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Learning Objectives

•Review outcomes from SMART approaches in 
the management of asthma.

•Explain how β agonists induce bronchodilation.

•Define the non-genomic effects of steroids and 
their amplification of β agonist-induced 
bronchodilation in the treatment of asthma.



• Does not require gene expression

• Predominantly an airway smooth muscle effect

• Globally, inhaled steroids and β agonists served 
as rescue therapy for 15 years.

Bronchodilation



Clinical evidence

Chapman KR, Barnes NC, Greening AP, et al. Single maintenance and reliever therapy (SMART) of asthma: a critical appraisal

Thorax 2010;65:747-752. 



Amrani Y, Panettieri RA, Ramos-Ramírez P, Schaafsma D, Kaczmarek K, Tliba O. Important lessons learned from studies on the pharmacology of glucocorticoids in human airway smooth 
muscle cells: Too much of a good thing may be a problem [published online ahead of print, 2020 May 27]. Pharmacol Ther. 2020;107589. doi:10.1016/j.pharmthera.2020.107589

Genomic Effects of Glucocorticoids on Structural Cells
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Preparation of Human Precision-Cut Lung Slices (PCLS)

Healthy Human Lungs Lobe dissected and inflated

with low melting point agarose

Inflated lung is 

sectioned

Lung core is sliced

(Thickness: 250 µm)
Krumdieck Tissue Slicer Sectioned lung is cored

(Diameter: 8 mm)

Lung Slice Small airway located on slice

Steroids restores β-AR responsiveness to 

isoproterenol.
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Cooper PR, Panettieri RA Jr. Steroids completely reverse albuterol-
induced beta(2)-adrenergic receptor tolerance in human small 
airways. J Allergy Clin Immunol. 2008 Oct;122(4):734-740. 



Distinguishing Genomic and Non-genomic 
Effects of Glucocorticoids

Panettieri RA, Schaafsma D, Amrani Y, Koziol-White C, Ostrom R, Tliba O. Non-genomic Effects of Glucocorticoids: An Updated View. Trends Pharmacol Sci. 2019;40(1):38-49. 
doi:10.1016/j.tips.2018.11.0029

GC EFFECTS
ACUTE 

(simultaneous or within 30 minutes)
Chronic

(delayed)

Genomic Effects - -

Inhibitory effects of CHX 
or Actinomycin D

- +

GR involvement - or + +

Inhibitory effects of RU486 - or + +

Type of GR involved None, membrane GR or cytosolic GR Cytosolic GR

GR-independent mechanisms GC interaction with membrane None



Panettieri RA, Schaafsma D, Amrani Y, Koziol-White C, Ostrom R, Tliba O. Non-genomic Effects of Glucocorticoids: An Updated View. Trends Pharmacol Sci. 
2019;40(1):38-49. doi:10.1016/j.tips.2018.11.002

Glucocorticoids and GR Effects on Structural Cells
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Relaxation

Contraction

Reduced 
cAMP levels

cAMP

cAMP

cAMP

PDE

Adenylyl 
Cyclase

Adenylyl 
Cyclase

ABCC1
ABCC4

11



Budesonide enhances agonist-induced bronchodilation in human small airways by increasing cAMP production in airway smooth muscle.  Koziol-White C, Johnstone TB, Corpuz ML, 
Orfanos S, Parikh V, Deeney B, Tliba O, Ostrom RS, Dainty I and Panettieri RA. 01 Feb 2020. AJPLung. 00393.2019

Budesonide alone increases cAMP 
levels and amplifies that induced by 
formoterol, PGE2 or forskolin
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Budesonide enhances agonist-induced bronchodilation in human small airways by increasing cAMP production in airway smooth muscle.  Koziol-White C, Johnstone TB, Corpuz ML, 
Orfanos S, Parikh V, Deeney B, Tliba O, Ostrom RS, Dainty I and Panettieri RA. 01 Feb 2020. AJPLung. 00393.2019

Budesonide Augments Formoterol-induced Inhibition of 
Carbachol-induced pMLC
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Budesonide enhances agonist-induced bronchodilation in human small airways by increasing cAMP production in airway smooth muscle.  Koziol-White C, Johnstone TB, Corpuz ML, 
Orfanos S, Parikh V, Deeney B, Tliba O, Ostrom RS, Dainty I and Panettieri RA. 01 Feb 2020. AJPLung. 00393.2019

Budesonide Significantly Augments Cholera 
Toxin-Induced Bronchodilation of Human Small Airways
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Budesonide enhances agonist-induced bronchodilation in human small airways by increasing cAMP production in airway smooth muscle.  Koziol-White C, Johnstone TB, Corpuz ML, 
Orfanos S, Parikh V, Deeney B, Tliba O, Ostrom RS, Dainty I and Panettieri RA. 01 Feb 2020. AJPLung. 00393.2019

HASM Cells Express Membrane-Associated GR
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Knockdown of glucocorticoid receptor-α (GRα) had 

little effect on budesonide or budesonide + formoterol-

induced cAMP production in human airway smooth 

muscle (HASM). 

Budesonide enhances agonist-induced bronchodilation in human small airways by increasing cAMP production in airway smooth muscle.  Koziol-White C, Johnstone TB, Corpuz ML, 
Orfanos S, Parikh V, Deeney B, Tliba O, Ostrom RS, Dainty I and Panettieri RA. 01 Feb 2020. AJPLung. 00393.201916



Summary

• The presence of steroids prevents β2AR desensitization in 
human small airways.

• The combination of budesonide and a β agonist enhances β
agonist-induced bronchodilation.

• Budesonide primes human airway smooth muscle to generate 
more cAMP.

• Budesonide effects on β agonist-induced bronchodilation occurs 
acutely and likely mediated in a non-genomic manner.



Not a Black Box, but a Green Box!!

Concerning bronchodilation, there is little 
reason to use a β agonist alone since β
agonists alone are inferior bronchodilators 
compared with that of a budesonide/ β
agonist combination.


