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There is evidence that CD46 (membrane cofactor protein) is a cellular receptor for vaccine and laboratory-
passaged strains of measles virus (MV). Following infection with these MV strains, CD46 is downregulated
from the cell surface, and consequent complement-mediated lysis has been shown to occur upon infection of
a human monocytic cell line. The MV hemagglutinin (H) protein alone is capable of inducing this downregu-
lation. Some wild-type strains of MV fail to downregulate CD46, despite infection being prevented by anti-CD46
antibodies. In this study we show that CD46 is also downregulated to the same extent by wild-type, vaccine, and
laboratory-passaged strains of rinderpest virus (RPV), although CD46 did not appear to be the receptor for
RPV. Expression of the RPV H protein by a nonreplicating adenovirus vector was also found to cause this
downregulation. A vaccine strain of peste des petits ruminants virus caused slight downregulation of CD46 in
infected Vero cells, while wild-type and vaccine strains of canine distemper virus and a wild-type strain of
dolphin morbillivirus failed to downregulate CD46. Downregulation of CD46 can, therefore, be a function
independent of the use of this protein as a virus receptor.

CD46 (membrane cofactor protein) is a widely distributed
cell membrane protein, a member of the regulators of com-
plement activation superfamily, that inhibits autologous com-
plement activation on host cells (14, 18, 37). It binds the C3b
and C4b components of the complement lysis pathway and
facilitates their cleavage by factor 1 protease. This prevents
further deposition of C3b and C4b on the cells and so protects
them from lysis. There is now a great deal of evidence that
CD46 acts as a receptor for vaccine strains and some wild-type
strains of measles virus (MV) (9, 10, 22, 24, 26, 33). All nucle-
ated human cells express CD46 on their surfaces, and there are
four commonly occurring isoforms (13, 18, 28–30), all of which
are used by MV as receptors (10, 22, 24, 26). There are nu-
merous reports in the literature which show that MV infection
causes downregulation of the expression of CD46 (all four
isoforms) on the cell surface (3, 15, 27, 32, 34). Downregula-
tion of CD46 from MV-infected cells is known to occur by
internalization of the molecule due to interaction with the
hemagglutinin (H) protein (15, 27), and correct glycosylation
of the H protein is needed for this interaction (21, 22). Down-
regulation occurs following infection with any of the attenu-
ated vaccine strains of MV but not following infection with
some wild-type strains, while antibody against CD46 was
shown to inhibit infection of cells by nearly all strains of the
virus (3, 4, 10, 32, 34, 39). A recent review speculated that
CD46 may be the main receptor only for vaccine-like strains of
MV and that this may be a consequence of their adaptation to
tissue culture (6). Recent reports have indicated the existence
of other receptor molecules for nondownregulating wild-type
strains, infection with which is not inhibited by anti-CD46

antibody, on human and marmoset B cells (4, 12). These re-
sults suggest that some MV wild-type strains use CD46 and an
unknown molecule as receptors to different degrees, depend-
ing on their passage history. There are no previous reports of
downregulation of CD46 by any of the other morbilliviruses. In
this paper we report studies to determine if infections with
other morbilliviruses result in the downregulation of CD46
expression on the cell surface and whether this is related to the
use of CD46 as a receptor molecule.

All strains of RPV tested downregulate CD46 expression.
Analysis of nucleocapsid (N) protein gene sequences shows
that rinderpest (cattle plague) virus (RPV) is the morbillivirus
most closely related to MV (8); in fact, MV most likely origi-
nated from RPV (2). To date, no homologue of CD46 has been
found in any bovine species, although homologues have been
described in other species, e.g., the pig (38). Several strains of
RPV, both vaccine and wild type, were investigated to deter-
mine if they could downregulate CD46 expression. The Kabete
O and Saudi/81 wild-type strains of RPV were isolated on
primary bovine skin fibroblasts, which were prepared from
bovine skin biopsy tissues and grown in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 20% (vol/vol)
fetal calf serum (FCS), 3% amphotericin B, and 20 ng of
epidermal growth factor/ml (20). The virus derived from the
skin fibroblasts was passaged once on B95a cells (Epstein-Barr
virus-transformed marmoset B lymphocytes) to raise the titer.
These wild-type viruses were previously maintained by animal
passage and were not adapted to tissue culture. The Saudi/81
laboratory-passaged strain of RPV was originally isolated from
infected tissues, by using primary bovine kidney cells, and
passaged several times on Vero cells and then on B95a cells.
The RBOK vaccine strain of RPV, originally produced by
passage of the virulent Kabete O strain in primary bovine
kidney cells, was maintained on Vero cells. B95a and Vero
cells were infected with RPV at a multiplicity of infection
(MOI) of 1 and incubated for either 24 or 48 h. After staining,
the intensity of the fluorescence was measured on a FACScan
(Becton Dickinson), and the results were analyzed with the
Lysis II software program.
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Cells infected with any of the four types of RPV showed high
levels of H-antigen expression on their surfaces, as indicated by
the peaks of fluorescence intensity for the infected and unin-
fected cell populations (Fig. 1B, E, and H). In contrast, while
uninfected cells showed high expression of CD46 on their
surfaces, the same cell types showed a much lower level of
CD46 expression when infected with each strain of the virus
(Fig. 1A, D, and G). The percentage of downregulation shown
by the RBOK vaccine and the two different Saudi/81 viruses
was similar to, or slightly greater than, that shown by the
human 2 Edmonston vaccine strain (Table 1). The Kabete O
wild-type virus had the greatest effect on downregulation (Ta-
ble 1). Surface protein downregulation was not a general phe-
nomenon observed following infection, since major histocom-
patibility complex (MHC) class I antigen expression remained
at the same level in infected and uninfected cells (Fig. 1C, F,
and I). This protein was used as a control because three dif-
ferent isolates of RPV, including Saudi/81 and RBOK, were
reported not to affect MHC class I expression on the surfaces
of infected bovine monocytes (31). This contrasts with certain

strains of MV, which have been reported to augment MHC
class I expression (7, 16, 33).

It has been proposed that downregulation of CD46 by MV
vaccine strains allows for rapid clearance of the virus from the
body by facilitating complement lysis of the infected cells (35,
36) and greatly limits the pathology associated with infection
(1). This effect is augmented by contact-mediated downregu-
lation of CD46 in uninfected cells (15, 35). In agreement with
this, MV strains that downregulate CD46 were found to be less
virulent in experimental marmoset infections than MV strains
that do not (1). However, highly virulent strains of RPV (such
as Saudi/81 and Kabete O), which can cause 90 to 100% mor-
tality in susceptible cattle herds, also downregulate CD46.
Downregulation of CD46 from the surfaces of RPV-infected
cells would be expected to allow complement-mediated lysis of
these cells, and if this also occurs in vivo, it appears not to
hinder the rapid spread of RPV through the infected animal.
Pathological studies have shown that mild and virulent strains
of RPV have identical tissue tropisms, the only difference be-
ing in the amount of viral antigen detected in the infected

FIG. 1. Flow-cytometric analysis of the surface expression of CD46, MHC class I, and RPV-H by RPV-infected Vero and B95a cells. Shaded peaks, uninfected cells;
unshaded peaks, infected cells. Vero or B95a cells were infected with the laboratory-passaged Saudi/81 strain of RPV for 24 h at an MOI of 1, and Vero cells were
infected with the wild-type Kabete O strain of RPV for 48 h at an MOI of 1. The cells were dissociated with trypsin EDTA in PBS for 10 min at 37°C and then washed
with PBS supplemented with 1% FCS and 0.01% sodium azide (PBA). For single-color immunofluorescence, 2 3 105 cells were incubated for 30 min at 4°C with an
anti-RPV-H specific monoclonal antibody (1:10) to detect infection (B, E, and H), an anti-CD46 polyclonal antibody (1:100) to detect downregulation (A, D, and G),
or a monoclonal antibody against human MHC class I (1:100; Dako) as a control (C, F, and I). After being washed with PBA, the cells were incubated with fluorescein
isothiocyanate-conjugated goat anti-rabbit immunoglobulin (1:200; The Binding Site, Birmingham, United Kingdom) to detect binding of rabbit polyclonal antibodies
or with phycoerythrin-conjugated rabbit anti-mouse immunoglobulin (1:200; The Binding Site, Birmingham, United Kingdom) to detect binding of mouse monoclonal
antibodies for 30 min at 4°C. The cells were washed twice with PBA and then resuspended in 200 ml of PBA prior to analysis. At least 4 3 103 cells per sample were
used for this assay. Where necessary, cell debris plus dead cells were excluded from the analysis by gating round the live cells.
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tissues (42). We have previously suggested that this is due to a
more efficient growth of the virulent viruses in permissive cells
in vivo, possibly due to differences in the polymerase proteins
which alter their interaction with modulating factors (virus or
cell), resulting in more extensive tissue destruction (42).

Downregulation by more distantly related morbilliviruses.
Other viruses in this genus include peste des petits ruminants
virus (PPRV), which infects sheep, goats, and other small ru-
minants; canine distemper virus (CDV), which infects carni-
vores; and those which infect cetacean species, such as the
dolphin morbillivirus (DMV). The highly laboratory-passaged
vaccine strain of PPRV (Nigeria 75/1) was the only strain of
this virus available for study. There was a high level of expres-
sion of the PPRV H antigen on the surfaces of infected cells
and no expression of the H antigen on the surfaces of unin-
fected cells, as shown in Fig. 2D. There was a slight but sig-
nificant (22%) downregulation of CD46 from the surfaces of
cells infected with this virus (see Table 1), which was not
clearly shown on the figure (Fig. 2A) printed from the FAC-
Scan data. MHC class I antigen expression again remained at
approximately the same level on the surfaces of infected and
uninfected cells (data not shown).

In the case of CDV, two wild-type isolates (CDV A75-17
and a dog isolate from Belfast) and two variants of the Onder-
stepoort vaccine strain (small- and large-plaque viruses) were
tested, while only one DMV isolate (MUC strain, low passage
number on Vero cells) was available for this study. Virus-
specific antigens were expressed on the surfaces of Vero cells
infected with either CDV or DMV (Fig. 2E and F). No signif-
icant downregulation of CD46 was observed with any strain of
CDV used (Fig. 2B; Table 1). A previous paper reported that
a vaccine strain of CDV did not downregulate CD46 (27), and
our results provide further evidence that neither vaccine nor
wild-type strains of CDV cause downregulation. Similarly,
DMV did not downregulate CD46 from the surfaces of in-
fected Vero cells (Fig. 2C; Table 1), and so it is clear that CD46
downregulation is not a property shared by all morbilliviruses.

Antibodies against CD46 do not inhibit RPV infection. We
tested to see if RPV also used CD46 as a receptor by using
anti-CD46 antibodies to block attachment. Virus plaque titra-
tions were prepared in cell monolayers (70 to 80% confluent)
in six-well plates which were washed once with DMEM and
incubated for 2 h at 37°C with dilutions of the RPV Saudi/81
laboratory-passaged strain or the MV vaccine strain (1023 to
1027). The virus inoculum was then removed, and the cells
were washed twice with DMEM before being overlaid with 2
ml of Eagle’s medium containing 2% FCS and 0.8% low-
melting-temperature agarose (Life Technologies). Cells were
fixed 3 days (SF10 cells) or 4 days (Vero or MDBK cells)
postinfection by overlaying the agarose with 2 ml of 4% form-
aldehyde in phosphate-buffered saline (PBS) for 18 to 20 h at
4°C. The agarose was removed from the cell monolayer, which
was then washed three times with PBS without Ca21 or Mg21

(PBSB). Cells were permeabilized with 0.5% (vol/vol) Triton
X-100 in PBSB for 5 min at room temperature, washed three
times with PBSB, then incubated for 5 min in PBSB containing
0.2% (wt/vol) gelatin (type A from porcine skin; Sigma)
(PBSB/G). Virus-specific antigen was labelled with rabbit hy-
perimmune anti-RPV antiserum (1/400 in PBSB/G) for 1 h at
room temperature. The cells were washed three times for 5
min each time with PBSB/G and were incubated for 1 h with
horseradish peroxidase-labelled goat anti-rabbit immunoglob-
ulin G (Sigma or Dako). The cells were washed three more
times for 5 min each time and then incubated for 5 to 30 s in
1 mg of diaminobenzidine/ml in PBS containing 0.16% (wt/vol)
NiCl2 and 1 ml of 30% (wt/wt) H2O2/ml. The stained groups of
RPV- or MV-infected cells were counted by using an inverted
microscope. To examine whether CD46 was used as a receptor,
cell monolayers (as above) were incubated for 1 h at 37°C with
antibody diluted in 200 ml of DMEM. Virus (approximately
100 infectious units) was then added in 5 to 50 ml, and the
number of infectious events was determined as described
above.

Preincubation of Vero cells with rabbit anti-CD46 antibody
strongly reduced infection by MV Edmonston vaccine strain.
The number of plaques seen was 7% 6 2.2% (mean 6 stan-
dard deviation [SD]) (n 5 3) of the number seen in cells
treated with nonimmune rabbit serum. Treatment of Vero
cells, MDBK cells, or primary bovine fibroblasts with the same
anti-CD46 antiserum had no apparent effect on infection with
the RPV laboratory-passaged strain Saudi/81; plaque numbers
were 99.4% 6 9.1% (n 5 5), 100.4% 6 4.3% (n 5 4), and
94.6% 6 10.4% (n 5 4), respectively. Similarly, monoclonal
anti-CD46 at 25 mg/ml inhibited MV infection of Vero cells
(plaque numbers, 47.9% [n 5 2] compared with the control)
but not RPV infection (95.9% 6 6.1% [n 5 4]) of Vero cells.
RPV does not, therefore, use CD46 to infect Vero cells. In
addition, RPV does not appear to use a bovine homologue to
attach to bovine cells. RPV is capable of infecting a wide range
of cell types, including bovine, monkey, pig, rabbit, lamb, hu-
man, canine, and hamster cells (20), and the receptor must be
a widely distributed and conserved cellular protein. The virus
could use a common receptor initially and then broaden its
receptor specificity with passage to utilize CD46. However,
there is no evidence from our results to suggest that RPV
infection is blocked by anti-CD46 antibody, although this an-
tibody stained 25% of bovine cells, suggesting that there is a
structural homologue on bovine cells.

Our results have shown that CD46 downregulation by RPV
is entirely separate from utilization of CD46 as a receptor. It
has been suggested that downregulation of CD46 from the
surfaces of MV-infected cells relates to usage of this molecule
as a virus receptor (3, 27, 34–36). However, some wild-type

TABLE 1. Ability of different morbilliviruses to downregulate CD46

Morbillivirus
(type of strain) Strain

%
Downregulation

(mean 6 SD)a

MV (vaccine) Human 2/Edmonston 49 6 9

RPV (vaccine) RBOK 55 6 4
RPV (laboratory passaged) Saudi 67 6 11
RPV (wild type) Kabete O 80 6 7

Saudi/81 66 6 11

CDV (vaccine) Onderstepoort large plaque 8 6 6
Onderstepoort small plaque 6 6 14

CDV (wild type) Belfast dog isolate 7 6 19
CDVA75-17 5 6 13

PPRV (vaccine) Nigeria 75/1 22 6 6

DMV (wild type) MUC 4 6 8

Ad-H recombinantb RBOK 54 6 9
Ad-N recombinantb RBOK 10 6 14

a Percentage of downregulation of CD46 5 100 2 [(MFI of CD46 in infected
cells 3 100)/(MFI of CD46 in uninfected cells)] where MFI is mean fluorescence
intensity. CD46 expression was detected by flow cytometry using a polyclonal
antibody. Vero or B95a cells were infected for either 1 or 2 days at an MOI of
1. Results of at least three independent experiments per strain are given.

b Vero or B95a cells were infected for either 1 or 2 days with the RPV Ad-H
or RPV Ad-N recombinant at an MOI of 103.
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strains of MV do not downregulate CD46, despite the fact that
they appear to use it as a receptor (3, 4, 34). Furthermore,
recent reports show that infection with a nondownregulating
wild-type strain of MV, grown on B95a cells, is not inhibited by
anti-CD46 antibody (and so this strain must use an alternative
receptor), while the related Vero cell-adapted strain does ap-
pear to use CD46 as a receptor (4).

Expression of RPV-H alone downregulates CD46. Replica-
tion-defective adenovirus recombinants expressing either the
H or the N protein of RPV (Ad-H and Ad-N) were con-
structed with the E1A-deleted adenovirus expression vector
pJM17 by conventional techniques (25, 41). Monoclonal anti-
bodies (40) against the H and N proteins of RPV were used to
confirm authentic expression of these proteins (data not
shown). In Vero and B95a cells infected with the Ad-H recom-
binant at an MOI of 103, CD46 expression on the cell surface
was decreased by an amount similar to that seen in cells in-
fected with the RBOK virus, the strain from which the H-
protein gene was cloned (Fig. 3A; Table 1). Downregulation of
CD46 on B95a cells occurred after infection with the Ad-H
recombinant at MOIs ranging from 50 to 103. However, H-
gene expression was detected only on the surfaces of cells
infected at MOIs between 500 and 103 (20). This indicates that
even low levels of the H protein are capable of effecting down-
regulation. MHC class I expression remained unchanged in
Ad-H-infected cells (Fig. 3B), while infection with Ad-N had
no effect on either protein (Fig. 3C and D).

The H protein of MV has been shown to bind to CD46 short
consensus repeat regions (SCR) I (amino acids 11 to 56) and II
(amino acids 70 to 104) (5, 11, 23), and amino acids at positions
451 and 481 are crucial for determining the downregulation

phenotype of the virus (3, 17). Changing the wild-type N451
and E481 to vaccine-like V451 and Y481 changes a nondown-
regulating H protein to a downregulating one. These residues
are not present in RPV and are in areas which are poorly
conserved between morbilliviruses. They are probably involved
in receptor binding and may, therefore, account for differences
in receptor specificity between viruses. These small changes in
the MV H protein probably change the nature of the H-CD46
interaction, possibly by increasing binding affinity for CD46 or
inducing conformational changes in CD46 that lead to its
downregulation. Although our data indicate that CD46 is not
the receptor for RPV, we cannot completely eliminate the
possibility that RPV-H can interact directly with CD46 and
thereby induce its downregulation. It is also possible that the
RPV H protein could downregulate CD46 by an indirect mech-
anism, secondary to interaction of RPV-H with another cellu-
lar membrane protein, perhaps the real receptor for the virus,
which in turn affects CD46 transport to, or reinsertion into, the
cell membrane. CDV, on the other hand, neither downregu-
lates CD46 nor uses it as a receptor (19, 27).

This raises the intriguing possibility that infections with
RPV, MV, or other morbilliviruses have a variety of effects on
the surface proteins of infected cells, even those not used as
receptors. Such effects might be immunomodulatory and could
be very important determinants of virus pathogenicity. Even
where viruses act on the same protein, the overall pathogenic
effect may be different: in this case, MV downregulation of
CD46 appears to be associated with limitation of viral viru-
lence, while highly virulent strains of RPV are very active in
inducing downregulation, irrespective of their passage histo-
ries. In the case of MV, downregulation of CD46 on infected

FIG. 2. Flow-cytometric analysis of the surface expression of CD46 by PPRV-, CDV-, and DMV-infected Vero cells. Shaded peaks, uninfected cells; unshaded
peaks, infected cells. Vero cells infected with the Nigeria 75/1 vaccine strain of PPRV for 48 h at an MOI of 1 were stained with an anti-PPRV-H specific monoclonal
antibody (1:10) as a control for infection (D) and with an anti-CD46 polyclonal antibody (A). Vero cells infected with the wild-type Belfast dog strain of CDV for 24 h
at an MOI of 1 were stained with anti-CDV polyclonal antibody (1:100) raised against the Onderstepoort strain of CDV in our laboratory as a control for infection
(E) and with an anti-CD46 polyclonal antibody (B). Vero cells infected with DMV (MUC strain) for 24 h at an MOI of 1 were stained with rabbit hyperimmune
anti-RPV antiserum (1:200), raised against the lapinized strain of the virus, to detect DMV infection (F) and with an anti-CD46 polyclonal antibody (C).
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cells, and contact-mediated downregulation of the molecule on
adjacent uninfected cells (35), appears to limit infection by
resulting in the death of infected and neighboring cells. If we
assume that the bovine homologue of CD46 serves a similar
complement-regulating function, it could be that the resultant
complement-mediated lysis of RPV-infected cells, instead of
limiting the infection, is a necessary means of releasing the
virus to spread and infect other cells.
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