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Abstract

Background: Mast cells play a critical role in allergic and
inflammatory responses. The interactions between these
cells and extracellular matrix components influence the
distribution of mast cells in tissues and their biological
responsiveness. It has been reported that the lectin
wheat germ agglutinin (WGA) inhibits mast cell mediator
release. We decided to investigate whether adhesion to
fibronectin (FN), another mast cell function, which is
upregulated following FceRI cross-linking, is also inhibit-
ed by WGA. Methods: Mouse bone-marrow-derived
mast cell line MCP5/L was used. For FceRIl-dependent
mast cell activation, MCP5/L cells were sensitized with
mouse IgE antibodies. WGA was added to cell suspen-
sions simultaneously with a challenging agent and, after
an appropriate incubation period, B-hexosaminidase re-
lease and adhesion to FN were determined. Results:
Both FceRI cross-linking-dependent mast cell adhesion
to FN and mediator release were dose-dependently in-
hibited by WGA; however, the lectin concentrations re-

quired to induce maximum inhibition of adhesion were
significantly lower. Furthermore, WGA inhibited phor-
bol-myristate-acetate- and A-23187-mediated mast cell
adhesion to FN, i.e. processes that do not engage FceRlI.
The effect of WGA on FceRIl-mediated secretion was
reversed by GIcNAc. In contrast, combination of GIcNAc
and NeuNAc or N,N’-diacetylchitobiose was required to
reverse the inhibitory effect of WGA on mast cell adhe-
sion. Conclusion: The characteristics of WGA-mediated
inhibition of MCP5/L mast cell adhesion to FN suggest
that mast cell integrins are targets of the inhibitory action
of WGA and the sugar moieties on these receptors might

be important for receptor function.
Copyright © 2000 S. Karger AG, Basel

Introduction

Mast cells play critical roles in allergic and inflamma-
tory responses. Therefore, the tissue distribution of mast
cells influences the magnitude of these events. The inter-
actions between mast cells and their surrounding extracel-
lular matrix components are known to have profound
influences on the targeting of these cells to specific tissue
locations, the distribution of mast cells in tissues and their
biological responsiveness [1].
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Murine mast cells were shown to adhere to several
extracellular matrix components, such as laminin [2],
vitronectin [3] and fibronectin (FN) [4]. Several charac-
teristics of murine mast cell adhesion to FN suggest that
this process is mediated by integrin receptors [4, 5].

Human mast cells similarly adhere to components of
extracellular matrix [1]. Isolated human skin mast cells
have been shown to spontaneously adhere to FN and lam-
inin and this adhesion is mediated by integrin receptors
[6]. Despite the progress that has been made in character-
izing human and mouse integrin receptors, relatively little
is known concerning the precise mechanisms whereby
ligand-receptor interactions lead to adhesion. It has been
previously observed that adhesiveness of mast cell inte-
grin receptors may be upregulated by a number of mole-
cules [2-4, 7-9] and other cell surface receptors [5, 10-
12]. Cross-linking of FceRI on mouse mast cells known to
trigger mediator secretion has also been shown to stimu-
late adhesion of these cells to FN [5, 11, 12]. Previous
reports have provided evidence that both FceRI and inte-
grin receptors are specifically recognized by wheat germ
agglutinin (WGA) [13-15], which interacts with N-acetyl-
D-glucosamine, N-acetyl-D-glucosamine oligomers and
N-acetyl-neuraminic acid residues [16—18]. It has been
shown that WGA is able to prevent FceRI cross-linking-
dependent mediator release from rat basophilic leukemia
cells [19]. The question arose whether the inhibitory
action of WGA on mast cell function is limited to FceRI-
mediated mast cell mediator release. We studied the
effect of WGA on mast cell adhesion to FN and found
that WGA inhibits mast cell adhesion to FN.

Materials and Methods

Materials

Human FN, fetal calf serum (FCS), bovine serum albumin (BSA),
ovalbumin grade V (OA), RPMI-1640, sodium pyruvate, Triton X-
100, phorbol myristate acetate (PMA), A23187, glycine, p-nitrophe-
nyl-N-acetyl-B-D-glucopyranoside, N-acetylglucosamine (GIcNAc),
N-acetylneuraminic acid (NeuNAc), N,N’-diacetylchitobiose (Sigma
Chemical Company, St. Louis, Mo., USA), L-glutamine, nonessen-
tial amino acids, penicillin/streptomycin (Gibco Ltd., Paisley, UK),
HEPES (Serva Feinbiochemica, Heidelberg, Germany), 2-mercap-
toethanol (Merck, Darmstadt, Germany), thymidine [6-3H], 10 Ci/
mmol (NEN Life Science Products Inc., Boston, Mass., USA), and
96-well flat bottom polystyrene plates (Corning Laboratory Sciences
Company, Vernon, N.Y., USA) round-bottom polystyrene plates
(Nunc InterMed) were purchased from the manufacturers indicated.
The MCP5/L mast cell line is a variant of the MCPS mast cell line
immortalized from a primary bone-marrow-derived culture exposed
to Ad-12-SV40 virus [20].

Effect of WGA on Mast Cell Adhesion

Mast Cell Cultures

MCP5/L and CFTL15 mast cells were cultured as described pre-
viously [4], in RPMI-1640 medium supplemented with 10% heat-
inactivated FCS, 10% WEHI-3 supernatant as a source of IL-3,
1 mM sodium pyruvate, 0.1 mM nonessential amino acids, 4 mM
L-glutamine, 25 mM HEPES, 50 uM 2-mercaptoethanol, 100 U/ml
penicillin and 100 pg/ml streptomycin (complete RPMI medium).
Cell number was adjusted to 2 x 103 cells/ml and cells were cultured
at 37°C in a CO; incubator. Cultures were maintained by replacing
the media on a weekly basis.

Production of Mouse Serum Containing IgE Antibodies

Female BALB/c 8-week-old mice were immunized by several sub-
cutaneous injections of 1 ug OA absorbed on 1 mg AI(OH); gel, given
2 weeks apart. One week after every antigen injection, the blood was
collected for serum. The IgE titer of the pooled serum was 2,560
(mouse anti-OA IgE serum), as determined by passive cutaneous ana-
phylaxis in Wistar rats [21].

Sensitization of Mast Cells

MCP5/L cells suspended in complete RPMI medium at the con-
centration 10° cells/ml were incubated with mouse anti-OA IgE
serum (dilution 1:10) for 18 h at 37°C in CO, incubator, washed 3
times and resuspended in HEPES-buffered RPMI-1640.

Mediator Release

The percentage of N-acetyl-B-D-hexosaminidase (B-Hex) activity
released into the supernatants was measured as described [22], with
slight modifications [5]. Briefly, 180-ul aliquots containing 8 x 104
mast cells (previously sensitized with IgE and suspended in HEPES-
buffered RPMI medium without phenol red) were placed in polysty-
rene tubes and preincubated 5 min at 37°C. Increasing concentra-
tions of WGA suspended in media were added to selected tubes.
When the effect of WGA-specific sugars was tested, sugars were add-
ed (at the concentrations indicated) just before addition of WGA.
Antigen dissolved in media (at concentrations as indicated) was then
added to the assay tubes to a final volume of 200 pl and incubation
was continued for 60 s. When ionophore A-23187-induced mediator
secretion was tested, nonsensitized mast cells were challenged with
the ionophore at a final concentration of 10-6 M and incubated at
37°C for 10 min. The reaction was stopped by cooling the tubes and
followed by centrifugation at 4 °C. Forty microliters of 1.2% Triton-
X was then added to the appropriate tubes to obtain a cell lysate
(total). Aliquots containing 50 ul of supernatant from control or assay
tubes or 60-ul aliquots of cell lysates were transferred into the wells of
96-well plates. Ten microliters of 1.2% Triton X-100 was added to
the wells containing supernatant or media (blank) in order to adjust
the volume and Triton X-100 concentration. This was followed by
addition of 60 pul of 0.08 M citric buffer (pH 4.5) containing 8 mM
p-nitrophenyl-N-acetyl-B-D-glucopyranoside as a chromogenic sub-
strate for B-Hex. The plate was then incubated at 37°C for 2 h. The
reaction was stopped by the addition of 200 ul 0.2 M glycine (pH
10.7). The optical density at 410 nm was determined using the micro-
plate reader (Dynatech MR 5000) and the percentage of enzymatic
activity released into the supernatant was calculated according to the
formula: B-Hex release (%) = (supernatant — blank) / (total — blank)
x 100, where net B-Hex release is defined as: induced B-Hex release —
spontaneous (control, nontriggered) B-Hex release.
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Cell Adhesion Assay

The adhesion assay was performed as described previously [4].
Briefly, rows A and B of 96-well plates were coated with human FN
for 12 h at 4°C, using FN diluted in PBS at the concentration of
10 pug/ml (100 pl of FN solution per well). Control wells were incu-
bated with PBS alone. Binding sites were then blocked by adding
100 pl of 4% BSA in PBS to rows A and B and further incubated at
37°C for 2 h. The coating fluid was then aspirated and the wells were
rinsed twice with 200 ul of PBS, which was discarded. Sensitized or
nonsensitized MCP5/L cells (as indicated) were labeled with 5 pCi/
ml of [3H]TdR for 12 h before addition to the assay wells. Cells were
then separated from free [3H]TdR by centrifugation and resuspended
in RPMI-1640 medium supplemented with 1% BSA, 1 mM sodium
pyruvate, 0.1 mAM nonessential amino acids, 4 mM L-glutamine,
25 mM HEPES, 50 uM 2-ME, 100 U/ml penicillin and 100 pg/ml
streptomycin (BSA/RPMI). Aliquots of cell suspension containing
4 x 104 cells were placed in assay wells (in rows A and B). After
5 min of preincubation, the antigen (final concentration 10 ng/ml) or
PMA (final concentration 50 ng/ml) dissolved in BSA/RPMI me-
dium were added to selected wells. Increasing concentrations of
WGA were added to selected wells simultaneously with the antigen
or PMA (if not otherwise stated). When the effect of WGA-specific
sugars was tested, sugars were added (at indicated concentrations)
just before the addition of WGA. The final volume of each sample
was 100 ul. BSA/RPMI medium to rinse the assay wells was placed in
rows E, F, G and H. The plates were next incubated at 37°C in a CO,
incubator for the time indicated. After incubation, nonadherent cells
were transferred from the assay wells to appropriate wells in rows C
and D using a 12-channel pipette. The assay wells were then rinsed
twice with the media from rows, E, F, G and H, to remove remaining
nonadherent cells, and the rinsing media were returned to the origi-
nal wells. Adherent cells in the wells of row A and B, and nonadher-
ent cells in the wells of rows C to H were then harvested using Ska-
tron cell harvester (Norway). Adherent cells from every well were
harvested on one filter and nonadherent cells from two correspond-
ing wells were harvested together on a second filter. The filter-bound
radioactivity was measured in a liquid scintillation counter (Wallac
1410, LKB, Pharmacia, Sweden).

The percentage of adhesion was calculated by dividing the
radioactivity associated with adherent cells by the total radioactivity
associated with both nonadherent and adherent cells.

Statistical Analysis of the Data

A minimum of four experiments using independent cell cultures
was done for reported data except when stated otherwise. Data
shown represent the mean = SEM of the indicated number of experi-
ments. Statistical significance of the data was determined with a
paired Student t test.

Results

Effect of WGA on FceRI Cross-Linking-Induced Mast

Cell Mediator Secretion and Adhesion to FN

To determine whether WGA is able to affect IgE-
mediated responses of IL-3-dependent bone-marrow-de-
rived cultured mast cell line MCP5/L, antigen-induced (-
Hex release and antigen-induced mast cell adhesion to FN
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were tested in parallel experiments. Sensitized MCPS5/L
mast cells challenged with antigen (OA, 1 pg/ml) for 60 s
released B-Hex (18.8 £ 1.5%). As can be seen in figure 1a,
WGA added to the cell suspensions simultaneously with
antigen inhibited antigen-induced mediator release in a
dose-dependent manner, reaching 86.5 = 3.4% inhibi-
tion at the highest concentration used (20 pg/ml). Incuba-
tion of sensitized cells in FN-coated wells of flat bottom
polystyrene plates in the presence of antigen (OA) resulted
in a significant increase in cell adhesion to FN (fig. 1b);
after 30 min of incubation of mast cells without OA 23.6
+ 1.0% of cells adhered to FN spontaneously, whereas in
the presence of OA (10 ng/ml) the number of adherent
cells increased to 61.6 £ 1.6%. Activation of mast cells
with OA in the presence of increasing concentrations of
WGA resulted in significantly lower mast cell adhesion as
compared to control (OA without WGA). The observed
inhibitory effect of WGA on antigen-induced mast cell
adhesion to FN was dose dependent. Incubation of mast
cells in the presence of WGA in concentrations higher
than 4 pg/ml resulted in significantly lower mast cell
adhesion than that observed with nonstimulated mast
cells (spontaneous adhesion) (fig. 1b). Thus, WGA inhib-
ited IgE-mediated mast cell adhesion to FN in concentra-
tions significantly lower than those required to inhibit
mediator release.

Effect of WGA on Ionophore-A23187-Induced

Mediator Release and Ionophore-A23187- or

PMA-Induced Adhesion to FN

Mast cells can be activated to adhere to FN not only
with IgE cross-linking, but also with stimuli that do not
engage FceRI. We next tested whether mast cell adhesion
to FN and mediator release induced by stimuli other than
FceRI cross-linking are also inhibited with WGA. We
measured the effect of WGA on mast cell mediator release
and mast cell adhesion to FN following activation with
calcium ionophore A23187. WGA in concentrations
ranging from 1 to 20 pg/ml did not inhibit ionophore-
induced B-Hex release (insert to fig. 1a). In contrast WGA
concentrations ranging from 2 to 5 pug/ml inhibited signif-
icantly ionophore-induced adhesion to FN (insert to
fig. 1b). The results show that WGA did not affect the
mast cell secretory mechanism engaged in calcium-iono-
phore-induced B-Hex secretion, while it completely inhib-
ited mast cell adhesion to FN induced by the same agent.

PMA has also been shown to upregulate mast cell adhe-
sion to FN [4]. We decided to test whether PMA-
mediated mast cell adhesion to FN is sensitive to WGA.
As expected (fig. 2), mast cell adhesion to FN increased
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from 15.9 = 1.8% (spontaneous adhesion) to 67.4 =+
1.6% following addition of PMA (50 ng/ml). Simulta-
neous addition of WGA in increasing concentrations
resulted in a significant decrease in the percent of mast
cells adhering to FN. There was a dose-response relation-
ship in the inhibitory effect of WGA, with WGA concen-
trations of 2-5pug/ml decreasing the level of PMA-
induced mast cell adhesion to FN below the level of adhe-
sion observed with nonstimulated mast cells (sponta-
neous adhesion). The results show that WGA exhibits an
inhibitory effect not only on FceRI cross-linking-me-
diated mast cell adhesion, but also on adhesion induced
by other stimuli. In order to see whether other mast cell
lines exhibiting the ability to adhere to FN are sensitive to
the inhibitory action of WGA, we performed adhesion
experiments using murine IL-3-dependent mast cell line
CFTL15 [23], murine mast cell line C57 [24] and human
mast cell line HMC-1 [25]. CFTL15 mast cells exhibited a
rate of spontaneous adhesion to FN comparable to

Fig. 1. Effect of WGA on antigen-induced mast cell B-Hex release (a)
and adhesion to FN (b). a Sensitized mast cells were preincubated for
5 min; WGA was then added to selected tubes in increasing concen-
trations and the cells were challenged with OA (1 ug/ml) for 60 s.
Incubation was terminated by centrifugation, and f-Hex activity was
measured in supernatants. Each point represents the mean = SEM of
four independent experiments performed in triplicate. Insert: effect
of WGA on A-23187-induced B-Hex release from nonsensitized
MCP5/L mast cells. Each point represents the mean £ SEM of four
triplicate experiments. b Sensitized mast cells labeled with 5 uCi/ml
of [*H]TdR were added to microplate wells coated with 10 ug/ml of
FN. After 5 min preincubation, the antigen (OA, final concentration
10 ng/ml) and WGA in increasing concentrations were added to
appropriate wells. The plates were incubated for 30 min in a CO,
incubator and the percentage of adherent cells was measured as
described in the Methods. Each point represents the mean £ SEM of
10 independent experiments performed in duplicate. Broken line
represents spontaneous adhesion of mast cells to FN. Insert: effect of
WGA on A-23187-induced adhesion of nonsensitized MCP5/L mast
cells to FN. Each point represents the mean = SEM of triplicate
experiment. a, b * p < 0.05, statistically significant difference from
control.

Fig. 2. Effect of WGA on PMA-induced mast cell adhesion to FN.
MCP5/L mast cells labeled with 5 pg/ml of [’H]TdR were added to
microplate wells coated with FN (10 pug/ml). After 5 min of preincu-
bation, PMA (final concentration 50 ng/ml) and WGA in increasing
concentrations were added to appropriate wells. The plates were
incubated for 90 min in a CO; incubator and the percentage of adher-
ent cells was measured as described in the Methods. Each point
represents the mean = SEM of the results of 6 independent experi-
ments performed in duplicate. Broken line represents spontaneous
adhesion of mast cells to FN. * p < 0.05, statistically significant dif-
ference from control.

Effect of WGA on Mast Cell Adhesion

Net B - Hex Release (%)

0 5 10 15
WGA (ng/ml)

70 4

Adhesion (%)

(0} 5 10 15
WGA (ug/ml)

20

25

80 -
60 -
*
=
5
2 40 -
@
=
pel
<€
20 +
- e
0 T i T )
0 1 2 5
WGA (ug/ml)
Int Arch Allergy Immunol 2000;122:216-223 219



MCP5/L mast cells, and this adhesion was increased
significantly upon PMA-induced stimulation (table 1).

100 1 WGA inhibited this adhesion dose dependently. Mast cell
line C57 exhibited spontaneous and PMA-induced adhe-
< 80 - sion to FN similar to MCP5/L; however, this adhesion
< was only slightly inhibited by WGA (data not shown).
§ 60 | When the interaction between HMC-1 and FN was exam-
® ined, we observed that up to 80% of these cells sponta-
° 0 | neously adhered to FN; this adhesion was not increased
% further when PMA was added and was not inhibited by
£ WGA (data not shown).
= 20 -
a WGA-Specific Sugars Abrogate Lectin-Induced
01 o ; Inhibition of Mast Cell Mediator Release and
None GlcNAc Not done Adhesion to FN
We used GIcNAc and NeuNAc, sugars that are known
to be recognized by WGA [14-16], to verify that WGA
100 1 avidity to specific sugar moieties is involved in the
observed inhibitory effect of WGA on mast cell functions.
< 80 -
c\:_/ *
c
.0
E 60 -
® Fig. 3. WGA-specific sugars reverse lectin-mediated inhibition of
G ) antigen-induced B-Hex release and adhesion to FN. a GIcNAc (final
_é concentration 0.32 mAM/) was added to the mast cells just before the
a addition of WGA (20 pug/ml) and the experiment of f-Hex release
E 20 | was performed as described in the legend to figure 1. b Sugars
(GIcNAc or GleNAc+NeuNAc in final concentration of every sugar
b 0.32 mM) were added to mast cells just before WGA (5 pg/ml) and
0 the adhesion experiment was performed as described in the legend to
Sugars None GlcNAc  GlcNAc+NeuNAc figure 1. Values represent the means + SEM of the results of 10 inde-
pendent experiments, each performed in duplicate. * p <0.05, statis-
tically significant difference from control.
Table 1. The effect of WGA on -
PMA-induced CFTL15 mast cell Treatment of Adhesion, %
adhesion to FN mast cells
WGA, pg/ml: 0 1 2 5 10
- 27.3+0.6! n.d. 21.0x1.5 20.1+0.9 n.d.
PMA (50 ng/ml) 53.5+4.1 42.0x1.1 40.9+2.2 18.3+2.8 8.9+0.5

CFTL 15 mast cells labeled with 5 pg/ml of [3BH]TdR were added to microplate wells
coated with FN (10 pug/ml). After 5 min preincubation, PMA and WGA were added to
appropriate wells in increasing concentrations. The plates were incubated for 90 min in CO,
incubator and the percentage of adherent cells was measured as described in the Methods.
Each result is the mean £ SEM of the results of two dependent triplicate experiments.

I Spontaneous adhesion.
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Fig. 4. N,N’-diacetylchitobiose reverses the inhibitory effect of
WGA on PMA-mediated mast cell adhesion to FN. Sugars (GlcNAc
and NeuNAc at a final concentration of 0.32 mA/ and N,N’-diacetyl-
chitobiose at a final concentration of 1 mA/) were added to the mast
cells just before WGA (5 ug/ml) and the experiment of PMA-
mediated mast cell adhesion to FN was performed as described in the
legend to figure 2. Values represent the means £ SEM of the results
of 9 independent experiments, each performed in duplicate. * p <
0.05, statistically significant difference from control.

Addition of GIcNAc to incubation media resulted in com-
plete abrogation of WGA-mediated inhibition of B-Hex
release from sensitized mast cells (fig. 3a). In antigen-
induced adhesion experiments (fig. 3b), addition of
GIcNAc to incubation media resulted in slight diminu-
tion of the inhibitory effect of WGA, whereas addition of
both GIcNAc and NeuNAc resulted in complete abroga-
tion of WGA-mediated inhibition of antigen-induced
mast cell adhesion to FN. Thus, the inhibitory effect of
WGA on FceRI-mediated mast cell secretion and adhe-
sion is sensitive to the presence of soluble lectin-specific
sugars. We next verified whether WGA-induced inhibi-
tion of PMA-mediated mast cell adhesion is sensitive to
the presence of specific sugars. As can be seen in figure 4,
neither GIcNAc nor NeuNAc reversed the inhibitory
effect of WGA, but N,N’-diacetylchitobiose, a potent
inhibitor of the interaction of WGA with polysaccharides
[16], abrogated the WGA-mediated inhibition. Thus, the
inhibitory effect of WGA on PMA-mediated adhesion is
sensitive to the presence of specific sugars, similarly to its
effect on mast cell adhesion upon stimulation with anti-
gen.

Effect of WGA on Mast Cell Adhesion

100 1

80 -
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inhibition (%)
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0_

WGA treated: cells and FN cells only FN only

Fig. 5. Effect of WGA pretreatment of mast cells or adhesion ligand
on mast cell adhesion. PMA-mediated mast cell adhesion to FN was
tested in three experimental conditions: WGA-treated cells and FN:
WGA at a concentration of 5 pg/ml was added simultanecously with
PMA to mast cell suspension in assay wells coated with FN, as
described in the legend to figure 2. WGA-treated cells only: mast cells
were preincubated with WGA at final concentration of 5 pg/ml for
30 min in a CO, incubator, washed, resuspended in the media and
then tested for PMA-mediated adhesion to FN as described in the
legend to figure 2. FN only: the assay wells coated with FN were
preincubated with WGA at a concentration of 5 ug/ml for 30 min in
a CO, incubator, washed and then the adhesion assay with PMA-
stimulated mast cells was performed as described in the legend to
figure 2. Data represent the means = SEM of four indpendent exper-
iments, each performed in duplicate.

WGA Inhibition Depends on Its Interaction with Mast

Cell Surface rather than with FN

FN is a glycoprotein and therefore it could not be ruled
out that WGA inhibits mast cell adhesion interacting with
adhesion substrate and not only with mast cell surface. To
test this possibility, we performed adhesion experiments
in which WGA was added either to the assay wells coated
with FN or to the cell suspensions incubated in the test
tubes. Following incubation, both cells and coated wells
were washed with media to remove soluble WGA, and an
adhesion experiment was performed. Pretreatment of
FN-coated wells with WGA did not result in a decrease in
PMA-mediated adhesion (fig. 5). In contrast, significantly
less WGA-treated mast cells adhered to FN-coated wells
as compared to control. This suggests that the inhibitory
effect of WGA on mast cell adhesion to FN required inter-
action of WGA with mast cell surface rather than with
adhesion ligand.
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Discussion

The results presented in this paper clearly demonstrate
that WGA not only inhibited antigen-induced MCP5/L
mast cell mediator secretion (fig. la) but also antigen-
mediated adhesion of these cells to FN (fig. 1b). Inhibi-
tion of mast cell mediator release may be explained by
direct association of lectin with FceRI, which prevents the
antigen-mediated receptor aggregation, as has been shown
previously for RBL-2H3 rat mast cells [19]. WGA inhibit-
ed mediator release in MCP5/L mast cells in concentra-
tions similar to these reported for RBL-2H3 cells [19], and
did not inhibit spontaneous mediator release (fig. 1a). In
contrast, WGA inhibited antigen-mediated mast cell ad-
hesion in significantly lower concentrations than those
required to inhibit exocytosis, and inhibited spontanecous
adhesion (fig. 1b). These differences suggest different
mechanisms of WGA-mediated inhibition of mast cell
secretion and adhesion. One possible explanation for the
observed differences is interaction of WGA with mast cell
receptors mediating adhesion. This is further supported
by the observation that WGA strongly inhibits ionophore-
and PMA-mediated mast cell adhesion to FN, processes
that do not engage FceRI (insert to fig. 1b, 2). Such expla-
nation is also supported by analysis of sugar residues
engaged in the inhibitory action of WGA on mast cell
release and adhesion. Plant lectins are known for their
ability to bind in a very specific fashion to mono- and oli-
gosaccharide residues of cell membrane glycoproteins [13,
18], and WGA recognizes N-acetyl-D-glucosamine, N-
acetyl-D-glucosamine oligomers and N-acetyl-neuraminic
acid residues [16, 17]. While the inhibition of antigen-
induced exocytosis was completely reversed by GIcNAc
(fig. 3a), the inhibition of antigen-induced cell adhesion
was reversed by the mixture of GIcNAc and NeuNAc
(fig. 3b) and inhibition of PMA-induced adhesion was
abrogated by N,N’-diacetylchitobiose (fig. 4). Thus, the
inhibition of mast cell mediator release and inhibition of
mast cell adhesion to FN by WGA are probably mediated
by binding of WGA to different glycoproteins. While FN
is also a glycoprotein and could interact with WGA, our
data (fig. 5) suggest that WGA inhibited adhesion inter-
acting with mast cell surface rather than with immobil-
ized FN. Thus, most likely, the interaction of WGA with
FceRI is critical for inhibition of exocytosis, and WGA
binding to FN receptors is critical for inhibition of adhe-
sion.

Mast cell adhesion to FN is mediated in great part by a
classical FN receptor, asp; integrin [1-6, 8-12]. MCP5/L
mast cell adhesion to FN, similarly to adhesion of bone-
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marrow-derived mast cells, was inhibited by RGD pep-
tides [4], suggesting that it is also mediated by this recep-
tor. All integrins are glycoproteins [reviewed in ref. 26],
and integrin FN receptor is recognized by WGA in vitro
[14, 15, 27]. Although integrin-mediated adhesion to FN
1s based on interaction of the specific amino acid residues
on a- and B-subunits with amino acid motifs on FN, the
strength of binding may be modulated by various factors
including glycosylation of integrin receptor [28-30]. This
1s consistent with our observation that WGA, which spe-
cifically recognizes carbohydrate part of the receptor, is
capable of inhibiting integrin-dependent mast cell adhe-
sion to FN.

WGA-mediated inhibition of mast cell adhesion was
not limited to MCP5/L mast cells but was also observed
with mouse mast cell line CFTL15 (table 1). Other mast
cell lines tested (mouse mast cell line C57 and human
mast cell line HMC-1) showed the lack of significant inhi-
bition of adhesion to FN. It might be explained by possi-
ble differences in mast cell phenotype represented by
these cell lines, which may include different glycosylation
of adhesion receptors on cell surface.

Interaction of mast cells with extracellular matrix
might be important for mast cell migration and location
of these cells in tissues. It has also been shown that mast
cell adhesion upregulates biological responsiveness of
these cells [5, 31]. Thus, the ability of WGA to interfere
with both IgE-dependent mast cell activation and inte-
grin-mediated mast cell adhesion might suggest a poten-
tial inhibitory action of this lectin on mast-cell-mediated
inflammatory processes. In addition, the ubiquity of
WGA as dietary lectin may suggest the possibility of its
effect on the physiology of the gastrointestinal tract [32,
33], which is rich in mast cells.

Acknowledgments

This work was supported by grant 6 P207.049.07 from the State
Committee for Scientific Research, Poland. The authors thank Mrs.
Teresa Michori, Mrs. Aleksandra Slusarczyk and Miss Bogumita
Kolago for their excellent technical assistance.

Wyczotkowska/Weyer/Dastych



References

Metcalfe DD, Baram D, Mekori YA: Mast
cells. Physiol Rev 1997;77:1033-1079.
Thompson HL, Burbelo PD, Segui-Real B, Ya-
mada Y, Metcalfe DD: Laminin promotes
mast cell attachment. J Immunol 1989;143:
2323-2327.

Bianchine PJ, Burd PR, Metcalfe DD: IL-3
mast cells attach to plate-bound vitronectin:
Demonstration of augmented proliferation in
response to signals transduced via cell surface
vitronectin receptors in the presence of IL-3. J
Immunol 1992;149:3665-3671.

Dastych J, Costa J, Thompson HL, Metcalfe
DD: Mast cell adhesion to fibronectin. Immu-
nology 1991;73:478-484.

Wyczdlkowska J, Dastych J, Slusarczyk A, Ko-
lago B: Relations between FceRI crosslinking-
induced mast cell activation and adhesion to
fibronectin. J Physiol Pharmacol 1994;45:501-
515.

Columbo M, Bochner BS, Marone G: Human
skin mast cells express functional B, integrins
that mediate adhesion to extracellular matrix
proteins. J Immunol 1995;154:6058-6064.
Zheng M, Fang H, Tsuruoka T, Tsuji T, Sasaki
T, Hakomori S: Regulatory role of Gy3 ganglio-
side in a5B1 integrin receptor for fibronectin-
mediated adhesion of FUA169 cells. J Biol
Chem 1993;268:2217-2222.

Dastych J, Metcalfe DD: Stem cell factor in-
duces mast cell adhesion to fibronectin. J Im-
munol 1994;152:213-219.

Thompson HL, Burbelo PD, Metcalfe DD:
Regulation of adhesion of bone-marrow-de-
rived mast cells to laminin. J Immunol 1990;
145:3425-3431.

Dastych J, Hardison MC, Metcalfe DD: Aggre-
gation of low-affinity IgG receptors induces
mast cell adherence to fibronectin: Require-
ment for the common FcRy chain. J Immunol
1997;158:1803-1809.

Thompson HL, Thomas L, Metcalfe DD: Mu-
rine mast cells attach and migrate to laminin-,
fibronectin-, and matrigel-coated surfaces in
response to FceRI-mediated signals. Clin Exp
Allergy 1992;23:270-275.

Effect of WGA on Mast Cell Adhesion

12

14

15

16

18

19

20

21

22

23

Kinashi T, Asaoka T, Setoguchi R, Takatsu K:
Affinity modulation of very late antigen-5
through phosphatidylinositol 3-kinase in mast
cells. J Immunol 1999;162:2850-2857.

Helm RM, Froese A: Binding of the receptors
for IgE by various lectins. Int Archs Allergy
Appl Immun 1981;65:81-84.

Pytela R, Pierschbacher MD, Ruoslahti E:
Identification and isolation of a 140 kD cell
surface glycoprotein with properties expected
of a fibronectin receptor. Cell 1985;40:191-
198.

Tarone G, Mascarello P, Zibetti M, Giancotti
FG: Purification of the B-subunit of the fibron-
ectin receptor. Eur J Biochem 1988;172:713-
718.

Nagata Y, Burger MM: Wheat germ agglutinin.
Molecular characteristics and specificity for
sugar binding. J Biol Chem 1974;249:3116—
3122.

Bhavanandan VP, Katlic AW: The interaction
of wheat germ agglutinin with sialoglycopro-
teins. The role of sialic acid. J Biol Chem 1979;
254:4000-4008.

Goldstein 1J, Peretz RD: Isolation, physico-
chemical characterization, and carbohydrate-
binding specificity of lectins; in Liener IE, Sha-
ron N, Goldstein IJ (eds): The Lectins. Proper-
ties, Functions, and Applications in Biology
and Medicine. London, Academic Press, 1986,
pp 35-247.

McCloskey MA: Immobilization of Fce recep-
tors by wheat germ agglutinin. J Immunol
1993;151:3237-3251.

Arora N, Kyung-Up M, Costa JJ, Rhim JS,
Metcalfe DD: Immortalization of mouse bone
marrow-derived mast cells with Ad12-SV40 vi-
rus. Int Arch Allergy Immunol 1993;100:319-
327.

Wyczdlkowska J, Brzezinska-Blaszczyk E,
Maslinski Cz: Kinetics of specific IgE antibody
and total IgE responses in mice: The effect of
immunosuppressive treatment. Int Arch Aller-
gy Appl Immun of 1983;72:16-21.

Schwartz LB, Austen KF, Wasserman SI: Im-
munologic release of B-hexosaminidase and f-
glucuronidase from purified rat serosal mast
cells. J Immunol 1979;123:1445-1450.
Keegan AD, Pierce JH, Artrip J, Plaut M, Paul
WE: Ligand stimulation of transfected and en-
dogenous growth factor receptor enhances cy-
tokine production by mast cells. EMBO J 1991;
12:3675-3682.

24

25

26

27

28

29

30

31

32

33

Tsai M, Hunt J, Arm JP, London C, Gurish M,
Gali SJ: The C.1IMC/C57.1(C57) mouse mast
cell line is of BALB/c origin and tumorigenic in
BALB/c mice (abstract). FASEB J 1996;10:
Al218.

Butterfield JH, Weiler D, Dewald G, Gleich
GJ: Establishment of an immature mast cell
line from a patient with mast cell leukemia.
Leukemia Res 1988;12:345-238.

Yamada KM: Adhesive recognition sequences.
J Biol Chem 1991;266:12809-12812.
Oppenheimer-Marks N, Grinnell F: Inhibition
of fibronectin receptor function by antibodies
against baby hamster kidney cell wheat germ
agglutinin receptors. J Cell Biol 1982;95:876-
884.

Symington BE, Symington FW, Rohrschneider
LR: Phorbol ester induces increased expres-
sion, altered glycosylation, and reduced adhe-
sion of K562 erythroleukemia cell fibronectin
receptors. J Biol Chem 1989;264:13258-
13266.

Zheng M, Fang H, Hakomori S: Functional
role of N-glycosylation in a5f1 integrin recep-
tor. De-N-glycosylation induces dissociation or
altered association of a5B1 subunits and con-
comitant loss of fibronectin binding activity. J
Biol Chem 1994;269:12325-12331.

Akiyama SK, Yamada SS, Yamada KM: Anal-
ysis of the role of glycosylation of the human
fibronectin receptor. J Biol Chem 1989;264-
18011-18018.

Hamawy MM, Oliver C, Mergenhagen SE, Si-
raganian RP: Adherence of rat basophilic leu-
kemia (RBL-2H3) cells to fibronectin-coated
surfaces enhances secretion. J Immunol 1992;
149:615-621.

Pusztai A, Ewen SWB, Grant G, Brown DS,
Stewart JC, Peumans WJ, Van Damme EJM,
Bardocz S: Antinutritive effects of wheat-germ
agglutinin and other N-acetylglucosamine-spe-
cific lectins. Br J Nutr 1993;70:313-321.
Pusztai A: Dietary lectins are metabolic signals
for the gut and modulate immune and hor-
mone functions. Eur J Clin Nutr 1993;47:691-
699.

Int Arch Allergy Immunol 2000;122:216-223

223



Copyright: S. Karger AG, Basel 2000. Reproduced with the permission of 5. Karger
AG, Basel. Further reproduction or distribution (electronic or otherwise) is prohibited
without permission from the copyright holder.



