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Entry and Release of Measles Virus Are Polarized in Epithelial Cells
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The initial site of virus replication during measles infection is in the epithetial cells of the respiratory tract. We have
investigated measles virus infection of two types of polarized epithelial cells to determine if entry and/or release of the
virus is confined to either the apical or the basolateral plasma membrane. The Caco-2 line of human intestinal epithelial
cells and the polarized Vero C1008 monkey kidney cell line were grown on permeable supports and inoculated either
through the apical or basolateral surfaces. Calls exposed to virus in the apical medium showed high levels of synthesis of
virus-specific proteins, whereas no synthesis of viral proteins was detected in cells inoculated at the basclateral surface.
Virus titers derived from apically infected cells were found to be about 1000-fold greater than titers derived from cells
infected at the basolateral surface. Indirect immunoffuorescence results aiso demonstrated that expression of measies
viral antigens occurs at high levels only when input virions are inaculated at the apical surface. To investigate the iocalization
of CD46 and moesin, which are receptors for measles virus, Caco-2 cells were incubated with monoclonal antibodies against
CD46 or moesin followed by '**i-labeled anti-mouse 1g. The results indicate that CD46 is expressed preferentially on the
apical membranes while moesin appears to be present at similar levels on both surfaces. Release of the virus was alse
examined and found to be polarized as well. Virus was released into the apical medium at up to 1000-fold higher titers
than virus released into the basolateral medium. These results demonstrate that in two epithelial cell types measles virus
preferentially enters and is released from epithelial cells in a polarized fashion through the apical plasma membrane.
© 1995 Academic Press, Inc.

INTRODUCTION cytes and produces the primary viremia that results in
dissemination through the reticuloendothelial system.
However, epitheliat cells are most prominently involved
during the period of early viral replication (Black, 1989),

Epithelial cells line various body cavities and serve as
a primary protective barrier against entry of microorgan-
isms. Epithelial cells also carry out specialized vectorial
transport functions. Each epithelial cell is polarized and
nossesses two distinct plasma membranes, the apical
domain which faces the external lumen and the basolat-
eral domain which faces the internal milieu. These two
plasma membrane domains contain different proteins
and lipids and are separated by tight junctions which
encircle the cell. Interactions of viruses with polarized
epithelial cells have been extensively studied (for review

Measles virusg is a member of the Morbillivirus genus
in the Paramyxoviridae family. The Morbilliviruses are
distinct from other paramyxoviruses because they do not
kind 1o sialic acig-containing receptors or contain a de-
tectable neuraminidage activity. Recently, evidence has
been obtained that CD46 or membrane cofactor protein
serves as a receptor for measles virus (Dorig et al,, 1993;
Naniche et af, 19393; Manchester et a/, 1994, Maisner et
al, 1994). CD486 is reported to be present cn all human
cells except erthryocytes and is involved in complement
inactivation {for review see Liszewski ef af, 1991}). Addi-
tionally, another cell surface protein, moesin, has been
reported 10 be a measles virus receptor {Dunster et al,
1994). Moesin is a member of the talin-protein 4.1-erzin

family of proteins {Lankes and Furthmayr, 1991), and may
act as a link between the cytoskeleton and cell mem-
brane (Luna and Hitt, 1992; Satc et a/, 1992). /n vivo,
meastes infection is initiated via aerosols and the initial
site of infection is the respiratory tract (Fraser and Martin,
1978; Hall et af, 1971; Katz and Enders, 1965; Robbins,
1962). The virus replicates locally in the respiratory mu-
cosa and then spreads to the draining lymph nodes,
perhaps carried by macrophages or other mobile cells.
The virus then enters the bloodstream through leuko-
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see Tucker and Compans, 1993}, Scme viruses such as
5v40 (Clayson and Compans, 1988) enter polarized cells
through the apical surface while vesicular stomatitis vi-
rus (VSV} (Fuller et al, 1984) and Semliki Forest virus
{Fuller et af, 1285} preferentially enter through the baso-
lateral domain. In addition, due to the polarized sorting
of viral proteins in epithelial cells, enveloped viruses are
usually retleased preferentially by budding at either the
apical or the basolateral plasma membrane. For exam-
ple, influenza virus is released at the apical surfaces
while V8V is released at the basolateral surfaces of po-
larized epithelial cells {(Rodriguez-Boulan and Sabatini,
1978). These interactions of viruses with epithelial cells
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may be determinants of aspects of virai pathogenesis.
Viruses that enter and are released at the apical surface
can spread laterally through the epithelial cell layer with-
oul entering the bloocdstream, resuiting in & localized
infection. In contrast, a virus that enters apicaily but is
refeased at the basal surface can infect underlying tis-
sues and enter the bloodstream causing a systemic in-
fection. This hypothesis is supported by results with a
Sendai virus mutant that buds at both the apical and
basclateral membranes, whereas the release of wild-
type virus is restricted to the apical membrane. The mu-
tant virus causes a pantropic or systemic infection,
whereas the wild type is exclusively pneumotropic {Ta-
shiro et g/, 1988, 1990a,b).

In this study we have investigated the interaction of
measles virus with two polarized epithelial cell lines,
Vero C1008, a monkey kidnsy cell line, and Caco-2, a
human intestinal cell fine. Both of these cell types have
been shown to maintain their polarized phenotypes in
culture (Srinivas et g/, 1986; Fogh et al., 1877). The cells
were grown on porcus supports to provide access to
both the apical and basolateral surfaces. Epithelial cells
grown on porous supports show evidence of increased
differentiation in coemparison with cells grown on conven-
tional solid surfaces (Handler et af, 1984). The sites of
entry and reiease of measles virus were investigated and
compared to the distribution of CD46 and moesin which
have been implicated as measles virus receptors.

MATERIAL AND METHOQODS
Cells and virus

Caceo-2, Vero C1008, Hela, Vero, and BHK-21 cells
were grown in Dulbecce’'s modification of Eagle’'s mini-
mal essential medium supplemented with 10% fetal bo-
vine serum. For studies of virus entry and release, cells
were grown on Falcon 0.45-pm PET membrane inserts
{4.85 cm®). The cells were seeded at 1.0 X 10° cells per
filter, and the medium was changed every 2—3 days. The
Edmonston strain of measles virus was kindly supplied
by Dr. William Bellini and was grown and titered by
plague assay in Vero cells (Bellini et a4/, 1979). The Indi-
ana strain of vesicular stomaftitis virus was grown and
titered in BHK-21 celis (Roth and Compans, 1981). Parain-
fluenza virus type 3 (PI13) was grown and titered in Verc
cells (Ray et af, 1985).

Before infection of cells on filters, we confirmed that
the cells had established a polarized monolayer by mea-
suring the transepithelial electrical resistance using a
Millicell-ERS resistance apparatus (Miflipore Corp., Bed-
ford, MA). The net resistance was caiculated by sub-
tracting the background and multiplying the resistance
by the surface area of the filter. Caco-2 cells had a resis-
tance of 700—900 ohms-cm? at time of infection, while
Vero C1008 exhibited a resistance of 50-70 chms - cm?
For infection, the virus inoculum was added to sither the

apical chamber or tc the basal chamber and allowed to
absorb for 1 hr at 37°,

Reagents

Polyclonal antibody against measles virus was ob-
tained from Cortex Biochemicals (San Leandro, CA). A
monoclonal antibody TRA-2-10 which binds to the SCR-
1 domain of CD46 was kindly provided by Dr. Michael
Cldstone. A manoclonal antibody against measles virus
nucteoprotein was kindly supplied by Dr. William Bellini,
A monoclonal antibody 70/35 against human moesin was
kindly provided by Dr. Jirgen Schneider-Schaulies. Fluo-
rescein-conjugated anti-mouse antibody was purchased
from Sigma (St. Louis, MO). Fluorescein-conjugated anti-
rabbit antibody was cbtained from Southern Biotechnol-
ogy Associates (Birmingham, AL). Antibodies specific for
CD46 {clone J4.48) and HLA-ABC class | were purchased
from Amac Inc. (Westbrook, ME).

Immunofluorescence and radioimmunoassays

For intracellular immunotlucrescence, cells grown on
filters were rinsed twice with phosphate-buffered saline
{PBS} and fixed with acetone:methanc! (1:1) for 2 min.
Necnspecific binding sites were blocked by incubating
the celis for 2 hr at 4° with PBS containing 3% BSA and
1% goat serum. Cells were incubated with a 1:100 dilution
of anti-measles NP for 30 min at 4° in a humidity chamber.
The cells were washed and then incubated with fluores-
cein-conjugated anti-mouse antibody for 30 min at 4° in
a hurnidity chamber. Filters were washed extensively, cut
from the chambers, and mounted on a microscope slide,
Filters were examined under a Nikon Optiphot micro-
scope equipped with a modified B2 cube.

For cell surface radicimmuncassays, cells were
treated as above but without fixing and, after the primary
antibody incubation, the cells were washed and incu-
bated with an '®®)-conjugaied anti-mouse 1gG for 30 min
at 4% in a humidified chamber. Filters were washed exten-
sively, cut from the chambears, and the cell associated
radioactivity was counted in a Packard gamma counter.

Viral protein synthesis

For immunoprecipitation of intracellular viral proteins,
the medium was removed from both chambers and re-
placed with Eagle’'s medium without cysteine or methio-
nine. 100 xCi of [**S]methicnine cysteine cell labeling
mix {(Amersham Corp., Arlington Heights, IL) was added
to the basal medium. After 6 hr of labeling the medium
was removed and the cells ware sclubilized in 1 ml of
lysis buffer. The lysates were cleared of cellular debris
and incubated with antibodies specific for viral proteins.
The immune complexes were precipitated by incubating
with protein A—Sepharose (Pierce, Rockford, IL) and cen-
trifugation. The precipitates were washed extensively
with wash buffer, resuspended in sample huffer, boiled
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for 2 min, and loaded on a SDS—-10% polyacryiamide gel
(Laemmli, 1970).

For antibody blocking studies, the filters were rinsed
twice with PBS and then antibody TRA-2-10 diluted in
PBS was added to one side and incubated for 2 hr at 4°,
The cells were then rinsed with PBS and virus was added
to the same side as the antibody and allowed to absorb
for 1 hr at 37°. The cells were then labeled and immuno-
precipitated as described above.

Electron microscopy

Caco-2 cells were grown 1o confluence on 35-mm plas-
fic dishes, infected with measles virus, and incubated at
37° for varying time intervals. Samples were taken at 28,
35, 40, and 48 hpi and prepared for electron microscopy.

Samples were washed with PBS, fixed with 1% glutar-
aldehyde, morganted with 0.01% tannic acid, stained with
1% osmium tetroxide, en bloc stained with 1% uranyl
acetale, dehydrated with & graded series of ethanol,
floated off the plasticware with propylene oxide, and em-
bedded in EMBED 812 {(Electron Microscopy Sciences,
Fort Washington, PA). Sections (80 to 70 nm) were pre-
pared on a Reichert Ultracut E microtomea, mounted on
300 mesh copper grids, poststained with uranyl acetate
and lead citrate, and then examined with a Philips CM10
electron microscope.

RESULTS

Measles virus enters epithelial cells at the apical
surface

In order to determine whether measles virus entry ag-
curs preferentially at the apical or basolateral surfaces,
Caco-2, Vero 1008, or nonpolar Vero cells were grown
on permesble filters, incculated with measies virus via
either the apical or basal medium, and the intraceliular
synthesis of viral proteins was examined. Figure 1 shows
the results when the cells were labeled at 32 hpi. Both
Caco-2 and Vero C1008 cells inoculated with measties
virus (MV) in the apical medium {A) show synthesis of
viral proteins while cells exposed to virus in the basal
medium (B) shew no detectable viral proteins. In nonpo-
larized Vero cells, measles virus protein synthesis is
seen in cells inoculated from both the apical medium
and the basolateral medium. it has been shown pre-
viously (Fuller et a/, 1984) that VSV preferantially enters
polarized MDCK cells through the basolateral surfaces.
In Fig. 1 VSV was used to show that Caco-2 and Vero
C1008 cells are polarized, since VSV protein synthesis
only was seen in cells incculated at the basolateral sur-
faces. Unlike measles virus, P13 does not utilize a spe-
cific cellular protein receptor but binds to sialic acids on
the cell surface. As shown in Fig. 1, we observed that
PI3-specific proteins are synthesized in cells inoculated
via either the apical or basal surface, although in Caco-
2 cells there appears to be a slight preference for entry
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FIG. 1. Measles virus-specific polypeptide synthesis is detected in
cell cultures inoculated via the apical membrane but not in cell cultures
inoculated via the basclateral membrang. Radiolabeled measles virus-
specific, Pl 3-specitic or VSV-specific polypeptides were immunopre-
cipitated from Caco-2, Vero C1008, or Vero cells grown on Falcon filters.
The cells were infected with measles virus (m.o.i. of 1}, PI3 {m.o.i. of
5), or V8V (m.o.1. of B) via either the apical (A) or basolateral (B} domains.
The Mv-infected cells were labeled as described under Materials and
Methods and immunopracipitated with polyclonal antibody against MV.
The VS8V-infected cells were fabeled at 8 hpi and the fysates were
prepared at 12 hpi. P13-infected cells were labeled at 12 hpl and lysates
prepared at 16 hpi.

through the apical surface. These results indicate that
measles virus preferentially enters both Caco-2 and Vero
$1008 at the apical surfaces, whiie PI3 can enter through
either surface.

As another approach to investigate the ability of mea-
sles virus to establish an infection, the expression of viral
antigens was examined by indirect immunofiuorescence.
The Caco-2 cell cultures inoculated with virus in the api-
cal media showed a large number of cells expressing
the NP antigen at 36 hpi {Fig. 2A). Similar resuits were
obtained in Verc C1008 celis {Fig. 2D}. In contrast, in
both cell types only occasional cells inoculated by the
basolateral route were found to express viral antigen
(Figs. 2B and 2E). The signal in the basal-inccuiated cul-
tures (Figs. 2B and Z2E) could be due to localized lesions
in the polarity of the monolayers or presence of occa-
sional nonpolarized cells at some sites. Thase results
also support the conciusion that measies virus entry oc-
curs selectively at the apical plasma membrane.

The virus vields from celis inoculated with measles
virus at either plasma membrane domain are shown in
Table 1. The cells were infected by adding virus to either
the apical or basal medium and then at 48 hpi the cells
were collected, the virus was harvested, and virus yields
were titered. Table 1 shows that measies virus titers from
apically infected cells are abocut 1000 fold higher than
titers from cells inoculated with the virus by the basal
surface. Assuming that a productively infected cell yields
the sama amount of virus irrespective of the csllular site
at which infaction was established, it can be calculated
that only 0.20% of the cells are being infected when the
virus is inoculated via the basolateral surface. in contrast,
in nonpolarized Vero cells similar titers of virus were
obsarved in cells inoculated at either surface, indicating
a high efficiency of infection through the basolateral sur-
face with 83% of cells being infected, thus demonstrating



94 BLAU AND COMPANS

FIG. 2. Measles virus proteins are expressed in cells inoculated via the apical surface but not in celis inoculated via the basolateral surfaces.
Caco-2 (A-C) and Vero C1008 (D-F) ceils were grown on transparent Falcon filters and virus was added to either the apical media (A, D) or to
the basal media (B, E}. C and F represent mock-infected cells. The cells were fixed at 40 hpi and mcnoclonal antibody specific for measles virus
nucleoprotein was added followed by FITC-conjugated secondary antibody.
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TABLE 1

Polarity of Virus Entry®

PFU/mI PFU/cell
% Cells infacted
Cell line A B A B from basal chamber
Vero 2.6 x 10° 8.0 x 10° 435 3.83 83
Caco-2 8.2 x 108 1.6 X 10° 437 0.008 0.20
Varo C1008 8.6 x 10° 1.84 % 10° .91 0.008 G.21

?The cells grown on filters were inoculated either through the apical (A} or basal (B) media. At 48 hpi the cells were harvested and the virus
was coliected by two rounds of freeze—thawing. The virus collected was titered by plaque assays on Vero cells.

that measles virus is able to penetrate the permeable
support and initiate infection of this nonpolarized cell
type. Therefcre the results of viral protein producticn,
viral antigen expression, and viral infectivity titers all sup-
port the conclusion that measles virus preferentially en-
ters polarized epithelial cells through the apical surface.

Antibody to CD46 blocks measles virus infection
at the apical surface

it has recently been reported (Dorig et a/, 1993; Nani-
che et al, 1993; Manchester ef al, 1994) that CD46 or
MCF serves as the measles virus receptor. Therefore it
was of interest to investigate the site of CD46 expression
in epithelial cells and its relationship to the site of mea-
sles virus entry. First we determined whether antibody
against CD46 could block infection of Caco-2 cells by
messles virus. Varying concentrations of antibody spe-
cific for CD46 were incubated with polarized Caco-2 cells
prior to viral absorption. It was found (Fig. 3) that when
higher concentrations of the antibody were used, mea-
stes virus infection at the apical surface was almost com-
pletely blocked. Therefore, the CO46 molecule plays an
essential role in the entry of measles virus in Caco-2
cells.

CDA8 is preferentially expressed on the apical
surface

To determing whether CD46 is preferentially ex-
pressed on a specific plasma membrane domain in po-
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FIG. 3. Antibody against CD46 blocks measles virus infection. Mano-
layers of Caco-2 cells were grown on filter inserts and incubated with
serial dilutions of TRA-2-10 antibody indicated prior 1o infection with
measles virus {m.c.i. of 1) at the apical plasma membrane. Cells were
radiolabeled at 36 hpi and immuncprecipitated at 42 hpi.

larized cells, Caco-2 cells were assayed by radioimmu-
noassay to determine the levels of expression of CD48
on each surface. Figure 4A shows that apically labeled
surfaces of Caco-2 cells had at least twofold higher lev-
els of CD46 than the basolaterally labeled surfaces. In
comparison, Hela cells showed no significant differ-
ences in the level of CD46 expression on apical and
basolaterai surfaces. It can therefore be concluded from
Fig. 4A that CD46 is preferentially located on the apical

anti-CD46 anti-CD46
CACO-2 HELA

-
anti-HLA-1
CACQ-2

apical

D basolaterak

anti-moesin
CACQ-2

FIG. 4. CD46 is expressed predominantly on the apical suriaces of
Caco-2 cells. 4A shows filter grown Caco-2 and Hela cells incubated
with antibodies specific for CD46 (14.48) or class | MHC foliowed by
- labeled secondary antibody. 4B represents Caco-2 cells incubated
with antibodies specific for moesin (70/35). Values represent the 2°-
labeled antibody bound to cells after subtracting nonspecific binding
and were derived from the mean values of triplicate samples for CD46
and class | and mean values of five samples for moesin.
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surfaces of Caco-2 celis. it has previcusly been reponed
that in Caco-2 cells HLA cfass 1 antigen is predominantty
expressed on the basolateral surfaces (LeBivic et af,
1990). This is also shown in Fig. 4A for comparison, indi-
cating that these cells have the characteristic polarized
phenotype. These results are consistent with the idea
that CD46 acts as a receptor for the preferential entry of
measles virus through the apical surfaces of epithelial
cells, although other components may be required to
explain the strict polarity of virus entry,

Moesin expression in Caco-2 cells

Recently, it has heen repcrted that there is another
molecule, moesin, that plays a role as a meastes virus
receptor In addition to CD46 (Dunster et al,, 1994). This
molecule is widely expressed in tissues and cells of
different animal species, and is concentrated cn cell sur-
face protrusions (Furthmayr et a/,, 1992). Figure 4B shows
the results when the expression of moesin was investi-
gated on Caco-2 cells by a cell surface radicimmunocas-
say like that used for CD46. In contrast to CD46, no
significant difference in fevels of moesin exprassion was
seen between the apically labeled surfaces and the ba-
solaterally labeled surfaces. These resuits indicate that
moesin is found at similar levels on both surfaces of
Caco-2 cells.

Measles virus is preferentially released
at apical surfaces

To determine if the release of measles virus from these
epithelial cells was polarized as well, the apical and
nasal madia were examined far yields of pregeny virus.
The cell cultures were inoculatad via the apical surfaces
and at various time points postinfection the virus titers
were determined in the apical and basolateral culture
medium. Figure 5A shows a growth curve for the release
of measles virus in the two culture supernatants of Caco-
2 cells. The titers of apically released virus in Caco-
2 cells are at least 1000-fold higher than basclaterally
released virus at 48 hr postintection. In comparison, mea-
sles virus is released at similar levels from both surfaces
of nonpclar Vero cells (Fig. 5B), demonstrating that the
virus is not impeded by the filter frem being released
into the basal medium. These results support the conclu-
sion that measles virus is preferentially released into the
apical medium in Caco-2 cells. In Vero C1008 cells, simi-
lar results were obtained {data not shown). It has been
previously reported (Rodriguez-Boulan and Sabatini,
1978: Tashiro et &/, 1990a,b) that other paramyxoviruses
are also released at apical surfaces from epithelial cells.
In Fig. G, it can be seen that P13, like measles virus, is
preferentiaily released into the apical medium. The titers
of apically released virus are at least 100-fold higher than
hasolaterally released virus.

The polarity of measles virus release was also ob-
served by electron microscopy. Figure 6 represents
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FIG. 5. Measles virus is released preferentially at the apical surfaces
of Caceo-2 cells. Monolayers of Caco-2 cells grown on Faicon fihers
were infected with either measles virus {m.o.i. of 1} {A) or parainfluenza
type 3 virus (m.c.i. of 5) (G} via the apical surface. For comparison,
monolayers of nonpolarized Vero cells grown on filters (8) were infecied
with MV {m.c.i. of 1). At the times indicated postinfection, the culture
meadia was collected and the extracellular virus titers in apical (open
symbols) and basclateral {closed symbols) media were determined by
plaque assay.
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FIG. 6. Measles virus budding occurs predominantly at the apical plama mambrane. Caco-2 cells were infected with measles virus (m.o.. of 1)
at the apical surface and samples were fixed and prepared for electron microscopy at 48 hpi. Magnification is x11,600. Two apical surfaces are
shown, In the top panel some lateral surfaces can be seen. Solid arrows indicate viral budding or nuclsocapsids at the membrane. V indicates

virions,

apical surfaces of Caco-2 cells at 48 hpi. Viral nucleo-
capsids can be seen aligned beneath the apical mem-
brane and released virions were predominantly associ-
ated with apical plasma membranes. Possible virions
were seen at the basolateral surface or between calls
{data not shown} in only approximataly 5% of the in-
fected cells examined. These results support the con-
clusion that measles virus is preferentially released at
the apical surfaces of polarized epithelial cells.

DISCUSSION

Morbilliviruses, such as measles virus, are distinct
fram other paramyxoviruses because they do not contain
detectable neuraminidase activity and they bind to cells
via a specific host cell protein receptor. Other paramyxo-
viruses that have neuraminidase activily, inctuding P13,
bind to sialic acid residues which are present on apical

as well as basolateral glycoproteins and glycolipids, and
such viruses therefore can enter polarized cellg through
either the apical or basolateral plasma mambranes. In
contrast, we have shown that measles virus preferentially
enters polarized Caco-2 and Vero C1008 cells at the
apical surfaces. We have also shown that antibody
against CD46 blocks measles virug infection at the apical
surface. The data showing the apical entry of the virus
would suggest that the receptor for measles virus is ex-
pressed predominantly on the apical surface, which we
have observed for CD46 on Caco-2 cells. However, we
chserved only about a 2-fold difference between levels
of expression of CD46 on apical and basolateral surfaces
while there was almost a 1000-fold difference in the effi-
clency of entry of measles virus between the apical and
basolateral plasma membranes. There are several possi-
ble explanations for these differences. It has been re-
ported {Parton et &/, 1389; von Bonsdorif ot af, 1985) for
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MDCK cells that the surface area on the apical plasma
membrane is about 4-fold lower compared to that of the
basolateral plasma membrane. If this is true for Caco-2
cells, the actual density of the CD46 molecule on the
apical surface may be as much as 10-fold higher than
on the basolateral surface. A critical receptor density
may be required for measles virus entry, and this recep-
tor density may only be present on the apical surface.
Recently, it has been reported that in addition to CD48,
moesin also acts as a measles virus receptor (Dunster
et al, 1994). These authors report that CD46 is not pres-
ent on all cells susceptible to measles virug, suggesting
that there is ancther receptor present. In our studies
rmoesin appears 1o be prasent at similar levels on both
membrane surfaces, so it is not as likely to be a determi-
nant of the polarity in virus entry. However, the polarity
of measles virus entry could also be explained by the
possibility that there may be another cofactor involved
in virus entry that restricts measles virus entry to the
apical membrane.

Viruses that enter and are released from epithelial
cells at the apical membrane may be restricied 1o epithe-
lial surfaces and produce a localized infection. It has
been reported that other paramyxoviruses such as Sen-
dai virus and simian virus 5 (Rodriguez-Boulan and Sa-
batini, 1978} are reteased predominantly at the apical
surface. However, in contrast to these viruses, measles
virus produces a systemic infection in vivo. It is likely,
therefore, that there are other determinants of measles
virus pathogenesis, such that its apical refease into the
lJumen of the respiratory tract does not restrict it to caus-
ing a localized infection. Certain avian influenza sub-
types, H7 and H5, alse produce & systemic infection,
although they are released at the apical surface of epi-
thelial cells in culture (Basak et af., 1983). Polarized mea-
sles virus release has not yet heen shown in respiratory
tract epithelial cells which are important in the primary
replication of the virus, because of the lack of an appre-
priate cell line. In addition, replication of measles virus
leads to disruption of the cellular cytoskeleton (Fagraeus
er al, 1978). This phenomenon possibly could cause a
temporary loss of epithelial polarity in vivo, thus enabling
the virus to breach the barrier presented by the respira-
tory epithelium. Another likely mechanism by which mea-
sles virus can traverse the epithelial barrier leading to
a systemic infection involves infection of immune cells.
Measles virus can infect cells of the immune system
(Berg and Rosenthal, 1961}, including lymphocytes in the
mucosal immune system. These lymphocytes are inter-
spersed between the epithelial cells and may traverse
the epithelial barrier and could introduce the virus to
underlying tissues or 1o the bloodstream.

A key step in viral budding is the accumulation of
viral envelope proteins at the site of maturation. HIV is
preferentially released at the basolateral membrane sur-
face {Owens, ef af, 1991; Fantini ot af, 1981}, and evi-
dence has been obtained that the site of expression of

the envelope glycoprotein determines the site of virus
maturation at the basolateral membrane domain (Owens
et al, 1991}. As mentioned above, other paramyxoviruses
that have been examined are released preferentially at
the apical membranes of polarized epithelial cells. It is
therefore likely that the envelope proteins of paramyxovi-
ruses such as simian virus 5 and Sendai virus share
common sorting signals with measles virus glycopro-
teins for transport to the apical membrane. The cloning
and sequencing of paramyxoviruses glycoproteins has
shown that there is homology between the members
glycoproteins (for review see Morrison and Portner,
1981). The measles virus H protein sequence shows
some sequence conservation with the HN protein of PI3
virus (30%) and Sendai virus (37%). The F protein ¢f the
measles virus has 48% seguence conservation of the
Sendai F protein and 43% of P13 virus. It will be of interest
to determine which measles virus protein, HA or F, and
which partion of the protein is responsible for determin-
ing the site of virus release in polarized epithelial cells.
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