microscopic fields
for images were selected randomly. Fluorescence images were
obtained by 10-s exposure to compare signal strengths in un-
treated and treated cells. The mCAT1-HA protein was
detected on the cell surfaces and in the cytoplasm of untreated
and tunicamycin-treated XC cells (Fig. 3). No effect of tunica-
mycin treatment on the cellular distribution of the mCAT1-
HA protein was detected.

Effects of dNM and dMM on syncytium formation by the
Env protein. To know the relationship between N-glucan struc-

FIG. 2. Tunicamycin inhibits XC cell-specific syncytium formation
by the R� Env protein. 293T cells were transfected with the plasmid
encoding the R� or R� Env protein of Mo-MLV (Mo) or Fr-MLV
(Fr). XC and NIH 3T3 cells were pretreated with tunicamycin (50 or
100 ng/ml) for 24 h. The transfected 293T cells were added to the
pretreated XC and NIH 3T3 cells and cultured for 24 h in the absence
of tunicamycin. The cells were stained with 1% methylene blue, and
the number of syncytia per microscopic field was determined. The
error bars indicate standard deviations.

FIG. 3. Cellular distributions of mCAT1-HA protein in untreated and tunicamycin-treated XC cells. XC cells expressing the mCAT1-HA
protein were treated with 100 ng of tunicamycin/ml for 24 h. Untreated (top) and treated (bottom) XC cells were fixed with cold methanol. The
cells were blotted with the anti-HA antibody and then with a Cy3-conjugated anti-mouse IgG antibody. Microscopic fields to be imaged were
selected randomly. Fluorescence images were obtained by 10-s exposures to compare signal strengths in untreated and treated cells. Fluorescence
and transmitted-light images of the same fields are shown on the left and right, respectively.
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ture and membrane fusion by the Env protein, the effects of
N-glucan processing inhibitors, dNM and dMM, on syncytium
formation by the Env proteins and on susceptibility to eco-
tropic MLV vector infection were analyzed. The compounds
dNM and dMM inhibit glucosidase I and mannosidase I, re-
spectively (6, 17, 30) (Fig. 4). XC cells were treated with dNM
or dMM (2 mM) for 24 h and added to Env protein-expressing
293T cells. As a result, it was found that syncytium formation
by the R� and R� Env proteins in XC cells was not affected by
these compounds (data not shown).

The effects of these inhibitors on the transduction efficiency
of the ecotropic MLV vector were analyzed. Target cells were
pretreated with dNM or dMM (2 mM) for 24 h. The cells were
washed with phosphate-buffered saline to remove the com-
pound and inoculated with the culture supernatant of TEL-
CeL6 cells transfected with the Mo-MLV Env expression plas-
mid. Treatment of NIH 3T3, F10, and CHO cells with dNM
did not affect the transduction titer of the Mo-MLV vector
(Fig. 5). The treatment of CHO cells, but not of NIH 3T3 and
F10 cells, with dMM, however, increased the transduction ti-
ter. This experiment was performed three times, and similar
results were observed.

The molecular sizes of mCAT1-HA proteins in the dNM-
and dMM-treated NIH 3T3 cells were smaller than those in
untreated NIH 3T3 cells, as expected (Fig. 6). Treatment of
XC cells with dNM did not change the molecular size of
mCAT1-HA compared to that in control XC cells. The molec-
ular size of the mCAT1-HA protein in XC cells was similar to
that in dNM-treated NIH 3T3 cells. These results suggest a
defect of glucosidase I in XC cells. To confirm this, XC cells
were transfected with a glucosidase I expression plasmid (10),

FIG. 4. N-Glucan processing pathway. dNM and dMM inhibit glu-
cosidase I and mannosidase I, respectively.

FIG. 5. Effects of dNM and dMM on Mo-MLV vector transduc-
tion. NIH 3T3, F10, and CHO cells were pretreated with dNM or
dMM (2 mM) for 24 h. The Mo-MLV vector carrying the lacZ gene
was inoculated into the pretreated cells. The inoculated cells were
cultured for 2 days in the absence of the inhibitors. The transduction
titer was determined by X-Gal staining of the cells.

FIG. 6. Molecular size of the mCAT1-HA protein in dNM- or
dMM-treated cells. mCAT1-HA-expressing XC and NIH 3T3 cells
were treated with dNM or dMM (2 mM) for 24 h. Cell lysates were
prepared from the cells and subjected to 7.5% polyacrylamide gel
electrophoresis. Western immunoblotting was performed using the
anti-HA antibody.
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and the molecular size of mCAT1-HA and the fusogenic ac-
tivity of the R� Env protein were analyzed. Unfortunately, the
molecular size of mCAT1-HA was not affected in the glucosi-
dase I-transfected XC cells, and syncytium formation by the
R� Env protein was not suppressed (data not shown). This
result indicates that the altered N glycosylation observed in XC
cells is not induced by a defect of glucosidase I function.

Syncytia were induced by R� Env in XC cells expressing an
mCAT1 mutant lacking both of two N glycosylation sites. XC
cells originally express xcCAT1 that has an amino acid substi-
tution at one of two N-linked glycosylation sites (13). To know
whether N-glucan linked to the ecotropic MLV receptor is
required for XC cell-specific syncytium formation by the R�

Env protein, XC cells were inoculated with a retrovirus vector
encoding an mCAT1 mutant, M3, which has amino acid sub-
stitutions at both of two N glycosylation sites (31). The R� Env
protein, however, induced syncytia in XC cells expressing the
mutant mCAT1, and tunicamycin treatment of the cells largely
suppressed XC cell-specific syncytium formation by R� Env
(data not shown), as in the control XC cells. This result sug-
gests that N-glucan in a molecule(s) other than the receptor is
required for XC cell-specific syncytium formation by the R�

Env protein.

DISCUSSION

Altered N glycosylation in XC cells. The molecular size of
the mCAT1-HA protein expressed in XC cells was smaller
than those in NIH 3T3, CHO, and 293T cells due to altered N
glycosylation in the XC cells (Fig. 1). It has been reported that
the molecular size of the SU subunit of Fr-MLV Env protein
expressed in XC cells is smaller than that in NIH 3T3 cells due
to altered N glycosylation (9). The molecular size of
mCAT1-HA in XC cells was similar to that in dNM-treated
NIH 3T3 cells and was not changed by treatment of the XC
cells with dNM (Fig. 6). This result suggested the possibility
that glucosidase I does not function in XC cells. Transfection
of XC cells with a glucosidase I expression plasmid (10), how-
ever, did not affect the molecular size of the mCAT1-HA
protein and syncytium formation by the R� Env protein. This
result indicates that the altered N glycosylation observed in XC
cells is not induced by the defect of glucosidase I enzyme. This
is confirmed by the fact that the treatment of XC cells with
dMM, which inhibits mannosidase I, a downstream enzyme of
glucosidase I in the N-glucan processing pathway (Fig. 4),
makes the molecular size of the mCAT1-HA protein smaller
(Fig. 6). A more downstream enzyme in N-glucan processing
may be defective, or unknown N glycosylation may occur in XC
cells.

Alteration of carbohydrate structure linked to glycoproteins
is frequently observed in transformed cells (20). XC cells were
established from a rat tumor induced by Rous sarcoma virus
(RSV) (12). The altered glycosylation detected in XC cells
might have resulted from cellular transformation by RSV, al-
though increased branching of N-linked glucans is a common
feature of transformed cells (20).

In addition to unglycosylated mCAT1-HA protein, mole-
cules with higher molecular weight were detected in tunicamy-
cin-treated XC cells, although only the unglycosylated form
was detected in tunicamycin-treated NIH 3T3 cells (Fig. 1). It

is not clear whether the larger molecules detected in tunica-
mycin-treated XC cells were modified by other posttransla-
tional events or were still N glycosylated.

N glycosylation is required for XC cell-specific syncytium
formation by R� Env. The treatment of XC cells with tunica-
mycin significantly suppressed XC cell-specific syncytium for-
mation by the R� Env protein but did not affect R� Env-
induced syncytium formation (Fig. 2) and the cellular
distribution of the mCAT1-HA protein (Fig. 3). This result
indicates that N-linked glycosylation in XC cells is required for
XC cell-specific syncytium formation by the R� Env protein.
Because the treatment of XC cells with dMM, which made the
molecular size of the mCAT1-HA protein smaller, had no
effect on syncytium formation by the R� Env protein, we
cannot conclude that the altered N glycosylation observed in
XC cells is required for syncytium formation of XC cells by the
R� Env protein.

The treatment of XC cells with tunicamycin suppressed XC
cell-specific syncytium formation by the R� Env protein but
did not affect syncytium formation by R� Env and the trans-
duction titer of the ecotropic MLV vector (Fig. 2) (13). This
result suggests that the mechanism by which R� Env induces
XC cell syncytia is different from that of membrane fusion by
the R� Env protein required for viral entry into host cells.
Tunicamycin treatment slightly inhibited syncytium formation
by the R� Env protein in NIH 3T3 cells (Fig. 2). N glycosyla-
tion of the receptor or of another molecule(s) might be in-
volved in syncytium formation by the R� Env protein in NIH
3T3 cells.

N-Glucan processing inhibitors increase Mo-MLV vector
transduction in CHO cells. The N-glucan processing inhibitor
dMM increased Mo-MLV vector transduction in CHO cells
but not in NIH 3T3 cells (Fig. 5). N glycosylation of the CAT1
molecule completely blocks Mo-MLV infection in hamster
cells but only partially blocks it in rat cells (13). N-Glucan
linked to CAT1 protein would physically mask the Env binding
motif of CAT1 protein in hamster cells but not in mouse cells.
dMM treatment is thought to make the N-glucan mask of
hamster CAT1 protein smaller, resulting in higher transduc-
tion efficiency of the Mo-MLV vector. The treatment of CHO
cells with dNM, however, did not increase the transduction
titer of the Mo-MLV vector. dMM treatment induced smaller
molecular size of the mCAT1-HA protein than dNM treat-
ment (Fig. 6). Therefore, dMM has higher activity to increase
the transduction titer of the Mo-MLV vector than dNM.

R� Env protein induces syncytium formation in XC cells
expressing an mCAT1 mutant lacking both of two glycosyla-
tion sites. XC cells originally express a variant of the ecotropic
MLV receptor that lacks one of two N glycosylation sites (13).
The R� Env protein induced syncytia in XC cells expressing a
mutant mCAT1 (M3) (31) lacking both of the N glycosylation
sites. Tunicamycin treatment suppressed syncytium formation
by the R� Env protein in those cells, as in the control XC cells.

It has been reported that the M3 mutant functions as an
ecotropic receptor as efficiently as the wild-type mCAT1 (31)
and that mCAT1 functions as an ecotropic receptor better that
rCAT1 (13, 28). Though XC cells originally express both
xcCAT1 and rCAT1, tunicamycin treatment of XC cells did
not increase susceptibility to Mo-MLV vector transduction.
This result suggests that xcCAT1 saturates the receptor activity
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of the cell (13). Therefore, in XC cells overexpressing the M3
mutant, the ecotropic Env protein should preferentially bind to
M3 and xcCAT1 rather than rCAT1. If N glycosylation of the
ecotropic receptor is required for XC cell-specific syncytium
formation by the R� Env protein, syncytium formation should
not be induced by the interaction between the R� Env and M3
proteins and the level of syncytium formation by R� Env in
M3-expressing XC cells should decrease. However, the R�

Env protein induced syncytium formation in the M3-expressing
XC cells as efficiently as in normal XC cells. Although it is
possible that the N-glycosylated receptor is dominant for in-
duction of XC cell syncytia by the R� Env protein, if so,
tunicamycin treatment of XC cells should not significantly in-
hibit syncytium formation by R� Env. It is possible that glyco-
sylated receptor remains in tunicamycin-treated XC cells, and
R� Env-expressing 293T and pretreated XC cells were cocul-
tured for 24 h in the absence of tunicamycin. It is most likely
that N glycosylation of a molecule(s) other than the ecotropic
receptor is required for XC cell-specific syncytium formation
by the R� Env protein. A molecule(s) concerned with cell
adhesion may be involved in syncytium formation by the Env
protein but not in viral entry into cells. There is some evidence
that cell adhesion molecules are involved in syncytium forma-
tion by retrovirus envelope proteins (2, 4, 8, 21).

Conclusion. Finally, XC cells have a specific mechanism by
which the R� Env protein can induce syncytium formation (9),
although the R peptide inhibits syncytium formation in other
susceptible cells (23, 24). It is unlikely that XC cells are defec-
tive in inhibiting syncytium formation by the R peptide. XC
cells could have a positive mechanism to overcome the inhib-
itory effect of the R peptide on syncytium formation (Fig. 7).
The mechanism to induce syncytium formation by the R� Env
protein in XC cells could require N-linked glycosylation of
unknown molecules other than the ecotropic MLV receptor,

although N glycosylation in rat and hamster cells negatively
controls Mo-MLV infection. The specific mechanism in XC
cells to induce syncytium formation by the R� Env protein
should not be associated with membrane fusion by the R� Env
protein required for retroviral entry into host cells. It has been
reported that LFA-1 is required for human immunodeficiency
virus-mediated cell fusion but not for viral transmission (21).

XC cells were established from a muscle sarcoma induced by
RSV (27). It has been reported that the R� Env protein in-
duces syncytium formation in a spontaneously transformed cell
line of L8 myoblast cells, fu-1 (11, 33, 34). The L8 cell line is
widely used as an in vitro model system of myogenesis. This
suggests that the mechanism to induce myotube differentiation
is involved in XC cell-specific syncytium formation by the R�

Env protein. It has been reported that protein N glycosylation
participates in myotube differentiation (16, 26). XC cells, but
not other susceptible cells, may express a cellular molecule that
induces membrane fusion in myogenesis (Fig. 7). N glycosyla-
tion of the molecule is required for its membrane fusion ac-
tivity. However, XC cells lack a triggering molecule to initiate
membrane fusion. The Env protein may function as the trig-
gering molecule by binding to the receptor.
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