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Expression of adhesion molecules on cord-blood-derived, cultured
human mast cells and effect of dexamethasone on intercellular
adhesion molecule-1 expression on the mast cells treated by phorbol

myristate acetate

Background: Increase in mast-cell number at sites of allergic inflammation has
been observed, and glucocorticoids applied to the sites have been shown to result
in a significant reduction in mast cells. However, the expression of adhesion
molecules on cultured human mast cells and their regulation by glucocorticoids is
poorly understood.

Methods: Cultured human mast cells were raised from human umbilical cord-
blood cells, and the expression of adhesion molecules on the mast cells was
analyzed by flow cytometry. The cells were also incubated with 10 ng/ml phorbol
myristate acetate (PMA) for the indicated time, and the effect of dexamethasone
on adhesion molecule expression on PMA-treated, cultured human mast cells
was examined.

Results: Cord-blood-derived, cultured human mast cells constitutively expressed
intercellular adhesion molecule-1 (ICAM-1), very late antigen-4 (VLA-4), and
macrophage-1 antigen (Mac-1). Weak expression of lymphocyte function-
associated antigen-1 (LFA-1) was observed on the cells, whereas they failed to
express vascular cell adhesion molecule-1 (VCAM-1). Kinetic studies showed
that after a transient downregulation reaching a minimum at 8 h, the expression
of ICAM-1 was markedly upregulated on PMA-treated mast cells after a 24-h
incubation. In contrast, the expression of VLA-4 and Mac-1 was decreased after
the incubation with PMA for 24 h. The PMA-induced upregulation of ICAM-1
was inhibited by dexamethasone in a concentration-dependent manner.
Conclusions: Our results indicate that cord-blood-derived, cultured human mast
cells constitutively express integrins and ICAM-1, but not VCAM-1, and
demonstrate for the first time that dexamethasone inhibits the upregulation of
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Mast cells originate in the bone marrow, and reside in
connective tissue and at the mucosal surface.
However, little is known about the factors involved
in the homing of mast cells into tissues. It is
reasonable to propose that circulating committed
mast-cell progenitors first adhere to endothelial cells,
and then migrate through tissues to specific locations.
Moreover, increase in mast-cell number at sites of
allergic inflammation has been observed (1), suggest-
ing that adhesion molecules expressed on mast cells
may be involved in the mast-cell migration into
inflamed tissues (2). On the other hand, glucocorti-
coids are widely used for the treatment of allergic
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diseases, and glucocorticoids applied to the skin (3)
and lung (4) have been shown to result in a
significant reduction in mast cells.

Investigations of the expression of adhesion mole-
cules on mast cells have been performed, largely in
the murine system with bone-marrow-derived mast
cells (5). In analogy to murine bone-marrow-derived
mast cells, rat peritoneal mast cells have also been
shown to express several adhesion molecules (6). The
problem is that mast cells are heterogeneous, and
there may be functional differences in mast cells
between different species.

In the human system, very late antigen-4 (VLA-4



or CD49d/CD29), VLA-5 (CD49¢/CD29), and inter-
cellular adhesion molecule-1 (ICAM-1 or CD54) have
been found to be expressed on mast cells from the
heart, uterus, lung, and skin (7-10). The human
leukemic mast-cell line HMC-1 has also been used to
study the expression of adhesion molecules, and this
cell line has been shown to express lymphocyte
function-associated antigen-1 (LFA-1 or CDlla/
CD18) and ICAM-1, while expression of macro-
phage-1 antigen (Mac-1, complement receptor 3 or
CD11b/CD18) and protein 150,95 (p150,95, comple-
ment receptor 4 or CDI11c¢/CDI18) is low (11, 12).
However, HMC-1 cells lack high-affinity surface
receptors for IgE (FceRI) (13), and are immature
mast cells which contain 1% of the tryptase of
isolated Iung mast cells.

Recently, it became possible to obtain cultured
human mast cells from umbilical cord-blood cells (14,
15). Their advantages are that relatively large
numbers of the cells are accessible, and that
alterations of surface membrane which might occur
during the purification process of mast cells from
tissues can be avoided. Nevertheless, regulation of
adhesion molecules on cord-blood-derived, cultured
human mast cells is not fully understood. Toru et al.
(16) found that cord-blood-derived, cultured human
mast cells expressed LFA-1 and ICAM-1, but not
VLA-2 (CD49b/CD29) or vascular cell adhesion
molecule-1 (VCAM-1 or CDI108). However,
Tachimoto et al. (17) have reported that cultured
human mast cells expressed ICAM-1 and B integrins
including VLA-2, and Ochi et al. (18) have shown the
expression of B3 integrin on cultured human mast
cells during their maturation. However, investigations
of the regulation of adhesion molecules on cultured
human mast cells by glucocorticoids have never been
reported. In fact, the effect of glucocorticoids on
cultured human mast cells has been little reported,
although antiasthma drugs, such as disodium cromo-
glycate and B-agonists, are shown to inhibit mediator
release from cord-blood-derived, cultured human
mast cells (19).

In the present study, we first examined the
expression of various surface adhesion molecules on
cord-blood-derived, cultured human mast cells, and,
second, the kinetics of adhesion molecules on phorbol
myristate acetate (PMA)-treated, cord-blood-derived,
cultured human mast cells. Finally, we investigated
the effect of dexamethasone on ICAM-1 expression
on PMA-treated, cord-blood-derived, cultured human
mast cells. Our results indicate that cultured human
mast cells constitutively express integrins and ICAM-
1, but not VCAM-1, and demonstrate for the first
time the effect of glucocorticoids on cord-blood-
derived, cultured human mast cells. We showed that
dexamethasone inhibits the upregulation of ICAM-1
on PMA-treated, cultured human mast cells, indicat-
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ing that regulation of adhesion molecules on human
mast cells may be a part of the anti-inflammatory
effect of glucocorticoids in the treatment of allergic
diseases.

Material and methods
Human mast-cell culture

Mast cells were raised from human umbilical cord blood cells by a
previously described method (14, 15). Briefly, freshly obtained
heparin-treated umbilical cord blood (about 20 ml) was layered
over Ficoll-Paque (Pharmacia & Upjohn, Uppsala, Sweden), and
centrifuged at 400 g for 20 min. The mononuclear cell layer was
collected and suspended at 1 x 10° cells/ml in Media I, which was
a mixture of Dulbecco’s modified Eagle’s medium component
plus 10 ug/ml insulin, 10 ug/ml transferrin, 5x 10~> M 2-mercap-
toethanol, 25 mM 4-(2-hydroxyethyl)-1-piperazine-ethanesulfonic
acid, and 2.6 ng/ml NaSeO; (IBL Men-eki Seibutsu Kenkyujo,
Gunma, Japan), supplemented by 5% fetal bovine serum
(Cytosystems, Castle Hill, Australia), 50 ng/ml human recombi-
nant interleukin 6 (IL-6), and 80 ng/ml human recombinant stem-
cell factor (SCF) (PeproTech, Rocky Hill, NJ, USA) in a 37°C
CO; (5%) humidified incubator. The cells were passaged every
week and maintained in the same medium. Cell counting was
performed by toluidine blue staining. Mast cells were then fixed
with Carnoy’s fixative for 15 min at room temperature and stained
for mast-cell tryptase and chymase with monoclonal murine
antitryptase and antichymase antibodies (Chemicon, Temecula,
CA, USA). Aliquots of the cells were removed for histamine assay
and flow cytometry assay. This study complied with the Review
Board of Akita University School of Medicine (Japan).

Monoclonal antibodies (mAbs) and flow cytometry

To characterize the pattern of selected surface molecules, we
performed single-color immunofluorescence on mast cells stained
indirectly with the following mAbs: antihuman VLA-4, antihuman
ICAM-1 (Immunotech, Marseille, France); antihuman LFA-lo
(CDl11a), antihuman LFA-1f (B,-chain or CDI8), antihuman
VCAM-1 (Dako, Glostrup, Denmark); and antihuman Mac-1
(Nichirei, Tokyo, Japan). The fluorescein isothiocyanate (FITC)-
conjugated F(ab’), fragment of goat antimouse IgG was provided
by Tago, Camarillo, CA, USA. The isotype of all mAbs was IgGy,
and mouse IgG; (Dako) was used as a subclass-matched primary
control antibody. PMA and dexamethasone were purchased from
Sigma, St Louis, MO, USA.

For analysis, 1 x 10° cells in a volume of 100 ul were incubated
with 1 ug of the primary mAb or the equivalent amount of a
mouse isotype control antibody in the dark for 30 min at 4°C,
washed twice with ice-cold phosphate-buffered saline (PBS)
(containing 0.1% [w/v] bovine serum albumin, 0.1% [w/v]
sodium azide), and conjugated with the second FITC-conjugated
F(ab’), fragment of goat antimouse IgG (dilution 1:100) in the
dark for 30 min at 4°C. The cells were washed twice more and
resuspended in PBS before analysis by FACScan (Becton
Dickinson, Mountain View, CA, USA). Nonviable cells were
gated out with the window, and at least 5000 events were
analyzed. The mean fluorescent intensity (MFI), which was
considered to correlate roughly with surface adhesion molecule
density, was measured, and background antibody binding was
estimated with an isotype-matched negative control mAb. The
ratio of MFI was calculated by estimating the MFI of each
control at 1.
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Figure 1. Adhesion molecules expressed on cord-blood-derived, cultured human mast cells. Representative experiment is shown (open
portion: subclass-matched control antibody; shaded portion: mouse mAb specific for adhesion molecule). Very similar results were
obtained in four independent experiments at each time under same conditions.

Stimulation of cells

Human mast cells were plated in culture dishes, and were incubated
in the presence of 80 ng/ml SCF and 50 ng/ml IL-6 in a 37°C CO,
(5%) humidified incubator. The cells were harvested for up to 24 h in
the absence or presence of PMA at a concentration of 10 ng/ml, as
reported by Weber et al. (11). This time of incubation was selected on
the basis of preliminary time-response curves, demonstrating optimal
modulation of the expression of the investigated markers in the
absence of significant cell death, as assessed by the trypan blue
exclusion test. Control cells were kept at 37°C in the absence of the
stimulus for the indicated times. In other experiments, the cells were
preincubated with different concentrations of dexamethasone for
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30 min and subsequently incubated with PMA, and were assessed for
expression of ICAM-1 by flow cytometry. Before the flow cytometric
analysis, cell viability more than 98% was confirmed by the trypan
blue method.

Statistical analysis

Data are expressed as mean+SEM. Statistical analysis was
performed by paired two-way Student’s r-test. The effect of
dexamethasone on the expression of ICAM-1 was determined by
analysis of variance (ANOVA) followed by a Bonferroni ¢-test. A P
value of <0.05 was considered statistically significant.
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Figure 2. Kinetics of adhesion molecules expressed on PMA-
treated, cord-blood-derived, cultured mast cells. Cord-blood-
derived, cultured human mast cells were incubated with PMA at
concentration of 10 ng/ml for indicated time. Representative
experiment is shown. Very similar results were obtained in three
independent experiments at each time under same conditions. l:
ICAM-1; O0: VLA-4; O: Mac-1.

Results

The purity of mast cells reached virtually 100% after 10
weeks; in the present study, we used cells which were
more than 100 days old. At the time of the study,
99.0+1.4% (mean+SEM, n=9) of the cells were
trypan blue negative and 98.5+3.2% toluidine blue
positive (n=9). When the cells were immunocytochemi-
cally stained for tryptase, 99.2 +2.8% were positively
stained (n=9). Among tryptase-positive cells,
142+29% were weakly immunocytochemically
stained for chymase (n=9). Nine different cultures of
mast cells were used in this study.

We first examined the expression of various surface
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adhesion molecules on cord-blood-derived, cultured
human mast cells. Representative experiments demon-
strating the constitutive expression of ICAM-1, VLA-4,
and Mac-1 on cord-blood-derived, cultured human
mast cells are shown in Fig. 1. Weak expression of
LFA-1ao and LFA-1§ was observed on the cells,
whereas they failed to express VCAM-1. The MFI
ratio of ICAM-1, VLA-4, Mac-1, LFA-1a, LFA-1p,
and VCAM-1 was 2.68+0.30 (mean+SEM, n=4),
2.43+0.37, 2.07+0.36, 1.37+0.02, 1.56+0.14, and
1.01 £0.04, respectively. Next, PMA at a concentration
of 10 ng/ml was added to other mast-cell cultures, and
the time kinetic studies were done up to 24 h because of
reduced viability thereafter. As shown in Fig. 2, after a
transient downregulation reaching a minimum at 8 h,
the expression of ICAM-1 was markedly upregulated
on PMA-treated mast cells after a 24-h incubation. The
MFTI ratios of ICAM-1, VLA-4, and Mac-1 after 24-h
incubation with PMA or medium as control were
3.27+0.25 and 2.61+0.07 (n=5), 1.63+0.07 and
2.3440.08, and 1.41+0.07 and 1.87+0.11, respec-
tively. The expression of ICAM-1 after a 24-h
incubation with PMA was significantly increased
(P<0.01). In contrast, the expression of VLA-4 and
Mac-1 on the cells was significantly decreased after the
incubation with PMA (P<0.01). Finally, the effect of
dexamethasone on PMA-induced increase of ICAM-1
expression on cultured human mast cells was investi-
gated. Dexamethasone at concentrations from 0.01 to
1 uM was found to have no significant effect on the
constitutive expression of ICAM-1 on cultured human
mast cells (data not shown). Representative experi-
ments showing the expression of ICAM-1 after a 24-h
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Figure 3. Increased expression of ICAM-1 on cord-blood-derived, cultured human mast cells after 24-h incubation with PMA and
effect of dexamethasone on PMA-induced increased expression of ICAM-1. Cord-blood-derived, cultured human mast cells were
pretreated in presence or absence of dexamethasone at concentrations indicated for 30 min and subsequently stimulated with PMA at
concentration of 10 ng/ml for 24 h. Control cells were incubated for 24 h at 37°C in absence of stimulus and dexamethasone.
Representative experiment is shown (open portion: subclass-matched control antibody; shaded portion: mouse mAb specific for [CAM-
1). Very similar results were obtained in four independent experiments at each time under same conditions.
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incubation with PMA and the effect of dexamethasone
on the expression are shown in Fig. 3. The MFI ratios
of ICAM-1 on PMA-treated, cultured human mast cells
in the absence or presence of dexamethasone at
concentrations 0.01, 0.1, and 1 uM were 3.42+0.07
(n=4),2.01+0.07, 1.854+0.03, and 1.65+0.04, respec-
tively. The PMA-induced upregulation of ICAM-1 was
inhibited significantly by dexamethasone at each
concentration (P<0.01). The MFI ratio of ICAM-1
expressed on PMA-treated mast cells in the presence of
dexamethasone at each concentration was significantly
decreased compared with the MFI ratio of the control
(2.66+0.11) (P<0.01), and the ratio in the presence of
dexamethasone at a concentration of 1 uM was
significantly lower than that in the presence of
dexamethasone at a concentration of 0.01 uM
(P<0.01).

Discussion

Recent advances of science led us to obtain cultured
human mast cells raised from umbilical cord-blood
cells. Their advantages are that relatively large numbers
of the cells are accessible, and that alterations which
might occur during the purification process from tissues
can be avoided. In fact, these cells are histamine-
containing, IgE receptor-positive, and metachromatic
(14, 15).

Although it is generally accepted that mast-cell
precursors are derived from bone-marrow progenitors
migrating in the circulation prior to entering tissues
where they terminate their differentiation, the mechan-
isms whereby immature mast cells leave the blood-
stream in normal development and under inflammatory
conditions remain poorly understood. However, studies
on the emigration of other leukocytes from the
circulation in response to inflammatory stimuli have
revealed striking similarities concerning the adhesion
molecules involved in interaction with the endothelium
(20), and it seems likely that adhesion molecules on
mast cells may be involved in the process of migration
and tissue distribution of mast cells (2).

The present study showed a detectable constitutive
expression of ICAM-1, VLA-4, and Mac-1 on cord-
blood-derived, cultured human mast cells, whereas the
expression of LFA-1o and LFA-1B was low. Our cord-
blood-derived, cultured human mast cells failed to
express VCAM-1, and this finding was consistent with
the previous data (15, 16). The finding of LFA-1a and
LFA-1p expression in the present study differs from the
data reported by Toru et al. (16), which showed strong
constitutive expression of LFA-la and LFA-1B on
cord-blood-derived, cultured human mast cells.
However, previous investigations indicated a lack of
LFA-1oa and LFA-1B expression on human mast cells
purified from heart, lung, and skin (7, 9, 10), and
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immature mast cells of the HMC-1 cell line have been
shown to express P,-integrins and ICAM-1 (12). The
precise reason for the difference between our observa-
tion and the previous report (16) is unknown; however,
we used more than 100-day-old mast cells in the present
study, and the difference may be due to the culture time
of mast cells in the presence of SCF and IL-6.

All types of mast cells dispersed from human tissues
and HMC-1 cells have been shown to express ICAM-1
on their surface (7-12), suggesting the possible
importance of this adhesion molecule on human
mast cells. The present study showed that after a
transient downregulation reaching a minimum at 8 h,
the expression of ICAM-1 was markedly upregulated
on PMA-treated, cord-blood-derived, cultured human
mast cells after a 24-h incubation. Since the upregula-
tion was slow, it may require de novo protein synthesis
in the cells, as observed in HMC-1 cells (12). In
contrast, the expression of VLA-4 and Mac-1 was
decreased after the incubation with PMA for 24 h.
The mechanism responsible for downregulation may
involve internalization, proteolytic cleavage of the
molecules from the cell surface, or a conformational
alteration, resulting in loss or decrease in avidity of the
epitopes recognized by the antibodies used. Although
we could not demonstrate it in the present paper,
shedding may be the mechanism responsible for
downregulation since neutral proteases might be
released from the activated mast cells. The mechanism
for the downregulation and its physiologic relevance
remains unknown so far, and further studies are
required.

Accumulation of mast cells at sites of allergic
inflammation (1), together with T cells or eosinophils,
has been demonstrated particularly in allergic rhinitis
(21), atopic dermatitis (22), and bronchial asthma
(23). Therefore, surface adhesion molecules on mast
cells may mediate a cell-contact-dependent regulatory
mechanism of mast-cell interaction with these effector
cells. On the other hand, the local delivery of
glucocorticoids to tissues has been shown to decrease
mast-cell numbers in allergic rhinitis (24), immediate
dermal allergic reaction (3), and bronchial asthma (4),
and this pharmacologic effect is believed to be one of
the mechanisms by which glucocorticoids regulate
allergic inflammation.

Although glucocorticoids have been shown to
suppress the expression of adhesion molecules on
endothelial cells (25), their effect on adhesion
molecules on cord-blood-derived, cultured human
mast cells has never been reported. The present
study showed for the first time that the upregulation
of ICAM-1 on PMA-treated, cord-blood-derived,
cultured human mast cells was inhibited by dexa-
methasone in a concentration-dependent manner.
ICAM-1 expression on PMA-treated human mast
cells was significantly decreased by dexamethasone at



the concentrations investigated as compared with the
constitutive control level. In fact, differentially
induced ICAM-1 expression has been shown to be
decreased upon exposure to dexamethasone in several
cell systems (25), and phorbol ester-induced upregula-
tion of CD18 has been shown to be decreased upon
dexamethasone treatment in a human monocytic cell
line (26). Dexamethasone has also been shown to
alter the cell-surface density of [,-integrins and
ICAM-1 on HMC-1 cells (27). Therefore, the
decreased expression of ICAM-1 on human mast
cells caused by glucocorticoids may result in the
suppression of the infiltration of mast cells in the
treatment of allergic diseases. However, our observa-
tions are limited to cord-blood-derived, cultured
human mast cells treated with PMA; functional
analysis of ICAM-1 expression was not performed
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in the present study. These points raise some
questions about their biologic relevancy, and further
experiments using specific stimulation are required.

In conclusion, we have found that cord-blood-
derived, cultured human mast cells constitutively
express integrins and ICAM-1, but not VCAM-I,
suggesting that these adhesion molecules might play a
key role in the migration of mast-cell precursors into
tissues in normal physiology and under pathologic
conditions. We also demonstrate for the first time
that dexamethasone inhibits the upregulation of
ICAM-1 on PMA-treated, cultured human mast
cells, indicating that regulation of ICAM-1 on
human mast cells may be a part of the anti-
inflammatory effect of glucocorticoids in the treat-
ment of allergic diseases.
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