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Abstract

Genetic polymorphisms in neuronal nitric oxide synthase (NOS1) and calmodulin-

dependent endothelial NOS (NOS3) genes are known to influence the course of

allergic respiratory disorders. We investigated the role of NOS1 284 G/A and

NOS32786 T/C, 894 G/T and 27 base pair (bp) repeat polymorphisms in 125

patients suffering from asthma and/or rhinitis and monosensitized against

Dermatophagoides pteronyssinus (Dpter) and 111 controls from Algeria. We found

a higher frequency of the2786 CNOS3 allele in patients than in controls [corrected

P value (Pc) ¼ 0.04], especially in female cases (Pc ¼ 0.02) and that the ‘ab’

genotype of the 27-bp polymorphism was significantly associated with specific

immunoglobulin E production againstDpter (P ¼ 0.006). This study brings further

support for the participation of NOS3 gene polymorphism in the pathogenesis of

respiratory allergic disorders.

Allergic affections including asthma and rhinitis are

common disorders, highly heterogeneous and at constant

increase in their prevalence during the last decades (1, 2).

The development of such affections is known to be the result

of interactions between genetic background of the affected

subject and environmental factors, which include common

allergens such as house dust mite and pollens (3). A large

number of studies have reported associations between

various polymorphic genomic markers and atopy/asthma

in different population groups (4–6). Among the studied

loci, those encoding nitric oxide synthase (NOS) enzymes

have attracted particular attention because of their catalytic

role in NO synthesis, a molecule playing a prominent role in

the regulation of airway function (7). The NOS family

consists of three main members divided into two functional

groups: (i) the constitutively expressed Ca21/calmodulin-

dependent endothelial NOS (NOS3) and neuronal NOS

(NOS1) allow a rapid but small increase in NO production

and (ii) the inducible isoform (NOS2) promotes sustained

and enhanced synthesis of NO by inflammatory cells

induced by cytokines and other proinflammatory molecules

(8). In the airway, NO, a key physiological regulator of

functions such as bronchodilatation and neurotransmission

can become deleterious under certain circumstances (9). The

nocive effects of NO include plasma exsudation and

intensification of pre-existing inflammation (10, 11) as

evidenced by the high-exhaled NO levels in asthmatic

patients (12). Interestingly, a correlation exists between
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exhaledNO levels and the number of blood eosinophils (13).

It is also believed that the NOS system may influence the

T helper 2 (Th2)/Th1 disbalance known to characterize

allergic diseases (14). Given the previous description of

functionally relevant polymorphisms in NOS1 and NOS3

genes, several studies have focused on the potential impact

of some of their genetic variations on susceptibility/

resistance to allergic manifestations. In NOS1 gene, these

polymorphisms are mainly represented by a variable

number of simple sequence repeats (CA repeat in intron 2

and exon 29, andAAT in intron 20), and a punctual C5266T

substitution (15). Themost studied variations ofNOS3 gene

include a polymorphic 27 base pair (bp) tandem repeat in

intron 4, a common Glu298Asp change in exon 7 (894

G/T) and a T to C change at position 2786 in the

promoter region (16). While the NOS1 variants had

consistently been associated with high incidence of asthma,

elevated levels of immunoglobulin E (IgE) and exhaled NO

in asthmatic patients (17, 18), the data are less clear

concerning association of NOS3 polymorphic markers with

allergic disorders. An association between NOS3 27-bp

tandem repeat polymorphism with bronchial asthma was

reported (19–21),while theGlu298Asp variant in exon 7was

not found to influence the course of asthma and/or related

atopic phenotypes (19) but was associated with the level of

exhaledNO in asthmatic patients (22). Finally, a very recent

study implicated the 2786 polymorphic position in allergy

pathogenesis but only in affected male patients (23).

In this study, we evaluated the potential impact of NOS1

and NOS3 polymorphisms on the level of IgE production

and incidence of asthma and/or rhinitis in a patient group as

compared with healthy controls from Algeria, a population

group that had not been previously studied. DNA samples

were obtained from 125 patients attending the pulmonary

and allergy speciality departments of the Beni-Messous and

Ben-Aknoun hospitals in Algiers, Algeria along with 111

ethnically matched healthy controls (all individuals were

Arab or Berber of ethnic origins). The patients were

diagnosed according to the American Thoracic Society

criteria (24). At the time of inclusion, the patient group fell

into three phenotypic groups: 76% of patients with both

allergic rhinitis and asthma, 26.5% with allergic rhinitis

alone and 3.2%with asthma alone. Informed consents were

obtained for all patients and controls. Skin prick test (SPT)

was performed using commercially available sets (SPT-

Stallergènes�; Stallergènes, Antony, France) for house dust

mites [Dermatophagoides pteronyssinus (Dpter) and Derma-

tophagoides farinae], common grass, five pollen mixtures,

moulds (Alternaria alternata), cat, dog, olive tree (Olivier)

and cockroach (Blatella germanica). The total serum IgE

level wasmeasured by a home-designed (Pasteur Institute of

Algeria, Algiers, Algeria) enzyme-linked immunosorbent

assays and specific IgE against Dpter was detected by

Immulite� (DPC, Gwynedd, UK). Diagnosis of atopy was

based on combined criteria, which include clinical signs of

atopic status, positive SPT and raised total and specific

serum IgE levels greater than 150 IU/ml and 35 kU/l,

respectively. Genotyping was performed by a TaqMan� 5#-
nuclease assay (Applied Biosystems, Foster City, CA) with

allele-specific fluorogenic oligonucleotide probes for NOS1

284 G/A and for NOS3 2786 T/C variations as

described previously (25, 26). The NOS3 894G/T was

analysed by a polymerase chain reaction–restriction frag-

ment length polymorphism (PCR-RFLP), whereas alleles of

NOS3 27-bp repeat polymorphism (a, b and c alleles) were

discriminated by agarose gel electrophoresis of amplified

products (27, 28). Alleles and genotype frequencies were

determined and compared using a standard chi-squared

test.P valueswere corrected (Pc) and considered statistically

significant at values less than 0.05. Odds ratio (OR) and

95% confidence interval (95% CI) were calculated. Stu-

dent’s t-test (SPSS 8.0 software package)was used to compare

IgE means accounting patient’s genotypes. P < 0.05 were

considered significant.

Phenotype characteristics of patient and control groups

are summarized in Table 1. All patients were found to be

monosensitized reacting only to Dpter, whereas controls

provided negative reactions. Serum total IgE levels were

significantly higher in patients than in controls [median IgE

level: 350 IU/ml in patients vs 46.5 IU/ml in controls,

P < 0.00001 (quartile range: 195–654 IU/ml vs 35.5–

58.5 IU/ml and mean: 420.32 � 273.23 vs 51.20 � 22.39)].

Similarly, serum-specific IgE levels produced against Dpter

were also significantly higher in patients than in control

individuals [median IgE level: 80 kU/l vs 0.35 kU/l, P <

0.00001 (quartile range: 16–100 kU/l vs 0.35–0.35 kU/l and

mean: 59.70 � 40.37 vs 0.44 � 0.44, respectively)]. Both

total and specific IgE levels correlated with clinical respi-

ratorymanifestations and skin test results (P < 0.00001 and

P < 0.0001, respectively).

In terms of genotyping, we found that NOS3 2786 C

allele wasmore frequent in the patient group than in healthy

controls (48.4% vs 37.8%; Pc ¼ 0.04, OR ¼ 1.54, 95%

Table 1 Phenotype characteristics of patients with respiratory allergy

and controls

Control group

(n ¼ 111)

Allergic patients

(n ¼ 125)

Age, years (mean � SD) 25.46 � 10.48 21.92 � 11.27

Male, n (%) 33 (29.7) 53 (42.4)

Female, n (%) 78 (70.2) 72 (57.6)

Sex ratio 2.36 1.35

Allergy symptoms (%) 0 100

Skin prick test (%) 0 100

Total IgE, IU/ml (mean � SD) 51.20 � 22.39 420.32 � 273.23

Specific IgE Dpter (mean � SD) 0.44 � 0.44 59.70 � 40.37

Dpter, Dermatophagoides pteronyssinus; IgE, immunoglobulin E.
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CI ¼ 1.05–2.46) (Table 2). Interestingly, stratification of

patients and controls based on gender showed that

frequency of 2786 C allele is significantly higher in female

patients than in female controls (52.08% vs 37.82%;

Pc ¼ 0.02, OR ¼ 1.79, 95% CI ¼ 1.10–2.91), whereas it

was at comparable frequency in male subgroups (Table 3).

Otherwise, we noted also a trend towards a higher

prevalence of this allele in female patients as compared

withmale patients (52.08% vs 43.39%) but statistically non-

significant likely because of the small number of male as

compared with female patients (53 and 72 patients,

respectively). The overall frequency of the 27-bp repeat

and 894 G/T polymorphisms of NOS3 gene and that of

NOS1 locus did not show any difference between patients

and controls. However, analysis of the distribution of the

27-bp repeat genotypes among patients showed that in those

bearing the compound heterozygous ‘ab’ (n ¼ 34), Dpter-

specific IgE levels were higher than those bearing the other

genotypes, i.e. bb, aa, ac and bc (n ¼ 84, 4, 2 and 1,

respectively) (75.9 � 6.3 kU/l vs 53.6 � 4.4 kU/l, P ¼
0.006). In this context, both NOS3 2786 T/C, 894

G/T and NOS1 284 G/A polymorphisms were not

found to be associatedwith any of the disease characteristics

(serum total IgE,Dpter-specific IgE and other atopy-related

clinical phenotypes).

Endogenous NO production is a tightly controlled

process involving distinct NO synthases, either constitutive

(cNOS, NOS1 and NOS3) or inducible (NOS2), the

expression of which had been incriminated in susceptibil-

ity/resistance to allergic diseases (29). In terms of NOS3

gene diversity, the herein NOS3 2786 C allele association

with atopic phenotype (overall respiratory allergy) is

consistent with the recent finding in a Czech asthmatic

male patients (23). Of interest is that the allele C had

previously been associated with deficient (50% reduction)

NOS3 transcription (30) and with similar reduction in

NOS3 expression (31) as well as with diminished serum

nitrite/nitrate levels (32). Interestingly, this polymorphism

had also been identified as a gender-specific genetic

modulator of acute chest syndrome in sickle cell disease

(26). In our study, a similar contribution to the pathogenic

effect was noted, likely reflecting a hormonal effect, in

particular oestrogen (33). In this context, it is interesting to

remind that this nucleotide substitution is in close proximity

with a predicted oestrogen-responsive element and a DNA-

binding protein, replication proteinA1 that had been shown

to reduce the 2786 C promoter activity (34). Concerning

NOS3 27-bp repeat polymorphism, it has been shown that

the level of plasmaticNO in homozygous subject for the rare

‘a’ allele was nearly 20% lower than that of subjects carrying

the common ‘b’ allele (29). However, the potential

implication of this variation in the genetic control of NO

production provided inconsistent data in association studies

involving different ethnic groups. Among our respiratory

allergic patients, the reported association between the

compound heterozygote ‘ab’ genotype and high specific

serum IgE levels possibly reflected a linkage disequilibrium

of a yet to be defined susceptibility locus. This situation

could also evoke a potential dominant effect of the ‘a’ allele,

but such effect could not be proven in our work because of

the low number of homozygous cases of this variant. In

addition and consistent with previous findings, the common

NOS3 894G/T variation in exon 7was not associated with

disease phenotype in our study. Finally, the284G/ANOS1

gene polymorphism, thought to decrease promoter activity

by about 30% (25) but the relevance of which in allergic

disorders is unknown, was not found to influence clinical

phenotypes in our work.

Altogether, our data from a population group from

North Africa, albeit requiring confirmation by a much

larger study, suggest a genetic contribution of endogenous

NO in allergic diseases. This is further highlighted by studies

Table 2 NOS3 2786 T/C allele and genotype frequencies among

patients and controls

NOS3 2786 T/C

Patients

(n ¼ 125)

Healthy controls

(n ¼ 111) w2 P Pc

Alleles, n (%)

2786 T 129 (51.6) 138 (62.1) — — —

2786 C 121 (48.4) 84 (37.8) 5.33 0.02 0.04

Genotypes, n (%)

2786 T/T 36 (28.8) 44 (39.6) — — —

2786 T/C 57 (45.6) 50 (45) — — —

2786 C/C 32 (25.6) 17 (15.3) 3.78 0.05 NS

NOS3, endothelial NOS; NS, not significant.

Table 3 Endothelial NOS 2786 allele frequencies after gender stratification

Females Males

Alleles

Patients

(n ¼ 72)

Controls

(n ¼ 78) w2 P Pc

Patients

(n ¼ 53)

Controls

(n ¼ 33) w2 P Pc

2786 T, n (%) 69 (47.91) 97 (62.17) — — — 60 (56.60) 41 (62.12) — — —

2786 C, n (%) 75 (52.08) 59 (37.82) 6.1 0.01 0.02 46 (43.39) 25 (37.87) NS

NOS, nitric oxide synthase; NS, not significant.
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in NOS3 transgenic mice, which show that overexpression

of NOS3 could prevent/attenuate airway hyperresponsive-

ness and inflammation (35). Of interest also is the recently

proposed hypothesis involving a crosstalk between consti-

tutive and inducible forms of NOS; a decrease in NOS3-

related NO production below a certain threshold may

enhance the expression of NOS2 gene (36, 37), thus

contributing to sustained synthesis of NO as in asthmatic

patients.
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(accord interministériel CMEP: 04 MDU 631) and institu-

tional funding of INSERM U662 and AP-HP.

References

1. The International Study ofAsthma andAllergies in Childhood

(ISAAC) Steering Committee. Worldwide variation in preva-

lence of symptoms of asthma, allergic rhinoconjunctivitis, and

atopic eczema; ISAAC. Lancet 1998: 351: 1225–32.

2. Johansson SG, Hourihane JO, Bousquet J et al. EAACI (the

European Academy of Allergology and Clinical Immunology)

nomenclature task force: a revise nomenclature for allergy: an

EAACI position statement from the EAACI nomenclature

task force. Allergy 2001: 56: 813–24.

3. Sengler C, Lau S, Wahn U, Nickel R. Interaction between

genes and environmental factors in asthma and atopy: new

developments. Respir Res 2002: 3: 7.

4. Koppelman GH, Stine OC, Xu J, Howard TD et al. Genome

wide search for atopy susceptibility genes in Dutch families

with asthma. J Allergy Clin Immunol 2002: 109: 498–506.

5. Dizier MH, Besse-Schmittler C, Guilloud-Bataille M et al.

Genome screen for asthma and related phenotypes in the

French EGEA study. Am J Respir Crit Care Med 2000: 162:

1812–8.

6. Barnes KC, Neely JD, Duffy DL et al. Linkage of asthma and

serum IgE concentration to markers on chromosome 12q:

evidence from Afro-Caribbean and Caucasian populations.

Genomics 1996: 37: 41–50.

7. Ricciardolo FL, Sterk PJ, Gaston B, Folkerts G. Nitric oxide

in health and disease of the respiratory system. Physiol Rev

2004: 84: 731–65.

8. Li H, Poulos TL. Structure-function studies on nitric oxide

synthases. J Inorg Biochem 2005: 99: 293–305.

9. Keller AC, Rodriguez D, Russo M. Nitric oxide paradox in

asthma. Mem Inst Oswaldo Cruz 2005: 100: 19–23.

10. Meurs H, Maarsingh H, Zaagsma J. Arginase and asthma:

novel insights into nitric oxide homeostasis and airway

hyperresponsiveness. Trends Pharmacol Sci 2003: 24: 450–5.

11. Coleman JW. Nitric oxide: a regulator of mast cell activation

and mast cell-mediated inflammation. Clin Exp Immunol

2002: 129: 4–10.

12. Sippel JM, Holden WE, Tilles SA et al. Exhaled nitric oxide

levels correlate with measures of disease control in asthma.

J Allergy Clin Immunol 2000: 106: 645–50.

13. Silvestri M, Spallarossa D, Frangova Yourukova V et al.

Orally exhaled nitric oxide levels are related to the degree of

blood eosinophilia in atopic children with mild-intermittent

asthma. Eur Respir J 1999: 13: 321–6.

14. Schindler H, Bogdan C. NO as a signaling molecule: effects on

kinases. Int Immunopharmacol 2001: 1: 1443–55.

15. GrasemannH.Genetics of the neuronalNOsynthase (NOS1) in

the etiology of bronchial asthma. Pneumologie 2001: 55: 390–5.

16. Albrecht EW, Stegeman CA, Heeringa P, Henning RH, van

Goor H. Protective role of endothelial nitric oxide synthase.

J Pathol 2003: 199: 8–17.

17. Grasemann H, Yandava CN, van’s Gravesande KS et al. A

neuronal NO synthase (NOS1) gene polymorphism is

associated with asthma. Biochem Biophys Res Commun

2000: 272: 391–4.

18. Holla LI, Schuller M, Buckova D, Vacha J. Neuronal nitric

oxide synthase gene polymorphism and IgE-mediated allergy

in the Central European population.Allergy 2004: 59: 548–52.

19. Holla LI, Buckova D, Kuhrova V et al. Prevalence of

endothelial nitric oxide synthase gene polymorphisms in

patientswith atopic asthma.Clin ExpAllergy 2002: 32: 1193–8.

20. Lee YC, Cheon KT, Lee HB, Kim W, Rhee YK, Kim DS.

Gene polymorphisms of endothelial nitric oxide synthase and

angiotensin-converting enzyme in patients with asthma.

Allergy 2000: 55: 959–63.

21. Leung TF, Liu EK, Tang NL et al. Nitric oxide synthase

polymorphisms and asthma phenotypes in Chinese children.

Clin Exp Allergy 2005: 35: 1288–97.

22. Storm van’s GravesandeK,WechslerME,GrasemannH et al.

Association of a missense mutation in the NOS3 gene with

exhaled nitric oxide levels. Am J Respir Crit Care Med 2003:

168: 228–31.

23. Holla LI, Stejskalova A, Znojil V, Vasku A. Association study

of promoter polymorphismswithin theNOS3 gene and allergic

diseases. Int Arch Allergy Immunol 2006: 141: 103–9.

24. Global Strategy for Asthma Management and Prevention.

Global Initiative for Asthma. NIH Publication No. 01-3659:

NHLBI/WHO, 2002, www.ginasthma.com.

25. Saur D, Vanderwinden JM, Seidler B, Schmid RM, De Laet

MH, Allescher HD. Single-nucleotide promoter

polymorphism alters transcription of neuronal nitric oxide

synthase exon 1c in infantile hypertrophic pyloric stenosis.

Proc Natl Acad Sci U S A 2004: 101: 1662–7.

26. Sharan K, Surrey S, Ballas S et al. Association of T-786C

eNOS gene polymorphism with increased susceptibility to

acute chest syndrome in females with sickle cell disease. Br J

Haematol 2004: 124: 240–3.

27. Lembo G, De Luca N, Battagli C et al. A common variant of

endothelial nitric oxide synthase (Glu298Asp) is an

independent risk factor for carotid atherosclerosis. Stroke

2001: 32: 735–40.

28. Asensi V, Montes AH, Valle E et al. The NOS3 (27-bp repeat,

intron 4) polymorphism is associated with susceptibility to

osteomyelitis. Nitric Oxide 2007: 16: 44–53.

29. TsukadaT,YokoyamaK,Arai T et al. Evidence of association

of the ecNOS gene polymorphism with plasma NOmetabolite

levels in humans. Biochem Biophys Res Commun 1998: 245:

190–3.

4
ª 2007 The Authors

Journal compilation ª 2007 Blackwell Munksgaard

NOS polymorphisms and respiratory allergy R. Djidjik et al.



30. Nakayama M, Yasue H, Yoshimura M et al. T-786–>C

mutation in the 5#-flanking region of the endothelial nitric

oxide synthase gene is associated with coronary spasm.

Circulation 1999: 99: 2864–70.

31. Erbs S, Baither Y, Linke A et al. Promoter but not exon 7

polymorphism of endothelial nitric oxide synthase affects

training-induced correction of endothelial dysfunction.

Arterioscler Thromb Vasc Biol 2003: 23: 1814–9.

32. Ohtoshi K, Yamasaki Y, Gorogawa S et al. Association of

(-)786T-C mutation of endothelial nitric oxide synthase gene

with insulin resistance. Diabetologia 2002: 45: 1594–601.

33. GrasemannH, Ratjen F. Gender-specific disease modification

by NOS3. Br J Haematol 2004: 126: 160.

34. Miyamoto Y, Saito Y, NakayamaM et al. Replication protein

A1 reduces transcription of the endothelial nitric oxide

synthase gene containing a -786T–>C mutation associated

with coronary spastic angina. Hum Mol Genet 2000: 9:

2629–37.

35. Ten Broeke R, De Crom R, Van Haperen R et al.

Overexpression of endothelial nitric oxide synthase suppresses

features of allergic asthma in mice. Respir Res 2006: 7: 58.

36. Suzuki H, Colasanti M. Cross-talk between constitutive and

inducible nitric oxide synthases. Circulation 2001: 103: 81.

37. Persichini T, Cantoni O, Suzuki H, Colasanti M. Cross-talk

between constitutive and inducible NO synthase: an update.

Antioxid Redox Signal 2006: 8: 949–54.

ª 2007 The Authors
Journal compilation ª 2007 Blackwell Munksgaard 5

R. Djidjik et al. NOS polymorphisms and respiratory allergy


