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ABSTRACT ÖZ

Objective: Mitochondria are multifunctional and dynamic 
organelles found in cells. Nicotine is a natural alkaloid found in 
the tobacco plant and has been well studied as a component of 
cigarette smoke. It has also been reported to affect mitochondrial 
function both in vitro and in vivo. Uncoupling protein 2 (UCP2) 
reduces generation of ROS by mitochondria. Our purpose in this 
study was to investigate whether the -866G/A variant of the UCP2 
gene is associated with smoking status. 
Methods: A total of 238 individuals consisting of 138 smokers and 
100 healthy controls were examined. The UCP2-866G/A variant 
was genotyped by polymerase chain reaction-restriction fragment 
length polymorphism method.
Results: The proportion of individuals carrying the three possible 
genotype was significantly different between the smoker and healthy 
control groups. The UCP2-866G/A variant GG genotype was 
associated significantly with an increased risk of smoking (p=0.001) 
while AA genotype was associated significantly with a decreased risk 
of smoking (p=0.001). The UCP2-866G/A variant G allele was 
found to be increased in the smoker group compared to the healthy 
controls (p=0.001).  
Conclusion: Our data suggest that the UCP2-866 G/A variant GG 
genotype and G allele might reflect the risk of smoking status in a 
Turkish population.
Keywords: Smoking status, UCP2, variant, PCR-RFLP

Amaç: Mitokondriler hücrelerde bulunan çok fonksiyonlu ve 
dinamik organellerdir. Nikotin tütün bitkisinde bulunan doğal bir 
alkaloiddir ve sigara içme durumunun iyi çalışılmış bir bileşenidir. 
Nikotinin in vitro ve in vivo olarak  mitokondriyal fonksiyonu 
etkilediği rapor edilmiştir. Uncoupling protein 2 (UCP2) 
mitokondri ile ROS üretimini azaltır. Bu çalışmadaki amacımız 
UCP2-866G /A  varyantının sigara içme durumu ile ilişkili olup 
olmadığını araştırmaktır.
Yöntemler: Yüz otuz sekiz sigara içen ve 100 sağlıklı kontrolden 
oluşan toplam 238 kişi değerlendirildi. UCP2-866G /A  varyantı 
polimeraz zincir reaksiyonu-sınırlayıcı enzim parça uzunluk 
çeşitliliği metodu ile genotiplendi.
Bulgular: Üç olası genotipi taşıyan kişileri oranı sigara içenler ve 
sağlıklı kontrol grupları arasında belirgin şekilde farklıydı. UCP2-
866G/A varyantı AA genotipi belirgin şekilde azalmış sigara içme 
riski ile ilişkiyken (p=0,001), GG genotipi belirgin şekilde artmış 
sigara içme durumu ile ilişkiliydi (p=0,001). UCP2-866G/A varyant 
G alelinin sigara içen grupta sağlıklı kontrollere göre artmış olduğu 
bulundu (p=0,001).  
Sonuç: Verilerimiz  UCP2-866 G/A varyant GG genotip ve  G 
alelin Türk popülasyonundaki sigara içme riskini yansıtabileceğini 
desteklemektedir.
Anahtar Sözcükler: Sigara içme durumu, UCP2, varyant, PCR-
RFLP
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Introduction

Mitochondria, which are found nearly in all eukaryotic cells, play 
an important role in many cellular functions. These organelles 
are often referred to as the “powerhouse” of cells because they 
provide approximately 90% of the energy needed for survival (1). 
The mitochondria is essential for adenosine triphosphate (ATP) 
production through oxidative phosphorylation (OXPHOS). In 
addition, they are involved in several other cell processes such as 
cell differentiation, calcium signaling, and apoptosis, as well as 
cell cycle control and cellular growth (2). Mitochondrial function 
impairment is related to the pathogenesis of several serious 
diseases due to the complexity of mitochondrial physiology. 
Decrease in mitochondrial function manifested by the following: 
lower mitochondrial membrane potential, alterations in electron 
transport chain complex activities, reduced ATP synthesis, 
inefficient Ca2+ buffering, enhanced reactive oxygen species 
(ROS) synthesis, modified mitochondrial dynamics, or release of 
pro-apoptotic factors found during aging and in many chronic 
diseases such as cardiovascular diseases, diabetes, cancer, and 
numerous metabolic syndromes (3).

Nicotine is the main active component of cigarettes that is 
involved in physical dependence, affecting nicotine receptors 
in the central nervous system that leads to the release of 
neurotransmitters [including dopamine (DA)]. Nicotine 
activates dopaminergic neurons in the mesolimbic reward system 
and facilitates DA release (4). Some studies reported inhibitory 
effects of nicotine on the OXPHOS machinery. Cormier et al. (5) 
showed that nicotine inhibits oxygen consumption of isolated rat 
brain mitochondria depending on its concentration. Smoking 
lowers arterial oxygen carrying capacity via increased serum 
carboxyhemoglobin levels that leads to OXPHOS dysfunction 
in cardiac cells (6). Rats exposed to passive cigarette smoke from 
two cigarettes per day for two months manifest seriously impaired 
myocardial OXPHOS function during reperfusion injury (7). 
This impact of nicotine on mitochondrial oxygen consumption 
indicates its direct effect on respiratory chain complexes.

Mitochondrial uncoupling proteins (UCPs) constitute a group of 
mitochondrial anion carriers that seem to be involved in proton 
transmission across the inner membrane, which can be related 
to thermogenesis, and play a role in regulating mitochondrial 
membrane potential, hence, generating mitochondrial ROS 
(8). UCP2 gene belongs to this superfamily and covers a 6.3 kb 
region on chromosome 11 (region 11q13) and has eight exons 
and seven introns (9). UCP2 is universally expressed at different 
levels in various tissues such as the skeletal muscle, heart, lung, 
spleen, thymus, and brain (10). The -866G/A (rs659366) variant 
of UCP2 is found in the cis regulatory site of the promoter 
region. It has been found to be a functional variant on gene 
expression, and the variant could alter UCP2 function. Thus, 
this study aimed to investigate whether the -866G /A gene variant 
(rs659366) of the UCP2 gene is associated with smoking status 
in the Turkish population.

Methods

Study Population

This cross-sectional association study included 138 smokers 
and 100 healthy controls. Participants were selected among the 
individuals from Yedikule Chest Diseases and Thoracic Surgery 
Training and Research Hospital, İstanbul, Turkey. Data on the 
average amount of tobacco consumed per day was recorded from 
all participants. The degree of smoking status was evaluated by 
the scores on Heaviness of Smoking Index and the Fagerström 
Test for Nicotine Dependence (11). Healthy volunteers (control 
group) were selected from the voluntaries who were non-
smokers. All participants were of Turkish origin, and a written 
informed consent was obtained from each. The experimental 
study protocol and process was assessed and approved by the 
ethics committee (İstanbul Medical Faculty, 2015/17).

Genotyping

Blood samples were obtained from participants. Genomic 
deoxyribonucleic acid was isolated from whole blood by salting 
out method (12). Genotyping of the -866G/A variant in the 
promoter region of the UCP2 gene was performed by polymerase 
chain reaction (PCR)-restriction fragment length polymorphism 
method as previously described (13). Primer sequence 5′-
CAC GCT GCT TCT GCC AGG AC-3′ and 5′-AGG CGT 
CAG GAG ATG GAC CG-3′ were used to amplify -866G/A 
variant of UCP2 gene. After amplification, PCR products were 
subjected to restrict digestion using Mlu1 (Invitrogen) for all 
night at 37 C. Fragment amplification and digestion results were 
revealed by 2% agarose gel electrophoresis and visualized on a 
ultraviolet transilluminator after ethidium bromide staining.

Statistical Analysis

All data were analyzed by using the Statistical Package for the 
Social Sciences (SPSS) for Windows (version 16.0; SPSS Inc, 
Chicago, IL, USA). The χ2-test was used for statistical analysis 
of genotype and allele frequencies in case and control groups 
(GraphpadInstat version 3, Graphpad Software, San Diego, CA, 
USA). Results are given as mean ± standard deviation, whereas 
allele frequencies and distribution of genotypes are given as 
percentages (%). The Hardy-Weinberg equilibrium (HWE) 
was calculated using the De-finetti program (Online HWE 
and Association Testing- InstitutfürHumangenetik, Munich, 
Germany). Statistical significance was considered at p<0.05.

Results
Our study includes 238 individuals, 138 smokers and 100 
ethnicity-matched healthy controls. The allele and genotype 
frequencies of UCP2 -866G/A variant for smoking participants 
versus controls are shown in Table 1. The proportion of 
individuals carrying three possible genotypes (-866G/G, -866G/
A, and -866A/A) was significantly different between controls and 
smoker groups. The UCP2 -866G/A variant G/G genotype was 
more common in smoker groups compared to the control group 
[p=0.001, odds ratio (OR): 0.213, 95% confidence interval (Cl): 
0.116-0.392], whereas the A/A genotype was lower in smoker 
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group compared to the control (p=0.001, OR: 3.664, 95% Cl: 
2.000-6.713). The UCP2 -866G/A variant G allele was increased 
in smoker group than the control group (p=0.001, OR: 3.301, 
95% Cl: 2.257-4.828). The observed genotype counts deviated 
significantly from those expected in smoker group according to 
the HWE for UCP2 -866G /A variant.

Discussion
Mitochondria are indispensable organelles in all eukaryotic 
cells, modulating many crucial vital processes for cell viability 
and function, such as energy generation, redox control, calcium 
homeostasis, and several metabolic and biosynthetic pathways. 
The mitochondrial respiratory chain is the main source of 
intracellular ROS production, as well as a significant target for 
the harmful effects of ROS (14). Causing various physiologic 
and biochemical consequences generated by cigarette smoke 
components, tobacco use is a serious health issue. Cigarette 
smoking initiates oxidative stress in several organs such as the 
brain and plays a role in numerous diseases, such as cognitive 
or neurodegenerative pathological changes (15). Nicotine can 
pass through the blood-brain barrier and end up in high levels 
in the brain tissue within 10-20 s following inhalation (16). 
Nicotine in similar amounts to those in cigarette smoke can lead 
to oxidative stress, as shown in vitro and in vivo (17). Changes 
in brain energy metabolism indicated the role of mitochondria, 
the key players in cellular energy production. Cigarette smoking 
can result in mitochondrial dysfunction (18), as shown by 
elevated cholesterol, lipid peroxides, and increased cholesterol/
phospholipid ratio, along with reduced mitochondrial enzymes 
in those exposed to cigarette smoke (19).

UCPs can dissociate mitochondrial oxidation from 
phosphorylation, decreasing mitochondrial energy generation 
and augment cell thermogenesis. So, far, UCPs has been given 
attention for their role in peripheral energy metabolism, where 
their energy-dissipating function has been uncovered primarily 
with regard to metabolic disorders. In the central nervous system, 
mammalian UCP2 messenger ribonucleic acid and protein 
expression is most prominent in regions that could be depicted 
as high risk for stress (20). High risk areas have direct access to 
the blood stream, axons, and axon terminals abundant in the 
hypothalamus, neural circuits crucial for the endocrine and 
homeostatic regulation, and those related to neurodegenerative 

disease like the substantia nigra and locus coeruleus (20). The 
hippocampus is a significant brain structure in both cognitive 
and emotional functions (21). UCP2-knockout mice were 
significantly more anxious in the elevated plus-maze than wild-
type mice in a behavioral study with an anxiety setting (22). In 
addition, UCP2 seems to be involved in neuronal plasticity and 
regeneration (23). Most of these studies suggest an important 
role of UCP2 in the maintenance of cognitive functions and 
anxiety resistance. Thus, lack of UCP2 may impair the endocrine, 
mitochondrial bioenergetics, and thermoregulation of the 
neurons, which are related to cognition, mood, and behavior. 
In the brain, the DA turnover is modified in UCP2-deficient 
(UCP2-/-) mice, and the number of mitochondria in neurons of 
the substantia nigra and the ventral tegmental area is decreased 
in UCP2-/- mice, whereas ROS generation is increased (24). 
Brain DA is known to play a central role in addictive disorders 
including nicotine addiction. Besides, Li et al. (25) demonstrated 
that chronic nicotine use significantly lowered UCP2 in the 
cerebral cortex and cerebral arteries in rats.

Polymorphisms within the UCP2 gene have been reported to be 
related with several metabolic traits including obesity and type 
2 diabetes. A functional -866G/A variant has been identified 
in the UCP2 promoter and is found in a multifunctional cis 
regulatory site with functional consequences. The -866A allele 
has been found to elevate UCP2 transcriptional activity in 
transfected cultured cells (26); however, data in human tissues 
have been conflicting (27). In this study, we hypothesized that 
the -866G/A variant of the UCP2 gene is associated with risk of 
smoking status in the Turkish population. To our knowledge, for 
the first time in the literature, we have demonstrated a significant 
association of the UCP2 functional variant with smoking status 
in the Turkish cohort. We found that participants carrying UCP2 
-866G/A variant GG genotype showed a higher risk for smoking 
(Table 1). The participants carrying UCP2 -866G/A variant AA 
genotype and A allele may have protective effects in smoking for 
the Turkish population (p<0.05) (Table 1). The observed overall 
genotype distribution in smoker group was not consistent with 
HWE.

Study Limitations

Several limitations were encountered in this analysis. Firstly, only 
one variant of UCP2 gene was evaluated. Other variants of this 

 Table 1. Genotype and allele distribution of UCP2 -866G/A variant in case and control groups

UCP2 Smoker group Control group OR* 95% CI* p

G genotypes n=138 (%) n=100 (%)

G/G 70 (50.8) 18 (18) 0.213 0.116-0.392 0.001

G/A 46 (33.3) 41 (41) 1.390 0.816-2.368 0.275

A/A 22 (15.9) 41 (41) 3.664 2.000-6.713 0.001

Alleles

G 186 (67.4) 77 (38.5)
3.301 

2.257-4.828
0.001

A 90 (32.6) 123 (61.5) 1.933-4.357

HWE 0.004 0.179

HWE: Hardy-Weinberg equilibrium; results that are statistically significant are typed in bold, OR: Odds ratio, CI: Confidence interval
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gene may also susceptibly play a role. Additionally, the gene-gene 
and gene-environment interactions were not discussed for the 
UCP2 variant due to lack of original information.

Conclusion
In conclusion, our observation suggests that the UCP2 -866G/A 
variant GG genotype and G allele may create a predisposition 
to smoking. Therefore, UCP2 gene should be considered as 
candidate gene for both smoking status in the Turkish population. 
However, further long‐term and large‐scale studies are required 
to confirm issues regarding the mechanisms underlying the 
observed association.
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