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Abstract 
RATIONALE:  Asthma manifests as airway hyperresponsiveness and 
inflammation.  Importantly, human airway smooth muscle cells (HASMC) serve as the 
pivotal cell regulating bronchomotor tone.  Whether an intrinsic abnormality in HASMC in 
asthma exists is controversial.  Literature suggests that HASMC from subjects with 
asthma maintain a hypercontractile phenotype in culture.  Since cell phenotype is 
epigenetically regulated, we hypothesize that histone modifications are altered in HASMC 
derived from fatal asthma subjects compared to non-asthma HASMC. 
 
METHODS:  HASM cells obtained from fatal asthma and non-asthma subjects were 
grown to confluencey.  Cells were treated in the presence of a H3K27 methyltransferase 
inhibitor, UNC1999 (10 nM - 1 uM), or vehicle for 48 h.  Lysates were subject to 
quantitative histone modification analysis utilizing mass spectrometry.  Carbachol and 
histamine-induced myosin light chain (MLC) phosphorylation were measured by 
immunoblot.  Agonist-induced intracellular calcium flux was determined using fluo-8 dye 
and fluorescence microscopy. 
 
RESULTS: Histone H3K27 methylation was elevated in asthma HASMC as compared to 
non-asthma HASMC (62%, p=.016, n=5).  H3K9 methylation, H3K4 methylation, and 
H4K16 acetylation were also elevated in asthma HASM.  UNC1999 treatment suppressed 
global H3K27 methylation (3-fold compared to vehicle, p<.01, n=3) in non-asthma 
HASMC.  Interestingly, UNC1999 treatment significantly blunted carbachol and histamine-
induced calcium flux and myosin light chain phosphorylation (95%, p<.05, n=3).  However, 
UNC1999 treatment had little effect carbachol and histamine-induced Rho kinase 
activation or total MLC expression.   
 
CONCLUSIONS: H3K27 methylation is elevated in HASMC from subjects with asthma 
when compared to non-asthma, suggesting a distinct epigenetic signature between the 
two cell types.  Inhibition of histone H3K27 methylation attenuated agonist-induced MLC 
phosphorylation and calcium mobilization, suggesting a role for epigenetic modulation of 
the contractile status of the cell.  These findings suggest that H3K27 methylation is an 
important contributor to hyperresponsiveness observed in asthma and may serve as a 
new therapeutic target in treatment of allergic airway diseases 

Histone H3K27 Methylation is Elevated in 
Asthma HASM 

Figure 1– Human airway smooth muscle cells obtained from fatal asthma and non-asthma subjects 
were grown to confluence. Cells were lysed and subjected to mass-spectrometry based histone PTM 
analysis.  Green circles represent histone PTM that were significantly different between asthma and 
non-asthma HASMC P≤0.05 (n=5).   

UNC1999 Inhibits Carbachol-induced Myosin Light 
Chain Phosphorylation 

UNC1999 Inhibits Bronchoconstriction 
of Human Precision-Cut Lung Slices 

Figure 2– Human airway smooth muscle cells were grown to confluence and treated with UNC1999.  
Cells were lysed and subjected unbiased histone PTM analysis using liquid-chromatography/mass-
spectrometry.  Overall percentages of histone H3 with the lysine 27 either unmodified, 
monomethylated, dimethylated, or trimethylated (H3K27me1/2/3) following compound treatments 
(n=3).    

Conclusions 
1.  Histone H3K27me is elevated in asthma-HASM. 

2.  UNC1999 suppresses histone H3K27 methylation. 

3.  UNC1999 inhibits myosin light chain phosphorylation. 

4.  UNC1999 inhibits agonist-induced intracellular calcium. 

5.  UNC1999 inhibits bronchoconstriction of hPCLS. 

References 

 
Histone post-translational modification 

contributes to intrinsic hypercontractility in 
HASM derived from fatal asthma subjects.   

Figure 5– PCLS from normal healthy human donors, each containing a small airway, were treated with 
10-5 M UNC1999 or DMSO.  PCLS were bronchoconstricted to a dose response of carbachol (10-8 – 10-5 
M).  Data displayed as mean±SEM of 3-5 slices per donor (n=3). 
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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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24 hr 

Mediators  Ciliary Beat 

Exposure of PCLS to formaldehyde 

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.       

ROCK1 ROCK2 
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H3K27me can be an important contributor to 
hyperresponsiveness and may serve as a new 
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Figure 3– Human airway smooth muscle cells were treated for 48 h with UNC1999 and 10 m before lysis with 
carbachol.  Cells were lysed and subjected to immunoblot.  Membranes were probed with anti-pMLC, and MLC 
antibodies.  Data shown as fold change of MLC phosphorylation as mean±SD (n=3).  

UNC1999 Suppresses Histone H3K27me via 
Inhibition of EZH2 Methyltransferase  

Figure 4– Human airway smooth muscle cells were treated for 48 h with UNC1999.  Cells were loaded with 
Fluo-8 dye and stimulated with 10 µM carbachol.  Fluoresence was measured using confocal microscopy.  
Data shown as relative fluoresence units mean±SD (n=9).  

UNC1999 Inhibits Agonist-induced Intraceullar 
Calcium Mobilization 
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Epigenetic Regulation of Human Airway 
Smooth Muscle 

•  Human airway smooth muscle cells derived from fatal 
asthma subjects maintain a hypercontractile phenotype 
in vitro. 

•  Persistance of a hyperresponsive phenotype in vitro 
alludes to epigenetic alteration of cells in asthma. 

•  Post-translational modification of histones contributes to 
epigenetic regulation of cell phenotype. 
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Ozone induces airway hyperresponsiveness but decreases cytokine secretion in  
precision-cut human lung slices 
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Hypothesis 
     Formaldehyde induces airway 

hyperresponsiveness through enhancing 
contractile response & mediator release in 

airway smooth muscle.   

Abstract 
RATIONALE:  Formaldehyde is an indoor air pollutant from cosmetic and housing 
industries that acts as a sensitizer exacerbating underlying lung diseases.  We 
hypothesized that formaldehyde exposure of human small airways alters contractile 
properties of the airways and modulates mediator release. 
 
METHODS:  Human precison cut lung slices (PCLS) from normal healthy donors, 
each containing a small airway, were stimulated ex vivo with increasing 
concentrations of formaldehyde (0.2-2 ppm) for 1 hr, incubated overnight and culture 
supernatants assessed for mediator release and lung slices examined for 
methacholine-induced brochoconstriction and cilia beat frequency.  Human airway 
smooth muscle (HASM) cells were exposed to formaldehyde and agonist-induced 
Ca2+ response and Rho-kinase activity were determined. 
 
RESULTS: Exposure of human small airways to formaldehyde induced enhanced 
bronchoconstriction. The net increase in cilia beat frequency decreased with 
increasing concentrations of formaldehyde exposure up to 0.8 ppm. Exposure of 
HASM cells to formaldehyde has little effects on bradykinin- or thrombin-induced 
intra-cellular Ca2+ levels. Formaldehyde had little effect on IL-6 or IL-8 release from 
PCLS or HASM cells. At 0.2 ppm, formaldehyde increased Rho-kinase activity in 
HASM cells, without significant effects on Rho-kinase mRNA expression.  
 
CONCLUSIONS: These data suggest that formaldehyde increases airway 
responsiveness to contractile stimulus, without eliciting inflammatory mediator 
release. Ca2+ sensitization through Rho-Kinase activation may be one of the 
mechanisms of formaldehyde-enhanced airway hyperresponsiveness (AHR).      

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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  Exposure 

Formaldehyde exposure causes exacerbation of clinical signs in allergic 
asthma patients1.  

Higher household formaldehyde level is associated with increased 
prevalence of child hood asthma2-6 
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Ozone induces airway hyperresponsiveness but decreases cytokine secretion in  
precision-cut human lung slices 
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1University of Pennsylvania, and 2Monell Chemical Senses Center, Philadelphia, PA 

Hypothesis 
     Formaldehyde induces airway 

hyperresponsiveness through enhancing 
contractile response & mediator release in 

airway smooth muscle.   

Abstract 
RATIONALE:  Formaldehyde is an indoor air pollutant from cosmetic and housing 
industries that acts as a sensitizer exacerbating underlying lung diseases.  We 
hypothesized that formaldehyde exposure of human small airways alters contractile 
properties of the airways and modulates mediator release. 
 
METHODS:  Human precison cut lung slices (PCLS) from normal healthy donors, 
each containing a small airway, were stimulated ex vivo with increasing 
concentrations of formaldehyde (0.2-2 ppm) for 1 hr, incubated overnight and culture 
supernatants assessed for mediator release and lung slices examined for 
methacholine-induced brochoconstriction and cilia beat frequency.  Human airway 
smooth muscle (HASM) cells were exposed to formaldehyde and agonist-induced 
Ca2+ response and Rho-kinase activity were determined. 
 
RESULTS: Exposure of human small airways to formaldehyde induced enhanced 
bronchoconstriction. The net increase in cilia beat frequency decreased with 
increasing concentrations of formaldehyde exposure up to 0.8 ppm. Exposure of 
HASM cells to formaldehyde has little effects on bradykinin- or thrombin-induced 
intra-cellular Ca2+ levels. Formaldehyde had little effect on IL-6 or IL-8 release from 
PCLS or HASM cells. At 0.2 ppm, formaldehyde increased Rho-kinase activity in 
HASM cells, without significant effects on Rho-kinase mRNA expression.  
 
CONCLUSIONS: These data suggest that formaldehyde increases airway 
responsiveness to contractile stimulus, without eliciting inflammatory mediator 
release. Ca2+ sensitization through Rho-Kinase activation may be one of the 
mechanisms of formaldehyde-enhanced airway hyperresponsiveness (AHR).      

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.       

ROCK1 ROCK2 

References 
1. Casset A, Marchand C, Purohit A, le Calve S, Uring-Lambert B, Donnay C, Meyer P, de      
    Blay F. Inhaled formaldehyde exposure: effect on bronchial response to mite allergen in  
    sensitized asthma patients. Allergy. 2006 Nov;61(11):1344-50. 
2. Gerald McGwin, Jr., Jeffrey Lienert, John I. Kennedy, Jr.  Formaldehyde Exposure and   
    Asthma in Children: A Systematic Review. Environ Health Perspect. 2010 March;    
   118(3): 313–317.  
3. Krzyzanowski M, Quackenboss JJ, Lebowitz MD. Chronic respiratory effects of indoor  
    formaldehyde exposure. Environ Res. 1990 Aug;52(2):117-25. 
4. Zhao Z, Zhang Z, Wang Z, Ferm M, Liang Y, Norbäck D. Asthmatic symptoms among  
    pupils in relation to winter indoor and outdoor air pollution in schools in Taiyuan, China.  
     Environ Health Perspect. 2008;116:90–97 
5. Rumchev KB, Spickett JT, Bulsara MK, Phillips MR, Stick SM. Domestic exposure to  
    formaldehyde significantly increases the risk of asthma in young children. Eur Respir J.  
    2002;20:403–408. 
6. Garrett MH, Hooper MA, Hooper BM, Rayment PR, Abramson MJ. Increased risk of  
    allergy in children due to formaldehyde exposure in homes. Allergy. 1999;54:330–337. 
7. Persoz C, Achard S, Momas I, Seta N. Inflammatory response modulation of airway  
    epithelial cells exposed to formaldehyde. Toxicol Lett. 2012 Jun 1;211(2):159-63. 
8. Cooper PR, Mesaros AC, Zhang J, Christmas P, Stark CM, Douaidy K, Mittelman MA,  
    Soberman RJ, Blair IA, Panettieri RA. 20-HETE mediates ozone-induced, neutrophil- 
    independent airway hyper-responsiveness in mice. PLoS One. 2010; 5(4):e10235 
 

IL-6 

IL-8 

0

20

40

60

80

100

10-610-710-8 10-5

Saline
0.2 ppm FA
0.8 ppm FA
2.0 ppm FA

[CCh] M

Br
on

ch
oc

on
st

ric
tio

n 
(%

)

CCh Emax values

Salin
e

0.2 ppm FA

0.8 ppm FA

2.0 ppm FA
0

20

40

60

80

100
Saline
0.2 ppm FA
0.8 ppm FA
2.0 ppm FA

Br
on

ch
oc

on
st

ric
tio

n
(%

)

log EC50 values

Salin
e

0.2 ppm FA

0.8 ppm FA

2.0 ppm FA
-0.6

-0.4

-0.2

0.0
Saline
0.2 ppm FA
0.8 ppm FA
2.0 ppm FA

Lo
g 

EC
50

* 

0.01-0.03 0.1-0.3 

    eye irritation 

Pressed wood, 
insulation 
tobacco smoke   

0.7- 1 ppm 

Nasal/eye /respiratory 
irritation 

Occupational 
  Exposure 

Formaldehyde exposure causes exacerbation of clinical signs in allergic 
asthma patients1.  

Higher household formaldehyde level is associated with increased 
prevalence of child hood asthma2-6 

Formaldehyde & Asthma 

Airway smooth muscle & AHR 

Hyper-contractility 

Airway Remodeling Airway inflammation 

Bronchospasm 

Cytoplasm 

MLC Kinase 
p-MLC 

Ca2+  

Rho A 

MLC Phosphatase Rho-associated 
Kinase (ROCK) 

MLC 

Contractility  

Agonist 

Ca2+ mobilization 

Ca2+ sensitization 

Airway Smooth Muscle in Airway 
Hyperresponsiveness 


