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Human signaling lymphocytic activation molecule (SLAM; also known as CDw150) has been shown to be a
cellular receptor for measles virus (MV). Chinese hamster ovary cells transfected with a mouse SLAM c¢cDNA
were not susceptible to MV and the vesicular stomatitis virus pseudotype bearing MV envelope proteins alone,
indicating that mouse SLAM cannot act as an MV receptor. To determine the functional domain of the
receptor, we tested the abilities of several chimeric SLAM proteins to function as MV receptors. The ectodo-
main of SLAM comprises the two immunoglobulin superfamily domains (V and C2). Various chimeric
transmembrane proteins possessing the V domain of human SLAM were able to act as MV receptors, whereas
a chimera consisting of human SLAM containing the mouse V domain instead of the human V domain no
longer acted as a receptor. To examine the interaction between SLAM and MV envelope proteins, recombinant
soluble forms of SLAM were produced. The soluble molecules possessing the V domain of human SLAM were
shown to bind to cells expressing the MV hemagglutinin (H) protein but not to cells expressing the MV fusion
protein or irrelevant envelope proteins. These results indicate that the V domain of human SLAM is necessary

and sufficient to interact with the MV H protein and allow MV entry.

Measles virus (MV), a member of the Morbillivirus genus in
the Paramyxoviridae family, causes an acute childhood disease
which still claims roughly 1 million lives a year. MV is a non-
segmented negative-strand RNA virus with two envelope gly-
coproteins, the hemagglutinin (H) and fusion (F) proteins
(10). CD46 has been shown to be a cellular receptor for vac-
cine strains of MV such as the Edmonston and Halle strains (9,
25). These strains are capable of infecting all CD46-positive
primate cell lines. However, recent clinical isolates of MV,
which were usually isolated in the marmoset B-cell line B95a or
human B-cell lines, were found to grow only in some primate
B- and T-cell lines and human dendritic cells (11, 12, 14, 16, 32,
33, 37, 38). By using vesicular stomatitis virus (VSV)
pseudotypes bearing MV envelope proteins, we showed that
virus entry is a major determinant of cell tropism of the Ed-
monston and B95a-isolated MV strains (38).

Recently, expression cloning, combined with the VSV
pseudotype system, allowed us to identify signaling lympho-
cytic activation molecule (SLAM; also known as CDw150) as a
cellular receptor for MV (39). We showed that the cell surface
expression of human SLAM (hSLAM) rendered rodent cells
susceptible to all MV strains examined, including the Edmon-
ston strain, B95a-isolated strains, peripheral blood mononu-
clear cell-isolated strains, and MV present in throat swabs
from measles patients (39). SLAM, an important costimulatory
molecule in lymphocyte activation, is expressed on some T and
B cells (2, 3, 7, 22, 30, 31, 34), consistent with MV tropism and
pathology including lymphopenia and immunosuppression
(10).

SLAM contains two highly glycosylated immunoglobulin
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(Ig) superfamily domains and has structural features placing it
within the CD2 family, which includes CD2, CD48, CDS58, 2B4,
and Ly-9 (8). Like other members of the CD2 family, SLAM
comprises an N-terminal membrane-distal V-set domain and a
membrane-proximal C2-set domain, followed by the trans-
membrane segment (TM) and cytoplasmic tail (CY). A recent
study showed that mouse SLAM (mSLAM) also shares molec-
ular and functional characteristics with the human counterpart,
with its predicted amino acid sequence exhibiting 58% simi-
larity to that of hNSLAM (6).

In this study, we first examined whether mSLAM can act as
a cellular receptor for MV, in an attempt to explain MV’s
inability to infect mice. We then defined the region of ANSLAM
that interacts with MV, by constructing various chimeric mol-
ecules. We also examined the interaction between MV enve-
lope proteins and recombinant soluble forms of SLAM. The
results indicated that the V domain of hSLAM, which binds
the MV H protein, is essential for its function as an MV
receptor.

MATERIALS AND METHODS

Cells and viruses. Derivations and culture conditions of cell lines used have
been described elsewhere (38). The Edmonston (American Type Culture Col-
lection) and KA (37) strains of MV were grown and titrated on Vero and B95a
cells, respectively. Pseudotype viruses (VSVAG#, VSVAG#-EdHF, VSVAG:-
KAHF, and VSVAG#-G) were prepared by infecting with VSVAG=*-G the hu-
man kidney cell line 293T which had been transfected with the appropriate
expression plasmids encoding envelope proteins, as previously described (38).

Constructions of expression plasmids. Isolation of the hSLAM cDNA has
been described elsewhere (39). Primers used for PCR amplification of hSLAM
were 5'-CCCGAATTCCAGACAGCCTCTGCTGCATGAC-3" (SF1) and 5'-A
AAGCGGCCGCCCTTCAGAAAAGTCCCTTTGTTGG-3' (SB1). The mSLAM
c¢DNA was obtained by reverse transcription (RT) of total RNA from phorbol
12-myristate 13-acetate-stimulated BALB/c mouse splenic cells followed by
PCR. Primers used for the PCR of mSLAM were 5'-CCAGAATTCTGGCTA
ATGGATCCC-3" (muSF1) and 5'-AGGCGGCCGCCTTTCACTGGGTAT-3’
(muSB1). The sequences underlined are sites for restriction enzymes. The PCR
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TABLE 1. PCR templates and primers used to prepare plasmids encoding chimeric molecules
PCR primer(s)
Product Template 1 st
2nd
Sense Antisense
mSLAM-hV  pCAG-hSLAM  CCCGAATTCCAGACAGCCTCTGCTG  GGAGGGGAGACCTGTTCATAAAGCC  SF1 + muSBI1
CATGAC (SF1)
pCAG-mSLAM  AACAGGTCTCCCCTCC AGGCGGCCGCCTTTCACTGGGTAT
(muSB1)
hSLAM-mV  pCAG-mSLAM  CCAGAATTCTGGCTAATGGATCCC GTGGAGACCTGCTCATAAAGC muSF1 + SB1
(muSF1)
pCAG-hSLAM  GCTTTATGAGCAGGTCTCCAC AAAGCGGCCGCCCTTCAGAAAGTCC
CTTTGTTGG (SB1)
CD4-hV pCAG-hSLAM  SF1 CATAAAGCCTCAACTGC SF1 + rCD4

pCAG-CD4

GAGGCTTTATGGAGCCACTCAGC

GGCCTCGTGCCTCAAATG (rCD4)

products were subcloned into the eukaryotic expression vector pPCAGGS (27)
and sequenced. The plasmids encoding the membrane-bound form of SLAM
with the complete CY were selected and named pCAG-hSLAM and pCAG-
mSLAM, respectively. The cDNAs encoding human CD4 (17) and CD46 (the C2
isoform) (29) were also subcloned into pCAGGS (pCAG-CD4 and pCAG-
CD46). Plasmids encoding chimeric molecules (pCAG-mSLAM-hV, pCAG-
hSLAM-mV, and pCAG-CD4-hV) were constructed by gene splicing by overlap
extension (SOEing) as described elsewhere (40). The V domains of hSLAM and
mSLAM are amino acid positions 1 to 138 and 1 to 139, respectively. The two
templates and primers for the first and second PCRs used to prepare each
product are listed in Table 1. The PCR products were cloned into pCAGGS. The
plasmid encoding a truncated form of SLAM (pCAG-hV) was prepared by
amplifying DNA fragments in two separate PCRs and digesting them with ap-
propriate restriction enzymes. The desired fragments were isolated from agarose
gels and then ligated in the same mixture with pCAGGS predigested with EcoRI
and NotI (the three molecules were ligated together). The templates, primers,
and restriction enzymes used are listed in Table 2. pDisplay (Invitrogen) contains
the sequences encoding the c-Myc epitope and platelet-derived growth factor
receptor (PDGFR) TM. Soluble forms of SLAM were produced as fusion pro-
teins between the extracellular domain of SLAM and the rabbit IgG Fc fragment
(4). Plasmids encoding the soluble forms of SLAM (pCAG-shSLAM-rIgG,
pCAG-smSLAM-1IgG, and pCAG-smSLAM-hV-rIgG) were prepared by PCRs
amplifying the DNA fragments, followed by restriction enzyme digestion and
ligation with the predigested pCAGGS, as described above. The templates,
primers, and restriction enzymes used are described in Table 2. pSK100, which
encodes the constant region of rabbit IgG, was kindly provided by John A. T.
Young. All constructs were verified by DNA sequencing.

Immunofluorescence staining. Chinese hamster ovary (CHO) cells were trans-
fected with plasmid DNAs by using Lipofectamine Plus reagent (Life Technol-
ogies). The transfected cells were stained with mouse anti-hSLAM monoclonal
antibody (MAb) IPO-3 (34) (Kamiya Biochemical) or rat anti-mSLAM MAb
12F12 (6), followed by staining with fluorescein isothiocyanate (FITC)-labeled
secondary antibody. The stained cells were analyzed on a FACScan machine
(Becton Dickinson). Dead cells (those that positively stained with propidium
iodide) were excluded from the analysis.

Infection of cells with MV and pseudotypes. CHO cells (2 X 10* cells/well)
were transfected with 0.05 pg each of plasmid DNA by using Lipofectamine Plus
reagent. At 24 h after transfection, the cells were infected with the Edmonston
or KA strain of MV at a multiplicity of infection of 0.1. The cells were examined
for cytopathic effect (CPE) at 24 h after infection. In different experiments, the
CHO cells were infected with VSV pseudotype viruses at 24 h after transfection
as described above, and infectious titers of the pseudotype viruses were deter-
mined by counting the number of green fluorescent protein (GFP) expressing
cells under a fluorescence microscope at 24 h after infection.

Preparation of soluble molecules. 293T cells were transfected with pCAGGS,
pCAG-shSLAM-1IgG, pCAG-smSLAM-rIgG, or pCAG-smSLAM-hV-rIgG by
using Lipofectamine Plus reagent. At 24 h after transfection, the culture medium
was replaced with serum-free medium comprising 50% Dulbecco modified Eagle
medium and 50% Cosmedium (Cosmo Bio). The supernatants containing solu-
ble molecules were recovered after a further 72 h of cell culture and concen-
trated in a Centricon-30 (Amicon). The supernatant from 293T cells transfected
with pCAGGS was used as a control (mock supernatant).

Western blot analysis. The concentrated soluble molecules were separated on
sodium dodecyl sulfate (SDS)-10% polyacrylamide gels and then transferred to
nitrocellulose membranes. After being blocked in phosphate-buffered saline with
5% nonfat dried milk and 0.02% polyoxyethylenesorbitan monolaurate (Tween
20), the membranes were incubated in the blocking buffer containing biotinylated
goat anti-rabbit IgG antibody (Wako) or IPO-3. After washing, membranes were
incubated with horseradish peroxidase-conjugated streptavidin (Zymed) or goat
anti-mouse IgG (Bio-Rad) and then treated with ECL (enhanced chemilumi-
nescence) Western blotting detection reagent (Amersham Pharmacia Biotech).

Soluble SLAM binding to cells. 293T cells were transiently transfected with the
expression vector pCXN2 (27) as a control or an expression plasmid encoding the
Edmonston H protein (pCXN2H) (37), Edmonston F protein (pCXN2F) (37),
or human T-cell leukemia virus type 1 (HTLV-1) Env protein (p.CAGHTLV-1
env) (28). The transfected 293T cells were harvested at 24 h after transfection by
treatment with phosphate-buffered saline containing 5 mM EDTA. The cells
were incubated in the serum-free medium with 20 g of rabbit IgG per ml or the
concentrated supernatants containing the soluble molecules on ice for 60 min.
The amounts of soluble molecules were adjusted according to the enzyme-linked

TABLE 2. PCR templates and primers used to prepare plasmids encoding truncated and soluble forms of SLAM

Primer Restriction

Product Template enzyme(s) used to

Sense Antisense cut PCR products

hVv pCAG-hSLAM SF1 CATAAAGCCTCAACTGC EcoRI

pDisplay TAATACGACTCACTATAGGG (T7) TAGAAGGCACGTCGAG (BGHr) Smal + Notl

shSLAM-rIgG pCAG-hSLAM SF1 GAAGCTAGCTTCTGAGGGGTCTG EcoRI + Nhel
pSK100 CATGCTAGCATGATCTCACGCACC TCACTAAAGGGAAGCGG Nhel + Notl

smSLAM-rIgG pCAG-mSLAM muSF1 GAAGCTAGCTTCTGAGGAGGATTCC EcoRI + Nhel
pSK100 CATGCTAGCATGATCTCACGCACC TCACTAAAGGGAAGCGG Nhel + Notl

smSLAM-hV-rIgG pCAG-mSLAM- SF1 GAAGCTAGCTTCTGAGGAGGATTCC EcoRI + Nhel

hV
pSK100

CATGCTAGCATGATCTCACGCACC TCACTAAAGGGAAGCGG

Nhel + Notl
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FIG. 1. Structures of the membrane-bound and soluble forms of SLAM and chimeric molecules. Ig superfamily V-set and C2-set domains of
SLAM and D1 to D4 of CD4 are indicated. hV comprises the hSLAM V domain, Myc epitope, and platelet-derived growth factor receptor

(PDGFR) TM domain.

immunosorbent assay so that approximately the same amounts were incubated
with the cells. After washing, the cells were incubated with FITC-labeled anti-
rabbit IgG (Dako) for 30 min and analyzed by flow cytometry. In the blocking
study, the transfected 293T cells were incubated with 100 wg of anti-MV H
protein MAb C-1 (21) or mouse IgG per ml at 4°C for 30 min. After centrifu-
gation, the cells were incubated with shSSLAM-rIgG in the presence of 100 wg of
anti-MV H protein MAb or mouse IgG per ml for 60 min, and binding was
analyzed as described above.

RESULTS

mSLAM cannot act as a receptor for MV. We first examined
whether mSLAM can act as a receptor for MV. The structures
of mSLAM and other molecules examined in this study are
shown in Fig. 1. A cDNA clone encoding the membrane bound
form of mSLAM with the long CY was obtained from total
RNA of BALB/c mouse splenic cells by RT-PCR and was
cloned into a eukaryotic expression vector pPCAGGS (pCAG-
mSLAM). DNA sequencing showed that the cDNA clone had
a single nucleotide difference from but the same predicted
amino acid sequence as the reported sequences of mSLAM
(6). CHO cells were transiently transfected with pCAG-
mSLAM or the expression plasmid encoding hRSLAM (pCAG-
hSLAM) (39), and cell surface expression of SLAM on the
transfected CHO cells was confirmed by flow cytometry using
anti-mSLAM MADb 12F12 or anti-hSLAM MAb IPO-3 (Fig.
2). We also found that 12F12 does not recognize hSLAM,
while IPO-3 does not react to mSLAM. These CHO cells were
infected with MV. While hSLAM-expressing CHO cells devel-
oped CPE upon infection with the MV KA strain isolated in
B95a cells, those expressing mSLAM did not show any sign of
CPE, like CHO cells transfected with pCAGGS (Fig. 3A, B,
and H). Syncytia observed were not extensive, probably be-
cause SLAM was expressed transiently, and MV does not rep-
licate very efficiently in CHO cells (9). Infection with the Ed-
monston strain gave the same results (data not shown). The
finding indicated that mSLAM does not act as an MV receptor.

The V domain of hSLAM is essential for MV infection. To
determine the region(s) of hSLAM important for the MV
receptor function, we constructed various chimeric molecules
(Fig. 1). SLAM is a member of Ig superfamily, and its extra-
cellular region comprises the V and C2 domains. We prepared

chimeric molecules between hSLAM and mSLAM in which
the V domains were reciprocally exchanged and examined
whether these chimeric molecules could act as MV receptors.
One plasmid expressing the hSLAM V domain and mSLAM
C2 domain, TM, and CY (pCAG-mSLAM-hV) and another
expressing the mSLAM V domain and hSLAM C2 domain,
TM, and CY (pCAG-hSLAM-mV) were produced.

CHO cells were transiently transfected with pCAG-
mSLAM-hV or pCAG-hSLAM-mV, and cell surface expres-

anti-hSLAM mAb (IPO-3)

hSLAM mSLAM mSLAM-hV hSLAM-mV
DR M IR e e e S e e S TaT e 1o e
CD4 CD4-hv hv
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FIG. 2. Flow cytometry analysis of cell surface expression of SLAM
and chimeric molecules. CHO cells were transfected with expression
plasmids encoding the indicated molecules; at 24 h after transfection,
they were stained with IPO-3 (thick line, upper and middle rows) or
12F12 (thick line, lower row), followed by FITC-labeled secondary
antibody. Thin lines indicate staining with mouse or rat IgG control
antibody followed by FITC-labeled secondary antibody.
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C. mSLAM-hV

control vector pPCAGGS (H). The transfected CHO cells were infected with the KA strain of MV at a multiplicity of infection of 0.1 at 24 h after
transfection and then observed 24 h after infection. CPE on hV-expressing CHO cells is indicated by an arrow (G). Longer incubation (up to 72

h) did not affect the presence or absence of CPE.

sion of the chimeric molecules was confirmed by flow cytom-
etry using IPO-3 or 12F12, respectively (Fig. 2). These findings
in turn indicated that the epitopes recognized by these MAbs
reside in the V domains of the respective SLAMs. CHO cells
transfected with pCAG-mSLAM-hV were shown to develop
CPE upon infection with MV (Fig. 3C). By contrast, CHO cells
transfected with pCAG-hSLAM-mV did not develop CPE af-
ter MV infection (Fig. 3D). Thus, the V domain of hNSLAM is
necessary and probably sufficient for its function as an MV
receptor.

It is, however, possible that in addition to the V domain of
hSLAM, some other region(s) of mSLAM homologous to
hSLAM is involved in the receptor function of mSLAM-hV.
To test whether the V domain of hSLAM alone can confer to
the cell surface molecule the MV receptor function, we pre-
pared plasmid pCAG-CD4-hV, which expressed the chimeric
molecule comprising the hSLAM V domain and human CD4
domain 4 (D4), TM, and CY (Fig. 1). CD4 itself did not act as
an MV receptor (Fig. 3E). CHO cells transiently transfected
with pCAG-CD4-hV expressed the chimeric molecule on the
cell surface (Fig. 2) and developed CPE upon infection with
MV (Fig. 3F). Thus, regions of hSLAM other than the V
domain were not required for the MV receptor function.

We also prepared a plasmid expressing a truncated molecule
whose ectodomain consisted only of the V domain of hSLAM
and Myc epitope (pCAG-hV) (Fig. 1). This construct directed
cell surface expression of the molecule, albeit at a low level
(Fig. 2), and allowed the transfected CHO cells to develop
weak CPE after MV infection (Fig. 3G).

VSV pseudotypes bearing MV envelope proteins infect cells
expressing the V domain of hRSLAM. To quantitatively evaluate
the MV receptor function of the chimeric molecules, we used
the pseudotype system in which the recombinant VSV contain-
ing GFP in lieu of the VSV G protein (VSVAG*) was com-
plemented with envelope glycoproteins provided in trans (36).
We prepared the following VSV pseudotypes: VSVAG:-
EdHF, bearing the H and F proteins of the Edmonston strain;
VSVAG=*-KAHF, bearing the H protein of the KA strain and
the F protein of the Edmonston strain; and VSVAG#, bearing
no envelope proteins. CHO cells were transfected with various
expression plasmids encoding the authentic and chimeric mol-
ecules, and then infected with the pseudotype viruses. Infec-
tivity titers of the pseudotype viruses, which were determined
by counting the number of GFP-expressing cells, are shown in
Fig. 4. (In this system, quantitative comparison of the infectiv-
ity titers on each cell type can be made between VSVAG:-
EdHF and VSVAG* or between VSVAG#-KAHF and
VSVAG# but not between VSVAG#-EdHF and VSVAG:-
KAHEF. This is because the envelope proteins provided in trans
may be incorporated into VSV pseudotype particles at differ-
ent efficiencies.)

VSVAG# had negligible infectivity titers in all transfected
cells. Infectivity titers of VSVAG=*-EdHF and VSVAG:-
KAHF were more than 500-fold higher on CHO cells trans-
fected with pCAG-hSLAM, pCAG-mSLAM-hV, or pCAG-
CD4-hV than on CHO cells transfected with pCAGGS; they
were also significant but lower on CHO cells transfected with
pCAG-hV. The lower titers on these cells probably reflected
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FIG. 4. Infectivity titers of pseudotype viruses on CHO cells tran-
siently transfected with expression plasmids encoding the indicated
molecules or pCAGGS (control). The transfected CHO cells were
infected with pseudotype viruses (VSVAG*, VSVAG*-EdHF, and
VSVAG*-KAHF) at 24 h after transfection, and infectivity titers were
measured by counting the number of GFP-expressing cells at 24 h after
infection.

the low expression level of the truncated SLAM on the cell
surface (Fig. 2). Those CHO cells that did not express the V
domain of hSLAM (the cells transfected with pCAG-mSLAM,
pCAG-hSLAM-mV, or pCAG-CD4) were not susceptible to
VSVAG#EdHF and VSVAG*-KAHF. CD46-expressing CHO
cells were susceptible to VSVAG#*-EdHF but not to VSVAGs-
KAHF. These results are consistent with the development of
CPE after MV infection.

The V domain of hSLAM binds to the MV H protein. It is
thought that the H protein of MV mediates receptor binding
and that the F protein has membrane fusion activity. To dem-
onstrate that hRSLAM actually interacts with the H protein, we
prepared a DNA construct encoding the soluble form of
hSLAM fused with the rabbit IgG Fc fragment and cloned it in
PCAGGS (pCAG-shSLAM-rIgG). We also prepared similar
plasmid constructs for producing the soluble forms of mSLAM
(pCAG-smSLAM-1IgG) and the chimeric molecule compris-
ing the V domain of hSLAM and the C2 domain of mSLAM
(pCAG-mSLAM-hV-rIgG). 293T cells were transfected with
these plasmids, and soluble molecules were recovered from the
supernatants. Production of the soluble molecules was con-
firmed by Western blot analysis using IPO-3 and anti-rabbit
IgG, in which the expected bands were detected (Fig. 5). To
examine interactions between recombinant soluble forms of
SLAM and envelope proteins, 293T cells were transiently
transfected with the expression plasmid encoding the MV H,
MYV F or HTLV-1 Env protein and then incubated with con-
centrated supernatants containing the soluble molecules. Sol-
uble hSLAM was shown to bind to cells expressing the MV H
protein but not to cells expressing the MV F or HTLV-1 Env
protein (Fig. 6A). Surface expression of the MV H protein on
transfected 293T cells is shown in Fig. 6B. The chimeric mol-
ecule possessing the hSLAM V domain also exhibited binding
to cells expressing the MV H protein, but soluble mSLAM did
not (Fig. 6C). The binding of soluble hSLAM to the MV H
protein-expressing cells was inhibited by anti-MV H protein

J. VIROL.

MADb but not by control mouse IgG, confirming the specificity
of the binding (Fig. 6D). These results indicate that the V
domain of hSLAM binds to the ectodomain of the MV H
protein.

DISCUSSION

In this study, we first showed that mSLAM, which has struc-
tural and functional similarities to the human homologue (6),
was unable to act as an MV receptor, consistent with the
observation that mice are not susceptible to MV (26). We then
demonstrated that the cell surface transmembrane proteins
possessing the V domain of hSLAM could act as MV recep-
tors, whereas the chimeric hSLAM whose V domain was re-
placed with the mouse counterpart could not. These results
indicate that the V domain of hSLAM is necessary and suffi-
cient for its MV receptor function and that the other regions of
hSLAM, including the C2 domain, TM, and CY (two CY forms
by alternate splicing [7]) were not required. We also showed
that soluble hSLAM was capable of binding to cells expressing
the MV H protein but not to cells expressing the MV F or
HTLV-1 Env protein. Binding to cells expressing the H protein
also occurred with the soluble molecule comprising the V
domain of hSLAM and the C2 domain of mSLAM. Thus, we
conclude that the V domain of hSLAM can interact with the
ectodomain of the H protein in the absence of the F protein.

Previous studies have shown that many viruses use as recep-
tors cell surface glycoproteins which possess Ig superfamily
domains. In these cases, viruses tend to bind to the N-terminal
(most membrane-distal) domains of the molecules; human im-
munodeficiency virus interacts with D1 of CD4 (1, 23), major
group human rhinoviruses interact with the first C2 domain of
intercellular adhesion molecule 1 (20, 35), and poliovirus in-
teracts with the V domain of the poliovirus receptor (15).
Among viruses whose cellular receptors do not possess the Ig
superfamily domains, vaccine strains of MV bind to the short
consensus repeats (SCRs) 1 and 2 of CD46 (13, 18), and
Epstein-Barr virus binds to the two outermost SCRs of CD21
(24). Our results showed that like these receptors, the N-
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FIG. 5. Western blot analysis of soluble molecules. Concentrated
supernatants of 293T cells transfected with expression plasmids encod-
ing the indicated molecules or pCAGGS (control) were separated
together with rabbit IgG on SDS-polyacrylamide gels under reducing
conditions and transferred to membranes, which were incubated with
anti-rabbit IgG (A) or IPO-3 (B) to detect soluble molecules.
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FIG. 6. Binding of soluble molecules to 293T cells transiently transfected with pCXN2 (control) or an expression plasmid encoding the MV
Edmonston H protein (EdH), Edmonston F protein (EdF), or HTLV-1 Env protein. (A) Transfected 293T cells were incubated with soluble
hSLAM (shSLAM-rIgG), mock supernatant, or rabbit IgG at 24 h after transfection. The mock supernatant was obtained from 293T cells
transfected with pCAGGS. (B) At 24 h after transfection, 293T cells transfected with the expression plasmid encoding the MV H protein were
stained with anti-MV H protein MAb C-1 (solid thick line) or control mouse IgG (dotted line), followed by staining with FITC-labeled anti-mouse
IgG. 293T cells transfected with pCXN2 were stained with C-1 and then with FITC-labeled anti-mouse IgG (solid thin line). (C) 293T cells
transfected with pCXN2 (293T/control) or the plasmid encoding the MV H protein (293T/EdH) were incubated with soluble molecules
(smSLAM-rIgG, shSLAM-rIgG, or smSLAM-hV-rIgG). (D) 293T/EdH cells were pretreated with C-1 or mouse IgG and then incubated with
shSLAM-rlIgG in the presence of C-1 or mouse IgG. After washing, the samples in panels A, C, and D were stained with FITC-labeled anti-rabbit

IgG.

terminal V domain is responsible for the interaction between
MYV and hSLAM. It is likely that the membrane-distal domains
of these molecules are more accessible to viruses and thus can
act as virus-binding sites.

To further localize the functional domain of hSLAM, we
produced other chimeric molecules on an mSLAM backbone
in which only an N-terminal (amino acid positions 1 to 67) or
C-terminal (positions 68 to 139) part of the V domain was
replaced with the corresponding region of hSLAM (data not
shown). Although these molecules were expressed on the cell
surface, they were unable to function as MV receptors. Thus,
we conclude that the whole V domain of hSLAM is required
for the MV receptor function; studies using site-directed mu-
tagenesis and synthetic peptides may further define the resi-
dues within the V domain of hSLAM involved in this function.

The truncated molecule whose ectodomain is composed mostly
of the V domain of hSLAM did not act as an MV receptor as
efficiently as the chimeric molecules with two Ig superfamily do-
mains including the V domain of hNSLAM. Although a low level of
cell surface expression of this molecule seems to be responsible
for this finding, the distance of the MV binding site from the
membrane may also influence the receptor function (5).

We have previously showed that IPO-3, a MADb directed
against h\SLAM, can inhibit the development of CPE in MV-
infected cells (39). Reactivities of IPO-3 to various chimeric
molecules indicated that IPO-3 recognizes an epitope on the V

domain of hSLAM. These results are consistent with the find-
ing that the V domain of hRSLAM interacts with MV. It is likely
that IPO-3 inhibits MV infection, either by directly blocking
the MV-binding site on the V domain of hSLAM or by steric
hindrance. A12, another MAb specific for hSLAM (7), also
recognized an epitope on the V domain of hSLAM (data not
shown).

SLAM is considered to play an important role in bidirec-
tional signaling during T-cell and B-cell activation (2, 3, 7, 22,
30, 31). Since ligation of SLAM with A12 or IPO-3 induces
activation and proliferation of T and B cells (3, 7, 22, 34),
SLAM must interact with its natural ligand also through the V
domain. It has been shown that CD2, the most extensively
studied member of the CD2 family, also possesses the ligand-
binding site on the V domain of the molecule (8). SLAM has
been reported to be homophilic (a self-ligand) (2, 30), but a
recent report showed that SLAM self-associates with very low
affinity (19), raising questions regarding the physiological role
of such interactions. Though the nature of SLAM-ligand in-
teraction remains to be characterized, binding sites for both
the natural ligand and the H protein of MV appear to be
located on the V domain of SLAM. This is in contrast with
another MV receptor, CD46, on which binding sites for MV
and natural ligands C3b and C4b are distinct (13, 18). Al-
though the residues on SLAM involved in MV binding may not
be exactly the same as those involved in binding the natural
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ligand, MV binding to SLAM may affect the signal transduc-
tion pathways induced through SLAM. Considering the immu-
nosuppression observed during MV infection, it is tempting to
speculate that such an interaction leads to inhibition of SLAM-
mediated lymphocyte activation.
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