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Rhbstract. Angiotensin converting enzyme gene (ACE) is the most frequently investigated genetic marker in the context of genetic
conditioning of athletic predispositions. The product of the gene is a key component of the renin-angiotensin system (RAS) and the
kallikrein-kinin system (KKS), mainly responsible for the regulation of blood pressure. The main aim of the study was to determine the
possible interaction between the ACE 1/D polymorphism and endurance athlete status in a group of Polish rowers in comparison with
sedentary individuals. 121 male Polish rowers, members of academic sports clubs, and 115 unrelated volunteers, were recruited for the
study. The PCR amplification of the insertion (1) or deletion (D) fragment of the ACE gene was performed. Compared with control group,
the frequency of the | allele differ significantly from that found in rowers (57.4% vs. 44.3%; P = 0.013) and the ACE genotype frequency
amongst the whole cohort of rowers (30.6% II, 53.7% ID, 15.7% DD) was also different from expected values (control group 19.1% II,
50.4% ID, 30.4% DD; P=0.017). Our investigation confirms a positive association of the | allele of the ACE gene with endurance athlete
status in a group of Polish rowers.
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Introduction

Physical performance is a complex multifactorial phenotype, influenced by a combination of various genetic
and environmental components. Within the group of genetic factors that are believed to play a role in individual's
physical performance, there are gene variants that have a significant impact on human body composition and
metabolism. The determination of these components is important in professional, academic as well as individual's
sports (Leonska-Duniec 2013).

In 1998, for the first time Montgomery and co-workers described a positive association between endurance
exercise performance and a genetic variation, the inversion/deletion (I/D) polymorphism of the angiotensin-
converting enzyme gene (ACE). This paper determined the role of the gene for sport successes and was the
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inspiration for several groups of scientists worldwide (Leoriska-Duniec 2013). Nowadays, the ACE gene is the
most frequently investigated genetic marker in the context of genetic conditioning of athletic predispositions.
The polymorphism has been associated with improvements in performance and exercise duration in a variety of
populations (Puthucheary et al. 2011).

The product of the ACE gene is one of the key components of the renin angiotensin system (RAS) which
catalyses the production of angiotensin Il (ANG I1) from angiotensin | (ANG 1), resultantly increasing blood pressure.
Furthermore, the enzyme is the essential part of the kallikrein-kinin system (KKS) where it degrades kinins into
inactive fragments, thus reducing blood pressure. Moreover, the ACE is expressed in skeletal muscles, where it
influences its function and biomechanical properties (Gordon et al. 2001; Jones et al. 2002; Moreau et al. 2005;
Wagner et al. 2006).

The human ACE gene is located on chromosome 17 in position 17g23.3 with polymorphism consisting of the
presence (insertion, ) or absence (deletion, D) of a 287 base pair Alu repeat sequence in intron 16 (Rigat et al.
1992a; Rieder et al. 1999). In this case, three ACE genotypes include DD, Il homozygotes, and ID heterozygotes
(Villard and Soubrierr 1996).

Studies concerning the connection between the ACE genotype and athlete status have shown that the | allele
is associated with lower ACE activity in blood and tissue, and improved performance in endurance sports as rowing
(Jones et al. 2002; Collins et al. 2004). Additionally, it is responsible for an increased percentage of slow-twitch type
I fibers in human skeletal muscles (Zhang et al. 2003). Meanwhile, the D allele is associated with greater circulation
and the ACE activity. As a result, it causes an enhanced performance in sports requiring sprinting or short bursts
of power (Myerson et al. 1999; Woods et al. 2001) and power-related phenotypes in non-athletic populations
(Hopkinson et al. 2004; Yamin et al. 2007; Giaccaglia et al. 2008). On the other hand, there are also some studies
which have found no evidence for such associations (Rankinen et al. 2000; Nazarov et al. 2001).

In the view of the mentioned facts, the main aim of the present study was to determine the possible interaction
between the ACE1/D polymorphism and endurance athlete status in a group of Polish rowers, members of academic
sports clubs, in comparison with sedentary individuals.

Materials and methods
Ethics Committee

The Pomeranian Medical University Ethics Committee approved the study and written informed consent was
obtained from each participant. The study complied with the guidelines set out in the Declaration of Helsinki (Kruk
2013).

Sibjects

121 male Polish rowers, members of academic sports clubs were recruited for this study. Twenty-eight of
them were national representatives with no less than ten years experience participating in sport. Forty-two of them
were the Poland National Championship medalist. All of them were rowers with no less than six years experience
participating in sport.

For controls, samples were prepared from 115 unrelated volunteers (male students of University of Szczecin,
aged 19-23). The athletes and controls were all Caucasian to ensure no likely racial gene skew and to overcome
any potential problems of population stratification.
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Protocol

Genomic DNA was extracted from the buccal cells using a GenElute Mammalian Genomic DNA Miniprep Kit
(Sigma, Germany), according to the producer protocol.

PCR amplification of the polymorphic region of the ACE gene containing either the insertion (I) or deletion (D)
fragment was performed. One pair of primers (forward: CTG GAG ACC ACT CCC ATC CTT TCT and reverse: GAT
GTG GCC ATC ACA TTC GTC AGA) was used to determine the ACE genotype, yielding amplification products of
approximately 490 bp (for the | allele) and 190 bp (for the D allele), as it has been described earlier (Rigat et al.
1992b). PCR mixture and thermal-time profile were coequal as described by Cigszczyk et al. (2009). The amplified
DNA fragments were visualized by using 1.5% agarose gels stained with ethidium bromide. The research was
performed in the molecular laboratory of Gdansk University of Physical Education and Sport, Poland.

Statistical analysis

Genotype distribution and allele frequencies between the groups of athletes and controls were compared, and
significance was assessed by x2 test. P values of < 0.05 were considered statistically significant.

Results

The ACE genotype distributions amongst athletes and controls were in Hardy-Weinberg equilibrium, making
selection bias less likely. The distributions of the ACE genotypes and alleles are presented in Table 1.

The genotype distribution amongst the whole cohort of rowers (30.6% II, 53.7% ID, 15.7% DD) was significantly
different to that amongst controls (19.1% II, 50.4% ID, 30.4% DD; P = 0.017). The difference in the | allele frequency
between athletes and controls also reach statistical significance (57.4% vs. 44.3%; P = 0.013).

Tahle 1. Frequency of the ACE insertion (I) and deletion (D) alleles and genotypes. Numbers are absolute values and percentage
frequencies are in parentheses, n is the number of subjects studied

ACE allele ACE genotype

Group P P
| D 1l ID DD
Rowers (n = 121) 139 (57,4%) 103 (42,6%) 0.013 37 (30,6%) 65 (53,7%) 19 (15,7%) 0.07
Controls (n = 115) 102 (44,3%) 128 (55,7%) ’ 22 (19,2%) 58 (50,4%) 35(30,4%) ’

Discussion

In the present study we analyzed genotype distribution of the ACE I/D polymorphism and the | allele
frequency among the Polish rowers, members of academic sports clubs. Our research shows a statistical significant
association between an excess of the | allele and athletic endurance phenotype. The similar tendency was revealed
in the genotype distribution as the rowers showed a higher frequency of the Il genotype.

The obtained results are in accordance with previous research on endurance athletes including rowers
representing the highest level in Poland, which demonstrated a greater frequency of the Il genotype in the examined
athletes compared to sedentary individuals (Cieszczyk et al. 2009). Cigszczyk et al. (2010) also showed a high
occurrence of the Il genotype in elite Polish and Lithuanian judo players. Additionally, our results are similar to
research from around the world on professional endurance athletes such as Australian rowers (Gayagay et al.
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1998), British runners (Myerson et al. 1999), Spanish cyclists and long-distance runners (Alvarez et al. 2000;
Muniesa et al. 2010), British high-altitude mountaineers (Montgomery et al. 1998), as well as Slovenian marathon
runners (Hruskovicova et al. 2006), which proved a higher frequency of the Il genotype in the examined athletes
compared to controls.

Investigators have shown that the | allele of the ACE gene is associated with improved physical fitness and
this effect may influence general sport ability favoring endurance performance (Nazarov et al. 2001; Jones et al.
2002; Scanavini et al. 2002; Collins et al. 2004). Many studies have revealed that the | allele is related with increased
muscle efficiency (Williams et al. 2000), higher anabolic activity in response to physical training (Montgomery et al.
1999), explained by an enhanced intake of oxygen by the muscles (MacArthur et al. 2005). It is also responsible for
anincreased percentage of slow-twitch type | fibers in human skeletal muscles (Zhang et al. 2003). The physiological
explanation of such observations is that the | allele is associated with lower ACE activity in blood and tissue and,
consequently, with significantly lower ANG Il and higher bradykinin levels (Jones et al. 2002; Collins et al. 2004).
It also works through improvements in substrate delivery, mainly due to increased skeletal muscle glucose uptake
(Myerson et al. 1999; Woods et al. 2000) and adaptation of the enzymes responsible for glucose catabolism,
the efficiency of skeletal muscle increases (Ueda et al. 1995) with subsequent conservation of energy stores like
glycogen storage (Montgomery et al. 1999). These factors could lead to more efficient ventriculo-vascular coupling
during exercise and also enhance endurance performance (Gayagay et al. 1998).

However, other results obtained by some authors are inconsistent with our findings and data presented above
and show a lower frequency of the Il genotype in endurance athletes. Muniesa and co-workers (2010) have obtained
the lower percentage of the Il genotype in world-class rowers. They have explained their results by mixed strength-
endurance character of rowing, consequently this discipline can not be classified as regular endurance sport.
According to the authors, the Il genotype may give negative effect for more power oriented sports such as rowing.
Other report suggests that the D allele may support endurance performance instead of sprint power activity in some
ethnic groups (Amir et al. 2007). Increased production of the ANG Il not only influences capillary density in skeletal
muscle butis also a key factor in mediating vascular smooth muscle growth (Jones et al. 2003). Moreover, it regulates
oxygen consumption and energy expenditure (Cassis et al. 2002), and is involved in the regulation of body fluid
balance via higher aldosterone secretion which results in retention of sodium and water during extreme endurance
exercises (Amir et al. 2007). Authors connect mentioned effects with better level of endurance performance which
may promote athletic success in individuals with the DD genotype, whereas some studies have shown the D allele
as a factor responsible for sprint power in working muscles (Amir et al. 2007). The possible positive effect of the D
allele in power sports is supported by higher percentage of the D allele in sprinters (Myerson et al. 1999), swimmers
(Woods et al. 2001), and non-training individuals (Charbonneau et al. 2008; Giaccaglia et al. 2008).

The problem of defining the connection between the ACE I/D polymorphism and physical performance is
even more complex because some reports have found no association between higher I/D alleles frequency and
athlete status (Taylor et al. 1999; Rankinen et al. 2000). These difficulties are connected with the interpretation
of association studies e.g. different authors may categorize the same sport discipline as endurance or power
orientated, or the definition of elite athlete phenotype is variable. It should be also emphasized that most of the
studies have involved too small sample sizes and have not been replicated in independent studies. The problem
in the research is the limitation of the number of genetic cohorts of elite athletes from a variety of countries, ethnic
groups and sports disciplines with extensive physical performance phenotypes (Leoriska-Duniec 2013).
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In conclusion, our investigation have proved that the ACE |/D allele could be one of the factors influencing
the endurance performance. The study demonstrates a positive association between Polish rowers, members of
academic sports clubs, and the ACE | allele which is advantageous for the endurance-type athletes in studied
population. The obtained results support the general statement that the | allele of the ACE gene improves
performance in endurance sports as rowing.
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