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L E T T E R

Mast cell chymase suppresses functional parameters in primary 
human airway smooth muscle cells

To the Editor,
Increased airway smooth muscle cell (SMC) mass is a common fea-
ture in asthma development.1,2 Mast cells (MCs) have an important 
role in asthma, by releasing various bioactive compounds, includ-
ing exceptionally large quantities of MC- restricted proteases (e.g., 
tryptase and chymase). However, the possible functional impact 
of these proteases on airway SMCs is only partially understood.3 
To investigate this, primary airway SMCs were treated with either 
chymase or β- tryptase, followed by assessment of SMC morphol-
ogy, viability, proliferation, contraction, migration, and cytoskeletal 
organization.

Neither tryptase nor chymase was cytotoxic for airway SMCs 
(Figure 1A, Figure S1A). However, chymase markedly suppressed 
the metabolic activity of the SMCs and caused reduced SMC pro-
liferation (Figure 1B,C), whereas tryptase had little or no effects 
(Figure S1B,C). SMC contraction is a hallmark feature of asthma 
and we thus assessed whether MC proteases can affect this pro-
cess. Indeed, chymase caused a partial suppression of airway SMC 
contractility (Figure 1D,E). As SMC contractility is linked to Ca2+ 
fluxes, effects of the MC proteases on intracellular Ca2+ levels were 
assessed. This analysis showed that the MC proteases cause a re-
duction of intracellular Ca2+ levels (Figure S2).

Next, we explored whether MC proteases can influence SMC 
morphology. As seen in Figure S3 , and in line with previous find-
ings,4 chymase caused a marked separation of the SMCs, both from 
each other and from the underlying surface, the latter suggesting 
effects on the extracellular matrix (ECM). Based on these observa-
tions, we investigated if the MC proteases can affect cellular migra-
tion. Indeed, chymase caused significantly increased SMC migration 
whereas modest effects of tryptase were seen (Figure S4).

Cell morphology, migration and interaction with neighboring 
cells, and ECM is intimately linked to cytoskeletal organization. As 
our findings reveal that chymase can affect all of these parameters, 

we next investigated for effects of chymase on key cytoskeletal 
components. These analyses revealed that chymase caused exten-
sive F- actin remodeling, without affecting the total levels of intra-
cellular F- actin (Figure 1F,G). Chymase also caused reorganization 
of vimentin, an intermediate filament, without affecting the total 
vimentin levels (Figure 1F,G). Marked remodeling of β- tubulin was 
also observed in response to chymase, and it was seen that chymase 
promoted β- tubulin degradation (Figure 1F,G). In contrast, α- smooth 
muscle actin was not affected by chymase (Figure 1F,G).

Our observations above suggest that chymase may modify 
SMC–ECM interactions. In agreement with this, we noted that chy-
mase degraded SMC- produced fibronectin, accompanied by poten-
tiated fibronectin mRNA expression (Figure 2A,B). Further, chymase 
was shown to cause degradation of focal adhesion kinase (FAK), 
FAK being downstream linked to fibronectin, accompanied by re-
duced FAK phosphorylation (Figure 2C). In contrast, chymase did 
not influence paxillin, vinculin, or phospho- myosin light chain kinase 
(Figure S5).

Next, we addressed the mechanisms by which chymase might 
cause SMC separation, hypothesizing that chymase might interfere 
with cell–cell contacts. We thereby focused on tight junction pro-
teins, based on previous findings showing that chymase can promote 
the degradation of such proteins.3 Intriguingly, the airway SMCs 
were shown to express the tight junction proteins zona occludens- 1 
(ZO- 1), ZO- 2, and claudin- 1 as well as CD2AP (Figure 2F–H), which 
is contrary to the general notion that tight junction proteins are ep-
ithelial cell markers. Further, chymase was shown to promote the 
degradation of all these proteins (Figure 2F–H).

Altogether, our findings suggest that chymase has an overall 
dampening impact on airway SMCs. Notably, previous studies have 
suggested that chymase can have protective functions in asthma,3,5,6 
and the present findings thus introduce the possibility that this could 
be attributed to effects of chymase on airway SMC populations.
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F I G U R E  1  Chymase affects the metabolic activity, proliferation, contraction, and cytoskeleton organization in primary human airway 
SMCs. (A) Viability of untreated and chymase- treated airway SMCs (1.25–100 nM chymase; 24 h treatment) as assessed by annexin V/
DRAQ7 staining (n = 9). Data are shown as mean ± SD; pooled triplicates from three separate experiments (Donor 1 and 2). (B) Metabolic 
activity of untreated and chymase- treated airway SMCs as assessed by the PrestoBlue reagent (n = 20). Data are shown as mean 
values + SD; pooled quadruplicates from five separate experiments (Donor 1 and 2). ****p ≤ .0001. (C) EdU+ airway SMCs after treatment 
with chymase (24 h treatment) relative to untreated cells (n = 9). Data are shown as mean vaules + SEMs; pooled triplicates from three 
separate experiments (Donor 1 and 2). **p ≤ .01; ***p ≤ .001; ****p ≤ .0001. (D) Representative observations of SMC- containing collagen 
gels that were treated with tryptase (5 nM), chymase (5 nM), or BDM (10 mM) at various time points. (E) Quantification of collagen gel 
sizes (n = 5). Data are shown as mean values ± SD; pooled from six separate experiments (Donor 2 and 3). (F) Airway SMCs were treated 
with chymase (5 nM; 24 h) followed by fixation and staining for F- actin, α- smooth muscle actin (αSMA), vimentin, or β- tubulin. Nuclei were 
visualized by Hoechst 33342 (blue). Representative figures are shown. (G) Western blot analyses of airway SMC lysates for F- actin, α- SMA, 
vimentin, or β- tubulin. GAPDH was employed as loading controls for the western blot analysis.
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F I G U R E  2  Chymase can cause degradation of SMC- expressed fibronectin, focal adhesion kinase (FAK), and tight junction proteins 
in airway SMCs. (A) Western blot analysis of airway SMC- conditioned medium (±chymase; 5 nM) for fibronectin. (B) qPCR analysis 
of fibronectin gene expression in response to chymase treatment (24 h) (n = 4). Unpaired t test was employed; data are given as mean 
values + SEMs; pooled from two separate experiments (Donor no.1 and 3). ****p ≤ .0001. (C) Western blot analysis of airway SMC cell 
lysates for FAK and p- 397 FAK after chymase treatment (5 nM) for various time periods. GAPDH was used as loading control for the 
western blot analyses. (D) Quantifications of FAK band intensities. Data are shown as mean values + SEM; pooled from three separate 
experiments (donor 1–3). (E) Quantifications of p- 397 FAK band intensities. Data are shown as mean values + SEM; pooled from three 
separate experiments from (Donor 1–3). *p ≤ .05 (F) Western blot analysis of airway SMC cell lysates for zona occludens- 1 (ZO- 1), ZO- 2, 
claudin- 1, or CD2AP after chymase treatment (5 nM). GAPDH was used as loading control. (G) qPCR analysis of ZO- 1 gene expression 
in response to 24 h of chymase treatment (n = 6). Unpaired t- test was employed; data are given as mean values + SEMs; pooled from two 
separate experiments (Donor 2 and 3). (H) Immunofluorescence analysis of ZO- 1 and vimentin. Nuclei were visualized by Hoechst 33342. 
Representative figures are shown.
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