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CD46 acts as a cellular receptor for vaccine strains
f measles virus (MV). The MV/CD46 interaction—
ediated by the MV attachment glycoprotein, the
emagglutinin (H)—not only facilitates infection but
lso induces CD46 downregulation. A conflict of opin-
on exists as to whether a single MVH binding site on
D46, or two separate sites, facilitates the two phe-
omena. To investigate this conundrum we first tested
nd compared a panel of CD46-specific monoclonal
ntibodies (mAbs) for their capacity to block both pro-
esses. One (mAb 13/42) abrogated both MV fusion and
D46 downregulation. Mutation of an amino acid

arg59 in the SCR1 of CD46) essential for the epitope of
Ab 13/42 resulted in the abrogation of both CD46

ownregulation and viral fusion. This strongly sug-
ests that the same MV binding site on CD46 is
esponsible for both CD46 downregulation and MV
nfection. © 1999 Academic Press

CD46 or membrane cofactor protein (MCP) was re-
ently shown (7, 20) to serve as a cellular receptor for
allé and Edmonston, two vaccine strains of measles

irus (MV), an enveloped negative-sense RNA virus
hat is a member of the Morbillivirus genus of the
aramyxoviridae family. A member of the regulators of
omplement activation (RCA) protein family, CD46 is
biquitously present on primate cells, protecting them
rom complement lysis by binding complement cascade
omponents C3b and C4b and by acting as a cofactor
or their proteolytic inactivation by serine protease
omplement factor I. Members of the structurally-
elated RCA protein family are type-I membrane pro-
eins which possess a repeated motif of some 60 amino

1 Present address: Cardiovascular Research, Brigham and Wom-
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2 To whom correspondence should be addressed. Fax: (33).
.72.72.25.67. E-mail: buckland@lyon151.inserm.fr.
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opyright © 1999 by Academic Press
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cids called a “short consensus repeat” (SCR) in the
xtracellular domain. CD46 contains four contiguous
CRs but the number varies between different RCA

amily members (16).
MV contains two glycoproteins in the virion envelope:

he hemagglutinin (H) and the fusion protein (F). The
rimary function of the MVH is attachment to the cellu-
ar receptor whereas MVF mediates viral fusion (29).
owever, it has been shown that the presence of MVH is

equired for fusion to take place (26) and that the two
lycoproteins are associated in the viral membrane via
art of the cysteine-rich region on the MVF (28).
To identify CD46 as a cellular receptor of MV,
aniche et al. (19) generated a monoclonal antibody

MCI20.6) that blocked HeLa cell fusion induced by the
allé strain of MV. The cellular membrane protein

ecognized by mAb MCI20.6—subsequently shown to
e CD46 (20)—is downregulated from the HeLa cell
urface upon infection by the Hallé strain. CD46 down-
egulation requires only the expression of MVH to oc-
ur (19).
Our previous results (15) demonstrated that the mu-

ation of two amino acids in the Hallé H protein abro-
ated not only CD46 downregulation but also the
emadsorption of simian erythrocytes and viral fusion.
ll three phenomena implicate an interaction with
D46 but is the binding of MVH to CD46 that induces

ts downregulation equivalent to that which facilitates
nfection? Reports that certain wild-type strains of MV
ppear to use CD46 as receptor without the molecule
eing downregulated (2, 24) suggests that separate
VH binding sites on CD46 are responsible for CD46

ownregulation and MV infection. Furthermore, it has
ecently been reported that CD46 is downregulated
pon rinderpest virus (RPV) infection (8). As CD46
oes not appear to act as a receptor for RPV this
uggests that CD46 downregulation occurs indepen-
ently of receptor usage.
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To investigate whether CD46 downregulation and
V infection are the result of MVH binding to two

eparate sites on CD46, we first tested and compared a
anel of CD46-specific mAbs for their capacity to block
oth phenomena. If separate sites on CD46 are in-
olved, it could be expected that anti-CD46 mAbs
ould either have an effect on fusion or CD46 down-

egulation. If, on the other hand, a common binding
ite is the basis for both phenomena then it should be
ossible to find an anti-CD46 mAb capable of blocking
oth processes. We found that one of the mAbs (13/42)
ot only inhibited CD46 downregulation but also
locked fusion. mAb 13/42 also blocked the binding of
oth the MV virion and a soluble version of MVH to
D46. A preliminary mapping of the epitope of mAb
3/42 identified an arginine residue (arg59) in the
CR1 of CD46 as being crucial for the binding of this
ntibody to CD46. When this arginine was mutated to
erine both viral fusion and CD46 downregulation
ere abrogated. This argues that the same MV binding

ite on CD46 is responsible for both infection and CD46
ownregulation.

ATERIALS AND METHODS

Cells. RK13 (rabbit kidney) and BJAB/P3 (EBV-infected Burkitt
ymphoma B cells) cells were grown in RPMI (Gibco BRL) supple-

ented with 10% fetal calf serum, 10 mM Hepes, 2 mM L-glutamine
nd 50 mg/ml of penicillin/streptomycin. HeLa, Ltk2 (murine fibro-
last, Ltk-MVH and Ltk-CD46 cells were grown in DMEM supple-
ented as for RPMI medium.

Virus stocks. Wild-type vaccinia virus (Copenhagen strain) and
ecombinant vaccinia virus encoding MV Hallé H (VV-H), Hallé H 1
allé F (VV-HF) or CD46 (VV-CD46) were propagated on Vero cells.
larified supernatants were used as the virus stocks. MV Hallé
ropagated on Vero cells was purified by ammonium sulfate precip-
tation followed by ultracentrifugation on sucrose gradients.

Antibodies. E8/5 and E12/14 are in-house anti-CD46 mAbs which
ere selected from hybridomas—derived from BALB/c mice immu-
ized with vv-CD46—by screening for supernatants positive in im-
unofluorescence with HeLa cells. Ascites from anti-CD46 hybrid-

mas E8/5, E12/14, MCI20.6 (20), and 13/42 (22) were produced in
ALB/c mice. E8/5, MCI20.6 and 13/42 ascites were purified by
aprilic acid precipitation and conjugated to fluorescein isothiocya-
ate (FITC).
Concentrations of immunoglobulin (Ig) in ascites and in purified
Abs were determined by ELISA using IgG1 or IgG2a coating and
ith IgG1 and IgG2a standards (Sigma) as described previously (6).
D46-specificity was controlled on Ltk-CD46 and BJAB/P3 cells by
LISA using intact cells as previously described (5).
Titrations were performed by flow cytometry analysis after incu-

ation of BJAB/P3 cells with serial dilutions of ascites at 4°C, fol-
owed by incubation with anti-mouse IgG-FITC. For competition
ssays, BJAB/P3 cells were incubated simultaneously with a satu-
ating concentration of ascites (10 mg/ml) and FITC-conjugated E8/5,
CI20.6 or 13/42. Flow cytometry analysis was performed using a
ACScan (Becton–Dickinson). mAb M177 which is specific for SCR2
f CD46 was a kind gift from T. Seya.

Construction of CD46 mutants. Site-directed mutagenesis was
ade on the CD46 cDNA (a kind gift from B. Rossi) for introducing

oth amino acid substitutions and endonuclease restriction sites as
reviously described (28). All mutants generated were sequenced by
269
he various mutants were constructed as described previously (15).
utant proteins were tested for expression by immunoprecipitation
ith the IgG2a E8/5 mAb and by FACScan analysis or immunoflu-
rescence staining.

Inhibition of MVH/F-induced syncytia. Inhibition of cell–cell fu-
ion was assayed on HeLa cells seeded in 96-well plates, infected
ith VV-H/F at 0.1 pfu/cell in medium containing 1/4 serial dilutions
f antibody. Cells were fixed in formol the day after infection and
olored with bromophenol blue. Syncytia number and size were as-
essed using an inverted light microscope.

Binding of sH (Hallé strain). 35S-labeled sH was produced as
reviously described (17). Briefly, 106 RK13 cells, infected at 0.1
fu/cell with VV-H, were radiolabeled, 6 h postinfection, with 10 mCi
f 35S-TRAN (ICN) in cysteine- and methionine-free medium. Super-
atant was collected after an overnight incubation at 37°C, clarified,
hen either used immediately for binding studies or kept at 270°C.
inding was performed overnight on a confluent monolayer of 106

eLa cells or on Ltk2 cells infected with VV wt (0.1 PFU/cell) and
ransfected with pgpt-CD46 constructs 2 h later. In the case of Ltk2

ells, sH-containing medium was added 30 h following transfection.
ollowing two washes in cold PBS, cells were lysed in RIPA buffer
nd bound sH was monitored by immunoprecipitation of the cell
ysate with anti-MVH mAb Cl.55 (9) followed by SDS–PAGE analy-
is under reducing conditions.

Inhibition of MV binding. HeLa cells (2 3 105) were incubated
ith 4 ml of anti-CD46 ascites on ice for 30 min, then 20 ml of purified
V (Hallé) was added and left on ice for a further hour. After three
ashes in FACS buffer (PBS/1% BSA/0.1% azide) the cells were
nalyzed in a FACScan analysis using biotinylated anti-MVH C155
Ab (9) followed by streptavidin–FITC.

Inhibition of MV infection. HeLa cells (2 3 105) were incubated
imultaneously with 4 ml of anti-CD46 ascites and 0.1 pfu/cell of
urified MV (Hallé) for 1 h at 37°C. After two washes in 5% SVF-
MEM, cells were cultured for 2 days and FACScan analysis was

hen performed as described for the MV binding assay.

CD46 downregulation assay. MVH-induced downregulation of
D46 was measured using two systems. In the first, BJAB/P3 cells
ere infected with VV-H or VV-wt as a control. In the second, we
sed a slightly modified version of the coculture system described by
rantic et al. (13). Briefly, 2 3 105 BJAB/P3 cells were first incubated
ith 4 ml of anti-CD46 ascites for 30 min at 20°C and then put onto
05 adherent Ltk-MVH or Ltk2 cells. Immunofluorescence staining
ith GAM-FITC was performed at 4°C after 2 h of coculture. Cells
ere then analyzed by flow cytometry and, as the mean fluorescence

ntensity (mfi) varies from one mAb to another, calculations were
ade for each mAb. CD46 downregulation was calculated as the

ifference from 100% of the rate between the mfi with VV-H-infected
r Ltk-MVH cells and the control mfi with VV-wt or Ltk2 cells (the
ontrol mfi with GAM-FITC alone being equivalent for the two cell
ypes).

For testing the effect of the R59S mutation on CD46 downregula-
ion, a vaccinia recombinant expressing the CD46 R59S mutation
VV-46R59S) and a vaccinia recombinant expressing unmutated
D46 (VV-CD46) were used to infect Ltk2 cells overnight. The next
ay, the VV-infected Ltk2 cells were added to Ltk-H cells in the
resence of 50 mg/ml cyclohexamide for 1 h. Following removal of the
tk-H cells the VV-infected Ltk2 cells were stained with either mAb
3/42 or mAb 10/88 then a FITC-labeled anti-mouse IgG antibody
nd subjected to FACScan analysis.

Immunofluorescence. 15 h after infection cells were collected,
ashed in PBS and distributed on immunofluorescence slides (Ami-

abo, France). Dried cells were fixed in acetone for 5 min at 220°C
efore staining was performed as described for cytometry. Stained
ells were observed using a UV light microscope.
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ESULTS

Preliminary characterization of the panel of SCR1-
pecific anti-CD46 mAbs. Isotype and immunoglobu-
in (Ig) concentration were determined by ELISA for
he five ascites fluids of the four SCR1-specific mAbs
E8/5, E12/14, MCI20.6, and 13/42) plus the SCR4-
pecific mAb 10/88 (Table 1). We then verified that the
vidities of the mAbs were comparable by measuring
he relative affinities for CD46. CD46-binding titra-
ions were carried out on BJAB/P3 cells and binding
as measured for serial dilutions of ascites by cytomet-

ic analysis. Titration curves drawn versus Ig concen-
rations represent the relative affinities of the mAbs.
he five mAbs had similar affinities although that of
8/5 was slightly higher than the others (Fig. 1A).
The specificity of the mAbs for the different SCR

omains of CD46 was determined by the use of CD46
eletion mutants (Fayolle and Buckland, unpublished
esults). RK13 cell surface expression of the mutant
roteins analyzed by flow cytometry showed that dele-
ion of SCR domains 2, 3, and 4 did not impair the
inding of E8/5, E12/14, MCI20.6 and 13/42, indicating
hat these mAbs are specific for SCR1. A second mu-
ant in which SCR2 and SCR3 are deleted was recog-
ized by all five mAbs including 10/88 confirming that
he 10/88 epitope maps to SCR4 (results summarized
n Table 1).

Competitive binding assays were performed in order
o assess the interdependence of the four epitopes map-
ing to SCR1. FITC-conjugated E8/5, MCI20.6 and
3/42 were used in the presence of excess nonlabeled
Ab (determined from the titration curves, Fig. 1A).
s a negative control, competitions carried out with
CR4-specific mAb 10/88 did not lead to the inhibition
f binding of any of the SCR1-specific mAbs. However,
hen combinations of SCR1-specific mAbs were made,
ifferent levels of inhibition were detected (Fig. 1B).
ndividual SCR1-specific mAbs from the panel inhib-
ted or interfered with the binding of each of the other

Specificity, Isotype, and Concentration
of Anti-CD46 mAbs Ascite Fluids

mAb
SCR

specificitya Isotype
IgG concentration

(mg/ml)b

8/5 1 IgG2a 11.1
12/14 1 IgG1 6.7
CI20.6 1 IgG1 10.3

3/42 1 IgG1 0.35
0/88 4 IgG1 3.4

a SCR specificity determined using CD46 deletion mutant express-
ng either SCR1 or SCR1 1 4.

b IgG concentration determined by ELISA with standards of
nown concentration.
270
Abs indicating that their epitopes overlap at least
artially.
To determine whether these mAbs recognize confor-
ational or linear epitopes we tested their capacity to

tain the CD46 protein in Western blots. We found that
nly E8/5 was positive (results not shown) indicating
hat the epitope of this mAb is linear whereas the
pitopes of E12/14, MCI20.6 and 13/42 are conforma-
ional.

MVH-induced downregulation of CD46 is inhibited
pecifically by mAb 13/42. We studied the efficacy of
he different anti-CD46 mAbs to block the downregu-
ation of CD46 in two systems. Downregulation was
ither induced by infection of BJAB/P3 cells with VV-H
Fig. 2A) or by coculture of BJAB/P3 cells with Ltk-H
ells (Fig. 2B). BJAB/P3 cells were incubated with the
ifferent mAbs from the panel and then infected with
V-H or coincubated with Ltk-MVH1 cells. mAb 13/42
as the only antibody which completely blocked CD46
ownregulation in the two systems (Figs. 2A and 2B).
he others did so with less than 10% efficiency.

FIG. 1. Characterization of SCR1-specific anti-CD46 mAbs. (A)
elative affinities measured by flow cytometry using serial dilutions
f ascites fluids on BJAB/P3 cells followed by GAM-FITC labeling.
he mean fluorescence intensity representing the quantity of bound
Ab is plotted versus the quantity of antibody incubated with the

ells. (B) Competitive binding assays. BJAB/P3 cells were simulta-
eously incubated with 10 mg of unlabeled mAb and FITC-labeled
Abs. Binding of labeled antibody is represented as a percentage of

he control binding minus unlabeled antibody.
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mAb 13/42 significantly blocks the binding of the MV
irion to CD46. Using FACScan analysis, the panel of
nti-CD46 mAbs were tested for their capacity to block
he binding of purified MV (Hallé strain) to HeLa cells
t 4°C. No significant inhibition of MV binding could be
etected for the E8/5 or E12/14 anti-CD46 mAbs. mAb
CI20.6 blocked MV binding by 37% but with mAb

3/42 inhibition at 75% was almost total (Table 2).

FIG. 2. Inhibition of CD46 downregulation. (A) BJAB/P3 cells
ere infected overnight with VV-H or wild-type VV in control me-
ium (gray bars) or in the presence of anti-CD46 mAbs (black bars).
fter three washes, cells were analyzed by flow cytometry with
AM-FITC. (B) BJAB/P3 cells were cultured for 1 h on Ltk-MVH or
tk2 monolayers in control medium (gray bars) or in the presence of
nti-CD46 mAbs (black bars). Nonadherent BJAB/P3 cells were col-
ected and analyzed by flow cytometry using GAM-FITC, after three
ashes. Expression rate of CD46 is calculated by dividing the mfi of
V-H (A) or Ltk-H (B) by the wild-type VV (A) or the Ltk2 (B) mfi.
ownregulation is calculated by the difference from 100% of the
xpression rate.

TABLE 2

Inhibition of MV Binding, MV Infection, and H/F-Induced
Syncytia Formation by Anti-CD46 mAbs in HeLa Cells

mAb

MV binding
inhibition

(%)

MV infection
inhibition

(%)

H/F fusion inhibition

Maximum
%

Inhibiting titer
(ng/ml)

8/5 12 31 50 20
12/14 20 30 30 40
CI20.6 38 45 20 80

3/42 76 66 100 80
0/88 15 15 0 —
271
mAb 13/42 completely inhibits the binding of soluble
VH to CD46. We used a soluble version of MVH

sH) to confirm the above results. Binding of 35S-
abeled dimeric sH (Hallé strain) to CD46 was studied
n HeLa cells in the presence of the different mAbs.
xamination of the immunoprecipitation of cell-bound
H (Fig. 3) shows that only mAb 13/42 is able to block
he binding of sH to the HeLa cell surface. A protein
oncentration of 3.5 mg/ml for 106 cells was sufficient to
chieve complete inhibition of binding: no significant
ffect could be detected for the other SCR1-specific
Abs E8/5, E12/14 and MCI20.6 or the SCR4-specific
Ab 10/88, even at a protein concentration of 35 mg/ml.

mAb 13/42 completely inhibits MVH/F-induced fu-
ion. The MV fusion-inhibiting properties of the dif-
erent anti-CD46 mAbs were analyzed using HeLa
ells infected with the VV double recombinant (27)
xpressing both MVH and MVF (Hallé strain). Serial
ilutions of the mAbs showed that all the anti-SCR1
Abs (E8/5, E12/14, MCI20.6 and 13/42) inhibit MVH/
-induced fusion to some degree (see Table 2) but com-
lete inhibition was only observed with 13/42. Anti-
CR4 mAb 10/88 could not block syncytia formation
ven at the highest concentration of 20 mg/ml.
We also studied the capacity of the different mAbs to

lock MV infection. HeLa cells were infected with MV
Hallé strain) in the presence and absence of the mAbs
nd the infection rate calculated as the number of cells
ositive for MV—measured using flow cytometry anal-
sis as for the MV binding assay—after 2 days of cul-
ure. We found that all SCR1-specific mAbs could par-
ially block MV (Hallé) infection of HeLa cells but the
ighest rate of inhibition (66%) was achieved with mAb
3/42.

Binding of mAb 13/42 to SCR1 of CD46 is abrogated
y the mutation Arg59Ser. As the epitope of mAb
3/42 on SCR1 of CD46 could be equivalent to the MV

FIG. 3. Inhibition of sH binding. 35S TRAN-labeled sH was incu-
ated overnight at 4°C on 106 HeLa cells in the absence (1) or in the
resence of 10 ml of anti-CD46 ascites fluids E8/5 (2), E12/14 (3),
CI20.6 (4), 13/42 (5) and 10/88 (6). Cell-bound sH was immunopre-

ipitated with anti-MVH mAb Cl.55 and analyzed in reducing con-
itions by SDS–PAGE.
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inding site, we decided to try to map its location by
eans of site-directed mutagenesis. For several rea-

ons, as a preliminary epitope mapping strategy, we
ecided to particularly target arginine residues. We
utated arginines R59 and R82 in SCR1 as well as R96
hich is present in the SCR1-2 linker region and R103

he sole arginine in SCR2 to serine. The R59S, R82S,
96S, and R103S CD46 mutant proteins were ex-
ressed from the vaccinia expression plasmid pgpt in
oth Ltk2 and RK13 cells and staining for immunoflu-
rescence with the anti-SCR1 mAbs plus anti-SCR4
nd anti-SCR2 mAbs as positive and negative controls
espectively. Both the R82S and the R96S CD46 mu-
ants stained positive with all of the mAbs in the panel.
he R103S mutant was negative with M177 as ex-
ected but was positive with all the other mAbs. The
59S CD46 mutant however, was positive for all mAbs

rom the panel with the exception of 13/42: in both Ltk2

Table 3) and RK13 cells (not shown) the R59S mutant
as not stained by 13/42 (see also lower panels of
ig. 4B).

CD46 mutant R59S is negative for fusion. We then
ested the capacity of all four CD46 SCR1/2 arginine
utants to support fusion induced by a vaccinia virus

ecombinant expressing both MVH and MVF (27). Fol-
owing infection with the double recombinant VV-HF,
tk2 cells were transfected with pgpt constructions
xpressing the R59S, R82S, R96S, and R103S mutants
nd then examined for the presence of syncytia after
0 h of culture at 37°C. Although syncytia were very
vident in cells transfected with the R82S, R96S, and
103S mutants (not shown) and were also present as
xpected, in the case of unmutated CD46 (Fig. 4A, left
anel). However, no syncytia were present in the cells
ransfected with the R59S mutant (Fig. 4A, right
anel) which resembled those transfected with the
mpty vector (not shown).

CD46 mutant R59S does not downregulate. Finally,
e investigated whether the mutation R59S has an
ffect on CD46 downregulation induced by MVH. A
accinia recombinant expressing the CD46 R59S mu-
ation (VV-CD46R59S) and a vaccinia recombinant ex-
ressing unmutated CD46 (VV-CD46) were used to

Immunofluorescence Staining of CD46 Point Mutants
Expressed by Transfection in Ltk2 Cells

E8/5 E12/14 MCI20.6 13/42 10/88 M177a

D46 1 1 1 1 1 1
59S CD46 1 1 1 2 1 1
82S CD46 1 1 1 1 1 1
96S CD46 1 1 1 1 1 1
103S CD46 1 1 1 1 1 2

a SCR2-specific anti-CD46 mAb.
272
cells. The capacity of Ltk-H cells to induce
D46 downregulation in the two sets of VV-infected
tk2 cells was followed by FACScan analysis using two
nti-CD46 mAbs (Fig. 4B). In accordance with the im-
unofluorescence results, although the unmutated
D46 (in the absence of Ltk-H cells) is stained by both
0/88 and 13/42 anti-CD46 mAbs, in the case of the
D46 R59S mutant (in the presence of Ltk-H cells),
Ab 10/88 is positive but mAb 13/42 is negative. In the
tk2 cells infected with VV-46 the CD46 protein was
learly downregulated following contact with the
tk-H cells (Fig. 4B—compare upper left panel with
pper right panel) but the cell surface expression of the
D46 R59S mutant (Fig. 4B—compare lower left panel
ith lower right panel) remained constant.

ISCUSSION

For Hallé—a vaccine strain of MV—both infection
nd CD46 downregulation are initiated by the binding
f MVH to CD46 (Nan/Nan). Although CD46 can act as
receptor for vaccine strains there is evidence that
ild-type strains use another as yet unknown

ymphocyte-specific molecule (4, 11). However, this hy-
othesis does not enjoy universal acceptance. Reports
hat anti-CD46 antibodies substantially block the rep-
ication of the Hallé strain (4) and that CD46 down-
egulation is a phenotypic marker of vaccine strains
lecout) have been matched by other studies (22, 24)
howing that whereas all MV strains—vaccine and
ild-type—are inhibited by anti-CD46 antibodies, not
ll downregulate CD46. For Schneider-Schaulies et al.
24) such results suggested the existence of two sites of
nteraction between CD46 and MVH, influencing sep-
rately binding and CD46 downregulation. Support for
his hypothesis was recently given by the report that
lthough CD46 is not a receptor for rinderpest virus
RPV) it is nevertheless downregulated upon RPV in-
ection (8).

Thus, we have used the characterization of anti-
D46 monoclonal antibodies (mAbs) to investigate
hether MV infection and CD46 downregulation are

nduced by two separate MVH binding sites on CD46 or
common site. Our rationale was that if the same
VH binding site facilitates both MV infection and
D46 downregulation then a mAb that prevents the
VH binding should inhibit both phenomena. On the

ther hand, should two sites exist it should be possible
o find mAbs that block either infection or CD46 down-
egulation but not both. Our starting point was thus to
creen a panel of anti-CD46 mAbs for those which not
nly inhibited MV fusion but which also inhibited
D46 downregulation.
Our preliminary characterization of the anti-CD46
Abs in the panel showed not only that E8/5, E12/14,
CI20.6, and 13/42 are SCR1-specific but—through

ompetitive binding assays—that their epitopes over-



l
w
i
p
e
b

fi
f
d
i
t
M
p
a

M
C
o
d

o
e
m
t
s
S
p
s
C
t

V
p
w
c

Vol. 264, No. 1, 1999 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
ap. Furthermore, mAbs E12/14, MCI20.6 and 13/42
ere negative in Western blot, whereas E8/5 was pos-

tive. This suggests that the linear epitope of E8/5 is
art of the E12/14, MCI20.6 and 13/42 conformational
pitopes: a particular domain on the SCR1 appears to
e a common target for all four antibodies.
Downregulation of CD46 during MV infection was

rst described by Naniche et al. (19). The same group
urther showed that CD46 downregulation was depen-
ant upon MVH-CD46 interaction as it could be inhib-
ted, albeit partially, by both an anti-MVH mAb and
he anti-CD46 mAb MCI20.6 (13). It is clear that mAb
CI20.6 does not prevent the binding of MVH com-

letely because CD46 downregulation—which is reli-
nt upon MVH binding—still occurs in the presence of

FIG. 4. Effect of the R59S mutation on fusion and CD46 downreg
V-H/F and then transfected with pgpt-CD46 or pgpt-CD46R59S.
osttransfection using an inverted light microscope. (B) Ltk2 cells w
ere detached using PBS-EDTA, cyclohexamide-treated and cocultu

ells were collected and analyzed for CD46 expression by flow cytom
273
CI20.6 (19). We found that of the SCR1-specific anti-
D46 mAbs in our panel—which included MCI20.6—
nly 13/42 had the capacity to significantly block CD46
ownregulation.
Our interpretation of these results is that the epitope

f mAb 13/42 is closer to the MV binding site than the
pitopes of the others, so that the binding of MVH is
ore efficiently blocked by this antibody. By the same

oken, viral fusion, and binding of the MV virion and
H to CD46 were inhibited to some degree by all of the
CR1-specific mAbs but only 13/42 was capable of com-
lete inhibition. Taken together these results strongly
uggest that the MVH/CD46 interaction that leads to
D46 downregulation is equivalent to that which leads

o infection: when mAb 13/42 occupies its epitope on

tion. (A) Fusion test on CD46 mutants. Ltk2 cells were infected with
cells were observed for the presence or absence of syncytia 20 h

infected with VV-CD46 or VV-CD46R59S. 16 h after infection, cells
on monolayers of Ltk-H cells or Ltk2 cells for 1 h. VV-infected Ltk2

y using 10/88 or 13/42 mAbs.
ula
The
ere
red
etr
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D46, the binding of MVH is effectively prevented with
he consequence that both CD46 downregulation and
V infection are abrogated.
As a preliminary strategy for mapping the epitope of
Ab 13/42, we decided in the first instance to particu-

arly target arginine residues. There were several rea-
ons for this. First, arginine is the amino acid most
ommonly found in B epitopes (12). Second, arginine
esidues had already been identified as participating in
he MVH/CD46 interaction by two groups who—
nvestigating the participation of residues on CD46 in
he interaction with MVH—had generated point mu-
ations in CD46 by use of scanning mutagenesis (3, 10).
lthough both groups identified several amino acids as
articipating in the interaction, comparison of their
esults reveals that two arginine residues—R59 in
CR12 and R103 in SCR2—are heavily implicated in
oth studies. In particular, Buchholz et al. found that
he mutation R59A resulted in a loss of binding for
Ab B97. Consequently, these authors suggested that
MVH binding site is close to R59. Moreover, Hsu et al.

ound that the double mutation ER58/59AA inhibited
VH binding by up to 80% (10). Third, we were influ-

nced by the observation made by Lebon et al. more
han twenty years ago, that 1M arginine disrupts the
emadsorption of African green monkey erythrocytes
which in contrast to human erythrocytes possess
D46 on their surface) to MV-infected cells (14). This
uggests that the MV/CD46 interaction is electrostatic
n nature and introduces the possibility that arginine
esidues on the surface of one or the other of the two
rotagonists contributes to the association. As the res-
dues on MVH glycoproteins coming from vaccine
trains that have been identified to participate in CD46
inding (1, 11, 15) do not include arginine, this points
he finger at CD46.

Preliminary targeting of the SCR1 arginines turned
ut to be a serendipitous choice as we found that mAb
3/42 failed to stain the R59S mutant of CD46 whereas
t was stained by all the other anti-SCR-1 mAbs in the
anel. Additional evidence that R59 is important in the
VH/CD46 interaction has been provided in a recent

ublication which makes use of natural variations be-
ween CD46 proteins (18). Murakami et al. show that
he CAM vaccine strain of MV can bind human, Vero
nd B95a forms of CD46. This means that residues
mportant for the interaction with MVH should be con-
erved between the three CD46 proteins. An inspection
f the primary sequences from these three CD46 pro-
eins reveals that R59 is one of only four residues (the
thers are E45, E58, and P73) from the large number of
mino acids identified as potentially participating in
he MVH/CD46 interaction (3, 10). Interestingly, the
ther arginines in SCR1—R82 and R96—are also con-
erved between the three CD46 proteins. However, as
CR2 residue 103 in the B95a protein is proline rather
han arginine this would appear to dramatically reduce
274
he possibility that there is an important role for
103—and SCR2—in the MVH/CD46 interaction.
If R59 is an essential part of the epitope of an anti-
D46 mAb that blocks both MV-induced fusion and
D46 downregulation then mutating this residue
hould have an effect on both phenomena. In agree-
ent with this, we found that fusion occurred with
D46 mutants R82S, R96S and R103 but this was not

he case for R59S. Continuing this logic, if the R59S
utant cannot bind MVH and CD46 downregulation is

ependent upon MVH binding, it should remain at the
ell surface. We found that this was also the case.
Although MVH and mAb 13/42 appear to have a

ommon binding site on CD46 it is only the former
hich triggers downregulation. One explanation for

his could be that CD46 downregulation is a complex
nd specific process that requires more than a primary
inding step. Primary binding could induce conforma-
ional changes in the MVH leading to a secondary
inding step required for downregulation of CD46 to
ccur. Alternatively, if downregulation were to be de-
endant upon subsequent aggregation of the binding
igand then the incapacity of mAb 13/42 to induce the
rocess could be related to the mAb’s valency.
In conclusion, we have mapped an amino acid (R59)

n CD46 which is an essential part of the epitope of an
nti-CD46 mAb (13/42) that inhibits two phenomena
hat are facilitated by MVH binding: MV infection and
D46 downregulation. Furthermore, mutation of R59

o serine results in the abrogation of both MV-induced
usion and CD46 downregulation. Take together, these
esults strongly suggest that a single MVH binding
ite—of which R59 is a crucial component—in the
CR1 of CD46, facilitates both MV infection and CD46
ownregulation.
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