
Disorders of Erythropoiesis

ET-1 and ecNOS gene polymorphisms and
susceptibility to acute chest syndrome and
painful vaso-occlusive crises in children with
sickle cell anemia

The association of endothelin 1 (ET-1) and
endothelial constitutive nitric oxide synthase
(ecNOS) gene polymorphisms (G5665T and
T8002C, VNTR and T-786C respectively) with the
occurrence of acute chest syndrome and painful
vaso-occlusive crises was evaluated in homozygous
SS children. This retrospective study reveals that
ET-1 T8002 and ecNOS C-786 alleles are associat-
ed with, respectively, an increased and a decreased
risk of acute chest syndrome. 
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Acute chest syndrome (ACS) and painful vaso-occlu-
sive crises (VOC) are the most common causes of hospi-
talization in sickle cell anemia and several studies have
suggested the involvement of ET-1 and ecNOS in the
pathogenesis of these two sickle cell anemia-specific
complications.1-4 In this study, we investigated the associ-
ation of ET-1 and ecNOS gene polymorphisms with the
susceptibility to ACS and VOC in children with sickle cell
anemia.

The polymorphisms studied were ET-1 G5665T and
T8002C variants, a variable number of tandem (27-base
pair) repeats (VNTR) in intron 4 of the ecNOS gene and
the ecNOS T-786C variant. Both ET-1 variants have been
associated with abnormal vascular reactivity.5,6 The
ecNOS VNTR is associated with the mean plasma nitric
oxide level7 while the ecNOS C-786 variant reduces
ecNOS gene promoter activity and has been described as
a genetic risk factor for ACS in adult female sickle cell
anemia patients.8

Polymorphisms were analyzed in 173 SS children diag-
nosed at birth by systematic neonatal screening and fol-
lowed longitudinally by the sickle cell center of
Guadeloupe, with a mean follow-up period of 7.8±4.5
years. Due to the limitation of available DNA, genotype
data for ecNOS T-786C, ecNOS VNTR, ET-1 G5665T and
ET-1 T8002C loci were obtained for 159, 168, 171 and
157 patients, respectively.

VOC was defined as pain in the extremities, back and
abdomen without an other explanation and excluding
dactylitis. ACS was defined as the presence of new pul-
monary infiltrates on a chest X-ray with chest pain and
respiratory anomalies.9

Genotype frequencies were compared between chil-
dren with and without ACS (ACS+ and ACS–), and with
and without VOC (VOC+ and VOC–) using Pearson’s test.
Only genotype distributions for ET-1 T8002C and ecNOS
T-786C alleles were significantly different between ACS+

and ACS– groups of patients (p=0.039 and p=0.021,
respectively) without difference between groups for age
and fetal hemoglobin level (Table 1). As shown in Table
1, the incidence of ET-1 C8002 was significantly higher in
the ACS+ group than in the ACS– group, when the effect
of the abnormal allele was assumed to be recessive
(OD=5.6, 95% CI: 1.3 to 25.5, p=0.0164). In contrast, a
lower incidence of ecNOS C-786 was observed in ACS+

than in ACS– patients, when both additive (OD=0.46,
95% CI: 0.25 to 0.86, p=0.0153) and dominant

(OD=0.47, 95% CI: 0.21 to 0.84, p=0.018) effects of the
mutant allele were assumed. Patients were stratified
according to genotype and then frequencies of ACS,
defined as the number of episodes per number of person-
years of observation, were compared using the Mann-
Whitney rank sum test. Concerning the ET-1 T8002C
polymorphism, the frequency of ACS was higher in
patients with the CC genotype than in patients with the
TC and TT genotypes (0.28±0.22 vs. respectively
0.18±0.20 and 0.14±0.22, p=0.038; Table 2). For the
ecNOS T-786C polymorphism, patients carrying the CC
and TC genotypes had lower frequencies of ACS than did
patients with the TT genotype (respectively 0.09±0.15
and 0.15±0.19 vs. 0.29±0.21, p=0.033; Table 2). No gen-
der effect was observed. We failed to find any association
between the four polymorphisms and VOC (data not
shown), a result potentially related to the statistical power
of the present study, which ranged from 12% to 26%
(α=0.05).

The ET-1 C8002 allele appears to increase the risk of
ACS and provides a basis for further investigations focus-
ing on ET-1 gene polymorphisms in the clinical variabili-
ty associated with sickle cell anemia. Surprisingly, our
findings suggest that the ecNOS C-786 allele decreases
the risk of ACS in pediatric patients, contrasting with the
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Table 1. Patients’ characteristics and genotype frequencies of
ecNOS and ET-1 single nucleotide polymorphisms in patients strat-
ified according to the occurrence of ACS.

SNP ACS+ ACS- p Odds ratios
(95% CI)

ET-1 T8002C
Number of patients 95 62 −
Age (years) 11.2±4.2 10.6±4.8 NS −
Sex ratio (M/F) 60/35 38/24 NS −
HbF (%) 15.1±7.9 17.9±7.9 NS −

Genotype count (frequency)
CC 15 (.16) 2 (.03) −
TC 24 (.25) 24 (.39) 0.021 −
TT 56 (.59) 36 (.58) −

Additive effect − − NS 1.36 (0.8-2.3)
Dominant effect − − NS 0.96 (0.5-1.8)
Recessive effect − − 0.016 5.6 (1.3-25.5)

ecNOS T-786C
Number of patients 104 55 − −
Age (years) 11.2±3.1 9.9±4.8 NS −
Sex ratio (M/F) 67/37 32/23 NS −
Hb F (%) 15.9±8.2 17.9±8.8 NS −

Genotype count (frequency)
CC 1 (.01) 2 (.04) − −
TC 23 (.22) 21 (.38) 0.039 −
TT 80 (.77) 32 (.58) − −

Additive effect − − 0.015 0.46 (0.25-0.86)
Dominant effect − − 0.018 0.47 (0.21-0.84)
Recessive effect − − NS 0.27 (0.02-2.9)

Patients were stratified according to the occurrence of ACS. Age and HbF level
were compared using the Mann-Whitney rank sum test. Comparisons of the sex
ratio and the ET-1 T8002C and ecNOS T-786C genotype frequencies were
performed by Pearson’s test. Odds ratios were calculated as an index of the
association of ET-1 T8002C and ecNOS T-786C genotypes with the occurrence
of ACS, with the effects of the abnormal alleles assumed to be additive (abnormal
allele vs. normal allele), dominant (abnormal homozygote and heterozygote
combined vs. normal homozygote) and recessive (abnormal homozygote vs.
heterozygote and normal homozygote combined). NS: not significant.

 



results of a previous study which had shown that this
allele is associated with a higher risk of ACS but only in
adult female patients. These two studies are not, howev-
er, comparable because of the age-related differences in
the etiology, the clinical picture and the course of ACS.10

In children with sickle cell anemia, ACS is commonly
associated with infection while in adult patients, other
clinical events such as bone marrow fat emboli are con-
sidered to play a significant pathogenic role in ACS. The
conflicting results could imply that consequences of nitric
oxide deficiency in sickle cell anemia patients carrying
the ecNOS C-786 differed accordingly to the events trig-
gering the ACS. Further studies are warranted, in other
sickle cell anemia populations, to confirm these findings.
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Table 2. Patients’ characteristics and frequency of ACS in patients stratified according to the genotype of ET-1 and ecNOS polymor-
phisms.

ET-1 p ecNOS p
T8002C T-786C

CC TC TT CC TC TT

N 17 48 92 − 3 44 112 −

Age 11.4±5 10.3±4.8 9.8±4.8 NS 14.7±2.3 9.6±4.2 10±5 NS

Sex ratio (M/F) 9/8 35/13 54/38 NS 3/0 27/17 69/43 NS

HbF (%) 12.9±8.1 18±8.5 16.1±7.9 NS 15.6±9.8 16.8±8.2 16.7±8.7 NS

ACSn 0.28±0.22 0.18±0.20 0.14±0.22 0.038 0.09±0.15 0.15±0.19 0.29±0.21 0.033

Patients were stratified according to the genotype of ET-1 T8002 and ecNOS T-786C polymorphisms. Age, HbF level and the frequencies of ACS were compared using the
Kruskal-Wallis test. Comparison of the sex ratio was performed by Pearson’s test. n : frequency of ACS defined as the number of episodes per number of person-years
of observation. NS: not significant.




