
fact that the IL-4 and IL-13 receptor share a receptor sub-
unit involved in signal transduction.6 Like IL-4, but inde-
pendently of IL-4, IL-13 stimulates B-cell proliferation
in the presence of CD40 ligand (CD40L), which is tran-
siently expressed on CD4+ T-helper cells after activation,
inducing IgE and IgG4 switching, germ line IgE heavy-
chain (ε) transcription, and CD23 (low-affinity IgE
receptor) expression.7-9 IL-13 also upregulates the
expression of CD23 and major histocompatibility class II
antigen on monocytes and downregulates the proinflam-
matory cytokine production by monocytes.5

Bronchial asthma is characterized by the presence of
inflammatory cells in the bronchial mucosa, which consist
of activated T cells, mast cells, and eosinophils.10-12 Sever-
al studies have demonstrated a predominance of IL-4 and
IL-5 mRNA expression in bronchoalveolar lavage T cells in
bronchial asthma and a polarization of the cytokine profile
to a TH2 pattern.13,14 Cytokines produced by T cells have
been suggested to play a key role in initiating and maintain-
ing the inflammatory infiltrate observed in the lung in both
atopic and nonatopic asthma.14-15 Bradding et al.16,17

demonstrated that IL-4 was mainly produced by mast cells
in asthmatic bronchial mucosa, suggesting a major role of
mast cells in IgE production in bronchial asthma. Mast cells
have also been considered as an important source of inflam-
matory cytokines,18-21 the profile of which resembles that of
type 2 helper T cells. Recently, Burd et al.22 reported IL-
13–like bioactivity in murine bone marrow–derived cul-
tured mast cells and the mouse C1.MC/C57.1 mast cell line.
However, we do not yet have direct evidence for the gene
expression and production of IL-13 by human mast cells.

In the treatment of allergic diseases, including bronchial
asthma, glucocorticoids are widely used as a most effec-
tive agent. Glucocorticoids inhibit the synthesis of several
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Background: IL-13 has been shown to induce IgE production in
B cells by promoting class switching to IgE. Mast cells are
known to play an important role in the pathogenesis of allergic
diseases. We evaluated the ability of human mast cells to produce
IL-13 using human mast cell line HMC-1 and freshly isolated
lung mast cells and then examined the effect of dexamethasone
on the gene expression and production of IL-13 by these cells.
Methods: HMC-1 cells and lung mast cells were cultured with
10 ng/ml phorbol 12-myristate 13-acetate (PMA) and 1 µmol/L
ionomycin and with 5 µg/ml phytohemagglutinin (PHA) and
10 ng/ml PMA, respectively, in the presence of dexamethasone.
The gene expression of IL-13 at 3 hours (HMC-1 cells) or 12
hours (human lung mast cells) after stimulation was assessed
semiquantitatively by sequential reverse transcription-poly-
merase chain reaction and Southern blot analysis. IL-13 pro-
duction at 12 hours after stimulation was assayed by ELISA.
Results: The gene expression of IL-13 by HMC-1 cells and human
lung mast cells, which was detected at a low level in an unstimu-
lated condition, was increased by PMA/ionomycin and sup-
pressed by dexamethasone. The supernatant of HMC-1 cells and
human lung mast cells showed a low level of IL-13, which was
increased by the stimulation and suppressed by dexamethasone.
Conclusion: These findings indicate that HMC-1 cells and
human lung mast cells produce IL-13 and that dexamethasone
suppresses the production of IL-13 by these cells through an
inhibitory action on the gene expression. (J Allergy Clin
Immunol 1998;102:134-42.)

Key words: IL-13, dexamethasone, mast cells, RNA

Allergen-specific IgE antibodies play a central role in
mediating allergic reactions, including atopic bronchial
asthma. IgE induction by B cells requires the cognate
interaction of B cells with T cells, as well as soluble fac-
tors such as IL-4. IL-4 plays a critical role in the switch-
ing of B cells to produce IgE and may therefore be of
importance in the development of atopy.1,2 IL-13 is a
cytokine derived from T cells that is a potent modulator
of human monocytes and B-cell function.3-5 IL-13 shares
many properties with IL-4, which is attributable to the
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cytokines, such as IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-8,
IL-10, granulocyte-macrophage colony-stimulating factor,
interferon-γ, and tumor necrosis factor (TNF)-α and TNF-
β by lymphocytes and monocytes.23-32 However, some
cytokines, such as macrophage colony-stimulating factor,
are not suppressed by glucocorticoids.29 Spahn et al.33

reported that the expression of IL-13 was downregulated in
human bronchoalveolar lavage cells after treatment with
prednisone. In a mouse mast cell line, dexamethasone was
reported to suppress TNF-α mRNA and activity.34

The purposes of this study are to determine whether
human mast cells express IL-13 gene and protein, and if
so, how dexamethasone influences the gene expression
and production of IL-13 in human mast cells.

METHODS

Cell preparation

Cell line. The human mast cell line HMC-1 was a generous gift
from Dr. J. H. Butterfield (Mayo Clinic, Rochester, Minn.).35

HMC-1 cells were maintained in Iscove’s Modified Dulbecco’s
Medium (Gibco, Grand Island, N.Y.) supplemented with 10%
(vol/vol) fetal bovine serum (Gibco), 2 mmol/L L-glutamine, 100
U/ml penicillin G, 10 mg/ml streptomycin, and 1.2 mmol/L α-thio-
glycerol (Sigma Diagnostics, St. Louis, Mo.). HMC-1 cells were
suspended at a concentration of 5 × 105 cells/ml in the culture medi-
um. HMC-1 cells were preincubated for 1 hour in each well of 24-
well plates (Costar, Cambridge, Mass.) with or without dexametha-
sone (Banyu, Japan). HMC-1 cells were then incubated for up to 18
hours with the combination of 10 ng/ml phorbol 12-myristate 13-

FIG. 1. Effect of number of PCR cycles on amplification of IL-13 cDNA. Different amounts of same cDNA template were amplified for 15 to 32
cycles with IL-13–specific primers. There was a linear relationship between level of amplified IL-13 cDNA fragment and amount of template at
15 to 26 cycles, but not at more than 29 cycles.
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acetate (PMA) (Sigma) and 1 µmol/L ionomycin (Sigma) at 37° C
in a humidified atmosphere of 5% CO2 in air.

Human lung mast cells. Human lung tissue fragments were
obtained from the rim of normal tissue resected during surgery
for bronchogenic carcinoma. The preparation of human lung
mast cells was performed by an enzymatic procedure described
previously.36 Briefly, the tissue was minced and subjected to
enzymatic digestion with 1.5 mg/ml collagenase (Sigma) and
0.75 mg/ml hyaluronidase (Sigma). Human lung mast cells were
purified by positive affinity selection with the use of an anti-c-
kit monoclonal antibody YB5.B8 (Pharmingen, San Diego,
Calif.). The cells were treated for 30 minutes at 4° C with the
anti-c-kit monoclonal antibody YB5.B8, washed twice in Hanks

balanced salt solution (Gibco) and 2% fetal bovine serum, and
then incubated for 30 minutes at 4° C with goat anti-mouse IgG
Dynabeads M-450 (Dynal). The suspension was then exposed to
a magnetic particle concentrator (MPC-1, Dynal) for 3 minutes.
The purified cells were washed four times with the magnet. The
final purities of the lung mast cells were greater than 93% as
determined by toluidine blue staining. Purified mast cells were
resuspended in a culture medium consisting of Dulbecco’s mod-
ification of Eagle’s medium (Gibco) supplemented with 10%
(vol/vol) fetal bovine serum, 2 mmol/L L-glutamine, 100 U/ml
penicillin G, and 10 mg/ml streptomycin. Human lung mast cells
were suspended at a concentration of 1 × 106 cells/ml in the cul-
ture medium, preincubated for 1 hour in each well of 24-well

FIG. 2. Time course of IL-13 cDNA in HMC-1 cells stimulated with PMA and ionomycin. A, Southern blot analysis of PMA/ionomycin-stimulat-
ed HMC-1 cells. PMA/ionomycin caused rapid increase in IL-13 cDNA, which peaked at 2 hours and then decreased rapidly thereafter. B, Time
course of IL-13 cDNA increase determined by image analyzer. Radioactivity of IL-13 cDNA band is normalized by that of β-actin cDNA band and
is shown as percent of each PMA/ionomycin-stimulated value. Peak was observed between 1 and 3 hours, and it decreased thereafter.
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FIG. 3. The effect of dexamethasone on the PMA/ionomycin-stimulated expression of IL-13 gene in HMC-1 cells. A, Southern blot analy-
sis. Length of amplified products was 501 bp and 1017 bp for IL-13 cDNA and β-actin cDNA, respectively. B, Effect of dexamethasone on
PMA/ionomycin-stimulated expression of IL-13 gene determined by image analyzer. PMA/ionomycin significantly increased level of IL-
13 cDNA, and dexamethasone significantly suppressed it by 68% at 10–6 mol/L. Radioactivity of IL-13 cDNA band is normalized by that
of β-actin cDNA band and is shown as percent of each PMA/ionomycin-stimulated value. Each point represents mean ± SEM of four
experiments. ***p < 0.001 compared with PMA/ionomycin-stimulated value.
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plates with or without dexamethasone, and then incubated for 12
hours with the combination of 10 ng/ml PMA and 1 µmol/L ion-
omycin at 37° C in a humidified atmosphere of 5% CO2 in air.

Assay for IL-13 release

After culture of the HMC-1 cells and human lung mast cells
for 12 hours, the cell suspensions were centrifuged and the
cell-free supernatant fractions were assayed for IL-13 protein
by ELISA (Bender MedSystems, Austria), which has no cross-
reactivity with other proteins. The sensitivity of the assays was
1.56 pg/ml for IL-13.

Reverse transcription–polymerase chain

reaction
Total RNA was isolated by lysing the cells in Isogene (Nippon

gene, Japan) following the manufacturer’s protocol and quantified
by measurement of absorbance at 260 nm. Total RNA (0.5 µg) was
converted to first-strand cDNA with oligo-dT primer and Moloney
murine leukemia virus reverse transcriptase (Gibco) according to
the supplier’s instructions and was then diluted to 100 µl. The
primer sequences used in polymerase chain reaction (PCR) for the
IL-13 cDNA were 5´-AAGCCACCCAGCCTATGCATCC-3´ and
5´-TCAATAGTCAGGTCCTGTCTCT-3´, with an amplified cDNA
size of 501 base pairs (bp). The primer sequences for the β-actin
cDNA were 5´-ATGGGTCAGAAGGATTCCTAT-3´ and 5´-
TGACTTAGTTGCGTTACAC-3´, with an amplified cDNA size of
1017 bp. A portion of the cDNA synthesis reaction volume (1⁄25) was
combined at a final volume of 20 µl for PCR amplification by using
one or two sets of primers and 0.48 units of Tth DNA polymerase
(Toyobo, Japan). For semiquantitative analysis of IL-13 mRNA,
PCR was performed for 20 cycles, each cycle consisting of denatu-

ration at 94° C (1 minute), annealing at 54° C (1 minute), and elon-
gation at 72° C (3 minute), which we have previously shown to be
capable of semiquantitative analysis.28

Southern blot analysis

The PCR-amplified products were electrophoresed on 1%
agarose gels in Tris-acetic acid–ethylenediamine tetraacetic acid
buffer and transferred to nylon membranes (Hybond N+; Amer-
sham, Arlington Heights, Ill.). Hybridization was carried out in a
solution with a final concentration of 5× sodium sulfate phosphate
ethylenediamine tetraacetic acid buffer (SSPE), 5× Denhardt’s
solution, 0.5% sodium dodecylsulfate (SDS), 20 µg/ml denatured
salmon sperm DNA, and 5 × l05 cpm/ml of 32P-labeled IL-13 or
β-actin oligonucleotide probe for 14 hours. After hybridization,
the membranes were washed once in 2× SSPE/0.1% SDS for 5
minutes, three times in 1× SSPE/0.1% SDS at room temperature
for 10 minutes, and once in 1× SSPE/0.1% SDS at 50° C for 10
minutes. Autoradiography was performed by exposing RX film
(Fuji Photo Film Co., Japan) to the washed membranes. We also
exposed an imaging plate (Fuji Photo Film Co.) to the membranes.
The cDNA levels were calculated on the basis of the hybridization
signals on the imaging plate by a Fujix Bio-Image Analyser BAS
2000 (Fuji Photo Film Co.). The β-actin cDNA levels showed sim-
ilar levels. The IL-13 cDNA levels were normalized by the β-actin
cDNA levels, which are shown as percentages of each stimulated
level. We evaluated the suppressive effect of dexamethasone as the
rate of the suppressed IL-13 cDNA level to the level stimulated by
PMA/ionomycin or phytohemagglutinin (PHA)/PMA. Oligonu-
cleotide probes, specific for a sequence internal to the primers
used in the amplification, were labeled at the 5´ end by polynu-
cleotide kinase (Gibco) and [32P]ATP (Amersham), according to

FIG. 4. Dose-response of dexamethasone on PMA/ionomycin-stimulated expression of IL-13 gene in HMC-1 cells. Radioactivity of IL-13
cDNA band is normalized by that of β-actin cDNA band and is shown as percent of each PMA/ionomycin-stimulated value. Level of IL-13
cDNA was suppressed with increasing concentrations of dexamethasone.
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the manufacturer’s recommendation. The oligonucleotides used to
detect IL-13 and β-actin were 5´-CCACCTCGATTTTGGTGTCT-
3´ and 5´-GATGACCCAGATCATGTTTG-3´, respectively.
Probes were separated from nonincorporated nucleotides by pas-
sage over a sephadex G25 column (Quick Spin Column;
Boehringer Mannheim, Germany).

Statistical analysis

Data are expressed as means ± SEM. For mean comparisons,
one-way analysis of variance or unpaired two-tailed Student’s t test
was used. Differences were considered statistically significant at p
values less than 0.05.

RESULTS

Quantitative analysis of IL-13 mRNA expression

We first examined whether IL-13 gene was expressed
in human mast cell line HMC-1 by PCR for 30 cycles.
We incubated HMC-1 cells for 12 hours in the absence
or presence of the combination of 10 ng/ml PMA and 1
µmol/L ionomycin at 37° C. The IL-13 cDNA fraction
amplified band was observed in unstimulated HMC-1
cells and was increased with PMA/ionomycin stimula-
tion by PCR, followed by electrophoresis on agarose
gels with ethidium staining (data not shown). To analyze
IL-13 gene expression semiquantitatively, we first deter-
mined the number of PCR cycles at which the saturation
of amplification started, as we reported previously.28

Briefly, the first-strand cDNA sample from which the
cDNA band was mostly amplified after 26 PCR cycles
was used. Different amounts of the same cDNA tem-
plate were amplified for 15 to 32 cycles by using IL-13–
and β-actin–specific primers. Each PCR product was
electrophoresed, transferred to nylon membranes, and
subjected to hybridization by using the 32P-labeled IL-
13 or β-actin oligonucleotide probe. There was a linear
relationship between the level of the amplified IL-13
cDNA fragment and the amount of the template at 15 to
26 cycles, but not at more than 29 cycles (Fig. 1). Simi-
larly, there was a linear relationship between the level of
the amplified β-actin cDNA fragment and the amount of
the template at 15 to 29 cycles, but not at 32 cycles (data
not shown). Two independent experiments were per-
formed with the same results. Therefore we amplified
IL-13 and β-actin cDNA fragments for 20 cycles, at
which the target cDNA is linearly amplified.

Kinetics of IL-13 mRNA expression by

HMC-1 cells

To examine the time course of IL-13 mRNA expres-
sion by HMC-1 cells, HMC-1 cells were stimulated
with 10 ng/ml PMA and 1 µmol/L ionomycin for 1, 2,
3, 4, 6, 12, and 18 hours. Fig. 2, A shows the time
course of IL-13 cDNA by PMA/ionomycin-stimulated
HMC-1 cells. The IL-13 cDNA band was faintly
observed in unstimulated HMC-1 cells. PMA/iono-
mycin caused a rapid increase in IL-13 cDNA that
peaked at 2 hours and then decreased rapidly there-
after. With the use of a bio-image analyzer (BAS 2000,
Fuji Photo Film Co) we calculated the intensities of IL-
13 and β-actin cDNA bands. The levels of IL-13 cDNA

FIG. 5. A, Effect of dexamethasone on PMA/ionomycin-stimulat-
ed expression of IL-13 gene in freshly isolated human lung mast
cells. IL-13 cDNA band was observed without stimulation. When
stimulated with 10 ng/ml PMA and 1 µmol/L ionomycin, thick
band was identified. Intensity of band was decreased with 10–6

mol/L dexamethasone. B, Effect of dexamethasone on IL-13 pro-
duction in PMA/ionomycin-stimulated human lung mast cells.
Unstimulated human lung mast cells produced low level of IL-13.
With PHA/ionomycin–stimulation, level of IL-13 was increased,
and level was suppressed by dexamethasone. Mean value of two
experiments is shown.
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were normalized by the levels of β-actin cDNA. The
IL-13 cDNA was detected even without stimulation.
Activation of HMC-1 with PMA/ionomycin increased
the level of IL-13 cDNA by 34 orders of magnitude
(Fig. 2, B). The peak was observed between 1 and 3
hours and decreased thereafter. Two independent
experiments were performed with similar results.
Therefore for estimation of the effect of dexametha-
sone on IL-13 mRNA expression, we incubated HMC-
1 cells for 3 hours in the presence of 10 ng/ml PMA
and 1 µmol/L ionomycin after 1 hour of preincubation
with dexamethasone.

The effect of dexamethasone on IL-13 mRNA

expression and production by HMC-1 cells

Fig. 3, A shows one of the autoradiographs of
PMA/ionomycin-stimulated HMC-1 cells, illustrat-
ing the effect of dexamethasone. The IL-13 cDNA
band was faintly observed without stimulation. When
stimulated with 10 mg/ml PMA and 1 µmol/L iono-
mycin, a thick band was observed, and the intensity
of the band was decreased with 10–6 mol/L dexam-
ethasone. As shown in Fig. 3, B, PMA/ionomycin
significantly increased the level of IL-13 cDNA, and
dexamethasone significantly suppressed it by 68% at
10–6 mol/L (n = 4, p < 0.001). The level of IL-13
cDNA was suppressed with increasing concentra-
tions of dexamethasone. The high concentration of
10–5 mol/L dexamethasone showed no further sup-
pression of IL-13 cDNA (Fig. 4).

IL-13 protein at 22 ± 2 pg/ml was observed in the
supernatant of unstimulated HMC-1 cells and signifi-
cantly increased to 164 ± 12 pg/ml when stimulated with
PHA and ionomycin (n = 3, p < 0.01). This increased
level was significantly suppressed to 77 ± 29 pg/ml with
10–6 mol/L dexamethasone (n = 3, p < 0.05).

The effect of dexamethasone on IL-13 mRNA

expression and production by human lung

mast cells

In freshly isolated human lung mast cells, a faint
band of IL-13 cDNA was observed without stimula-
tion. When stimulated with PMA and ionomycin, the
intensity of the band was increased, and it was
decreased with 10–6 mol/L dexamethasone (Fig. 5, A).

A low level of IL-13 protein (23 pg/ml) was identi-
fied in the supernatant of human lung mast cells. When
stimulated with PHA and ionomycin, human lung mast
cells produced 250 pg/ml of IL-13, which was sup-
pressed to 75 pg/ml (Fig. 5, B). These concentrations
are the mean values of two experiments.

DISCUSSION

In these experiments we demonstrated that the IL-
13 gene was expressed in stimulated HMC-1 cells
and freshly isolated lung mast cells with PMA/iono-
mycin and was also detected at a low level even with-
out stimulation. Furthermore, we showed IL-13 pro-

duction by HMC-1 cells and freshly isolated lung
mast cells. Although Burd et al.22 reported IL-
13–like bioactivity in murine bone marrow–derived
cultured mast cells and the mouse C1.MC/C57.1
mast cell line, the specificity of IL-13–like bioactiv-
ity was not confirmed by a neutralizing experiment
with anti-IL-13 antibody. We definitely demonstrated
IL-13 production by HMC-1 cells and human lung
mast cells using sandwich ELISA, which has no
cross-reactivity with other proteins. Mast cells were
shown to not only produce IL-4 but also to express
CD40L. They were also shown to induce IgE produc-
tion by B cells even in the absence of T cells.37 Our
experiment demonstrated that human mast cells pro-
duce IL-13, suggesting a possible role of mast cells
to induce IgE by producing IL-13, as well as IL-4.

The kinetic study indicated that the increase in IL-13
mRNA could be detected 1 hour after PMA/ionomycin
stimulation, reaching its maximum at between 1 and 3
hours and then falling rapidly. Zurawski and de Vries38

reported that IL-13 mRNA expression in stimulated T
cells persisted at high levels through 72 hours after
stimulation. We observed that the IL-13 mRNA level in
peripheral blood mononuclear cells at 12 hours after
stimulation by PHA/PMA did not differ from that at 3
hours (unpublished data). This is in accordance with
their observation. However, the time course of IL-13
mRNA in HMC-1 cells when stimulated with
PMA/ionomycin was different from that in T cells.
This may have resulted from the difference in culture
conditions, including stimulation or a different mecha-
nism of IL-13 mRNA expression.

Next, we demonstrated glucocorticoid inhibition of
IL-13 gene expression and production by HMC-1 cells
and lung mast cells. In a mouse mast cell line, it was
reported that dexamethasone suppressed TNF-α
mRNA and its activity.34 Our experiments using human
mast cell line HMC-1 and lung mast cells indicated
that dexamethasone suppressed IL-13 gene expression
in these cells. Dexamethasone suppressed the level of
IL-13 cDNA by PMA/ionomycin-stimulated HMC-1
cells in a dose-dependent manner. Almost maximum
suppression was achieved at 10–6 mol/L. The higher
concentration of 10–5 mol/L dexamethasone showed no
further suppression of IL-13 cDNA. The concentration
that would result in 50% inhibition was calculated to
be 7 × 10–8 mol/L. In these experiments, dexametha-
sone partially suppressed IL-13 mRNA and had less
effect on the production of IL-13. The levels of IL-13
mRNA and IL-13 protein were assessed at 3 and 12
hours after stimulation, respectively, to get these max-
imal reactions. The former means the transient levels
of IL-13 mRNA at 3 hours, and the latter means the
cumulative amount of IL-13 protein secreted for 12
hours. The smaller effect on the production of IL-13
may come from this difference in incubation time. It is
particularly important that IL-13 gene expression was
significantly suppressed by dexamethasone in a dose
range of 10–8 to 10–6 mol/L, which was similar to that
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which might be achieved after therapeutic administra-
tion of corticosteroids.39-41

Glucocorticoid receptor complex inhibits the tran-
scription of cytokine genes through direct binding to the
glucocorticoid response elements or through antagonism
of the action of transcription factors responsible for
mediating cytokine expression, such as activator pro-
tein-1 (AP-1), nuclear factor-κB (NF-κB), and nuclear
factor of activated cell (NF-AT).23 A candidate AP-1
binding site was reported to be located in the promotor
region of the human and mouse IL-13 gene.42 Therefore
it is expected that glucocorticoids directly suppress IL-
13 gene transcription by inhibiting the transcriptional
activity of AP-1. However, further mechanisms, such as
the decrease in the stability of IL-13 mRNA, cannot be
ruled out. The decrease in the stability of IL-1β mRNA
and IL-2 mRNA by glucocorticoids has been report-
ed.25,43 Because dexamethasone suppressed the gene
expression of IL-13 more strongly than the production,
the inhibition of IL-13 gene expression is likely the most
important process in the inhibition of IL-13 production.
However, other processes occurring at the translational
and secretional levels may further contribute to control-
ling IL-13 production. It is an important step for the next
study to elucidate the molecular mechanisms of the sup-
pressive effect of glucocorticoid on IL-13 gene expres-
sion and to determine the possible role that the suppres-
sion of IL-13 production by glucocorticoids may have in
the treatment of allergic diseases.

In conclusion, this report indicates that human mast
cells produce IL-13 and that glucocorticoids suppress
the gene expression and production of IL-13 by human
mast cells. These findings suggest that mast cells play
a role in allergic inflammation by producing IL-13 and
that the suppression of IL-13 production by glucocorti-
coids is one of the mechanisms by which glucocorti-
coids suppress allergic inflammation in the treatment
of allergic diseases, including bronchial asthma.

We thank Mr. Brent Bell for reading the manuscript.
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