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Abstract

Background—Airway smooth muscle hyperplasia is a feature of asthma, and increases with

disease severity. CCR3-mediated recruitment of airway smooth muscle progenitors towards the

airway smooth muscle bundle has been proposed as one possible mechanism involved in airway

smooth muscle hyperplasia. Mast cells are microlocalized to the airway smooth muscle bundle and

whether mast cells influence CCR3-mediated migration is uncertain.

Methods—We examined the expression of CCR3 by primary cultures of airway smooth muscle

cells from asthmatics and nonasthmatics. CCR3 function was examined using intracellular

calcium measurements, chemotaxis, wound healing, cell proliferation and survival assays. We

investigated the recovery and function of both recombinant and airway smooth muscle-derived

CCL11 (eotaxin) after co-culture with β-tryptase and human lung mast cells.

Results—Airway smooth muscle expressed CCR3. Airway smooth muscle CCR3 activation by

CCL11 mediated intracellular calcium elevation, concentration-dependent migration and wound

healing, but had no effect on proliferation or survival. Co-culture with β-tryptase or mast cells

degraded recombinant and airway smooth muscle-derived CCL11, and β-tryptase inhibited

CCL11-mediated airway smooth muscle migration.

Conclusions—CCL11 mediates airway smooth muscle migration. However co-culture with β-

tryptase or mast cells degraded recombinant and airway smooth muscle-derived CCL11 and

inhibited CCL11-mediated airway smooth muscle migration. Therefore these findings cast doubt

on the importance of the CCL11/CCR3 axis in the development of airway smooth muscle

hyperplasia in asthma.
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Asthma is characterized by typical symptoms, airway hyperresponsiveness (AHR) and

variable airflow obstruction, which can become fixed in severe disease. In addition there is

associated airway inflammation together with features of tissue repair known as remodelling

(1). The airway inflammation in asthma is typically eosinophilic with increased expression

of Th2 cytokines. Importantly the number of mast cells localized within the airway smooth

muscle (ASM) bundle is increased in asthma and is related to the degree of AHR (2-5).

Airway remodelling in asthma encompasses several structural changes in the airway wall

including reticular lamina and basement membrane thickening, an increased number of

subepithelial myofibroblasts and increased ASM mass (6). This latter feature is due to a

combination of both ASM hyperplasia (7) and hypertrophy, which increases with disease

severity and is associated with fixed airflow obstruction (6, 8).

The cause of ASM hyperplasia in asthma is unknown and is often attributed to increased

proliferation. Indeed ASM proliferation is increased in ex vivo asthmatic ASM (9, 10), but

several reports have been unable to demonstrate increased ASM proliferation in vivo (7, 8,

11). An alternative explanation is that ASM progenitors either located within the airway

wall or derived from peripheral blood fibroblast progenitors (fibrocytes) (12), migrate to the

ASM bundle and differentiate into ASM. In support of this view myofibroblasts expressing

fibrocyte markers have been identified following ovalbumin (OVA) challenge in a mouse

model of asthma and after allergen challenge in human disease (13). We have demonstrated

that mast cell and ASM-derived CCL19, a CCR7 ligand, mediates ASM migration (14). The

CCR3 ligand CCL11 (eotaxin) is released by ASM (15, 16) and in bronchial biopsies the

intensity of expression increases with disease severity (6) suggesting that CCR3-mediated

ASM migration may be important in severe asthma.

We hypothesized that the CCR3/CCL11 axis mediates ASM migration. To test our

hypothesis we examined ASM CCR3 expression, function and its modulation by mast cells.

Materials and methods

Subjects

Asthmatic subjects and nonasthmatic controls were recruited from Leicester, UK. Subjects

with asthma had a consistent history and had objective evidence of asthma, as indicated by

one or more of the following: (i) methacholine airway hyperresponsiveness (PC20FEV1 < 8

mg/ml); (ii) greater than 15% improvement in FEV1 15 min after administration of 200 μg

of inhaled salbutamol; or (iii) greater than 20% of maximum within-day amplitude from

twice daily peak expiratory flow measurements over 14 days. The study was approved by

the Leicestershire Ethics Committees and all patients gave their written informed consent.

ASM and mast cell isolation and culture

Pure ASM bundles in bronchial biopsies obtained from fibreoptic bronchoscopy (n = 20, 18

asthmatic subjects, 2 nonasthmatic) and additional airways isolated from lung resection (n =

23) were dissected free of surrounding tissue. Primary ASM was cultured and characterized

as previously described (4). Clinical characteristics of the asthmatic and nonasthmatic

subjects from which primary ASM was derived are as shown in Table 1.
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Human lung mast cells (HLMC) were isolated and cultured from nonasthmatic lung (n = 12)

as previously described (17).

CCR3 expression

Flow cytometry—ASM were stained with CCR3 monoclonal antibody (mAb) or

appropriate isotype control (R&D Systems, Abingdon, Oxfordshire, UK), indirectly labelled

with R-Phycoerythrin (RPE), then analysed using single colour flow cytometry on a

FACScan (BD, Oxford, UK).

Immunofluorescence—ASM were grown to confluence on chamber slides and serum

deprived for 24 h. The cells were labelled with CCR3 mAb or appropriate isotype control,

and indirectly labelled with RPE. Cells were counterstained with 4′,6′-diamidino-2

phenylindole (DAPI, Sigma, Gillingham, UK).

Functional assessment of ASM CCR3

Calcium imaging—Changes in cytosolic Ca2+ concentration ([Ca2+]i) in ASM cells in

response to CCL11 (100 ng/ml) were measured by ratiometric imaging on FURA-2-loaded

cells using Openlab software (Improvision, Coventry, UK). This was converted to [Ca2+]i

using a calibration kit (Invitrogen Molecular Probes, Paisley, UK).

Chemotaxis assay—We used a validated chemotaxis assay (14). In brief ASM cells were

seeded onto 8-rectangular well plates coated with 10 μg/ml fibronectin at a density of 0.25 ×

106 cells/well, allowed to adhere overnight, then serum deprived in ITS media for 24 h prior

to experimentation. Cells were removed by scraping between the top of the well and a line

predrawn across the width of the well, on the underside of the plate, 22 mm from the bottom

of the well. Cell debris was removed by washing with ITS media. Blotting paper (25 mm × 6

mm; Sigma) was then placed along the upper edge of the well, secured in place using silicon

grease. Recombinant CCL11 (12.5–300 ng; R&D) or ITS control media, plus β-tryptase

(0.5–1.25 μg, Europa Bioproducts, Ely, Cambridgeshire, UK) where appropriate, was

impregnated onto blotting paper from which it diffused into the media. The number of cells

that moved towards the resultant concentration gradient of CCL11 were enumerated after 6h

by a blinded observer. Where appropriate experiments were performed in the presence of

CCR3 blocking antibody (8 μg/ml; Millenium, Cambridge, MA, USA) or isotype control (8

μg/ml, Dako, Ely).

Wound healing assay—ASM cells were seeded as per the chemotaxis assay. Wounds

were introduced using a sterile 200 μl pipette tip. The number of cells that moved into the

wound in the presence of ITS control media and vehicle/CCL11 (25–200 ng/ml) in the

presence or absence of CCR3 blocking antibody or isotype control (10 μg/ml, R&D) over 6

h were counted by a blinded observer (14).

Cell metabolic activity—ASM cell metabolic activity was assessed using the 3-(4,5-

dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H tetrazolium inner

salt (MTS) assay, according to manufacturer’s instructions (Promega, Southampton, UK),

following incubation with 12.5–100 ng/ml CCL11 in 10% FBS media or ITS media for 24 h.
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Proliferation and survival—ASM proliferation was assessed by cell counts following

incubation with 100 ng/ml CCL11 in 10% FBS media or ITS media for 24 h and using the

CellTrace CFSE Cell Proliferation Kit according to manufacturer’s instructions (Invitrogen

Molecular Probes). Cells treated with 50 μg/ml mito-mycin C (Sigma) for 3 h to mitotically

arrest cells at the parent population, prior to readdition of 10% FBS media, were cultured in

parallel to cells exposed to 10% FBS media ± 100 ng/ml CCL11 for 72 h.

The percentage of apoptotic ASM cells exposed to 10% FBS media ± 100 ng/ml CCL11 for

24 h was identified by DAPI staining of cell nuclei, and by staining with FITC-conjugated

Annexin V (1 μl/200 μl binding buffer, BD Bioscience) ± propidium iodide (PI, 0.5 μg/ml,

BD Bioscience), prior to analysis on a FACScan (BD).

Effect of β-tryptase and HLMC on recombinant and ASM-derived CCL11

Airway smooth muscle cells were grown to confluence and growth arrested in ITS media for

24 h. These ASM cultures were co-cultured at 37 °C with or without β-tryptase (0.5 μg/ml,

equivalent to the amount present in 5 × 104 mast cells) (18) and/or leupeptin (20 nM/ml) for

3 days; or for 1, 3 and 7 days with: (i) HLMC lysates (in a ratio of HLMC: ASM, 1: 2–1:

16), (ii) whole unstimulated HLMC, (iii) HLMC sensitized with human myeloma

immunoglobulin E (IgE) (2.5 μg/ml) (Calbiochem-Novabiochem, Nottingham, UK) and (iv)

sensitized with IgE and activated with goat polyclonal anti-human IgE (1: 1000 dilution)

(Sigma). The ratio of HLMC:ASM for the whole cell co-cultures was 1:4.

HLMC lysates and unstimulated whole cells (ratio of HLMC : ASM, 1 : 4) were incubated

with CCL11 (50 pg/ml) for 2 h at 37 °C with various concentrations of leupeptin (0–80 nM/

ml).

The concentration of recovered CCL11 for all of the above conditions was measured using a

commercial ELISA (BD Pharmingen, Cowley, Oxfordshire, UK) with a limit of detection of

6.25 pg/ml and inter and intra-assay variation <5%.

To assess the effect of HLMC on CCL11 mRNA expression by ASM, supernatants from

IgE/anti-IgE activated HLMC (10 × 106 cells pooled from three donors) were incubated

with ASM from asthmatic (n = 3) and nonasthmatic donors (n = 3) for 6 and 24 h. The

proportion of HLMC: ASM cells was 1: 4. RNA expression levels of CCL11 extracted from

the ASM was examined using the Human Genome U133A probe array (GeneChip,

Affymetrix, Santa Clara, CA, USA). RNA was prepared and analysed as described (19).

Hybridized biotinylated cRNA was stained with streptavidin-phycoerythrin (Molecular

Probes, Eugene, OR, USA), scanned with a HP Gene Array Scanner, and data analysed

using the GeneChip Analysis Suite 4.0 (Affymetrix) as described (19).

Statistical analysis

Statistical analysis was performed using GraphPad Prism 4 (GraphPad software, San Diego,

CA, USA). Data are presented as mean ± SEM. Data was analysed by anova across groups

and t-tests between groups with Tukey’s correction for multiple comparisons. Differences

were considered significant when P < 0.05.
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Results

CCR3 expression by ASM

Flow cytometry and immunofluorescence—The proportion of primary cultured ASM

cells that expressed CCR3 on their cell surface was 50 ± 4% (n = 16) (Fig. 1A). CCR3

expression by permeabilized ASM was 79 ± 4% (n = 6). There was no difference in

expression between ASM derived from asthmatics or nonasthmatic controls (52 ± 5%, n = 9,

vs 47 ± 6%, n = 7, respectively; P = 0.59, Fig. 1B) and CCR3 expression was not

upregulated through activation by CCL11 (data not shown). CCR3 expression by ASM was

also confirmed by immunofluorescence (Fig. 1C).

ASM CCR3 functional response to CCL11 activation

Calcium imaging—Following ASM activation by CCL11, 58% of cells responded with a

transient mean increase in [Ca2+]i of 244 ± 38 nM (n = 26 individual cells, from three

nonasthmatic donors, Fig. 2A).

Chemotaxis—CCL11 mediated dose-dependent ASM (n = 4, P = 0.01) migration (Fig.

2B,C). The number of ASM cells per high-powered field that migrated to CCL11 (100 ng on

blot) was blocked using a CCR3 blocking antibody (23.8 ± 1.1 vs 27.8 ± 1.2; P = 0.02; n =

4, Fig. 2B). This directional movement was predominately due to chemotaxis rather than

chemokinesis, as addition of CCL11 directly to the media did not result in significantly more

ASM movement than ITS media alone (n = 5; data not shown). ASM from nonasthmatic

donors was used for chemotaxis assays.

Wound healing—Wound healing was promoted by 10 ng/ml PDGF (35.4 ± 2.0 cells/hpf

vs 27.1 ± 1.1 in control; P < 0.001; n = 4). Recombinant CCL11 promoted wound healing in

a concentration-dependent manner, but was only significant for CCL11 100 ng/ml (32.6 ±

1.1 cells/hpf vs 27.1 ± 1.1 in control; P = 0.001; n = 4). Anti-CCR3 did not significantly

inhibit wound healing by recombinant CCL11 (data not shown), but did significantly reduce

the wound healing response (mean difference 6.0 ± 2.4 cells/hpf; P = 0.015; n = 5) in the

presence of ITS media alone, suggesting that the endogenous release of CCL11 is important

in mediating wound repair. ASM from nonasthmatic donors was used for wound healing

assays.

Metabolic activity—The absorbance by formazan seen at 490 nm in the MTS assay was

increased in ASM in media supplemented with FBS compared to ASM cells in serum free

media (mean difference 0.39 ± 0.07 absorbance units, P < 0.01, n = 10, Fig. 3A).

Recombinant CCL11 had no effect on the MTS assay in the presence of FBS media (n = 10,

Fig. 3A) or ITS media (n = 6, Fig. 3B). No difference in the effect of CCL11 was observed

between ASM cells derived from nonasthmatic vs asthmatic subjects.

Proliferation—By assessing cell numbers in the presence of FBS media (n = 8) or ITS

media (n = 6) we saw no effect of 100 ng/ml CCL11 after 24 h, with no difference between

nonasthmatic or asthmatic subjects (data not shown). Using the Cell Trace CFSE Cell

Proliferation assay cell proliferation was seen after 72 h in the presence of 10% FBS media
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compared to MMC treated cells (mean decrease in fluorescence intensity 37.7 ± 4.0, P <

0.05, n = 7) however this was unaffected by incubation with 100 ng/ml CCL11 (n = 6) (Fig.

3C,D) with no difference observed between ASM cells derived from nonasthmatic vs

asthmatic subjects.

Survival—The percentage of ASM nuclei showing nuclear condensation and fragmentation

characteristic of apoptosis, detected by DAPI staining, was unaffected by incubation with

100 ng/ml CCL11 for 24 h (control, 6.6 ± 1.6% vs 100 ng/ml CCL11, 8.7 ± 1.0, n = 8). In

marked contrast in the presence of staurosporine (STS, 1 μM, 20 h), a positive control, 77.9

± 10.9% of ASM cells showed nuclear morphology characteristic of cells undergoing

apoptosis (n = 8) (Fig. 4A,B).

The above data was confirmed using annexin V/PI staining of ASM cells. The percentage of

annexin V+/PI− [early apoptotic, (20)] ASM cells was unaffected following incubation with

100 ng/ml CCL11 for 24 h (control, 25.0 ± 5.3% vs 100 ng/ml CCL11, 24.7 ± 5.5% cells, n

= 9), the same is seen for annexin V+/PI+ [late apoptotic/necrotic (20)] ASM cells (control,

7.8 ± 1.8% vs 100 ng/ml CCL11, 9.2 ± 1.9% cells, n = 9) (Fig. 4C).

Using both DAPI and annexin V/PI staining no difference in the effect of CCL11 was

observed between cells derived from asthmatic subjects compared to non-asthmatic controls

(data not shown).

Modulation of recombinant and ASM-derived CCL11 by tryptase and mast cells

The concentration of CCL11 in ASM supernatant cultured for 3 days (400 ± 69 pg/106 cells)

was attenuated by the presence of β-tryptase [27 ± 17 pg/106 cells; mean difference (95%

CI) 373 (32–713); P = 0.04] (Fig. 5A). This effect was attenuated by leupeptin (Fig. 5A).

Chemotaxis assays confirmed that chemotaxis was promoted by 100 ng CCL11 (23.2 ± 1.5

cells/hpf vs 18.3 ± 0.8 in control; P < 0.01) and β-tryptase reduced the migratory response

significantly (mean difference 6.5 ± 2.8 cells/hpf; P = 0.02; n = 4) (Fig. 5B). β-tryptase did

not significantly inhibit chemotaxis in the absence of CCL11.

Co-culture of ASM with either HLMC lysates, unstimulated or stimulated whole HLMC

reduced markedly the CCL11 concentration in the co-culture supernatant compared to ASM

culture alone (Fig. 6A,B). The percentage of recombinant CCL11 recovery compared to

control was also markedly reduced following incubation with HLMC lysates and whole

HLMC. The addition of leupeptin inhibited this reduction in CCL11 concentration in a

concentration-dependent manner (Fig. 6C).

Quantified by gene array analysis, CCL11 mRNA was present in all ASM donors (75 ± 15%

of GAPDH mRNA, asthmatic, n = 3 vs 24 ± 6%, nonasthmatic, n = 3, P = 0.04), but was

neither up nor down-regulated in co-culture with the HLMC supernatants (data not shown).

Discussion

We found that ASM cells express CCR3 and that CCL11 mediates ASM migration.

Importantly we found that β-tryptase, and stimulated or unstimulated HLMC degrade
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recombinant and ASM-derived CCL11 and that β-tryptase inhibited CCL11-mediated ASM

migration. In addition HLMC supernatants did not up- or down-regulate CCL11 mRNA

expression. We found that the CCR3/CCL11 axis has the potential to mediate ASM

migration and repair in asthma, but mast cell localization to the ASM-bundle is a feature of

the disease and it is therefore likely that mast cells will have a profound effect on local

CCL11 concentrations. Therefore, taken together our findings question the biological

importance of ASM-derived CCL11 in ASM hyperplasia in asthma.

CCR3 is expressed preferentially, but not exclusively, by Th2-lymphocytes (21), basophils

(22) and mast cells (17, 23). The number of CCR3+ cells is increased in bronchial biopsies

in asthma (24) and CCR3 is considered an important potential therapeutic target in asthma

and other allergic diseases (25). There is increasing recognition that structural cells can

express functional chemokine receptors. Indeed bronchial epithelial cells (26), vascular (27)

and, in one report, ASM expresses CCR3 (28). Here we confirm that ASM from both

asthmatics and nonasthmatics equally express functional CCR3. However we found that

CCL11 had no effect on ASM proliferation. There is a paucity of data on the effect of

chemokine receptor activation on ASM proliferation with a single report that CCR7

activation did not affect proliferation (14). In contrast there are several studies of chemokine

receptor activation modulating vascular smooth muscle proliferation with CCR2 (29),

CXCR6 (30) and CX3CR1 (31) activation increasing proliferation and CCR3 having no

effect (32). In addition we report for the first time that ASM metabolic activity and survival

was not affected by CCR3 activation. In keeping with an earlier (28) report we found that

CCL11 mediated increased [Ca2+]i, concentration-dependent migration and extended these

findings to support a role in wound healing. The time course for the both assays was 6 h,

which is not sufficient time to observe proliferation by cell counts. Therefore proliferation

alone cannot explain our observations. Thus CCR3 has the potential to play a role in ASM

repair and hyperplasia in asthma.

If CCR3 expression by ASM is important in asthma then the CCR3 ligands should be

differentially expressed in health and disease. Primary ASM from asthmatics and

nonasthmatics express CCL11, but it is contentious whether the expression is increased in

disease with one report supporting (33) and two refuting that CCL11 release is increased in

asthma (4, 16) and here we found increased CCL11 mRNA expression in primary ASM

from asthmatics compared to nonasthmatics. However perhaps more importantly, CCL11

expression in bronchial biopsies from asthmatics increases with worsening severity of

disease (6). Even though CCL11 is expressed by ASM paradoxically there is a marked

paucity of eosinophils in the ASM bundle. One possible explanation for this apparent

anomaly is that mast cells are microlocalized within the ASM bundle and that mast cell

products degrade CCL11.This view is supported by one study suggesting that β-tryptase

inactivates CCL11 (34). Here we have extended this earlier observation by examining the

effect of mast cell-ASM co-culture upon CCL11 production and recovery. We confirm that

β-tryptase, and for the first time show that mast cells degrade recombinant and ASM-

derived CCL11. These effects were blocked by leupeptin. Importantly CCL11 mRNA

expression was not affected by co-culture confirming that the reduction in CCL11

concentration in ASM supernatants is unlikely to be due to reduced synthesis. β-tryptase
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attenuated markedly CCL11-mediated ASM migration. These findings support the view that

mast cells can modulate the functional consequences of CCL11 released by ASM.

Our observations question the role of the CCL11/CCR3 axis in the recruitment of ASM and

its progenitors towards the ASM bundle in asthma. However, the control of the migration of

mesenchymal cells within the airway is likely to be under the influence of a variety of

mediators, which in turn are themselves controlled in terms of their synthesis, release and

degradation. The concept that ASM hyperplasia may be a consequence of fibrocytes

trafficking to the airway remains plausible and recent evidence supports a role for CCR7, in

mediating ASM migration towards the ASM bundle (14). In contrast to CCL11, CCL19 a

ligand for CCR7 is not degraded by mast cells but is expressed and released by ASM and

mast cells. In addition recombinant and mast cell-derived CCL19 mediated ASM migration.

Future studies that examine the role of other chemokine receptors involved in ASM

migration need to consider the complexity of cellular interactions and the microenvironment

relevant to the airway compartment to be studied.

One criticism of our study is that the HLMC were derived from lung resection tissue and not

asthmatic subjects. Currently we are limited by our inability to isolate sufficient mast cells

from the asthmatic airway. However, we feel that using HLMC that are sensitized and IgE/

anti-IgE activated is likely to be reflective of asthmatic mast cells. The proportion of mast

cells within the ASM-bundle is unknown, but we have estimated the ratio of mast cells :

ASM cells based on our experience with the assessment of bronchial biopsies and we are

confident that the range we have chosen captures the proportions of these cells in the

asthmatic airway.

In conclusion, we have found that ASM express CCR3. The CCR3/CCL11 axis mediated

ASM migration. Critically, recombinant and ASM-derived CCL11 was inactivated by β-

tryptase and co-culture with mast cells. Mast cells are microlocalized to the ASM-bundle in

asthma. Therefore our findings question the importance of ASM-expressed CCR3 in the

development of ASM hyperplasia in asthma.
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Abbreviations

AHR airway hyperresponsiveness

ASM airway smooth muscle

CFSE carboxyfluorescein diacetate succinimidyl ester

DAPI 4′,6′-diamidino-2 phenylindole

FEV1 forced expiratory volume in one second

FITC fluorescein isothiocyanate
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HLMC human lung mast cell

hpf high-powered field

MMC mitomycin C

MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-

sulfophenyl)-2H-tetrazolium

OVA ovalbumin

PI propidium iodide

RPE R-pycoerythrin

STS staurosporine
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Figure 1.
CCR3 expressed by ASM. The example fluorescent histograms represent populations of (A)

primary cultured ASM cells that were CCR3+ (black line) plotted with the corresponding

isotype control (grey line), (B) percentage of CCR3+ ASM cells from asthmatic donors vs

nonasthmatic controls, (C) CCR3 expression by ASM was confirmed by

immunofluorescence (nuclei stained blue, CCR3 red; isotype control shown as insert).
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Figure 2.
ASM CCR3 is functional. (A) Addition of 100 ng/ml CCL11 (indicated by arrow)

stimulated [Ca2+]i elevation in ASM cells. (B) Representative pictures of ASM chemotaxis

after 6 h in one high-powered field (hpf) towards 100 ng CCL11 or 100 ng CCL11 + anti-

CCR3. Black line = position of cells at 0 h. (C) Concentration-dependent chemotaxis of

ASM towards CCL11, PDGF (10 ng) is a positive control. Data are presented as mean SEM

for four donors, comparisons made to ITS alone. *P < 0.05, **P < 0.01.
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Figure 3.
CCL11 has no effect on ASM cell metabolic activity and proliferation. ASM cell metabolic

activity in (A) serum free media vs FBS media CCL11 (data are presented as mean SEM for

10 donors) and (B) serum free media vs ITS media CCL11 (data are presented as mean SEM

for 6 donors). (C) Histogram illustrating CFSE fluorescence in ASM cells incubated with 50

μg/ml MMC, black line, or FBS media 100 ng/ml CCL11 for 72 h, light grey and dark grey

lines respectively, (D) ASM cell proliferation was observed after 72 h (n = 7), but was

unaffected by incubation with CCL11 (n = 6). Data are presented as geometric mean ±

SEM.
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Figure 4.
CCL11 has no effect on ASM survival. (A) representative photographs showing DAPI

staining of nuclear morphology under control conditions, following incubation with: 100

ng/ml CCL11 for 24 h, both showing normal nuclear morphology, or STS as a positive

control, (B) percentage of apoptotic cells in each condition, n = 8 donors, (C) detection of

annexin V+/PI− and annexin V+/PI+ ASM cells using two colour flow cytometry, n = 9

donors. Data are presented as mean ± SEM. Statistical differences were assessed using

unpaired t-tests.
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Figure 5.
β-tryptase degrades CCL11 and inhibits CCL11-mediated ASM migration. (A) The

concentration of CCL11 (pg/106 cells) in supernatants from ASM cultures for 3 days alone,

with β-tryptase and/or leupeptin (20 nM) (n = 3). (B) Chemotaxis of ASM towards CCL11

(100 ng on blot) was inhibited by β-tryptase (n = 4). Data are presented as mean ± SEM.
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Figure 6.
Recombinant and ASM-derived CCL11 degraded in co-culture with HLMC. (A) The

concentration of CCL11 in day 1, 3, and 7 ASM culture supernatants alone and co-cultured

with HLMC lysates in the proportion of HLMC: ASM 1 : 2-1 : 16 (n = 3; P < 0.001), (B)

co-cultured with whole HLMC after sensitization and/or activation (n = 6, P < 0.001) and

(C) the % recovery of recombinant CCL11 after incubation with whole HLMC and lysates

for 2 h ± increasing concentrations of leupeptin. *P < 0.05 paired t-test. Data are presented

as mean ± SEM for three donors.
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Table 1

Subject characteristics of airway smooth muscle donors [mean (SEM)]

Nonasthmatic Asthmatic

Number 25 18

Male (n) 18 11

Age (years) 62 (3) 53 (4)

FEV1 2.2 (0.1) 2.2 (0.2)

FEV1% predicted 76 (5) 74 (6)

FEV1/FVC 74 (4) 65 (3)
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