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Localization of sialidase-positive cells expressing
Mac-1 and immunoglobulin in the mouse thymus
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Institute for Immunological Science/Genetic Medicine, Hokkaido University, N-15, W-7, Sapporo 060-0815, Japan

We have sought an endogenous membrane bound sialidase acting at neutral pH in immune system, because the removal
of sialic acid from cell surfaces will affect the cell-cell interaction directly or indirectly. The levels of activity of unique
membrane-bound sialidase at neutral pH and also soluble sialidase are high in the thymus but low in the spleen and lymph
nodes. These are thought to be plasma membrane and cytosolic types based on the behavior of inhibition by Cu2+ and 2-
deoxy-2, 3-dehydro-N-acetylneuraminic acid. Newly synthesized 5-bromo-4-chloro-3-indolyl-N-acetylnueraminic acid was
used for histochemical staining of sialidase-positive thymic cells, and the results showed positive cells sparsely distributed
in the corticomedullar region or medullary region of the thymus. They expressed immunoglobulin and Mac-1 antigen on
their surfaces. These cells must therefore be of a B cell lineage, not a T cell lineage. We also found that some vessels in
the thymus were sialidase-positive.
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Abbreviations: DAB, diaminobenzidine; Ig, immunoglobulin; mAb, monoclonal antibody; 4MU-Neu5Ac, 4-
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phycoerythrin-R; PO, peroxidase; X-NANA, 5-bromo-4-chloro-3-indolyl-α-D-N-acetylnueraminic acid cyclohexylamine
salt.

Introduction

Sialic acids play an important role in the regulation of the im-
mune system [1]. The addition of sialic acid to glycans is regu-
lated by sialiyltransferases and the removal of sialic acid from
glycans is regulated by sialidases. The effects of these enzymes
on immune system have been reported [2–10]. We have also
shown that sialidase treatment causes mass aggregation of sin-
gle cells of an Epstein-Barr virus (EBV)-transformed human
B cell line [11]. We concluded that this aggregation is partly
due to the low-affinity IgE receptor (CD23) based on our find-
ings that CD23 has galactose-binding lectin activity, acts as a
lectin on EBV-transformed B cells, and induces cell aggrega-
tion through newly exposed galactose-residues [12,13]. These
findings suggest that endogenous sialidase on lymphocytes may
play an important role in the interaction or aggregation of lym-
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phocytes. If endogenous sialidase in the immune system plays
an important role in the interaction of lymphocytes, it should
react under physiologically neutral pH conditions, because the
enzyme is probably located on the cell surface. The optimum
pH, however, was found to be pH 5.0 or less for plasma mem-
brane [14], although pH 6.5 was found to be optimal for cytoso-
lic sialidase. We have tried to find a membrane bound sialidase
acting at neutral pH in immune tissues. We found that this activ-
ity was high in the murine thymus, and preliminarily reported
that sialidase-positive cells are sparsely located in the thymus-
medulla and possess immunoglobulin (Ig) and Mac-1 antigen
on their surfaces [15]. As an extension to that study, we have re-
cently cloned the cytosolic sialidase-gene from the thymus [16].
In the present study, we will show that a high level of neutral
cytosolic, and membrane sialidase activities in the mouse thy-
mus but not in the spleen, lymph nodes or other organs. We will
also show the localization of these sialidase-positive cells in the
thymus using 5-bromo-4-chloro-3-indolyl-N-acetylnueraminic
acid (X-NANA) as a substrate. The expressions of Mac-1 anti-
gen and IgG on sialidase positive cells are demonstrated by
immunostaining.
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Materials and methods

Mice and tissues

C3H/HeSlc and A/J mice were purchased from the Shizuoka
Laboratory Animal Center, Hamamatsu, Shizuoka, Japan. After
the mice had been sacrificed, the thymus, spleen, peripheral
lymph nodes and other tissues were carefully dissected out of
each mouse and frozen at −70◦C until use or were immediately
used for the experiment.

Chemicals and antibodies

4-Methylumbelliferyl-N -acetyl-α-D-neuraminic acid (4MU-
Neu5Ac) was obtained from Nacalai Tesque (Kyoto, Japan) and
X-NANA was obtained from Rose Science (Alberta, Canada).

2-Deoxy-2,3-dehydro-N -acetylneuraminic acid (Neu5-
Ac2en, Sigma) was a kind gift from Dr. T. Miyagi (Miyagi
Cancer Center, Miyagi, Japan). The following antibodies were
obtained commercially: phycoerythrin-R (PE-R)-conjugated
anti-mouse Mac-1 (CD11b/CD18) monoclonal antibody
(mAb) (Cedarlane Laboratories, Ontario, Canada), anti-pan-
epithelial cytokeratin mAb as an anti-epithelial cell Ab (mouse
IgG1, Progen Biotechnik, Heidelberg, Germany), biotin-
labeled anti-mouse IgG (H + L) (horse polyclonal, Vector
Laboratories, Burlingame, CA), and horseradish-peroxidase
(HR)-labeled streptavidin (Zymed Laboratories, San Fran-
cisco, CA). Anti I-Ak mAb (clone 10-2-16) was purified from
ascites and biotin-labeled in this laboratory according to the
previously reported method [17]. Monoclonal antibody Mac-2
(M3/38, rat IgG2a, culture supernatant) was kindly provided
by Prof. T. Ito and Dr. H. Soga (Third Department of Anatomy,
School of Medicine, Tohoku University, Sendai).

Preparation of soluble fraction, crude-membrane fraction
and NP40 solubilized fraction from frozen thymus

The crude-membrane fraction was prepared by combining two
methods used for the isolation of plasma membrane from rat
liver with high yield [18,19]. Tissues were homogenized in a ho-
mogenizing buffer (1 mM NaHCO3 and 0.5 mM CaCl2) with a
Dounce homogenizer using 25 gentle strokes. The homogenate
was diluted to 100 times its weight and allowed to stand for
5 min while being slowly stirred. The diluted homogenate was
then passed through three layers of nylon mesh. The supernatant
was centrifuged at 105,000 × g for 1 h at 4◦C. The resulting
supernatant was taken as the soluble fraction, and the pellet was
suspended in phosphate-buffered saline (PBS) and used as the
crude-membrane fraction. The residual materials on nylon mesh
were solubilized with PN40 solubilization-buffer (10 mM Tris-
HCl, pH 7.4/0.15 M NaCl, containing 0.5% NP40/200 µg/ml
phenylmethylsulfonyl fluoride), stirred on ice for 30 min, and
centrifuged for 30 min at 105,000 × g. The supernatant was
used as the NP40-solubilized fraction.

Sialidase assay

The assay mixture contained 0.1 mM 4MU-Neu5Ac and 0.1 M
acetate buffer (pH 4.5) or PIPES buffer (pH 7.0), with or with-
out an inhibitor, and approximately 50 µg protein of enzyme
preparation in a final volume of 0.2 ml. After incubation at 37◦C
for 3 h (standard method) or the appropriate time, the amount
of 4-MU released was determined spectrofluorometrically [20]
with 4-MU as a standard, with or without an inhibitor in both
buffers. All assays were performed in duplicate, and the mean
value was shown as one point without indication of variation
unless it exceeded 30%.

Histochemical analysis of sialidase-positive cells

Fresh thymus or other organs at 6 to 8 wks of age were embed-
ded in an O.C.T. compound (Tissue-Tek, Miles Inc., Elkhart,
IN), quickly frozen in liquid nitrogen, cryostat-sectioned to 10
or 7 µm in thickness, and applied to poly-L-lysine-coated glass
slides. For sialidase staining, a 25-µl reaction buffer contain-
ing X-NANA (reaction mixture of 84 mM PIPES buffer, pH
7.0, or 84 mM Na-acetate buffer, pH 4.5, 8.4 mM KCl, 3 mM
K4Fe(CN)6, 3 mM K3Fe(CN)6, 1 mM MgCl2, 0.1% Triton and
0.05% X-NANA from 0.5% stock solution in dimethyl sulfox-
ide, with or without 1 mM of Cu2+) was applied to cryostat sec-
tions, and the sections were incubated in a humidified chamber
at least for 8 h at 37◦C. The reaction buffer was then removed,
and each section was washed and immersed in stop solution
(0.133 M glycine / 83 mM Na2CO3 / 60 mM NaCl, pH 10.7),
covered with a glass slip, and then photographed using a flu-
orescent microscope with a UV filter. After that, if necessary,
sections were fixed with acetone, and immunochemical staining
was performed as follows.

Immunochemical staining

A typical process for diaminobenzidine (DAB) staining is as
follows. Cryostat section (10 µm thick) was fixed in acetone
(−10◦C) for 10 min, treated with 0.3% H2O2 in methanol for
30 min to eliminate the endogenous peroxidase (PO) activity.
It was reacted with an appropriately diluted primary antibody
for 30 min at room temperature, rinsed three times with PBS,
incubated with biotin-conjugated secondary antibody, washed
three times with PBS and then incubated with streptavidin-PO
(1:1000 v/v). The histochemical color was developed in a 0.03%
DAB solution (in 15 mM phosphate buffer, pH 6.5, containing
0.05% H2O2). A section was also stained with hematoxylin-
eosin.

Results

High level of neutral sialidase activity in the thymus
crude-membrane fraction

Sialidase activity levels in various tissues so far reported have
been investigated using a whole homogenate of tissues at acidic
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Figure 1. Sialidase activity at pH 7.0 is high in the thymus among immune tissues. Crude-membrane and soluble fractions were
prepared from thymus (Thy), spleen (Spl) and lymph nodes (LN) from C3H mice (A) or A/J mice (B) (ages 6–8 wks) as described
in Materials and Methods. Sialidase was assayed in PIPES buffer at pH 7.0 (�) or in acetate buffer at pH 4.5 (�) for 1, 2 and 3 h
with 4MU-Neu5Ac as a substrate. The upper panel of each fraction indicates the activity of the crude-membrane fraction (105,000
× g ppt) and the lower panel indicates that of the soluble fraction (105,000 × g sup). All assays were performed in duplicate, and
the mean value was plotted as one point without indication of variation unless variation exceeded 30%.

pH. In the present study, however, we examined membrane-
bound sialidase acting at neutral pH. Four types of sialidase
activity were assayed at pH 7.0 and pH 4.5 using soluble and
crude-membrane fractions from immune tissues: the thymus,
spleen and peripheral lymph nodes. The crude-membrane and
soluble fractions from the thymus tissue showed high level of
sialidase activity at pH 7.0, while those of the spleen and lymph
nodes showed low level of activity at pH 7.0 and also at pH
4.5 both in the C3H and A/J mice (Figure 1). The level of
sialidase-activity in the crude membrane fraction of the thymus
increased almost linearly with increase in incubation time until
4.5 h in this condition (with approximately 50 µg of protein
and 0.1 mM 4MU-Neu5Ac). Such a high level of membrane-
bound sialidase activity at pH 7.0 is unusual. Table 1 shows
sialidase activities in various tissues and also shows the effect
of inhibitors. The mouse thymus clearly showed high sialidase
activity level at pH 7.0 in the soluble and membrane fractions,
but the liver and bone marrow showed membrane-bound siali-
dase activities at pH 7.0 that were as low as that of the lymph
node. The activity level of the soluble fraction at pH 4.5 was
high in the kidney. This enzyme is probably an intralysoso-
mal type as was reported by Miyagi et al. [21]. They reported
that 1 mM of Cu2+ caused complete inhibition of the activi-

ties of cytosolic sialidase and plasma membrane sialidase but
had no inhibitory effect on the activities of intralysosomal sial-
idase and lysosomal membrane sialidase. They also reported
that Neu5Ac2en was more effective against cytosolic sialidase
and intralysosomal sialidase than against membrane-associated
sialidases of the plasma membrane and lysosomal membrane.
As shown in Table 1, Neu5Ac2en more strongly inhibited the
activities of soluble fraction at pH 7.0 than membrane-bound
sialidase activities, while Cu2+ more strongly inhibited the sial-
idase activities of soluble fraction and membrane fraction at pH
7.0 than the activity of membrane fraction at pH 4.5. These re-
sults suggest that thymus-crude membrane contains at least a
sialidase of a plasma membrane-type acting at pH 7.0 and also
a sialidase of a lysosomal membrane-type acting at pH 4.5. A
plasma membrane-sialidase of rat brain has been reported to
have optimal activity at pH 5.0 [14]. We, therefore, examined
sialidase activities with 4MU-Neu5Ac at various pH values,
ranging from 3.5 to 8.0, with or without Cu2+ in the crude-
membrane and soluble fractions of the thymus from C3H mice.
Two peaks were clearly observed for the crude-membrane frac-
tion; there was complete inhibition of crude-membrane activity
with 1 mM Cu2+ in the neutral pH range and about 50% inhi-
bition in the acidic pH range (Figure 2A). These results clearly
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Table 1. Sialidase activity in various organs from A/J mice

Silalidase activity (nmoles released 4 MU/mg protein/2 h)

Crude membrane fraction Soluble fraction

pH 7.0 pH 4.5 pH 7.0 pH 4.5

− +Cu2+ − +Cu2+ − +Cu2+ − +Cu2+

Kidney 0.8 ± 0.05 0 ± 0 28.8 ± 1.03 20.6 ± 0.11 0.68 ± 0 0 ± 0 4.5 ± 0.18 5.05 ± 0
Liver 1.45 ± 0 0 ± 0 4.58 ± 0.07 2.44 ± 0.07 1.53 ± 0 0 ± 0 0.6 ± 0.11 0.31 ± 0
Lung 0.67 ± 0.08 0 ± 0 3.87 ± 0.13 1.04 ± 0.08 0.05 ± 0.05 0 ± 0 0.03 ± 0.02 0 ± 0
Heart 0.24 ± 0.03 0 ± 0 1.03 ± 0.13 0.21 ± 0 0.08 ± 0.08 0 ± 0 0.16 ± 0.16 0.29 ± 0.03
Bone marrow 1.29 ± 0 0 ± 0 6.17 ± 0.13 3.75 ± 0.47 1.2 ± 0.13 0.79 0.45 ± 0.04 0.97 ± 0.97
Thymus 5.4 ± 0.21 0 ± 0 9.9 ± 0.13 2.0 ± 0.11 14.9 ± 0.7 0 ± 0 2.7 ± 0.32 1.05 ± 0.07

+0.03 mM (*) 100 39 100 29 100 10 ND
+0.3 mM (*) 100 30 100 25 100 14 ND

Spleen 0.6 ± 0.08 0 ± 0 2.88 ± 0 0.58 ± 0.05 0.09 ± 0 0 ± 0 1.06 ± 0.35 0.26 ± 0
Lymph node 1.4 ± 0.06 0 ± 0 1.1 ± 0.12 0.22 ± 0.04 0.4 ± 0.07 0 ± 0 0.2 ± 0.05 0.05 ± 0.02
Rat thymus 1.17 ± 0 0.11 ± 0.05 4.8 ± 0.05 3.36 ± 0 1.98 ± 0.14 0.23 ± 0.05 1.06 ± 0.14 0.92 ± 0

(new born)

A/J mice (6–8 weeks) were used.
∗% Activity in the presence of 0.03 mM or 0.3 mM of Neu5Ac2en instead of Cu2+. ND, not done.

show that the activity at pH 6.5–7.0 in the crude membrane frac-
tion is not due to the shoulder or the foot of the acidic activity
and suggest that this activity is a plasma membrane type judg-
ing from the inhibition with copper ion as reported by Miyagi
et al. [21]. The sialidase activity at acidic pH in the crude mem-
brane fraction is probably due to the lysosomal membrane en-

Figure 2. pH curves for sialidase of the thymus from C3H
mice (15 wks). Sialidase activity was assayed with the crude-
membrane (A) and with soluble fraction (B), at pH 3.5–6.5 using
citrate-phosphate buffer and at pH 6–8 using PIPES buffer with
(�) or without (�) 1 mM Cu2+.

zyme. The optimal activity in the soluble fraction was at pH 6.5
(Figure 2B) and this was completely inhibited by 1 mM of
Cu2+. The activities in citrate-phosphate buffer and in PIPES
buffer were compared in the neutral region (Figure 3). A higher
level of activity was observed in the PIPES buffer than in the

Figure 3. Comparison of relative sialidase activities in PIPES
and citrate-phosphate buffers. The relative activity is shown as
a percentage of the activity obtained at pH 6.5 in PIPES buffer
as a control (100%). Thymi from 8–9-wks-old C3H mice were
used. Two experiments for the soluble fraction or three exper-
iments for the crude membrane fraction were performed. The
average values from different experiments are shown by line-
graphs, and each values were also indicated. A, soluble frac-
tion. B, crude membrane fraction. (––•––) PIPES buffer, (––�––)
citrate-phosphate buffer.
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Figure 4. Histochemical active staining of sialidase-positive cells in the thymus. Frozen sections of the thymus from A/J mice (8
wks) (A–D) or C3H mouse (8.5 wks) (E–H) which was reacted with X-NANA solution as described in Materials and Methods. The
reaction buffers were used at pH 7.0 (A and E), pH 7.0 + 1 mM Cu2+ (B and F), pH 4.5 (C and G) and pH 4.5 + 1 mM Cu2+ (D
and H). These were photographed with ×10 eye lens, and ×10 (A–D) or ×20 (E–H) objective lens. A–D and E–H correspond to the
squares in Figure 4-1 and -2, respectively. Figure 4-1 and -2 are stained with hematoxylin-eosin and photographed with ×4 objective
and ×10 eye lens. Cortex area (C) and medullar area (M) are indicated.

citrate-phosphate buffer. In the acidic region, the level of activity
in the citrate-phosphate buffer and in the sodium-acetate buffer
were almost the same and the optimum activity in the acetate
buffer was pH 4.5 and higher than that in the citrate-phosphate
buffer (data not shown). Thus, at least three kinds of sialidase

activity were detected in the murine thymus: soluble enzyme,
plasma membrane-type and lysosomal membrane-type activi-
ties, and their optimum activities were at pH 6.5, 6.5–7.0 and
4.5–5.0 respectively. This high membrane-bound activity at pH
6.5–7.0 is unique among the activities of enzyme so far reported.
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Figure 5. Histochemical active staining of sialidase-positive cells in other organs than the thymus. Frozen sections of the spleen (A
and B), lymph node (C and D) and mesenteric lymph node (E and F) from A/J mice (10 wks old) were reacted with X-NANA solution
at pH 7.0 (A, C, and E) or at pH 4.5 (B, D, and F) as described in Materials and Methods and, were photographed with a ×10 eye
lens and ×20 objective lens. The white arrow indicates positively stained cells.

Figure 6. Immunochemical staining of various sections of the thymus. A frozen section of thymus from a C3H mouse (8.5 wks)
was reacted with (A) anti-epithelial cell (then biotin-anti-mouse immunoglobulin, avidin-PO), (B) biotin-anti-I-Ak (then avidin-PO), (C)
biotin-anti-mouse Ig (then avidin-PO) as a negative control for (A), (D) anti-Mac-2 (then PO-anti-rat Ig), (E) avidin-peroxidase as a
negative control for (A)-(D) and (F) PE-R labeled Mac-1. All were photographed with ×10 eye lens and ×20 objective lens except
(A) that was photographed with ×10 objective lens.
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Figure 7. Immunochemical and histochemical active staining of sialidase-positive cells. A frozen section of thymus from a C3H
mouse (8.5 wks) was reacted with R-PE labeled Mac-1 (A) and then reactied with X-NANA reagent at pH 7.0 (B). Frozen sections
of thymus from a C3H mouse (8.5 wks) were reacted with X-NANA reagent at pH 7.0 (C and E) and then stained with anti-mouse
Ig G (D) or anti-Mac-2 (F).

Histochemical staining of sialidase-positive cells

To determine the localization of sialidase positive cells in
the thymus, we histochemically stained the thymus tissues
using X-NANA as a substrate for sialidase. This reagent
fluoresces after hydrolysis by sialidase, and the released
molecule (5-bromo-4-chloro-3-indol) becomes insoluble
at the position hydrolyzed on the tissue. This reagent was
synthesized for this study on the basis of a hint obtained from
X-Gal, which is used to select gene-transfected colonies. As
shown in Figure 4, strongly white-blue-stained cells were
distributed sparsely and unevenly throughout the thymus.
Figure 4A–D (×200) and E–H (×400) (thymus tissues
from A/J and C3H mice, respectively) correspond to the
area enclosed by the black and white squares in Figure 4-1
and -2 (×40), respectively. In the presence of Cu2+, the
brightness was reduced at pH 7.0 (Compare Figure 4A and
B, or Figure 4E and F.) because the soluble (cytosolic) and
membrane-bound enzymes acting at neutral pH were inhibited
by Cu2+, while the lysosomal enzymes acting at pH 4.5 were
not inhibited by Cu2+ (Compare Figure 4C and D, an
Figure 4G and H). Hematoxylin-eosin staining dis-
tinguished the cortical (C) and medullary (M) areas

(Figure 4-1 and -2). X-NANA-stained cells were pre-
dominantly seen in the corticomedullar and medullary regions.
In addition, a small vessel (indicated by an upper white
arrow) showed clearly sialidase-positive, while the larger
vessel (indicated by a lower white arrow) was negative.
Few cells were stained in the tissues other then the thymus
(Figure 5).

Immunochemical characterization of sialidase-positive cells

To study the surface antigens of sialidase-positive cells, thymus
sections were stained with several antibodies: anti-epithelial
cells (pan-epithelial cytokeratin) (Figure 6A), anti-I-Ak

(Figure 6B), anti-Mac-2 (Figure 6D) and anti-Mac-1 (PE-R-
conjugated anti-mouse CD11b/CD18 mAb) (Figure 6F). I-Ak ,
Mac-1 and Mac-2 antigens are MHC class II antigen, β2-
integrin and an activated macrophage marker molecule, respec-
tively. As stated in Materials and Methods, thymus section was
stained with anti-epitherial cells (first antibody, mouse IgG1),
biotinylated horse anti-mouse IgG (H + L) immunoglobulin
(second antibody), horse-radish peroxidase-labeled strepta-
vidin and DAB system (Figure 6A). As the negative controls
of Figure 6A, thymus sections were stained without the first
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antibody and without the first and second antibodies, respec-
tively (Figure 6C and E). Unexpectedly, only with the second
antibody (anti-mouse IgG), some cells were stained clearly
(Figure 6C). These positive cells can also be seen in Figure 6A
(indicated by arrows). The cells stained with anti-mouse IgG
(Figure 6C), anti-Mac-2 (Figure 6D), and anti-Mac-1
(Figure 6F, medulla aria) are sparsely distributed similarly as
sialidase-positive cells. In order to determine whether those
cells are sialidase-positive or not, a PE-R-labeled anti-Mac-
1 stained section (Figure 7A) were photographed and then
stained with X-NANA to detect the sialidase positive cells
(Figure 7B). Some of the PE-R-Mac-1-stained cells were
sialidase-positive (shown by arrows), though other larger cells
around the large vessel were sialidase-negative. Some Mac-
1 positive cells, therefore, are sialidase-positive. Other sec-
tions were first stained with X-NANA (Figure 7C and E),
photographed, and then stained with an anti-mouse Ig system
(Figure 7D) or anti-Mac-2 system (Figure 7F). Mac-2 antigen is
a galactose-specific lectin that binds IgE [22] and is expressed
on activated macrophages. Unexpectedly, the sialidase-positive
cells coincided exactly with the cells stained with anti-mouse
Ig (Figure 7C and D) but differed from Mac-2-positive cells
(Figure 7E and F). The sialidase-positive cells thus expressed
Mac-1 (CD11b/CD18) and Ig molecules on their surfaces, and
they were located sparsely in the medulla or in the area border-
ing the medulla and cortex.

NP40-solublilized sialidase from residual materials,
including vessels

As Figure 4E–H shows, a vessel was stained clearly as sialidase-
positive. In order to confirm this activity using a 4MU-NANA
assay, residual materials, including vessels and thymic capsule,
on nylon meshes that had been obtained after filtrating thymus
homogenate with nylon meshes were solubilized with NP40.
Using the NP40-solubilized fraction, sialidase activity was as-
sayed at various pH values (Figure 8). A high level of sialidase
activity was observed at pH 6.5, and this activity was inhibited
by 1 mM of Cu2+. A small peak was observed at pH 4.5, and this
activity was also inhibited by 1 mM of Cu2+. Figure 4F and H,
however, show that the vessel was stained even in the presence
of 1 mM of Cu2+. Although further study of this discrepancy
is needed, it is clear that a plasma membrane-type sialidase
was contained in the NP40 fraction. Miyagi et al. [14] reported
that a sialidase of rat plasma membrane showed optimal activ-
ity at pH 5.0 when gangliosides was used as a substrate. They
cloned human ganglioside (plasma membrane) sialidase gene
and transfected it in Cos-1 cells, and they observed two opti-
mum peaks for the activity at pH 4.5–4.8 and at pH 6.0–6.5 [23].
Our NP40-solubilized sialidase showing high level of activity
at pH 7.0 with 4MU-NANA (Figure 8) probably has substrate
specificity other then for gangliosides, e.g., for glycoprotein.
Further studies are needed.

Figure 8. Sialidase activity at various pH with NP40-solublilized
sialidase from residual material including vessels. Sialidase ac-
tivity was assayed with NP40 solubilized fraction at pH 4.0-6.0
using citrate-phosphate buffer, and at pH 6.0–7.5 using PIPES
buffer with (�) or without (•) 1 mM Cu2+.

Discussion

We have demonstrated in this study that high sialidase-active
cells are present in the thymus. They are sparsely distributed
throughout the thymic medulla and express immunoglobu-
lin and Mac-1 antigens. This is the first report of sialidase-
positive cells expressing such antigens. Based on the report by
Landolfi [24], we expected that T cells would show sialidase
activity. Although further study is needed to characterize these
sialidase-positive cells, the results of this study have clearly
shown that only a small percentage of cells in the thymus have
sialidase activity. Mac-1 is a β2 integrin consisting of a het-
erodimer of an α chain (CD11b) and β chain (CD18) [25]. It is
found on macrophages, monocytes, granulocytes, large granu-
lar lymphocytes, and immature CD5+ B cells [26]. Since the
sialidase-positive cells are also IgG-positive, they must be of
a B cell lineage. Akashi et al. [27] reported that a significant
number of pro-B and pre-B cells were found in the thymic cor-
tex, whereas mature B cells that express B220 and IgM were
found in the corticomedullar and medullary regions of the thy-
mus, and a significant number (about 3 × 104/day) of the cells
are exported from the thymus. It is unclear whether these B
cells are the same as the sialidase-positive cells that we iden-
tified in the present study. In addition to sialidase activity, the
sialidase-positive cells probably have high level of peroxidase
activity, because we noticed that these cells in addition to the
large number of smaller cells were stained strongly with DAB
if we did not pre-treat the section with H2O2-methanol. The
staining with anti-mouse immunoglobulin with DAB system
(Figure 7D), however, is specific to the antigen, because siali-
dase positive cells in Figure 7E were stained negatively by DAB,
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though Figure 7D and F were stained at the same time. The
sialidase positive cells are Mac-2 negative (Figure 7F). Soga et
al. [28] reported that mouse thymic macrophages had pheno-
typic heterogeneity by immuno-histochemical double staining.
All types, except for one located in the subcapsular region of
the thymus, expressed Mac-2 antigen. The sialidase-positive
cells, therefore, are probably not macrophages. They [28] also
showed that some of the heterogeneous thymus macrophages
have CD32/16 (Fc receptor for IgG), but our sialidase-positive
cells differed from Fc receptor-positive cells (data not shown).

Murine lysosomal sialidase gene from the liver is known as
the Neu-1 gene, which is located at the D end of H-2 on chromo-
some 17 [29,30]. SM mice that lacked the Neu-1 gene showed
low level of this sialidase activity at pH 4.4 with the liver whole
homogenate [31]. We have cloned the cytosolic sialidase gene
from A/J thymus and shown that the gene is localized to the
distal part of mouse chromosome 1D [16]. The gene that en-
codes the membrane-bound sialidase acting at pH 7.0 is also
probably different from the Neu-1 gene. Further characteriza-
tion of these sialidase-positive cells, as well as the enzyme and
gene, is needed.

In addition, it should be noted that sialidase was present in
a vessel shown in Figure 4E–H. The NP40-solubilized frac-
tion from the residual materials, including vessels, contained
a plasma membrane-type sialidase that may mediate cell ad-
hesion. Sialidase on the cell surface has been suggested by a
few classic studies to be a mediator of cell adhesion [32,33].
These studies showed that cell adhesion was enhanced on a
sialidase-coated plate and was inhibited by sialidase-specific
inhibitors and by cytochalasin B. In contrast, enhanced adhe-
sion to a concanavalin A-coated plate was not inhibited by cy-
tochalasin B. This indicates that the process of cell adhesion
based on sialidase and sialoglycoconjugate on the cell surface
may involve the actin cytoskeletal system. Sialidase on a blood
vessel may also bind to mature T cells expressing ganglioside
or sialoglycoconjugate such as CD8, CD43 and CD45, whose
asialo-forms were reported to be the PNA receptor molecule on
immature thymocytes and these were sialylated on matured T
cells [34]. Interaction of selectin with sialyl Lewis X ligands
is known to play an important role in homing of lymphocytes
[35]. In addition, sialidase and other sialoglycoconjugates may
also play an important role. The possible functional role of sial-
idase expressed on venules in recruiting T cells remains to be
investigated.
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