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In this issue of the Journal Debley et al report that in infants and toddlers with frequent early
wheeze, single breath exhaled nitric oxide (NO) concentrations correlate with the magnitude
of bronchodilator responsiveness and decline in FEV 5 over the subsequent six months 1.
Furthermore exhaled NO was superior to either lung function variable in predicting later
exacerbations of wheezing requiring systemic corticosteroid treatment. These findings are in
accord with the results of a recent clinical study conducted by the NIH/NHLBI CARE
Network wherein elevated exhaled NO in pre-school children with moderate to severe
intermittent wheezing was associated with an increased risk of respiratory tract illness in the
subsequent year and with aeroallergen sensitization 2. Likewise exhaled NO is higher in
non-wheezing atopic infants 3, high in three to four year olds with recurrent wheeze and a
positive stringent predictive index for asthma 4, increases during exacerbations of infants ®,
and decreases in response to treatment with inhaled fluticasone & and montelukast /—8. Thus
expired NO has promise as a useful marker of asthma activity in pre-school children, a
population in whom it is difficult to non-invasively assess airways inflammation.

What is the source of exhaled NO in the lung and can we confidently link its biochemistry to
airways inflammation? Clinical studies in children with asthma suggest that exhaled NO is
primarily a biomarker for atopy. Exhaled NO correlates positively with the magnitude of
blood eosinophilia, serum IgE, number of positive skin prick tests to aeroallergens, airway
hyperresponsiveness, and disease severity %10, However, there is a wide gap between the
aforementioned clinical correlations and NO biochemical pathways in the human airway.
The traditional view holds that NO is primarily formed in the respiratory epithelium through
Th2 inflammatory cytokine-induced stimulation of inducible nitric oxide synthase (iNOS).
However most cytokines that upregulate iNOS are Th1l cytokines. Moreover, exhaled NO
correlates most robustly with eosinophil counts in the lung, but eosinophils are not the
principal cells in the airway that express iINOS. Furthermore, despite significant airways
inflammation, exhaled NO levels are not elevated in many adults with severe asthma
compared to mild to moderate asthma 1. As perplexing, exhaled NO levels in emergency
department treated patients with acute exacerbations do not correlate with standard measures
of asthma severity 12.
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Analysis of NO biochemical pathways in the lung may shed light on this dilemma and the
interpretation of exhaled NO values in patients. Arginine is the primary nitrogen donor
which forms NO and its reaction products in the lung. In adults with severe asthma but not
healthy controls, arginine bioavailability highly correlates with the degree of airflow
obstruction but not inflammation 3. Once formed, NO is highly reactive and in the presence
of molecular oxygen at normal pH forms nitrite/nitrous acid (pKa 3.6), an important
reservoir of nitrogen species which can be measured in exhaled breath condensate or airway
surface liquid in uM concentrations. Indeed when volunteers with asthma inhale airway
buffer solutions, expired NO levels acutely fall as more nitrite is formed when airway pH
increases 14. Another vital NO reaction in the lungs involves loss of an electron to form the
nitrosonium ion (NO™), a strong oxidizing agent which can then react with cysteine residues
of proteins to form S-nitrosothiols. One of these is S-nitrosoglutathione (GSNO), a
protective anti-inflammatory and bronchodilator compound endogenous to the airway
surfaces which is depleted in children with severe asthma 15, The catabolism of GSNO in
the airways is regulated by several enzymes, including an alcohol dehydrogenase also
known as GSNO reductase, known to be up-regulated in mild asthma 16, and carbony!
reductase 17. One product downstream of GSNO degradation is NO; thus regulation of
GSNO degradation may be a critical determinant of exhaled NO levels in humans. Indeed
therapeutic inhalation of GSNO increases exhaled NO in humans as GSNO is broken down
18 Thus challenge testing with arginine, buffer, GSNO and other determinants of NO
metabolism may identify candidate sub-populations who might respond to treatment with
the aforementioned interventions.

Thus before exhaled NO concentrations in wheezing infants can be directly linked to
specific inflammatory mechanisms or pathways, the biochemistry of NO reactions in the
lung must be considered. Exhaled NO may be high with acute acidification and enhanced
catabolism of GSNO, but low when important nitrogen reservoirs like GSNO are depleted or
there is impaired degradation of endogenous GSNO. The association of these biochemical
events with inflammatory mechanisms is highly preliminary and deserving of further study
so as to improve the application of exhaled NO values to the care of children with asthma.

References

1. Debley JS, Stamey DC, Cochrane ES, Gama KL, Redding GJ. Exhaled nitric oxide, lung function,
and exacerbations in wheezy infants and toddlers. J Allergy Clin Immunol 2010;X:XX.

2. Beigelman A, Mauger DT, Phillips BR, Zeiger RS, Taussig LM, Strunk RC, Bacharier LB. for the
Care Network of the NHLBI. Effect of elevated exhaled nitric oxide levels on the risk of respiratory
tract illness in preschool-aged children with moderate-to-severe intermittent wheezing. Ann Allergy
Asthma Immunol 2009;103:108-13. [PubMed: 19739422]

3. Gabriele C, Nieuwhof EM, van der Wiel EC, et al. Exhaled nitric oxide differentiates airway
diseases in the first two years of life. Pediatr Res 2006;60:461-465. [PubMed: 16940253]

4. Moeller A, Diefenbacher C, Lehmann A, Rochat M, Brooks-Wildhaber J, Hall GL, Wildhaber JH.
Exhaled nitric oxide distinquishes between subgroups of preschool children with respiratory
symptoms. J Allergy Clin Immunol 2008;121:705-9. [PubMed: 18177695]

5. Baraldi E, Dario C, Ongaro R, et al. Exhaled nitric oxide concentrations during treatment of
wheezing exacerbation in infants and young children. Am J Respir Crit Care Med 1999;159:1284—
1288. [PubMed: 10194178]

6. Moeller A, Franklin P, Hall GL, Turner S, Straub D, Wildhaber JH, Stick SM. Inhaled fluticasone
dipropionate decreases levels of nitric oxide in recurrently wheezy infants. Pediatr Pulmonol
2004;38:250-55. [PubMed: 15274106]

7. Straub DA, Moeller A, Minocchieri S, et al. The effect of montelukast on lung function and exhaled
nitric oxide in infants with early childhood asthma. Eur Respir J 2005;25:289-294. [PubMed:
15684293]

J Allergy Clin Immunol. Author manuscript; available in PMC 2011 June 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Teague

Page 3

8. Straub DA, Minocchieri S, Moeller A, Hamacher J, Wildhaber JH. The effect of montelukast on
exhaled nitric oxide and lung function in asthmatic children 2 to 5 years old. Chest 2005;127:509—
514. [PubMed: 15705989]

9. Strunk RC, Szefler SJ, Phillips BR, et al. Relationship of exhaled nitric oxide to clinical and
inflammatory markers of persistent asthma in children. J Allergy Clin Immunol 2003;112:883-892.
[PubMed: 14610474]

10. Fitzpatrick AM, Gaston BM, Erzurum SC, Teague WG. Features of severe asthma in school-age
children: atopy and increased exhaled nitric oxide. J Allergy Clin Immunol 2006;118:1218-1225.
[PubMed: 17157650]

11. Moore WC, Bleecker ER, Curran-Everett D, Erzurum SC, Ameredes BT, Bacharier L, Calhoun
WJ, Castro M, Chung KF, Clark MP, Dweik RA, Fitzpatrick AM, Gaston B, Hew M, Hussain I,
Jarjour NN, Israel E, Levy BD, Murphy JR, Peters SP, Teague WG, Meyers DA, Busse WW,
Wenzel SE. National Heart, Lung, Blood Institute’s Severe Asthma Research Program.
Characterization of the severe asthma phenotype by the National Heart, Lung, and Blood
Institute’s Severe Asthma Research Program. J Allergy Clin Immunol 2007;119(2):405-13.
[PubMed: 17291857]

12. Gill M, Walker S, Khan A, Green SM, Kim L, Gray S, Krauss B. Exhaled nitric oxide levels
during acute asthma exacerbation. Acad Emergency Med 2005;12:579-86.

13. Lara A, Khatri SB, Wang Z, Comhair SA, Xu W, Dweik RA, Bodine M, Levison BS, Hammel J,
Bleecker E, Busse W, Calhoun WJ, Castro M, Chung KF, Curran-Everett D, Gaston B, Israel E,
Jarjour N, Moore W, Peters SP, Teague WG, Wenzel S, Hazen SL, Erzurum SC. National Heart,
Lung, and Blood Institute’s Severe Asthma Research Program. Alterations of the arginine
metabolome in asthma. Am J Respir Crit Care Med 2008;178:673-81. [PubMed: 18635886]

14. Shin HW, Shelley DA, Henderson EM, Fitzpatrick A, Gaston B, George SC. Airway nitric oxide
release is reduced after PBS inhalation in asthma. Journal Appl Physiology 2007;102(3):1028-33.

15. Lewis SJ, Gaston B. S-nitrosothiol deficiency in asthma. Am J Respir Crit Care Med
2009;180:198-9. [PubMed: 19633153]

16. Que LG, Yang Z, Stamler JS, Lugogo NL, Kraft M. S-nitrosoglutathione reductase—an important
regulator in human asthma. Am J Respir Crit Care Med 2009;180:226-31. [PubMed: 19395503]

17. Bateman RL, Rauh D, Tavshanjian B, Shokat KM. Human carbonyl reductase 1 is an S-
nitrosoglutathione reductase. J Biol Chem 2008;283:35756-35762. [PubMed: 18826943]

18. Snyder AH, McPherson ME, Hunt JF, Johnson M, Stamler JS, Gaston B. Acute effects of
aerosolized S-nitrosoglutathione in cystic fibrosis. Am J Respir Crit Care Med 2002;165:922-926.
[PubMed: 11934715]

J Allergy Clin Immunol. Author manuscript; available in PMC 2011 June 1.



