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Abstract 
RATIONALE:  Phosphoinositide 3-kinase (PI3K)-dependent activation of rho kinase 
(ROCK) is necessary for agonist-induced human airway smooth muscle cell (HASMC) 
contraction, and inhibition of PI3K promotes bronchodilation of human small airways1.  
The upstream mechanisms driving agonist-mediated PI3K/ROCK axis activation, however, 
remain unclear.  Given the capacity of G12 family proteins to activate ROCK pathways in 
other cell types2, the role of G12 proteins in modulating M3R-stimulated PI3K/ROCK 
activation and HASMC contraction was examined. METHODS:  siRNA and 
pharmacological inhibitors, as well as overexpression of a regulator of G-protein signaling 
(RGS) protein that limits Gα12 activation, were used in HASMCs.  Phosphorylation of AKT, 
myosin phosphatase targeting subunit-1 (MYPT1), and myosin light chain-20 (MLC) was 
measured.  Gα12 coupling was evaluated using co-immunoprecipitation and serum 
response element (SRE)-luciferase reporter assay.  HASMC contraction was evaluated 
using magnetic twisting cytometry (MTC).  Human precision-cut lung slices (hPCLS) were 
utilized to evaluate bronchoconstriction. RESULTS: Knockdown of Gα12 attenuated 
carbachol-induced activation of AKT, MYPT1, and MLC phosphorylation.  Gα12 
coimmunoprecipitated with the M3R, and p115RhoGEF-RGS overexpression inhibited 
carbachol-mediated induction of SRE-luciferase reporter.  p115RhoGEF-RGS 
overexpression inhibited carbachol-induced activation of AKT and HASMC contraction.  
Moreover, pharmacological inhibition of RhoA blunted carbachol-mediated activation of 
PI3K.  Lastly, RhoA inhibitors induced dilation of hPCLS.  CONCLUSIONS: Gα12 plays a 
crucial role in HASMC contraction via RhoA-dependent activation of the PI3K/ROCK axis.  
Inhibition of RhoA activation induces bronchodilation in hPCLS, and targeting Gα12 
signaling may elucidate novel therapeutic targets in asthma.  Taken together, these 
findings provide alternative approaches to the clinical management of airway obstruction 
in asthma. 
 

Gα12 siRNA attenuates M3R-mediated activation 
of the PI3K/ROCK/MLC axis in HASMCs  

Figure 2 – (A) Effect of Gα12 or scrambled siRNA on protein expression.  Data normalized to tubulin 
expression in the same samples.  (B) Effect of carbachol on AKT, MYPT1, and MLC phosphorylation at 
S473 (pAKT), T696 (pMYPT1), and S19 (pMLC) after transfection with Gα12 or scrambled siRNA.  
pAKT, pMYPT1, and pMLC data were normalized to total AKT (AKT), total MYPT1 (MYPT1), and total 
MLC (MLC).  

p115RhoGEF-RGS expression attenuates M3R-
mediated SRE-luciferase reporter induction, PI3K 

activation, and HASMC contraction 

RhoA Inhibitors Induce Bronchodilation of Human 
Small Airways 
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Since G12 family proteins regulate smooth muscle tone by 

activating Rho Kinase, we hypothesize that Gα12 may 
regulate HASMC contraction by activation of the PI3K/

ROCK axis. 

Figure 5 – Airways were preconstricted to carbachol (10−8–10−4 M) prior to dilation to rhosin or formoterol 
(10−10–10−4 M). Data were normalized to maximum forskolin response (10  µM) that was given after max dose 
of formoterol or rhosin. Each data point is expressed as mean ± SEM.  Each group contains 2 airways from 
each of the three donors (6 total airways).   
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Hypothesis 
     Formaldehyde induces airway 

hyperresponsiveness through enhancing 
contractile response & mediator release in 

airway smooth muscle.   

Abstract 
RATIONALE:  Asthma manifests as airway hyperresponsiveness and inflammation.  
Importantly, human airway smooth muscle (HASM) serves as the pivotal cell 
regulating bronchomotor tone.  Whether an intrinsic abnormality in HASM in asthma 
exists is controversial.  Rho-associated kinase (ROCK) mediates calcium 
sensitization in HASM.  Since ROCK modulates agonist-mediated HASM shortening, 
we hypothesize that ROCK is differentially activated in HASM cells derived from fatal 
asthma subjects compared to non-asthma HASM cells. 
 
METHODS:  HASM cells obtained from fatal asthma and non-asthma subjects were 
grown to confluence.  Cells were treated with bradykinin (1uM) for 10 minutes and 
then lysed in the presence and absence of Y-27632 (10 uM).  ROCK activity and 
mRNA expression were determined using ELISA and qPCR, respectively.  RhoA 
expression levels were determined by immunoblot analysis.  In parallel, PCLS from 
normal healthy human donors, each containing a small airway, were 
bronchoconstricted to a dose response of carbachol (10^-8 – 10^-6 M) and 
bronchodilated to Y27632, or formoterol (10^-9 – 10^-4 M).  Maximal bronchodilation 
as well as area under the curve were compared between formoterol and Y-27632. 
 
RESULTS: Baseline ROCK activity was elevated in asthma HASM compared to non-
asthma HASM (44%, p=.001, n=5).  Peak ROCK acitvity in response to bradykinin 
was also amplified in asthma HASM (51%, n=2).  ROCK activity was blunted in the 
presence of Y-27632 (60%, p<.0001, n=5).  Interestingly, ROCK 1 and 2 mRNA were 
equally expressed and levels did not differ between asthma and non-asthma HASM.  
Total RhoA expression also did not differ between asthma and non-asthma HASM.  
Maximal bronchodilation to Y27632 was comparable to that induced by formoterol 
(Emax: Formoterol=81.24% +/- 6.152; Y27632=70.03% +/- 6.159). 
 
CONCLUSIONS: Rho kinase activity is elevated in asthma HASM without significant 
changes in ROCK and total RhoA mRNA expression when compared to non-asthma 
HASM.  These findings suggest that Rho Kinase is an important contributor to 
hyperresponsiveness in asthma HASM and may serve as a new therapeutic target in 
treatment of allergic airway disease. 

Formaldehyde exposure has little 
effect on agonist-induced [Ca2+]i in 

HASM cells  

Figure 3 – Human precision cut lung slices (PCLS) were exposed to saline, 0.2, 0.8, or 
2.0 ppm formaldehyde for 1 hr, then incubated overnight (18 hr) in fresh medium.  
Culture supernatants were collected and assayed for A) IL-6 and B) IL-8.  Data are 
representative of mean±SEM for n=3.  

Figure 1 – Human precision cut lung slices (PCLS) were exposed to saline, 0.2, 0.8, 
or 2.0 ppm formaldehyde for 1 hr, then incubated overnight (18 hr).  Airways were 
bronchoconstricted to A) incremental doses of carbachol and both B) maximal 
bronchocconstriction (Emax) and C) the log of the effective concentration to elicit 
50% bronchoconstriction (log EC50) were calculated.  Data a representative of mean 
±SEM for 4 separate lung donors (*p<0.05, compared to saline).  

Formaldehyde exposure promotes 
airway hyper-reactivity in PCLS 

A 

B 

Formaldehyde exposure does not elicit 
mediator release in PCLS 

A 

B 

Human precision-cut lung slices 
(PCLS)8 

C 

Formaldehyde exposure does not 
alter IL-6 secretion from HASM cells 

Figure 4. Human airway smooth muscle cells were exposed to saline or 0.2-2 
ppm formaldehyde for 1 hr and incubated 24 h. In Ca2+-detector dye-loaded 
cells, Bradykinin (BK, 1uM) or Thrombin (1 U)-induced Ca2+ response was 
determined. Peak Ca2+ response was determined in 5-9 cells from each 
treatment/per donor. (n=3, data presented as mean±SEM).   

Figure 5 – Human airway smooth muscle cells were exposed to saline or 
0.2-2 ppm formaldehyde for 1 h and incubated for 24 h in fresh medium. IL-6 
levels in the culture supernatants were determined. TNF-α (10 ng/ml, 24 h) 
was used as positive control. (n=2, data shown as mean±SEM).  

Figure 6– Human airway smooth muscle cells were exposed to saline or 
0.2-2 ppm formaldehyde for 1 h and incubated for 24 h in fresh medium. Rho-
associated kinase activity was determined in the cell lysates. IL13 (100 ng/ml, 
for 24 h) was used as the positive control for Rho-kinase induction. Y27632-
selective inhibitor of Rho kinase. Data shown as percentage change of 
enzyme activity from saline; as mean±SEM (n=3).  

Formaldehyde exposure decreases 
ciliary beat response in PCLS 

Figure 2 – Human precision cut lung slices (PCLS) were exposed to saline, 0.2, or 0.8 
ppm  formaldehyde for 1 hr. The ciliary beat frequency (CBF, beats/min) was determined 
under a video microscope. Data is expressed as % increase in CBF from baseline. 
Representative data from 6 lung slices obtained from a single donor. Each bar represents 
mean±SEM in 6 slices.    

Formaldehyde exposure alters Rho-
Kinase activity in HASM cells 

Formaldehyde exposure does 
not alter Rho kinase mRNA 
expression in HASM cells 

Figure 7. Human airway smooth muscle cells were exposed to saline 
or 0.2-2 ppm formaldehyde for 1 h and incubated for 24 h in fresh 
medium. Total RNA was collected and expression of Rho-kinase 1 
(ROCK1) and Rho-Kinase 2 (ROCK2) mRNA were determined by 
qRT-PCR. Expression was normalized to cyclophilin and saline 
treatment. Data represent 3 experiments as mean±SEM.   

Conclusions 
1.  Formaldehyde exposure enhances agonist-induced airway 

contractility in PCLS, without eliciting inflammatory mediator 
release. 

2.  In HASM cells, formaldehyde exposure has little effect on 
agonist-induced [Ca2+]i transients. 

3.  In HASM cells, formaldehyde exposure elevates Rho-
associated kinase activity, suggesting involvement of Ca2+ 
sensitization mechanism in formaldehyde-induced AHR.   
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Significance 
Formaldehyde is an indoor air pollutant associated with asthma 
exacerbation. Understanding the mechanisms of formaldehyde effect 
on airway smooth muscle may help identify novel therapeutic targets 
to treat formaldehyde-induced asthma exacerbations.       
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Gα12 plays a crucial role in HASMC contraction via RhoA-dependent activation of the PI3K/
ROCK axis.  Inhibition of RhoA activation induces bronchodilation in hPCLS, and targeting 

Gα12 signaling may elucidate novel therapeutic targets in asthma.  

Significance 

Hypothesis 

Figure 3 – (A) hTERT-immortalized HASMCs expressing p115RhoGEF-RGS and control hTERT-immortalized 
HASMCs were infected with SRE-luciferase reporter.  After carbachol stimulation (10  µM, 6 h), cells were lysed 
and SRE-luciferase reporter activity was measured. (B-C) HASMCs expressing p115RhoGEF-RGS were 
stimulated with carbachol and assayed for AKT phosphorylation using immunoblot, and contraction using 
magnetic twisting cytometry.  Data are representative of five independent experiments (n = 6, mean ± SD); 
statistical comparisons analyzed by unpaired t-test are denoted by lines between tested conditions *P < 0.05.  

Roles Of PI3K and ROCK in HASMCs 

M3 muscarinic acetylcholine receptor 
couples to Gα12 in HASMCs  
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Figure 1 –HASMCs were stimulated with carbachol (10   µM, 1 min) and lysates were 
immunoprecipitated with anti-M3R or anti-Gα12 antibody and then probed as indicated.  
Immunoblot is representative of five independent experiments.  
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Figure 4 – Effect of rhosin (10  µM, 30 min) on carbachol-induced (10  µM, 10 min)  AKT phosphorylation at 
S473 (pAKT).  
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