
Abstract. – Introduction: Chronic ob-
structive pulmonary disease (COPD) is a leading
cause of morbidity and mortality worldwide that
may lead to impaired exercise tolerance. In this
study we exhibit the relationship between two
endothelin-1 (+134 3A/4A and G198T) SNPs in-
volved in COPD and their association to im-
paired exercise tolerance.

Materials and Methods: The study popula-
tion consisted of 22 COPD smokers and 32
smoking controls which underwent pulmonary
function tests to assess forced expiratory vol-
ume for 1 second (FEV1), forced vital capacity
(FVC), as well as cardiopulmonary exercise test-
ing. Single nucleotide polymorphism were iso-
lated using Real-Time PCR. 

Results: The distribution of both genotypes
(3A3A, 3A4A, 4A4A for the +134 3A/4A and GG, GT,
TT for the G198T) did not different among patients
and non-COPD smoking controls. Multivariate
analysis showed that the 3A4A and GG genotypes
in the COPD group were independently associated
with better V′O2max values (Odd’s Ratio (OR)=12.5,
95% CI=–0.85-25.1, p=0.049, and OR=6.1, 95%
CI=0.83-11.4, p=0.026, respectively). On the con-
trary analogous analysis in the non-COPD control
group, showed that the 3A3A genotype was inde-
pendently associated with increased V′O2/pulse
(OR=51.5, 95% CI=17.2-85.7, p=0.005) and the 3A4A
genotype with increased DVE/DVCO2 value
(OR=3.8, 95% CI=–0.27-7.9, p=0.054).

Discussion: Our results show that endothelin-
1 gene is implicated in exercise performance in
COPD patients and might play a role in adapta-
tion of the cardiopulmonary system to exercise.
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Introduction

Chronic obstructive pulmonary disease (COPD)
is a leading cause of morbidity and mortality
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worldwide, with an increasing prevalence1. Sys-
temic manifestations have become increasingly
recognized in lung diseases, particularly in ob-
structive disorders2. Cardiovascular involvement is
of great importance, since it is associated with im-
paired health status and increased mortality. Car-
diopulmonary exercise testing evaluates systemic
cardiopulmonary oxygen transport and in steady-
state conditions, oxygen consumption per unit
time (V′O2) and carbon dioxide output (V′CO2)
correspond to oxygen utilization and carbon diox-
ide production in tissues. Thus, external respira-
tion is an analogue of internal respiration.

Reduced exercise performance is u  navoidable
with the progression of COPD. Patients with com-
parable disease severity, as determined by GOLD
criteria, may be unable to achieve the same level of
exercise performance. Ventilation/perfusion mis-
match, respiratory drive imbalance and peripheral
skeletal muscle cachexia are considered indepen-
dent risk factors for impaired exercise tolerance in
patients with COPD2,3. Self-reported exercise limi-
tation was originally used to asses exercise intoler-
ance in COPD patients. However, because of the
need to quantify the ability to exercise, cardiopul-
monary exercise testing was introduced. Parame-
ters obtained from exercise testing, such as maxi-
mum oxygen consumption (V′O2max), reflect also
the severity of COPD. 

Vasoactive agents, like endothelin-1 (ET-1),
produced from endothelial cells, modulate pul-
monary vascular smooth muscle cell tone and
maintain the normal pulmonary vascular smooth
muscle tone during exercise and relaxation4. ET-
1 may contribute to vascular remodelling, even in
the early stages of COPD and subsequently may
be associated with a reduced exercise perfor-
mance, where pulmonary arterial hypertension
(PAH) may also be present5. ET-1 is synthesized
as a precursor molecule, the preproendothelin
that is hydrolyzed, to the active 21 amino acid
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heart failure, renal dysfunction, cancer or severe
hypertension. All subjects performed an incre-
mental exercise test on an electrically powered
treadmill ergometer (h/p Cosmos Mercury 4.0,
Nussdorf-Traunstein, Germany) under the super-
vision of a chest physician. 

Genotyping
DNA was isolated from 3 ml of whole blood,

using QIAamp DNA blood mini kit (QIAGEN).
The ET-1 gene polymorphisms +134 insA/delA
in the 5’untranslated region and G198T, in exon
5, were genotyped in 18 patients and 36 controls.
Genotyping was performed with real time PCR
using the MX3000p (Stratagene, La Jolla, CA,
USA). The primers and MGB Taqman probes
used for the G198T polymorphism were as previ-
ously reported6. For the +134 insA/delA polymor-
phism the primers 5’-TTC TCT CCT GGC AGG-
3’ and 5’-ATC TCA AAG CGA TCC TTC-3’
were used in conjunction with the LNA (Locked
Nucleic Acid) Taqman probes 5’-(6-Fam) AG +
TGCC + C + T + T + TAACGG (BHQ1)-3’ (for
3A allele) and 5’-(Hex) AGT GCC + C + T + T +
T + TAA + CG + GG (BHQ1)-30 (for 4A), where
a ‘‘+’’ before the base indicates an LNA base.
Primers were synthesized by Metabion Interna-
tional (Planneg-Martinsried, Germany), MGB
probes by Applied Biosystems (Foster City, CA,
USA) and LNA probes by SigmaeProligo (The
Woodlands, TX, USA). Reactions were per-
formed using Brilliant QPCR Master Mix (Strata-
gene, La Jolla CA, USA).

Cardiopulmonary Exercise Testing
All subjects performed an incremental exer-

cise test on an electrically powered treadmill un-
der the supervision of a chest physician. After a
3-min rest and 3-min warm-up walking, the sub-
jects began a standard progressive incremental
exercise test until exhaustion, adopting the Bruce
protocol. The test was terminated when the sub-
jects were unable to maintain exercise rate. Dur-
ing the entire exercise test, expired gas was ana-
lyzed for minute ventilation (VE), V′O2, and car-
bon dioxide production (V′CO2) breath-by-breath
through an online mixing chamber system to
measure the physiological response to exercise.
Additionally, O2 uptake (V′O2), carbon dioxide
output (V ′CO2), O2 uptake per heart beat
(V′O2/pulse, which is an indirect index of cardiac
pump function reserve) pulse oximetry (SaO2),
ECG, heart rate and blood pressure were mea-
sured continuously during exercise testing.

ET-1 peptide. Single nucleotide polymorphisms
(SNPs) of ET-1 gene (the +134insA/delA and the
K198G/T) have been associated with COPD and
variations in ET-1 activity and levels6. 

In this study we investigate the relationship
between these two functional ET-1 polymor-
phisms and exercise intolerance in patients with
COPD versus control group subjects.

Materials and Methods

Subjects
The study cohort consisted of 54 subjects, in-

cluding 22 consecutive COPD smokers, defined
as patients and staged according to GOLD guide-
lines (spirometry results FEV1/FVC% predicted,
FEV1% predicted), that were recruited from the
outpatient Pulmonary Clinic of Patras’ University
Hospital, Greece, and 32 non-COPD smokers,
defined as controls, randomly selected from the
general population (people visiting the Hospital
for a health check-up and community volunteers)
and matched to the group of patients for age, sex,
smoking (pack-years) and Body Mass Index
(BMI, kg/m2). Participants were current or ex-
smokers with a history of at least 20 pack years
of smoking and were subjected to spirometry, in-
cluding a bronchodilator test, using a computer-
ized system, by the same technician (Morgan
Flexiflo RS23C Interface spirometer, P.K. Mor-
gan, UK) according to established guidelines
(GOLD, ATS). The cumulative cigarette dose
(pack-year) was calculated using the following
formula: pack-year (packs per day) × (years of
smoking). 

The study was approved by the University of
Patras Ethics Committee and the Scientific Com-
mittee of the University Hospital of Patras, and
all subjects signed a patient’s consent form.

Pulmonary Function Tests
Each patient underwent spirometry. The high-

er value of forced expiratory volume for 1 second
(FEV1) obtained in two technically satisfactory
tracings was considered. FEV1 reversibility after
inhalation of 200 mg salbutamol was <12% of
the FEV1 value before bronchodilator administra-
tion. All the patients satisfied the criteria pro-
posed by the Global Initiative for Chronic Ob-
structive Pulmonary Disease7. GOLD scales of
severity were used to verify stages of the disease.
All subjects had no major comorbidities such as
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Anaerobic threshold (AT) was assessed using the
V-slope method8.The slope of VE/V ′CO2

(DVE/DVCO2) determined from the lower linear
region of the plot of VE as a function of V′CO2

was used to reflect exercise ventilatory response9.
PetCO2max (mm Hg) (end-Tidal partial pressure
of carbon dioxide at maximal exercise) was also
measured. 

Statistical Analysis  
The normality of the numerical parameters was

tested using the Kolmogorov-Smirnov test. Com-
parisons of demographic data between groups
were performed with the Chi-squared analysis or
unpaired t-test, as appropriate. Multivariate analy-
sis (logistic regression analysis) was used to
quantify the association between the genotypes,
epidemiological parameters, FEV1 and exercise
test parameters. For multiple comparisons, the
ANOVA tests were followed by a post hoc Bon-
ferroni test. P-values lower than 0.05 were con-
sidered significant. Statistical analysis was per-
formed using SPSS statistical package for social
sciences: (SPSS 17, Chicago, IL, USA). 

Results

Clinical Characteristics and
SNPs Distribution

The distribution of the genotypes and the res-
piratory function tests for both the patient and the
control group is illustrated in Table I. Age, gen-
der and BMI were similar in the two groups,
while the FEV1 and diffusion capacity for carbon
monoxide (DLCO) were worst in the patient
group. Genetic distribution of both SNPs was
similar in both patient and control groups, which
is in concordance with Hardy-Weinberg equilib-
rium (Table II).

Genotype and Pulmonary Function
Compared to Cardiopulmonary
Exercise Testing

Multivariate analysis of factors that potentially
influence exercise performance in the COPD
group (gender, age, BMI, FEV1, smoking status,
+134 3A/4A and 198G/T SNPs), revealed that
the 3A4A and GG genotypes were independently
associated with increased V′O2max (p=0.049,
OR=12.5, 95% CI=–0.85-25.1 for the 3A4A and
p=0.026, OR=6.1, 95% CI=0.83-11.4 for the GG
genotype respectively). Carriers of the 3A4A
genotype had better mean V′O2max values com-
pared to carriers of the 3A3A genotypes
(80.9±21.5% vs. 62.2±16.8%, p=0.035, Figure
1), whereas patients with at least one T allele
(GT and TT genotypes) had significantly worse
mean V′O2max values compared to patients with
the GG genotype (80.3±17% vs 63.2 ±22.2%,
p=0.056, Figure 1). Moreover, GG genotype is
also an independent factor associated with im-
proved V′O2/pulse value (p=0.006, OR=9.5,
95%CI=3.1-15.8), whereas the 3A4A genotype
of the +134 3A4A SNP is marginally associated
with better V′O2/pulse value (p=0.067, OR=14.1,
95% CI=1.1-29.3). TT genotype was indepen-
dently associated with higher PetCO2max value
(p<0.001, OR=4.4, 95% CI=2.3-6.4).

Within the non-COPD control group, the
3A3A genotype was independently associated
with increased V′O2/pulse (OR=51.5, 95%
CI=17.2-85.7, p=0.005) and the 3A4A genotype
with increased DVE/DVCO2 value (p=0.054,
OR=3.8, 95% CI=–0.27-7.9). COPD smokers
with the 3A3A genotype had better mean
V′O2/pulse and worse mean DVE/DVCO2 values
compared to those carrying the 3A4A genotype
(89.4±5.01% vs 73.67%±6.9%, p<0.01 and
27.5±3.2 vs. 30.5 ±3.7, p=0.031 respectively,
Figure 2). In the whole study group, multivariate
analysis revealed the 3A4A SNP is associated
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Table I. Demographics of patients and controls, including
lung function tests. The results are shown as mean±SD.

COPD Control 
(22 patients) (32 subjects) P value

Age (years) 57 ± 7.5 58.1 ± 10.4 NS
Gender (M/F) 20/2 24/8 NS
BMI (kg/m2) 27.4 ± 5.5 27.1 ± 4.2 NS
FEV1% pred. 60.9 ± 19.8 100.5 ± 9.4 < 0.0001
DLCO% pred. 77 ± 25.6 104.7 ± 14.4 < 0.0001

Table II. Distribution of +134Ins/delA and K198G/T poly-
morphisms in the COPD and control groups.

COPD Control 
(22 patients) (32 subjects) P value

3A/3A 8 14 NS
3A/4A 14 18
4A/4A 0 0
GG 14 18
GT 4 12
TT 4 2
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with improved AT value (p=0.021, OR=9.15,
95% CI=1.47-16.8) and is marginally associated
with increased V′O2/pulse value (p=0.076,
OR=16.4, 95% CI=3-35.7). 

Discussion

Pulmonary vascular remodeling in response to
hypoxia is mediated by a number of factors in-

cluding nitric oxide, endothelin-1, serotonin, and
hypoxia inducible factor-1. The development of
structural changes, mediated by ET-1, such as in-
timal proliferation and smooth muscle cell hyper-
trophy, leads to reduced exercise performance
ensues11.

Cardiopulmonary exercise testing is evaluat-
ing the adaption of cardiopulmonary system to
exercise. Of the physiological variables of the
exercise testing, the V′O2 is the most important
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Figure 1. V′O2max values of carriers of the 3A4A and GG genotypes, compared to patients with other genotypic combinations.
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Figure 2. V′O2/pulse and DVE/DVCO2 values in carriers of the 3A3A and 3A4A genotypes in the control group.
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and is synonym of poor exercise performance. It
could be associated with abnormalities in the
respiratory or cardiovascular system or both.
V′O2/pulse is the amount of oxygen consumed
from the volume of blood delivered to tissues
by each heart beat and depends on the size of
the stroke volume and the arteriovenous oxygen
difference, reflecting the cardiac pump function
reserve. DVE/DVCO2 was used to reflect exer-
cise ventilatory response to V′CO2. As exercise
progresses, the development of metabolic acido-
sis results in an enhanced ventilatory stimulus,
resulting in a small increase in DVE/DVCO2.
Increased DVE/DVCO2 is commonly observed
in patients with pulmonary disease and heart
failure12. 

ET-1 has been involved in COPD6,13, pul-
monary hypertension14 and heart dysfunction
pathogenesis15. Functional polymorphisms of ET-
1 modulate the ET-1 tissue levels16. Therefore
ET-1 polymorphisms may alter cardiopulmonary
test performance.

Our study revealed that 3A4A and GG geno-
types were associated with higher V′O2 and
V′O2/pulse values in the COPD patient group.
The 3A4A genotype has been associated with
COPD development while the GG genotype
was an independently related to milder
COPD6. On the other hand, the 4A allele pro-
tected against hypertension, atherosclerosis
and heart failure development17-19.Therefore,
the association of the 4A allele with improved
V′O2 and V′O2/pulse values could be attributed
to its protective effect in the cardiovascular
system, even if associated with increased plas-
ma ET-1 levels17,19. Given that limited data is
available regarding the involvement of the
G198T SNP to cardiovascular pathophysiology
in COPD patients, our study is the first that
shows association of the GG genotype with
improved exercise performance and better
V′O2 and V′O2/pulse values (an indirect index
of cardiovascular system efficiency). The asso-
ciation of the TT genotype in our study with
increased PETCO2 value (an index of ventila-
tory response to exercise in severe chronic res-
piratory diseases) is in concordance with the
literature6. On the other hand, in non-COPD
smoking healthy controls the 3A3A genotype
was associated with improved V′O2/beat and
decreased DVE/DVCO2 values, revealing that
the 3A allele is associated with improved car-
diovascular and respiratory response to exer-
cise in healthy subjects.

References

1) SAMPSONAS F, KARKOULIAS K, KAPARIANOS A, SPIROPOU-
LOS K. Genetics of chronic obstructive pulmonary
disease, beyond a1-antitrypsin deficiency. Curr
Med Chem 2006; 13: 2857-2873.

2) AGUSTI A. COPD, a multicomponent disease: impli-
cations for management. Respir Med 2005; 99:
670-682.

3) CELLI BR, MACNEE W, ATS/ERS TASK FORCE. Stan-
dards for the diagnosis and treatment of patients
with COPD: a summary of the ATS/ERS position
paper. Eur Respir J 2004; 23: 932-946.

4) VANE JR, ANGGARD EE, BOTTING RM. Regulatory
functions of the vascular endothelium. N Engl J
Med 1990; 323: 27-36.

5) HINGENBOAM T. Pulmonary hypertension and
chronic obstructive pulmonary disease. A case
for treatment. Proc Am Thorac Soc 2005; 2: 12-
19. 

6) SAMPSONAS F, ANTONACOPOULOU A, SPATHAS D, LYK-
OURAS D, KALOFONOS H, FLORDELLIS C, SPIROPOULOS K,
SIAFAKAS N. Positive association between two poly-
morphic sites (+134 insA/delA and G198T) of the
endothelin-1 gene and chronic obstructive pul-
monary disease. A case-control study. Respir
Med 2010; 104: 114-120.

7) RABE KF, HURD S, ANZUETO A, BARNES PJ, BUIST SA,
CALVERLEY P, FUKUCHI Y, JENKINS C, RODRIGUEZ-ROISIN

R, VAN WEEL C, ZIELINSKI J. Global strategy for the
diagnosis, management, and prevention of chron-
ic obstructive pulmonary disease: GOLD execu-
tive summary. Global Initiative for Chronic Ob-
structive Lung Disease. Am J Respir Crit Care
Med 2007; 176: 532-555.

8) SUE DY, WASSERMAN K, MORICCA RB, CASABURI R.
Metabolic acidosis during exercise in patients
with chronic obstructive pulmonary disease.
Chest 1998; 94: 931-938. 

9) PALANGE P, FORTE S, FELLI A, GALASSETTI P, SERRA P,
CARLONE S. Nutritional state and exercise toler-
ance in patients with COPD. Chest 1995; 107:
1206-1212.

10) JONES S, ELLIOTT PM, SHARMA S, MCKENNA WJ, WHIPP

BJ. Cardiopulmonary responses to exercise in pa-
tients with hypertrophic cardiomyopathy. Heart
1998; 80: 60-67.

11) WRIGHT J, LEVY R, CHURG A. Pulmonary hyperten-
sion in chronic obstructive pulmonary disease:
current theories of pathogenesis and their im-
plications for treatment. Thorax 2005; 60: 605-
609.

12) MILANI RV, LAVIE CJ, MEHRA MR, VENTURA HO. Un-
derstanding the basics of cardiopulmonary ex-
ercise testing. Mayo Clin Proc 2006; 81: 1603-
1611.

13) SPIROPOULOS K, TRAKADA G, NIKOLAOU E, PRODROMAKIS

E, EFREMIDIS G, POULI A, KONIAVITOU A. Endothelin-1

127

Endothelin-1 polymorphisms involved in impaired exercise tolerance in COPD patients. A pilot study



128

levels in the pathophysiology of chronic obstruc-
tive pulmonary disease. Res Med 2003; 97: 983-
989.

14) DRAKATOS P, LYKOURAS D, SAMPSONAS F, KARKOULIAS K,
SPIROPOULOS K. Targeting leukotrienes for the treat-
ment of COPD? Inflamm Allergy Drug Targets
2009; 8: 297-306. 

15) PÖNICKE K, VOGELSANG M, HEINROTH M, BECKER K,
ZOLK O, BÖHM M, ZERKOWSKI HR, BRODDE OE. En-
dothelin receptors in the failing and nonfailing hu-
man heart. Circulation 1998; 97: 744-751.

16) POPOWSKI K, SPERKER B, KROEMER HK, JOHN U, LAULE

M, STANGL K, CASCORBI I. Functional significance of
a hereditary adenine insertion variant in the 5’-
UTR of the endothelin-1 gene. Pharmacogenetics
2003; 13: 445-451.

17) WINKER R, GARLAND EM, RÜDIGER HW, DIEDRICH A,
BIAGGIONI I, PONOCNY I, CASCORBI I, ROBERTSON D.
Influence of an insertion variant in the 5'UTR of
the endothelin-1 gene on orthostatic intoler-
ance. Am J Med Sci 2005; 330: 166-171.

18) DONG Y, WANG X, ZHU H, TREIBER FA, SNIEDER H.
Endothelin-1 gene and progression of blood
pressure and left ventricular mass: longitudinal
findings in youth. Hypertension 2004; 44: 884-
890.

19) VASK A, SPINAROVÁ L, GOLDBERGOVÁ M, MUZIK J,
SPINAR J, VÍTOVEC J, TOMAN J, VÁCHA J. The double
heterozygote of two endothelin-1 gene polymor-
phisms (G8002A and -3A/-4A) is related to big
endothelin levels in chronic heart failure. Exp
Mol Pathol 2002; 73: 230-233.

F. Sampsonas, D. Lykouras, P. Drakatos, A. Moschopoulou, K. Spiropoulos, K. Karkoulias


