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SUMMARY: Although Lewis X (Lex), a carbohydrate structure, is involved in innate immunity
through cell-to-cell and pathogen recognition, its expression has not been observed in mouse
monocytes/macrophages (Mo/Mas). The Mo/Mas that infiltrate the meninges after infection with the
neuropathogenic murine coronavirus strain srr7 are an initial target of infection. Furthermore, higher
inflammatory responses were observed in gene-manipulated mice lacking a1,3-fucosyltransferase 9,
which determines the expression of the Lex structure, than in wild type mice after infection. We inves-
tigated Lex expression using CD11b-positive peritoneal exudate cells (PECs) and found that Lex is in-
ducible in Mo/Mas after infection with srr7, especially in the syncytial cells during the late phase of
infection. The number of syncytial cells was reduced after treatment of the infected PECs with anti-Lex

antibody, during the late phase of infection. In addition, the antibody treatment induced a marked
reduction in the number of the infected cells at 24 hours post inoculation, without changing the infected
cell numbers during the initial phase of infection. These data indicate that the Lex structure could play a
role in syncytial formation and cell-to-cell infection during the late phase of infection.

INTRODUCTION

cl-2 virus (cl-2), isolated from a neuropathogenic mu-
rine coronavirus mouse hepatitis virus (MHV) strain,
JHM virus (JHM) (1), exhibits extremely high neu-
rovirulence after infection, leading infected mice to
morbid states within 3 days post-inoculation (dpi),
without inducing demyelination in the white matter of
the brain that is observed with other JHMs (2). Instead,
it produces necrotic lesions in the grey matter with in-
fected neurons, which do not express the major MHV
receptor carcinoembryonic antigen-related cell adhesion
molecule 1 (CEACAM1) (3,4). A mutant clone isolated
from cl-2, srr7, shows attenuated neurovirulence com-
pared to cl-2, although its virulence is still higher than
that of the other JHMs, exhibiting rapid viral spread
from one organ to another non-adjacent organ within
12 hours after infection, designated as super-acute
spread (5). Most of the mice infected with srr7 survive
for more than 7 days and die within 10 dpi. The viral
antigens in the brain are detectable in the white matter.
However, the neuropathological characteristics are not
demyelinating inflammation, but spongiosis, which ap-
pears 48 hours post-inoculation (hpi) (6). Initial viral
antigens, after inoculation with either cl-2 or srr7, are
detectable in CD11b- or F4/80-positive monocytes/
macrophages (Mo/Mas) that have infiltrated the
meninges. Syncytial giant cells formed of infected Mo/

Mas are often found in the meninges and ventricular
cavity (5).

The neuropathological lesions in the brain, including
demyelination (7,8), induced by JHM infection are con-
sidered to be, to some extent, the results of an indirect
mechanism of infection. srr7 induces spongiotic lesions
in areas where no viral antigens are detectable during
the early phase of infection (6), without prominent in-
flammation, but with elevated levels of proinflammato-
ry cytokines in the infected brain (9). Damage of neu-
rons in the hippocampus was reported to result from
bystander effects of infection with Mu-3, a mutant iso-
lated from srr7 (10), and another kind of virus, such as
Theiler’s murine encephalomyelitis virus (TMEV) (11).
Mechanisms of human brain injuries after infection
with human immunodeficiency virus (12), human T-cell
leukemia virus I (13), measles virus (14), and influenza
virus (15) have also been discussed from the perspective
of immune-triggered bystander effects.

In the bystander lesions, an antigenic epitope with a
Lewis X (Lex: galactose b1-4 Fucose a1-3) N-acetyl-
glucosamine carbohydrate structure was recently found
to be involved in infection with srr7, in mutant mice that
lack the gene encoding a1,3-fucosyltransferase 9
(FUT9) (9). FUT9 determines the final structure of Lex

and the gene-manipulated mice Fut9-/- reportedly do not
express Lex (16). However, we failed to clearly detect in
vivo Lex expression in the infected organs, including the
spleen and brain, of wild type mice. The result might be
a false negative due to procedures to prepare sections
from tissues for immunohistochemistry. Therefore, we
examined Lex expression after the infection using cul-
tured Mo/Mas derived from peritoneal exudate cells
(PECs). In this study, we showed for the first time that
the Lex structure was inducible in Mo/Mas after infec-
tion.
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Table 1. Antibodies and reagents used in this study

Target Species Clone or
designation

Conjugate Reference/supplier

Primary antibodies for immunofluorescence staining

JHMV Rabbit Polyclonal Purified 3

Gr-1 Rat RB6-8C5 Biotin BioLegend, San Diego, CA, USA

CD11b Rat M1/70 Biotin BD Pharmingen, San Diego, CA, USA

F4/80 Rat BM8 Purified eBioscience, San Diego, CA, USA

Lex Mouse MC480 Purified Developmental Studies Hybridoma Bank, University of Iowa, Ames, IA, USA

FUT9 Mouse Monoclonal Purified 22

Sialyl-Lex Mouse CSLEX1 Purified BD Biosciences, San Jose, CA, USA

Primary antibodies for flow cytometry

Gr-1 Rat RB6-8C5 FITC eBioscience

CD11b Rat M1/70 PE eBioscience

F4/80 Rat BM8 APC eBioscience

Secondary antibodies for immunofluorescence staining

Rabbit IgG Sheept Polyclonal FITC Abcam, Tokyo, Japan

Rat IgG Donkey Polyclonal Alexa568 Abcam

Mouse IgG Goat Polyclonal Alexa488 Molecular Probe, Carlsbad, CA, USA

Mouse IgG Donkey Polyclonal Biotin Rockland, Gilbertsville, PA, USA

Streptavidin Alexa488 Invitrogen, Carlsbad, CA, USA

Streptavidin Alexa568 Invitrogen

Reagent to stain nuclei

Hoechst33342 Invitrogen

Antibodies for inhibition assay of Lex

Lex Mouse MC480 Purified Developmental Studies Hybridoma Bank

Sialyl-Lex Mouse CSLEX1 Purified BD Biosciences

Gr-1, granulocyte-differentiation antigen-1; FITC, Fluorescein isothiocyanate; PE, Phycoerythrin; APC, Allophycocyanin.
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MATERIALS AND METHODS

Viruses and Animals: A neuropathogenic MHV
strain, srr7, was used in this study. This virus was
propagated and titrated in DBT cells maintained in Dul-
becco's modified Eagle's minimal essential medium
(Gibco, Grand Island, NY, USA ) supplemented with
5z heat-inactivated fetal bovine serum (FBS; Sigma,
Tokyo, Japan), as previously described (17). Specific
pathogen-free inbred BALB/c mice purchased from
Charles River (Tokyo, Japan) were housed in a specific
pathogen-free animal facility and maintained according
to the guidelines set by the ethical committee of our uni-
versity. For the experiment, mice were transferred to a
biosafety level 3 (BSL-3) laboratory, after permission
from the committee of our university. Six to seven-
week-old mice were used for all experiments.

Preparation of peritoneal exudate cells: Thioglycol-
late medium (TM) was prepared by dissolving 20 g of
Brewer thioglycollate (TG) medium (BD Diagnostics,
Loveton Cirvle Sparks, MD, USA), supplemented with
10.0 g of proteose peptone (BD Diagnostics), 2.38 g of
sodium chloride (Wako, Osaka, Japan), and 0.945 g of
dipotassium phosphate (Wako), in 1,000 ml of distilled
water to obtain a TM with components similar to those
of the classical product provided by Difco Laboratories
(Detroit, MI, USA) (18). TM was autoclaved for 20 min
at 15 lbs of pressure at 1219C, and was kept in the dark
under sterile conditions at room temperature. Four days
after the injection of 2 mL of TM into the peritoneal
cavity, the peritoneal cavity was washed with phos-
phate-buffered saline (PBS; Nissui, Tokyo, Japan), and
PECs were collected. To obtain adherent PECs, the

cells were seeded at 2 × 105 cells per well in 8-well glass-
bottom chamber slides (Nalge Nunc International,
Rochester, NY, USA), and were cultured in the RPMI
1640 medium (Gibco) supplemented with 10z heat-
inactivated FBS (Gibco). After 24 hours, the adherent
cells were inoculated with 1.3 × 103 or 6.5 × 103

plaque-forming units (PFU) of srr7 virus per well and
incubated for a specified time. To prepare PECs for
flow cytometric analysis, they were cultured in suspen-
sion for 24 hours at 2 × 107 cells in 1 mL of the medium
described above, in 1.5-mL microtubes, with continu-
ous rotation at 20 rpm.

Assay of adherent PECs: For immunostaining, ad-
herent PECs were fixed in cold ethanol on chamber
slides for 1 min, followed by fixation in cold acetone for
5 min; antibodies and reagents listed in Table 1 were
used. Cell cultures labeled with fluorescent dyes were
mounted with a gold antifade reagent (Invitrogen,
Carlsbad, CA, USA). Fluorescence was visualized un-
der either a confocal laser scanning microscope (Leica
Microsystems, Heidelberg, Germany) or a fluorescence
microscope (Keyence, Osaka, Japan). The number of
infected cells was counted using the BZ analyzer
(Keyence). For the inhibition test, either mouse anti-
Lewis X mAb (1 : 100) or mouse anti-Sialyl-Lewis X
mAb (1 : 100) (Table 1) was added to the culture medi-
um.

Flow cytometry: After incubating suspension culture
for 24 hours, PECs were inoculated with 1.3 × 105 PFU
of srr7 virus and were cultured for further 24 hours.
Subsequently, the PECs were washed twice in PBS
and resuspended in fluorescence-activated cell sorting
(FACS) buffer, which contains 1z bovine serum
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albumin (BSA; Sigma) and 0.1z NaN3 in PBS. For
phenotypic analysis, 1 × 106 cells for each staining were
initially incubated with Fc block (BD Biosciences, San
Jose, CA, USA) (5 mg/mL) for 20 min at 49C. Subse-
quently, the cells were incubated with the appropriate
fluorochrome-conjugated antibodies (Table 1) for
30 min at 49C, followed by 3 washes with FACS buffer,
and were acquired on a FACS Calibur (BD Biosciences).
Appropriate isotype controls were used in all cases.
Data were analyzed using FlowJo software (Tree Star,
Jackson, OR, USA).

RESULTS

Population and susceptibility of PECs: The PECs
that we used were collected after the injection of TM
into the peritoneal cavity, and were expected to be mix-
ed populations of leukocytes (19,20). FACS analysis re-
vealed high expressions of CD11b and F4/80 in 50–70z
of the PECs (Fig. 1). Around 35z of the PECs were
Gr-1-positive (Fig. 1). After viral inoculation, the popu-
lation appeared grossly similar. However, on double
staining for CD11b and Gr-1 (CD11b:Gr-1), a small
population (Fig. 1B) showed a relatively high expression
of both antigens after infection. Based on F4/80:Gr-1
(Fig. 1B) and F4/80:CD11b (Fig. 1A), similar shifts of
the population were observed with the upregulation of
Gr-1 and CD11b, respectively, without a significant
change in the F4/80 expression level after infection. The
PECs attached to the culture glass slides, examined by
immunofluorescence staining (IF), also exhibited high
expression rates of CD11b and F4/80, in around 70z
and 40z of PECs, respectively (Fig. 2A). The popula-
tion of Gr-1-positive cells among PECs was around
20z. After the inoculation, the population of PECs did
not show a marked difference compared to that of cul-
ture without viral inoculation (Fig. 2A). Through the
inoculation of 2 × 105 PECs with 1.3 × 103 PFU of
srr7, the PECs were found to be susceptible to srr7
infection. The infected area in the culture plate spread
rapidly between 12 and 24 hpi (Fig. 2B) forming syn-
cytia (Fig. 3), all of which bore viral antigens (Fig. 4). A
few syncytia had already formed before 12 hpi (Fig.
5C). The susceptibility of PECs to srr7 seemed to be
comparable to that of DBT cells, which have been used
to prepare virus stock with a high titer (5), because a
viral inoculation with 1.3 × 103 PFU, produced and
titrated using DBT cells, generated similar numbers of
syncytia as in the PECs at 24 hpi (Fig. 5C). However,
the level of viral production measured in the culture
medium was lower in PECs compared to DBT cells, i.e.,
PFU at 24 hpi in PEC culture were 1–2 × 102, whereas
those in DBT cell culture ranged from 5 × 104–2 × 105

(data not shown).
Expression of antigens in the PECs: Interestingly,

most of the syncytia (＞95z) showed the expression of
Gr-1, which were also CD11b-positive (Fig. 3A and B).
Solitary CD11b-positive (CD11b＋) cells, which did not
form syncytia with or without viral antigens, were also
observed (Fig. 3A). Some CD11b＋ and viral antigen-
negative (V－) cells were detected extending their long
foot processes and connecting to the V＋ cells (Fig.
3A1–3). Such a connection, using the long foot process
of V－ CD11b＋ cells, was not detectable in Gr-1＋ cells,

partially because most of the Gr-1＋ cells carried viral
antigens after the inoculation (Fig. 3B).

After the inoculation, Lex antigen appeared in the
PECs cultured on the glass slides (Fig. 3C), but was not
detected in the mock-infected PECs (Fig. 3D). Most of
the Lex antigens were detected in the syncytial cells (Fig.
3C). Some cells with a single nucleus, bearing the Lex

antigens without viral antigen expression, were found
around the syncytia (Fig. 3C). Unlike CD11b expression
in the foot process of PECs, the fine projection was not
traceable using anti-Lex antibody (Fig. 4A). However,
this does not mean that Lex was not expressed there,
because the available antibodies that we used failed to
detect Lex expression in monocytes, which bear
CEACAM1 that has been proven to be modified by the
Lex structure (21), in the normal state (Fig. 3D). Beside
CD11b＋Lex＋ cells, Gr-1＋Lex＋ PECs also appeared as
solitary cells with a single nucleus as well as in syncytia
with multiple nuclei (Fig. 4B).

FUT9, an enzyme which determines Lex expression
(22), showed a similar manner of expression in PECs
after infection as Lex, i.e. most of the FUT9-positive
cells formed syncytia with multiple nuclei (Fig. 4D),
which carried CD11b and Gr-1 antigens (Figs. 4C and
D). FUT9 antigens were also detected in some solitary
cells as well as Lex. A noticeable difference between the
Lex and FUT9 appearance was observed after kinetic
studies. At 12 hpi, Lex was not detectable even in the
syncytia (Figs. 4E1 and 2). In contrast, FUT9 antigen
was detected at 12 hpi (Figs. 4E3–5). In order to
examine whether or not Lex is involved in syncytium
formation, we added anti-Lex antibody (anti-Lex) to the
PEC culture. For the control experiment, we used
monoclonal antibody against sialyl-Lex (anti-sialyl-Lex),
which detects human sialyl-Lex, but not that of mice
(23), as shown in Fig. 5A. The number of syncytia was
decreased when the cultures were treated with anti-Lex

during 0–24 hpi, compared to those with anti-sialyl-Lex

treatment (Figs. 5A and C). However, the treatment
with antibodies did not cause reductions in the cell num-
bers of the adherent cells (Figs. 5B and E). Further-
more, application of the antibody before infection did
not lead to significant differences between treatments
with anti-Lex and anti-sialyl-Lex (Figs. 5A and C). The
change in the syncytial numbers after treatment with the
antibody does not mean a change in the number of
infected foci, in other words initial infectivity of the
viruses; instead, it means a change in the number of the
syncytia that grew large enough to be detectable under a
light microscope. Therefore, infected foci during the
early phase of infection were counted for viral antigens
at 12 hpi using IF, which proved that there were no
differences in the numbers of infected cells (Fig. 5D)
and the numbers of syncytia (Fig. 5C) at 12 hpi, among
cultures with or without these antibodies; corresponding
to our previous observation (9) that viral infectivity of
PECs derived from Fut9-/- and wild type mice was the
same. The treatment with anti-Lex reduced the number
of viral antigen-positive cells as well, when counted at
24 hpi (Fig. 5D), which indicated that the antibody in-
hibits not only syncytium formation but also cell-to-cell
infection.
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Fig. 1. (Color online) Flow cytometry of PECs in suspension culture populations of CD11b-, Gr-1-, and F4/80-
positive PECs after suspension culture for 24 hours (h) with or without viral infection (Infected [24 hpi] or Unin-
fected, respectively) were studied by flow cytometric analysis. A): The cells in dotted circle showed a higher expres-
sion level of CD11b after infection. B): The cell populations were divided into 4 regions by forward- and side-scat-
tering (FSC and SSC, respectively) profile. The antigen expression patterns of each region (R1-R3) are shown.

408
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Fig. 2. Cell populations of PECs in adherent cell culture. A): Populations of CD11b-, Gr-1-, and F4/80-positive
adherent PECs cultured for 24 h on chamber slides by immunofluorescent staining, with or without viral infection
(24 hpi or Uninfected, respectively). B): The ratio of infected adherent PECs, detected by immunofluorescent
staining for viral antigens, at desired intervals is shown. The adherent PECs were infected with 1.3 × 103 PFU of
srr7 per well. Each infection was conducted in triplicate, and antigen-positive cells of each well were counted. Ver-
tical lines indicated in the bar are the mean ± SD.
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DISCUSSION

Although TG-elicited PECs (TG-PECs) were in-
troduced as phagocytes with high purity (24), recent stu-
dies using flow cytometry revealed that these TG-PECs
have heterogeneous population of leukocytes (19). Even
macrophages, identified as CD11bhiF4/80hi-int, after gat-
ing out B cells, neutrophils, eosinophils, and DC s from
the TG-PECs through flow cytometry, appeared heter-
ogeneous, based on the expression of MHC II and Ly6C
antigens (20). Various populations of macrophages
among TG-PECs have been reported depending upon
the gating strategy, including side- or forward-scatter
profiles using flow cytometry, or the efficiency of the
antibodies used (25). The report of 86–95z macro-
phages in the TG-PECs (26–28) was criticized as an
overestimation by the research group of Misharin (20),
who claimed that only 40–45z macrophages and as
high as 30–40z eosinophils comprise TG-PECs. Simi-
larly, reports on the population of Gr-1-positive cells in
the TG-PECs range from 1z (19) to 40z (20). Our esti-
mated populations of CD11b＋, F4/80＋, or Gr-1＋ cells
in the TG-PECs fell into the ranges reported previously.
Gr-1＋ cells among the TG-PECs were 20–35z.

These PECs, composed of heterogeneous cell popula-
tions, were found to be susceptible to Srr7 infection
with a similar efficiency compared to DBT cells, which
are used for the titration of MHV. It should be noted
that most of the syncytia formed after infection of TG-
PECs expressed Gr-1 antigen. The main target among
leukocytes of MHV-JHM infection has been believed to
be the lineages of Mo/Mas, including microglia in the
brain (5,29), which express CEACAM1. CEACAM1 is
also detectable as an adhesion molecule on Gr-1-positive
human granulocytes (22). However, it has not been
reported that Gr-1-positive cells are the main targets of
MHV infection. To determine whether the colocaliza-
tion of viral and Gr-1 antigens occurred through
preferential viral infectivity of Gr-1＋ cells, further stu-
dies need to be conducted, because Gr-1 antigen might
be inducible by endogenous or exogenous factors (30).

Actually, we observed that a small population, with
polymorphism among PECs, (Fig. 1B) showed higher
Gr-1 expression after infection compared to that detect-
ed before infection.

Among these Gr-1-positive cells, Lex and FUT9 anti-
gen expressions were induced after infection. The anti-
gens were detected predominantly in the infected Gr1-
and CD11b-positive cells, which formed syncytia. The
synthesis of Lex was not involved in the initial formation
of syncytia, because Lex-positive syncytia appeared dur-
ing the late phase of infection and the inhibition of syn-
cytium formation by anti-Lex was detected during the
late phase of infection, but not during the early phase.
The Lex carbohydrate structure does not affect the ini-
tial viral infectivity of TG-PECs, because the pre-incu-
bation of TG-PECs with anti-Lex did not change the
number of the infected cells, and the TG-PECs derived
from Fut9-/- mice, which do not express Lex (16),
showed the same infectivity as those from wild type
mice (9). Therefore, it is indicated that the Lex structure
decorating CEACAM1 has no contribution to the at-
tachment of the virus. A possibility that this structure
was involved in the increase in Lex antigen expression is
unlikely, because we did not observe any increase in the
CEACAM1 expression after infection, using IF (data
not shown). Rather, the expression of the receptor could
have been downregulated, like in other kinds of viral in-
fections, including one with human coronavirus (31).

In addition to the roles during development, the Lex

carbohydrate structure, known as stage-specific em-
bryonic antigen-1 (16), is involved in innate immunity
through cell-to-cell and pathogen recognition
(21,32-34). Dynamic immune regulation is induced after
interaction between Lex carbohydrate structures and
lectins serving as C-type lectin receptors (35), which
include scavenger receptor with C-type lectin (SRCL),
human dendritic cell-specific intercellular adhesion
molecule-3-grabbing non-integrin (DC-SIGN), and its
mouse homologue SIGN-related-1 (SIGNR1) (36,37).
This CRL-mediated signaling can be turned to a pro-
(37) or anti-inflammatory status (38,39) depending on
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Fig. 3. (Color online) Antigen expression in the syncytia and solitary cells. Twenty-four hours after seeding PECs
on 8-well chamber slides, the cultured cells were infected with 1.3 × 103 PFU of srr7 per well, or left uninfected
(V[－]). At 24 hpi, culture slides were processed to detect JHMV (V, A–D), CD11b (A), Gr-1(B), and Lewis X
(Lex, C and D) antigens. Hoechst 33342 (Hoe) was used for nuclear counter-staining, which is shown as a digital
blue color (/b). Digital red and green colors are indicated as /r and /g in the pictures, respectively. Note that
around syncytia are solitary Gr-1 or CD11b-positive cells not forming syncytia (A and B). Around syncytia, most
of the solitary CD11b-positive cells were not infected (narrow arrows in A), whereas all solitary Gr-1-positive cells
were infected (narrow arrows in B). Some of these solitary cells around the syncytia projected long foot processes
connected with syncytia (bold arrows in A, shown at a higher magnification in A3). At 24 hpi, Lex antigens were
detected in the syncytial cells (C). A few unifected cells with a single nucleus around syncytia expressed Lex (nar-
row arrows in C). In the mock-infected PECs, Lex antigens were not detected (D). White single and double bars in-
dicate 50 and 25 mm, respectively.
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the glycan composition or agents that trigger the im-
mune reaction. Our previous study indicated that Lex

expression is involved in signaling that negatively in-
fluences the immune responses in the course of srr7 in-
fection using Fut9-/- mice. In addition, the Fut9-/- mice,
which do not express Lex, showed extended inflammato-
ry responses compared to wild type mice (9), which ex-
hibited a poor inflammatory reaction in the infected
brain accompanied by a reduced population of leuko-
cytes in the spleen, after infection with srr7 (40).

In spite of these important roles of Lex carbohydrate
structures in immune response, the expression of Lex

has not been detected by IF or flow cytometry in mouse
leukocytes, even in monocytes, which express CEA-
CAM1. However, it has been demonstrated, by mass
spectrometry, that CEACAM1 carries rich Lex carbohy-
drate structures (21). One of the reasons may be that the
most sensitive anti-Lex antibody we examined was of the
IgM class, which might be too large to access antigenic
sites that are covered by a tertiary conformation of pro-
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Fig. 4. (Color online) Expressions of Lex and Fut9. Adherent PECs on culture slides were stained with Lewis X (Lex;
A, B, E1, and E2), CD11b (A and C), Gr-1 (B and D), JHMV (V; E), and Fut9 (D and E3-E5) antigens at 12 hpi
(E) and 24 hpi (A-D). Hoechst 33342 (Hoe) was used for nuclear counter-staining, which is shown as a digital blue
color (/b). Digital red and green colors are indicated as /r and /g in the pictures, respectively. At 24 hpi, most of
the CD11b- or Gr-1-positive syncytia carried Lex (arrowheads in A and B) or FUT9 (arrowheads in C and D)
antigens. Lex or FUT9 antigens were also detected in some solitary cells (narrow arrows in B–D). The CD11b-posi-
tive fine projection (narrow arrows in A1) was not traceable using anti-Lex antibody (A2), shown at a higher mag-
nification (A4 and A5). At 12 hpi, Lex was not detected even in syncytia (E1 and E2), whereas Fut9 was detected in
the initial small syncytia at 12 hpi (narrow arrows in E3–5). White single and double bars indicate 50 and 25 mm,
respectively.
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teins or other carbohydrates. Nevertheless, we showed
that highly expressed Lex was detected in the syncytia
and satellite cells (SCs) around the syncytia using
Mo/Mas attached to glass slides, which could have been
beneficial for the antibodies to reach the antigenic sites
in the Mo/Mas, with a fairly well-preserved cell ar-
chitecture after fixation procedures were employed on
the cells attached to the glass slides (41). Furthermore,
using Mo/Mas attached to glass slides, we could detect
that some SCs projected long foot processes connecting
to syncytia, mimicking immune synapse, enabling cross-
talk between leukocytes several hundred mm apart (42).

The connection, through foot processes, between SCs
and initial small syncytia might be necessary for them to
grow large enough to become detectable with a light
microscope, during the late phase of infection, and Lex

might be involved in this process. Expression levels de-
tectable by IF during extremely virulent viral infections
would provide an opportunity to clarify the functional
roles of Lex and its lectins, during infection and immune
responses directed not only by mature Mo/Mas but also
by dendritic cells, because TG-PECs contain immature
CD11b＋Gr-1＋ cells that can differentiate into dendritic
cells (43). Furthermore, among these CD11b＋Gr-1＋
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Fig. 5. (Color online) Effects of anti-Lex antibody. Anti-Lex (anti-Lex) or anti-SLex (anti-SLex) antibody were added
to the PEC culture well before viral inoculation for 1 hour (＋/) and at the time of inoculation (/＋), or PECs were
cultured without treatment with the antibodies (designated as -/ or /-, depending on the periods of culture, that is
before or after viral inoculation, respectively). Virus was inoculated at an M.O.I of 0.02 (MOI, 0.02) through the
experiments except for D-2) to count viral antigen positive cells during the early phase of infection at a higher
M.O.I. (MOI, 0.1) A) and B): Immunofluorescent staining for viral antigens (V/g) and SLex (SLex/g) (A), or
nuclear staining using Hoechst33324 (Hoe) (B)), with viral infection at 24 hpi (24 hpi) or without (Uninfected).
White single bar indicates 50 mm. C), D), and E): Culture slides were processed for immunofluorescent staining for
viral antigens (C) and D)) or nuclear staining (E), and photographed using a fluorescent microscope (Keyence).
The number of viral antigen-positive cells or nuclei was counted using a BZ analyzer (Keyence). A syncytium was
identified when a viral antigen-positive cell had more than 3 nuclei with a major cytoplasmic axis of more than
50 mm. Each experiment was conducted in triplicate, and viral antigen-positive cells or nuclear numbers in each
well were counted. p, P-value by Student's t-test. Asterisks indicate p ＜ 0.05. Vertical lines are the mean ± SD.
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precursor cells, there are myeloid-derived suppressor
cells (MDSC) (30), which might expand their popula-
tion, after extremely virulent viral infection, to contrib-
ute to a rapid spread of the viruses. A small population
detected by flow cytometry as a shifted population after
infection, with elevated expression of CD11b＋ and

Gr-1＋, may be a candidate for MDSC. The detection of
Lex expression in the population is in progress in our
laboratory.
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