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Original article

Mast cells express IL-13Ral: IL-13 promotes human lung mast cell

proliferation and FceRI expression

Background: The Th2 cytokine interleukin (IL)-13 is implicated in the develop-
ment of various allergic diseases including asthma. The 1L-13 receptor, IL-
13Ral, is expressed on most leukocytes, except T-cells. Evidence to support I1L-
13Ral expression on mast cells is limited.

Methods: We investigated: (i) IL-13Ral expression by human lung mast cells
(HLMC); (i1) the number of IL-13Ral + bronchial submucosal mast cells in
subjects with asthma and normal controls and (iii) the effect of IL-13 priming on
HLMC expression of high-affinity IgE receptor (FceRI), stem cell factor receptor
(CD117), histamine release, proliferation, and survival.

Results: Human lung mast cell expressed IL-13Ral mRNA. IL-13Ral was
highly expressed on the surface HLMC (82 £+ 9%). Bronchial submucosal mast
cell IL-13Ral expression was higher in asthmatics (86 + 2%) than normal
controls (78 £ 2%; P = 0.015). IL-13 priming for 30 min did not increase
HLMC histamine release, in the presence or absence of SCF or in response to
IgE/anti-IgE activation. IL-13 priming for 5 days upregulated HLMC FceRI
expression (22% increase in fluorescent intensity; P = 0.003), increased hista-
mine release following IgE/anti-IgE activation by 56% (P = 0.03) and increased
proliferation by 50% (P = 0.003) without affecting cell survival or CD117
expression. The IL-13 specific neutralizing antibody CAT-354 inhibited all IL-13
mediated effects.

Conclusion: Human lung mast cell express IL-13Ral and activation by IL-13 for
5 days increased FceRI expression and proliferation. Histamine release was not
affected by short-term priming with IL-13, but was upregulated by priming for
5 days suggesting that this effect was mediated by the increased FceRI expres-
sion. These data support the view that targeting IL-13 may be beneficial in the
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The Th2 cytokine interleukin (IL)-13 has been implicated
in the immunopathogenesis of various allergic diseases
including asthma (1). IL-13 has pleiotropic effects on a
wide variety of cell types relevant to allergic disease,
playing important roles in the regulation of IgE synthesis
(2), induction of adhesion molecules (3, 4) and chemokine
expression (1). In particular, animal models of allergic
lung inflammation have provided compelling evidence
that IL-13 plays a pivotal role in the development of
cardinal features of allergic asthma including airway

hyperresponsiveness, remodelling and eosinophilic
inflammation (1).
Interleukin-13 mediates its effects predominately

through activation of a receptor complex comprised of

Abbreviations: HLMC, human lung mast cell; HMC-1, human mast
cell line; HASM, human airway smooth muscle; SCF, stem cell
factor.

IL-4Ra and an IL-13 binding subunit IL-13Ral (5). IL-
13Ral is expressed on the surface of most leukocytes,
except T cells, as well as airway smooth muscle (ASM)
(6, 7), fibroblasts (6, 8) and bronchial epithelial cells (6, 9).
Mast cells play a significant role in the pathophysiology
of asthma through their immunomediator-secretory
activities (10). However, there are no reports of IL13Ral
mRNA or protein expression by primary human mast
cells. In asthma mast cells are microlocalized within the
ASM bundle. Interactions between mast cells and ASM
are likely to be pivotal in the development of airway
hyperresponsiveness (11). Hence it is important to deter-
mine whether mature human mast cells express functional
IL-13Ral as mast cell activation by IL-13 may have
important implications for airway hyperresponsiveness in
asthma.

In this study we have investigated the expression of
IL-13Ral by mast cells in bronchial biopsies and ex vivo
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HLMC and examined the effects of IL-13 priming on
HLMC FceRI expression, histamine release, proliferation
and survival.

Materials and methods
Bronchial tissue samples

Subjects were recruited from patients and staff at Glenfield Hospi-
tal, Leicester. Subjects with asthma (n = 7) gave an appropriate
history and had one or more of methacholine airway hyperre-
sponsiveness (PC20FEV1 <8 mg/ml), >15% improvement in
FEV1 10 min after 200 pug inhaled albuterol and PEF >20%
maximum within day amplitude from PEF recordings over 2 weeks.
Asthmatics were treated with B2 agonists alone. Normal subjects
(n = 7) were asymptomatic with normal airway physiology. All
subjects had either never smoked or were ex-smokers for at least
6 months with <5 pack/year history. Clinical characteristics are
shown in Table 1. The study was approved by the Leicestershire
Ethics Committees and patients gave written informed consent.

Subjects had spirometry, methacholine challenge test and allergen
skin prick tests to Dermatophagoides pteronyssinus, cat and dog fur,
grass pollen and Aspergillus fumigatus. One-week later, subjects
underwent fibreoptic bronchoscopy and biopsies were immediately
transferred into ice-cooled acetone containing the protease inhibi-
tors iodoacetamide (20 mM) and phenylmethylsulphonyl flouride
(PMSF) (2 mm) for fixation (Sigma, Dorset, UK), stored at —20°C
for 24 h, and processed into the water-soluble resin, glycolmetha-
crylate (GMA) (Polysciences, Northampton, UK) (12).

Mast cell isolation

Human lung mast cells (HLMC) were dispersed from macroscopi-
cally normal lung obtained within 1 h of resection for lung cancer
(16 donors) and purified using immunomagnetic affinity selection
with antimouse IgG1 magnetic beads coated with the mouse anti-c-
kit mAb YB5.B8 (BD, Oxfordshire, UK) as described previously
(13). A typical lung sample provided a yield of 0.1-0.5 x 10°
HLMC/g of lung. The HLMC purity ranged between 98% and
100%. Cells were cultured in DMEM (Invitrogen Life Technol-
ogies, Scotland), 10% FBS supplemented with stem cell factor
(SCF) (100 ng/ml), IL-10 (10 ng/ml) and IL-6 (50 ng/ml, all sup-
plied by R&D Systems, Oxfordshire, UK).

Human airway smooth muscle cells

Pure ASM bundles were dissected free from airway obtained at
surgery for carcinoma and grown as explants in DMEM, 10% FBS.

Table 1. Subject Characterisation

Normal Asthma

Number 7 7

Age* 374 42 £5

Male 3 4

Atopy 2 5

PC20FEV1 (mg/ml)T >16 2.0 (0.6-4.4)
FEV1 percentage predicted™ 98 +3 94 +3
FEV1/FVC %* 82+2 78 +2

*Mean + SEM.
‘+Geometric mean (range).
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ASM characteristics were confirmed by immunofluorescence. Cells
were stained with mAb a-smooth muscle actin-FITC (clone 1A4
Sigma). Human airway smooth muscle cells (HASM) was used as a
positive control for IL-13Ral expression (passages 3—6).

Reverse transcriptase-polymerase chain reaction (RT-PCR) ana-
lysis of IL-13Ral expression by ex vivo HLMC and HASM cells.
Total cellular RNA was extracted from HLMC (1-1.5 x 10°%) or
HASM (2-2.5 x 10°%) following lysis with Trizol according to the
manufacturer’s instructions (Invitogen). RNA was further purified
using DNAse treatment according to Invitrogen protocol. RT-PCR
was performed using the Omniscipt RT Kit (100 ng RNA per
reaction) (Qiagen, Sussex, UK). First strand DNA (20 ng) was then
amplified using Taq PCR Master mix Kit (Qiagen, 5 ul cDNA,
2.5 U Taq DNA Polymerase, 50 pmol primer mix, 200 um dNTP).
Amplification of cDNA encoding IL-13Ral was performed over 35
cycles with 1-min cycles of denaturation at 96°C, 1 min of annealing
at 60°C and 1 min extension at 72°C; forward-primer 5-CTCC
TTCCACAATGATGACC-3’; reverse primer, 5-GGAATTGCG
CTTCTTACCTA-3". Beta-actin was used as a positive control.
PCR products were subjected to electrophoresis on a 2% (w/v)
agarose gel (Invitrogen) and visualized by ethidium bromide
(Sigma) staining.

Sequencing IL-13Ra1 expression by ex vivo HLMC and HASM cells
purified from PCR gel

The PCR products of the predicted size (319 bp) for IL-13Ral
underwent DNA sequencing (Lak Technologies, Essex, UK).

Analysis of IL-13Rat1 cell surface expression by HLMC and HASM

HLMC IL-13Ral expression was examined in three donors. HLMC
(0.5-1 x 10°/tube) were resuspended in PBS containing bovine serum
albumin (0.5%). Cells were stained with mAb against IL-13Ral
(clone 116708, R&D) indirectly labelled with FITC (Dako, Hamburg,
Germany) and then stained directly with a conjugated mAb against
CD117-RPE (clone 104 D2, Dako). Nonspecific antibody binding
was blocked using mouse IgG (Sigma). HASM cells (three donors)
were stained indirectly with the same mAb against IL-13Ral as des-
cribed above for HLMC. Receptor expression was analysed by one or
two colour flow cytometry on a FACScan (BD, Oxford, UK).

IL-13Rat1 expression by submucosal mast cells

Bronchial mucosal biopsies from seven asthmatics and seven nor-
mal controls were cut into 2 um sections, floated on ammonia in
water (0.2% v/v) for 1 min and dried at RT for 14 h. The technique
of immunostaining applied to GMA embedded tissue has been
described previously (12). To assess co-localization of IL-13Ral
with mast cells in the bronchial submucosa sequential sections were
stained with IL-13Ral (goat polyclonal antibody, R&D) or tryptase
(clone A11l, mAb, Dako) as described previously (14).

Effect of IL-13 priming on mast cell function

The following conditions were used to assess the effect of IL-13
priming on HLMC (six donors). HLMC cultured in DMEM,
containing FBS (10%) and SCF (100 ng/ml) were treated for 5 days
with IL-13 (10 ng/ml) (R&D) alone or in combination with CAT-
354 (100 nm) (IgG4 neutralizing mAb IL-13) or CAT-251 (100 nm)
(isotypecontrol). Both CAT-354 and CAT-251 were provided by
Cambridge Antibody Technology (UK). The IL-13 concentration



used was based on previous reports establishing IL-4, -5 and -13
priming to be optimal between 5 and 20 ng/ml (15-17). On day 5,
cell culture supernatants were removed and stored for later analysis.

FceRI and CD117 expression. Human lung mast cells at day 0 and
after 5 days of priming using the conditions described above, were
stained with antibodies to FceRI (clone 3G6; Upstate Biotechno-
logy, NY, USA), indirectly labelled with FITC and then directly
CD117-RPE. Receptor expression was assessed by two-colour flow
cytometry.

Spontaneous IL-6 release. Cell supernatant IL-6 concentration from
the IL-13 priming experiments was measured by commercial ELISA
according to the manufacturer’s protocol (Caltag Systems,
Burlingame, CA, USA). The limit of detection was 1.6 pg/ml.

Cell number, viability and nuclear morphology assessment. The
number of HLMC present at day 0 and 5 days were determined
by Kimura staining using a haemocytometer; viability was assessed
by trypan blue. Cytospins were prepared from treated HLMC
samples; fixed with methanol, stained with DAPI (0.5 pg/ml)
(Sigma) for 1 min washed, mounted and then visualized under a
fluorescent microscope (Olympus, BX-70, Olympus Optical Cor-
poration, Ltd, Japan).

Histamine release after IgE/anti-IgE activation. In separate experi-
ments the effect of IL-13 on HLMC histamine release was
assessed using the following conditions: (i) HLMC (n = 3)
incubated with IL-13 (0.1-100 ng/ml) for 30 min at 37°C in the
presence and absence of SCF (100 ng/ml), (i) HLMC (n = 3)
were sensitized overnight with human myeloma IgE (2.5 pg/ml)
(Calbiochem-Novabiochem, Nottingham, UK), washed, then
incubated with IL-13 (0.1-100 ng/ml) for 30 min and acti-
vated with goat polyclonal anti-human IgE (1 : 1000 dilution)
(Sigma) for 30 min at 37°C and (iii) HLMC (n = 3) incu-
bated with IL-13 (10 ng/ml) and SCF (100 ng/ml) for 5 days
alone or in combination with CAT-354 (100 nm) (IgG4 neut-
ralizing mAb IL-13) or CAT-251 (100 nm) (isotype control)
and then sensitized and activated with IgE/anti-IgE as for
condition 2. Cells were centrifuged, supernatant removed and
pellets lysed in sterile de-ionized water for total histamine
content. Histamine was measured by radioenzymatic assay as
previously described (13). The amount of histamine released after
activation was corrected for spontaneous histamine release and
expressed as a percentage of the total histamine content for each
condition.

Cell proliferation assays. Human lung mast cells proliferation
assays were performed in 96-well plates using four further HLMC
donors. In brief, HLMC were cultured using the conditions
described above and incubated for 24 h (8-10 x 10* cells/well in
200 pl). [*H]-thymidine (37 kBq) was then added to each well, plates
cultured for a further 48 h, and cells harvested. Thymidine
incorporation was determined using the 1500 Tri Carbo, Liquid
Scintillation analyser (Tri Carbo, Berks, UK).

Statistical analysis

The number of mast cells that expressed IL-13Ral on their
surface, the number of cells in the bronchial biopsies that ex-
pressed IL-13Ral and the proportion of these cells that were co-
localized to mast cells, were normally distributed and therefore
described as the mean + SEM. FceRI expression, cell number
and thymidine incorporation were log normally distributed and

Mast cell IL-13Ra1 expression and function

described as geometric mean + log SEM. Comparisons were
made across groups of conditions by ANovA and between con-
ditions by r-tests. A value of P < (0.05 was taken as being sta-
tistically significant.

Results IL.-13Ra1 expression

RT-PCR. A PCR product of the expected size, based on the
published IL-13Ral (319 bp) coding sequence, was generated by
RT-PCR from RNA purified from HLMC and HASM (Fig. 1A,
B). DNA sequencing confirmed that these 319 bp PCR products
encoded IL-13Ral.

Flow cytometry. The mean = SEM proportion of cells
that expressed IL-13Ral on their surface was 82 £ 9%
for HLMC (n = 3) and 29 + 16% for HASM (n = 4)
(Fig. 1C-E).

Immunohistochemistry. Examples of bronchial submuco-
sal mast cells and ASM immunostained with IL13Ra1 and
tryptase are shown in Fig. 2A-D. The number of IL-
13Ral+ cells in the bronchial submucosa was signifi-
cantly increased in subjects with asthma vs controls
(46 + 4 vs 35 + 2 cellsymm?, respectively; P = 0.03;
both n = 7; Fig. 2E). The number of mast cells was very
similar between asthmatic and control subjects (31 £ 3 vs
28 + 1 cells/mm?, respectively; P = 0.4; both n = 7). The
proportion of mast cells that expressed IL-13Ral was
significantly increased in the asthmatic compared with
controls subjects (86 = 2% vs 78 + 2%, respectively;
P = 0.015; both n = 7). The number of IL-13Ral + cells
in the bronchial submucosa of atopic subjects was not
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Figure 1. Interleukin-13Ral mRNA and surface expression by
ex vivo human lung mast cells (HLMC) and human airway
smooth muscle (HASM) PCR products generated by RT-PCR
using IL-13Ral specific primers from purified RNA (A) HLMC
(three donors) and (B) HASM (three donors). The white arrow
refers to the positive control B-actin (350 bp) and the grey
arrows refer to IL-13Ral (319 bp). Cell surface IL-13Ral
expression by HLMC and HASM cells was assessed by flow
cytometry. The example dot plots illustrate (C) HLMC dot plot
for the mouse IgG1 double negative and (D) HLMC that were
CDI117+ and IL-13Ral+. The example histogram represent
(E) HASM that were IL-13Ral + (black line) plotted with the
corresponding isotype control (grey line).
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Figure 2. Interleukin-13Ral expression by mast cells in bron-
chial biopsies. Representative photomicrographs of a bronchial
biopsy from a subject with asthma stained with (A) goat im-
munoglobulins as the control (x200) and (B) IL-13Ral illus-
trating expression by airway smooth muscle (x400). The
sequential sections demonstrate in (C) tryptase + mast cells co-
localized to (D) IL-13Ral + cells (x200). (E) The number of IL-
13Ral + cells in the bronchial submucosa in subjects with
asthma and healthy controls. Closed symbols — atopic; open
symbols — nonatopic.

increased compared with nonatopic (43 £ 4 vs
39 + 4 cells/mm? P = 0.5; both n = 7; Fig. 2E).

The FceRI and CD117 expression and IL-6 release,
following IL-13 priming IL-13 priming of HLMC for
5 days upregulated cell surface expression of FceRI.
HLMC FceRI fluorescence intensity was significantly
increased in IL-13 primed cells compared with those
cultured in SCF alone (79 + 0.09 vs 65 £ 0.08, respect-
ively; 22% increase; P = 0.003; n = 6; Fig. 3A). This IL-
13-induced response was significantly inhibited by IL-13
neutralizing but not isotype control antibody (P = 0.001,
n = 4; Fig. 3A). In contrast, CD117 expression was not
upregulated by IL-13 priming and fluorescence intensity
was similar in IL-13 primed cells compared with those
cultured in SCF alone (144 + 0.1 vs 139 £ 0.11, respect-
ively) and was not affected by either IL-13 neutralizing or
isotype control antibody.
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Figure 3. Human lung mast cells (HLMC) FceRI upregulation
and increased histamine release after interleukin-13 priming. (A)
Bar graph of change in HLMC (six donors) FceRI expression
presented as geometric mean = SEM percentage change in
fluorescence intensity after 1L-13 priming with SCF, in the
presence or absence of IL-13 neutralizing antibody CAT-354 or
isotype control CAT-251 compared with SCF alone. (B) Indi-
vidual data points for percentage histamine release by HLMC
following IgE/anti-IgE activation (three donors, each donor is
represented by a different symbol) after IL-13 priming with the
same conditions as for (A).

Human lung mast cells release of the mast cell survival
factor IL-6 was not upregulated by IL-13 priming. Total
IL-6 secretion was similar between IL-13 primed and
SCF-alone treated HLMCs (14 + 8 ng vs 19 + 11 ng/
10° HLMC, respectively; P = 0.2, n = 4) and was not
affected by IL-13 neutralizing or isotype control antibody
(20 ng/10° HLMC, respectively; P = 0.3).

Histamine release by IL-13 primed HLMC after IgE/anti-IgE
activation

Histamine release was not increased above spontancous
secretion (4.5 £ 2.2%; n = 3) following incubation for
30 min with IL-13 (0.1-100 ng/ml) alone (P = 1.0) or in



combination with SCF (P = 0.99) for any of the concen-
trations of IL-13 tested. As expected IgE/anti-IgE acti-
vation significantly increased histamine release above
spontaneous secretion (14 + 1.0%; P = 0.049; n = 3),
but this was not affected by incubation with IL-13
(P = 0.53). Histamine release in response to IgE/anti-IgE
activation was significantly higher in HLMC primed for
5 days with IL-13 in combination with SCF than in cells
treated with SCF-alone suggesting that 1L-13 mediated
increase in FceRI expression had functionally relevant
consequences (13 + 3% wvs 20 + 4%, respectively;
56 £ 10% increase; P = 0.03; n = 3). IL-13 mediated
enhanced histamine release was significantly inhibited by
IL-13 neutralizing but not isotype control antibody
(15 £ 4% vs 19 + 4.3%; P = 0.03) (Fig. 3B).

IL-13 priming promotes HLMC proliferation, but not survival

Culture in media with SCF for 5 days did not induce
HLMC proliferation [(18 + 0.05) x 10° cells at day 0 vs
(22 + 0.13) x 10° cells at day 5; P =0.5; n=6]. In
contrast, IL-13 priming induced HLMC proliferation
[(33 £ 0.12) x 10° cells vs (22 + 0.13) x 10* cells cul-
tured in SCF alone; 50% increase; P = 0.003; n = 6;
Fig. 4A]. The proliferative effect of IL-13 priming was
reduced by IL-13 neutralizing antibody but not isotype
control antibody (P = 0.021; n = 3; Fig. 4B). Prolifer-
ation was also assessed by measurement of thymidine
incorporation. IL-13 priming increased thymidine incor-
poration compared with SCF alone (2143 £+ 0.4 cpm vs
1936 £ 0.1 cpm, respectively; 11% increase; P = 0.04;
n = 4). This increased thymidine incorporation induced
by IL-13 priming could be decreased by IL-13 neutral-
izing but not isotype control antibody (1746 £ 0.4 cpm
vs 2198 £+ 0.4 cpm, respectively; P = 0.032; n = 4). In all
of the proliferation experiments the purity of the HLMC
were >98% before and after stimulation.
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Figure 4. Human lung mast cells (HLMC) proliferation medi-
ated by interleukin (IL)-13 HLMC number after (A) IL-13
priming (six donors) and (B) inhibition of this priming effect by
the IL-13 neutralizing antibody (CAT-354) compared with iso-
type control (CAT-251) (three donors). Bar graphs represent the
geometric mean £ SEM. *P < 0.05 (ANOVA).
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IL-13 priming did not affect the proportion of live
HLMC as measured by trypan blue (data not shown) and
did not affect the proportion of HLMC exhibiting
features of apoptosis compared with SCF alone
(9.5 £ 2%; vs 10 £ 1%; P=0.8; n=3 (data not
shown).

Discussion

We report for the first time that ex vivo HLMC and
human mast cells in bronchial biopsies express the 1L-13
receptor IL-13Ral. IL-13 priming of mast cells for 5 days
upregulated expression of the high affinity IgE receptor,
FceRI and enhanced HLMC proliferation without affect-
ing mast cell survival. 1L-13 did not result in an
immediate increase in histamine release, but interestingly
after IL-13 priming for 5 days histamine release in
response to IgE/anti-IgE activation was upregulated
suggesting that this functional response may have been
mediated by increased FceRI expression. An IL-13
specific neutralizing antibody, CAT-354, but not isotype
control, inhibited all IL-13 induced responses. Together
these findings demonstrate that HLMC express func-
tional IL-13Ral and that secretion of IL-13 by mast cells
or other cells may be an important cofactor in the
activation and proliferation of lung mast cells.

In asthma IL-13 is elevated in bronchoalveolar lavage,
bronchial biopsies and sputum (18-20). Preclinical studies
show that IL-13 plays a central role in many of the
pathophysiological abnormalities characterizing asthma
(1) including development of eosinophilic airway inflam-
mation, mucus hypersecretion and airway hyperrespon-
siveness. Several cell types have been described as
important sources of IL-13 including T-lymphocytes
(18, 19, 21), mast cells (14, 22), eosinophils (20, 23) and
basophils (24). Importantly in asthma mast cells are the
only inflammatory cell localized within the ASM bundle
(11). The number of mast cells in the ASM bundle is
positively correlated with the degree of airway hyperre-
sponsiveness. Therefore IL-13 is upregulated in the
airways of subjects with asthma and this cytokine has
the potential to modulate the function of many cell types
including the mast cell.

Prior to this study there was no direct evidence that
primary human mast cells express IL-13Ral. There is
evidence to suggest that the human mast cell line
(HMC-1) has a functional IL-13 receptor as IL-13
activation leads to increased expression of c-fos and
intercellular adhesion molecule-1 (16, 17). However,
HMC-1 is an immature mast cell line that does not
express FceRI limiting its value in investigating the
effects of IL-13 priming on mast cell function (25).
Literature on IL-13Ral expression by mast cells from
other species is conflicting. IL-13Ral mRNA expression
has been seen in one of two dog mastocytoma cell line
(26) but not in murine bone marrow-derived mast cells
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(27). Here we report several lines of evidence that
demonstrate, for the first time, that human mast cells
express IL-13Ral. We found that HLMC express IL-
I3Ral mRNA. Moreover, IL-13Ral was highly
expressed on the surface of HLMC. In bronchial
biopsies we found that the proportion of mast cells that
were co-localized to IL-13Ral was similar to the
proportion of ex vivo human lung mast cells that
expressed IL-13Ral on their surface. Interestingly the
number of IL-13Ral + cells and the proportion of mast
cells that expressed IL-13Ral was increased in asthma.
Although atopy was more common in the group with
asthma, IL-13Ral expression was not different in those
subjects with or without atopy suggesting that the
increased expression is likely to be related to presence
of disease rather than atopy alone. Importantly in
asthma this increase number of IL-13Ral+ mast cells
occurs in a microenvironment characterized by increased
IL-13 expression. Therefore it is likely that mast cell
priming by IL-13 may play an important role in asthma.

In this study we have explored the functional conse-
quences of priming mast cells with IL-13. We found that
IL-13 promotes proliferation, but not survival, of HLMC
as evidenced by an increase in number and thymidine
incorporation following IL-13 priming but without a
change in the proportion of apoptotic mast cells or the
concentration of IL-6 a cytokine that promotes mast cell
survival (28). In addition to changes in proliferation we
found that IL-13 priming of HLMC led to a 22% increase
in FceRI expression. Although this increase in FceRI
expression was relatively small it is likely to be biologic-
ally relevant as it was associated with a 56% increase in
histamine release following FceRI cross-linking with IgE/
anti-IgE. Our view that these effects were mediated by IL-
13 was strengthened by our ability to inhibit these effects
using a specific IL-13 neutralizing antibody. Importantly,
IL-13 did not result in an immediate increase in histamine
release supporting the view that the increased histamine
release observed after IL-13 priming for 5 days was
mediated by increased FceRI expression. In asthma mast
cell expression of FceRI in the bronchial submucosa is
increased (29). Therefore this increased expression of
FceRI may in part be mediated by IL-13 either derived
from other inflammatory cells or in an autocrine manner.
Similarly, it is possible that IL-13 may be important in
local proliferation of mast cells within the airway. One
intriguing possible explanation for the increased number
of mast cells within the ASM bundle and increased
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hyperresponsiveness in asthma is that IL-13 released by
these mast cells may promote their own local prolifer-
ation and activation, in concert with other local factors,
through an autocrine mechanism.

The immunomodulatory effects of 1L-13 on HLMC
described here are broadly similar to the reported effects of
IL-4. HLMC express both IL-13 and IL-4 (14). We found
that IL-13 priming upregulated FceRI expression in
HLMC. This is consistent with the observation that
priming of mature peripheral blood derived mast cells
with IL-4 both led to induction of FceRI expression and
increased FceRI mediated cytokine release (15, 30, 31).
Indeed, Ochi et al. found that IL-4 priming increased IgE/
anti-IgE mediated histamine release by 50% (15), which
was similar to the effect we observed with IL-13. We found
that IL-13 priming resulted in increased proliferation of
HLMC. Similarly, IL-4 increased mast cell division of
mature peripheral blood derived mast cells (31) and the
number of gut derived mast cells (32). Our findings support
the view that both IL-4 and IL-13 may exert important
functional effects on mast cells in the asthmatic airway.

In conclusion, IL-13Ral expression was increased in
asthma. Bronchial submucosal masts cells and ex vivo
HLMC expressed IL-13Ral. Activation of IL-13Ral
with IL-13 mediated upregulation of FceRI, and conse-
quently FceRI cross-linking led to induced histamine
release and promoted cell proliferation. The IL-13 neut-
ralizing antibody CAT-354 attenuated all IL-13 mediated
effects. These findings support the view that targeting IL-
13 may be beneficial in the treatment of allergic disease
such as asthma.
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