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Summary. Type 2 diabetes mellitus (T2DM) is a major health problem in worldwide and uncoupling pro-
tein-2 (UCP2) that have a role in the regulation of insulin secretion and emergence of diabetes mellitus. In 
this study we have investigate whether an association between UCP2 866 G/A polymorphism and T2DM. 
In this study we have collected peripheral blood samples from 50 type 2 diabetes mellitus patients and 50 he-
alhty control individuals. Genomic DNA was isolated from blood samples and UCP2 866 G/A polymorphi-
sm was investigated by polymerase chain reaction restriction fragment lenght polymorphism assay (PCR-
RFLP). In our results we have not observed any statistically significant association between UCP2 866 G/A 
polymorphism and risk of T2DM.
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O r i g i n a l  A r t i c l e

Introduction

Diabetes mellitus is a chronic disease that is char-
acterized by insulin secretion and action disorders and 
hyperglysemia. T2DM is a complex and multifactorial 
metabolic disease which is characterized by failure of 
insulin secretion of β cells in the pancreas and resistan-
ce or reduced response of peripheral tissues to insulin. 
Regardless of other known genetic or environmental 
risk factors, obesity is a major risk factor in the emer-
gence of the T2DM. Obesity is a prevalent characte-
ristic in the patients who has T2DM and it appears 
approximately 80% of patients. In addition to this dec-
reasing of energy expenditure could increased T2DM 
risk in the obese people (1). Uncoupling proteins 
(UCPs) regulate proton gradient and ATP synthesis 
in the mitochondrial membranes and they works as a 
membrane transport proteins. UCP2s has shown wi-
despread distribution in humans such as adipose tissue, 
skeletal muscle, kidney, pancreas, heart, placenta, liver, 
and brain tissues. 

It has been shown that UCP2 has neuroprotecti-
ve and neuromodulatory effects in the central nervo-
us system and it was shown that UCP3 has a neuron 
protective effects against to glucose induced degenera-
tion via preventing of reactive oxygen species (ROS) 
formation (2-4). Because of this important functions 
UCP gene polymorphisms were evaluated frequently 
in some  diseases such as body composition and resting 
energy expenditure (5), energy metabolism (6), obesity 
(7, 8), multiple sclerosis (9, 10), diabetic neuropathy 
(11, 12), coronary artery disease (13) and schizoph-
renia (14).  Studies have shown that UCP2 has a very 
important role in the continued clearance of apoptotic 
cells (15) and also UCP2 can affect the function of β 
cells (16-18). It was also shown that UCP2 gene exp-
ression level is affected by glucose metabolism in panc-
reatic islets of mice (19) for this reason overexpressi-
on of UCP2 causes decreased insulin secretion (20). 
Some studies have been shown that micro RNAs have 
some regulatory effects on UCP2 gene expression. For 
example, microRNA-15a positively regulates insulin 
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secretion via inhibition of UCP2 expression in mou-
se cells (21). The 866 G/A (rs659366) polymorphism 
is existed in the promoter region of UCP2 gene and 
this polymorphism effect binding of the transcription 
factors IPF1 and PAX6 (22). Many studies have exa-
mined association between UCP2 gene polymorphism 
and risk of T2DM. Most of them have focused on 
UCP2 866 G/A polymorphism and contradictory re-
sults were reported (23- 33). The aim of this study was 
to investigate  association of the 866 G/A polymorp-
hisms in the UCP2 gene with T2DM risk in Turkish 
population.

Materials and Methods

Participants
The study was approved by the ethics committee 

of Firat University Medical Faculty (ethics committee 
date/number 16.02.2016 / 04-05). A total of 50 pa-
tients with T2DM were consecutively recruited who 
met the criteria of World Health Organization and 
followed up in the Internal Medicine Department of 
the Firat University Hospital in Turkey. Age matched 
healthy volunteers consist of 50 individuals were ran-
domly selected. Fasting plasma glucose <6.1 mmol/L, 
no medications which affect the glucose and lipid me-
tabolism, and absence of systemic diseases and no fa-
mily history for T2DM at first degree relatives were 
used as selection criteria for control group.

Genotyping analysis
Blood samples were taken from all the participants 

into the tubes which containing ethylenediamine tetraa-
cetate (EDTA). DNA was extracted with commercially 
available genomic DNA isolation kit (Promega Corpo-
ration, Madison, WI) according to the manufacturer’s 
recommendations. Afterwards quality control of DNA 
samples were performed by Nanodrop UV spectropho-
tometer (UV-Visible NanoDrop 1000, Thermo Fisher 
Scientific Inc.) and concentrations were adjusted to 50 
ng μL-1 and all DNA samples were stored at -20°C un-
til analysis of the UCP2 polymorphism. The 866 G/A 
single nucleotid polyomophism was genotyped by PCR-
restriction fragment length polymorphism (RFLP) with 
the following primers: 5’-CAC GCT GCT TCT GCC 

AGG AC-3’ (forward) and 5’-AGG CGT CAG GAG 
ATG GAC CG-3’ (reverse) (33). The PCR conditions 
were: initial denaturation at 95°C for 5 min; followed by 
35 cycles of 95°C for 30 seconds, 65°C for 40 seconds, 
72°C for 50 seconds, a final extension of 72°C for 5 mi-
nutes. The PCR products were digested at 37°C for 4 
hours with 5.0 U of HaeIII restriction enzyme (Pro-
mega). After enzymatic digestion, PCR products were 
loaded in the 3% of agarose gel and visualized by SYBR 
Safe staining.

Statistical analysis
Statistical analyses were performed with SPSS 

software version 21 (SPSS Inc. Chicago IL USA). The 
genotype distribution was tested for Hardy-weinberg 
equilibrium with chi-square (β2) test in T2DM pati-
ents and controls. The student t-test was used to com-
pare differences in the clinical characteristics between 
the T2DM and non diabetic control groups, p< 0.05 
was considered to be statistically significant. The dist-
ributions of 866 G/A polymorphism between T2DM 
patients and control groups  were compared using the 
Fisher’s exact test. p< 0.05 was considered significant.

Results

We have studied UCP2 866 G/A (rs659366) 
gene polymorphism on T2DM patients in Turkish 
families. Clinical characteristics of subjects are sum-
marized in Table 1. The statistical analysis showed that 
BMI (kg/m2), Creatinine (mg/dL), Urea (mg/dL), di-
astolic blood pressure (mmHg), sistolic blood pressure 
(mmHg) levels of T2DM patients were significantly 
higher than those of the control group (p<0.05) (Table 
1). These results suggested that BMI, creatinine, urea, 
diastolic blood pressure, sistolic blood pressure were 
independent risk factors for T2DM patients in the 
Turkish population. Also the statistical analysis sho-
wed that sex, age, AST, ALT values of T2DM patients 
were not significantly higher than those of the cont-
rol group (p>0.05) (Table 1). Totally, 50 subjects with 
T2DM and 50 controls were enrolled in our study. 
In this study, the genotype distributions of all groups 
were found in Hardy-Weinberg equilibrium. Genoty-
pes and alleles frequencies of the 866 G/A polymorp-
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hism of UCP2 gene in T2DM patients and controls 
are shown in the Table 2.

In the T2D, GG genotype was found in 26 pa-
tients (52%), GA genotype in 23 (46%) patients, AA 
genotype in 1(2%) patient and significant differences 
were noted in comparison with the frequencies in the 
genotype subjects (p<0.05, Table 2). In the control 
group GG genotype was found in 19 (38%) subjects, 
GA genotype in 28 (56%) subjects, AA genotype in 3 
(6%) subjects and significant differences were noted in 
comparison with the frequencies in the genotype sub-
jects (p<0.05, Table 2). The frequency of the G allele in 
T2DM patients was 0.75, while A allele frequency was 
0.25, and significant differences were noted in compa-
rison with the frequencies between G and A alleles in 
the T2DM patients (p> 0.05, Table 2). The frequency 
of the G allele in control group was 0.66, while A alle-
le frequency was 0.34, and significant differences were 
noted in comparison with the frequencies between G 
and A alleles in control groups (p> 0.05, Table 2).

Discussion

T2DM and its complications are complex dise-
ases associated with both genetic and environmental 
risk factors (34, 35). T2DM a major public health 
problem in Turkey like the worldwide (35-37). The 
discovery that UCP2 is present in pancreatic β cells 
and adipose tissues has led to the suggestion that such 
molecules may be able to play an important role in eti-
ology of T2DM (38, 39). Considering the important 
role of UCP2 in ROS formation in mitochondria, the 
relationship between UCP2 locus and susceptibility 
for T2DM and its complications has been investigated 
(40- 43). Over the past few years, many publications 
have suggested that there was an association between 
UCP2 866 G/A (rs659366) polymorphism and the 
risk of T2DM (40-44). The allele frequency analysis 
demonstrated that the A allele of rs659366 has not 
statistically significant higher frequency in T2DM 
compared with control group. Several studies exami-

Table 1. Clinical characteristics of the patient and control groups.

Clinical characteristics Patient Control p value

Sex (n) (Male/Female) 20/30 13/37 0.614

Age (years) 58.20 ± 13.06 33.32 ± 12.88 0.754

Duration of T2DM (years) 11.10 ± 7.78  

BMI (kg/m2) 29.66 ± 6.60 25.67 ± 6.38 0.018

AST (U/L) 23.36 ± 8.71 21.62 ± 4.64 0.962

ALT (U/L) 23.54 ± 9.11 20.72 ± 8.94 0.761

Creatinine (mg/dL) 0.83 ± 0.42 0.64 ± 0.15 0.041

Urea (mg/dL) 39.16 ± 18.06 24.98 ± 7.44 0.014

Diastolic blood pressure (mmHg) 70.50 ± 8.40 68.10 ± 8.10 0.023

Sistolic blood pressure (mmHg) 111.90 ± 11.64 105.90 ± 14.55 0.037

± standard deviation

Table 2. Genotype and allele frequency of the 866 G/A (rs659366) polymorphism of UCP2 gene patient and control groups.

 Genotype Allele

Subjects (n) GG (%) GA (%) AA (%) p G (%) A (%) p HWE (P)*

Control (50) 19 (38%) 28 (56%) 3 (6%) 0.0173 66 34 0.037 0.0018

Patients (50) 26 (52 %) 23 (46%) 1(2%) 0.0246 75 25 0.011 0.0021

* HWE (P) is the significance of correspondence to Hardy-Weinberg proportions according to chi-square test.
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ned the UCP2 866 G/A polymorphism in relation to 
T2DM with inconsistent results (25-31). Two studies 
(25, 29) found statistically significant associations. It is 
noteworthy that in the two above mentioned studies, 
the frequencies of the A allele in the controls were the 
lowest. But we have observed that A allele frequency 
was higher in our control group.  Further studies are 
necessary to better define if the 866 G/A polymorp-
hism has a synergistically effect on UCP2 gene exp-
ression. Alternatively, there is a possibility that the 
866 G/A polymorphism is not themselves responsible 
for the observed association with T2DM only being a 
still unknown functional polymorphism. Nevertheless, 
previous studies indicate that the 866 G/A polymorp-
hism could be directly leading to changes in UCP2 
gene expression (45, 46). As a limitation of this study, 
the sample sizes of the experimental groups in this 
study were not large enough to evaluate a small im-
pact from very low penetrance genes or single nucleo-
tid polymorphism (SNPs). Further studies with larger 
cohorts of Turkish population are needed to clarify the 
etiopathophysiological and functional role of UCP2 
gene expression on T2DM.

In conclusion, we examined the frequencies of 
one common polymophism in UCP2 rs659366 in 
the T2DM patients and also control subjects without 
T2DM. The UCP2 rs659366 polymorphism was not 
found statistically significant for  relationship with 
T2DM. Some other SNPs in the UCP2 gene can play 
important role in the pathogenesis of T2DM in Tur-
kish population. However, this is a preliminary study 
and further functional studies are required to determi-
ne the association of this polymorphism with T2DM.

Acknowledgements

The authors are acknowledge financial support by Firat 
University vide project No. BAP – TF. 16.1 for carrying out 
these study.

References

  1.  Echtay KS. Mitochondrial uncoupling proteins-what is their 
physiological role? Free Radic Biol Med 2007; 43: 1351–71.

  2.  Horvath TL, Diano S, Barnstable C. Mitochondrial un-

coupling protein 2 in the central nervous system: neuro-
modulator and neuroprotector. Biochem Pharmacol 2003; 
65: 1917–21.

  3.  Vincent AM, Olzmann JA, Brownlee M, Sivitz WI, Russell 
JW. Uncoupling proteins prevent glucose-induced neuronal 
oxidative stress and programmed cell death. Diabetes 2004; 
53:726–34.

  4.  Jiffri EH. Association of the UCP2 45-bp insertion/de-
letion polymorphism with diabetes type 2 and obesity in 
Saudi population, The Egyptian Journal of Medical Human 
Genetics 2012; 13: 257–262.

  5.  Yanovski JA, Diament AL, Sovik KN, Nguen TT, Li H, 
Sebring NG, et al. Associations between uncoupling protein 
2, body composition, and resting energy expenditure in lean 
and obese African American, white, and Asian children. 
Am J Clin Nutr 2000; 71: 1405–20.

  6.  Kovacs P, Ma L, Hanson RL, Franks P, Stumvoll M, Bo-
gardus C, et al. Genetic variation in UCP2 (uncoupling 
protein-2) is associated with energy metabolism in Pima 
Indians. Diabetologia 2005; 48(11): 2292–5.

  7.  Liu YJ, Liu PY, Long J, Lu Y, Elze L, Recker RR, et al. 
Linkage and association analyses of the UCP3 gene with 
obesity phenotypes in Caucasian families. Physiol Genom 
2005; 22(2): 197– 203.

  8.  Ochoa MC, Santos JL, Azcona C, Moreno-Aliaga MJ, 
MartinezGonzalez MA, Martinez JA, et al. Association 
between obesity and insulin resistance with UCP2–UCP3 
gene variants in Spanish children and adolescents. Mol 
Genet Metab 2007; 92(4): 351–8.

  9.  Otaegui D, Saenz A, Ruiz-Martinez J, Olaskoaga J, Lopez 
de Munain A. UCP2 and mitochondrial haplogroups as a 
multiple sclerosis risk factor. Mult Scler 2007; 13(4): 454–8.

10.  Vogler S, Goedde R, Miterski B, Gold R, Kroner A, Koc-
zan D, et al. Association of a common polymorphism in the 
promoter of UCP2 with susceptibility to multiple sclerosis. 
J Mol Med 2005; 83(10): 806–11.

11.  Rudofsky G-Jr, Schroedter A, Schlotterer A, Voron’ko OE, 
Schlimme M, Tafel J, et al. Functional polymorphisms of 
UCP2 and UCP3 are associated with a reduced prevalence 
of diabetic neuropathy in patients with type 1 diabetes. Dia-
betes Care 2006; 29(1): 89–94.

12.  Yamasaki H, Sasaki H, Ogawa K, Shono T, Tamura S, Doi 
A, et al. Uncoupling protein 2 promoter polymorphism 
866G/A affects peripheral nerve dysfunction in Japanese 
type 2 diabetic patients. Diabetes Care 2006; 29(4): 888–94.

13.  Humphries SE, Cooper JA, Talmud PJ, Miller GJ. Candi-
date gene genotypes, along with conventional risk factor as-
sessment, improve estimation of coronary heart disease risk 
in healthy UK men. Clin Chem 2007; 53(1): 8–16.

14.  Yasuno K, Ando S, Misumi S, Makino S, Kulski JK, Mu-
ratake T, et al. Synergistic association of mitochondrial un-
coupling protein (UCP) genes with schizophrenia. Am J 
Med Genet B Neuropsychiatr Genet 2007; 144(2): 250–3.

15.  Park D, Han CZ, Elliott MR, Kinchen JM, et al. Continued 
clearance of apoptotic cells critically depends on the phago-
cyte UCP2 protein. Nature 2011; 477: 220-224.



N. Gozel,  S. Dalkilic434

16.  Gimeno RE, Dembski M, Weng X, Deng N, et al. Clon-
ing and characterization of an uncoupling protein homolog: 
a potential molecular mediator of human thermogenesis. 
Diabetes 1997; 46: 900-906.

17.  Zhang CY, Baffy G, Perret P, Krauss S, et al. Uncoupling 
protein-2 negatively regulates insulin secretion and is a ma-
jor link between obesity, beta cell dysfunction, and type 2 
diabetes. Cell 2001; 105: 745-755.

18.  Yang W, Lu J, Weng J, Jia W, et al. Prevalence of diabetes 
among men and women in China. N. Engl. J. Med. 2010; 
362: 1090-1101.

19.  Dalgaard LT. UCP2 mRNA expression is dependent on 
glucose metabolism in pancreatic islets. Biochem. Biophys. 
Res. Commun. 2012; 417: 495-500.

20.  Chan CB, De Leo D, Joseph JW, McQuaid TS, et al. In-
creased uncoupling protein-2 levels in beta-cells are asso-
ciated with impaired glucose-stimulated insulin secretion: 
mechanism of action. Diabetes 2001; 50: 1302-1310.

21.  Sun LL, Jiang BG, Li WT, Zou JJ, et al. MicroRNA-15a 
positively regulates insulin synthesis by inhibiting uncou-
pling protein-2 expression. Diabetes Res. Clin. Pract. 2011; 
91: 94-100.

22.  Krempler F, Esterbauer H, Weitgasser R, Ebenbichler C, 
et al. A functional polymorphism in the promoter of UCP2 
enhances obesity risk but reduces type 2 diabetes risk in 
obese middle-aged humans. Diabetes 2002; 51: 3331-3335.

23.  Zheng YM, Xiang KS, Zhang R and Jia WP. Association 
between Ala55Val variant in the uncoupling protein 2 gene 
and glucose stimulated insulin secretion in type 2 diabetic 
Chinese. Chin. J. Endocrinol. Metab. 1999; 15: 199-202.

24.  Xiu LL, Weng JP, Sui Y, Wang J, et al. Common variants in 
β 3-adrenergic-receptor and uncoupling protein-2 genes are 
associated with type 2 diabetes and obesity. Zhonghua Yi 
Xue Za Zhi 2004; 84: 375-379.

25.  Shen XJ, Zhu DL, Tong GY and Hu Y. Association of 
-866G/A polymorphism in uncoupling protein 2 gene of 
patients with type 2 diabetes in Nanjing. Chin. J. Practical 
Internal Med. 2007; 27: 670-673.

26.  Gu GY, Zheng SX, Liu DM and Chen LM. Association 
of functional polymorphism in the promoter of uncoupling 
protein 2 (UCP2) gene with type 2 diabetes. Chin. J. Dia-
betes 2007; 15: 411-412.

27.  Li JN, He L, Ye F and Dong CP. Association of uncoupling 
protein 2 -866G/A polymorphism with type 2 diabetes in 
northern Chinese. J. Fourth Mil. Med. Univ. 2008; 29: 163-
166.

28.  Wang XX, Xian TZ, Wang SL and Sun XM. Correlation 
between -866G/A variation in the promoter region of un-
coupling protein-2 gene and the risk of type 2 diabetes in 
population from Beijing. CRTER 2009; 13: 4754-4758.

29.  Liu L, Guan YF, Li Z and Sun W. UCP-2 gene promoter 
-866G/A polymorphism related to the development of type 
2 diabetes mellitus in Chinese. Medicine & Philosophy 
(Clinical Decision Making Forum Edition) 2009; 30: 50-
52.

30.  She YM. SURl and UCP2 Gene Polymorphism with Type 

2 Diabetes and the Impact on Nateglinide Effectiveness. 
Master’s thesis, CSU, Changsha. 2009.

31.  Yang M, Huang Q, Wu J, Yin JY, et al. Effects of UCP2 
-866G/A and ADRB3 Trp64Arg on rosiglitazone response 
in Chinese patients with Type 2 diabetes. Br. J. Clin. Phar-
macol. 2009; 68: 14-22.

32.  Hu ZQ, Ma GQ, Ma CH, Liu J. An analysis of association 
of UCP-2 A55V polymorphism with overweight, obesity 
and type 2 diabetes in Dongxiang of Gansu people. Chin. J. 
Diabetes 2010; 18: 115-117.

33.  Qin LJ. Wen J. Qu YL. Huang QY. Lack of association of 
functional UCP2 -866G/A and Ala55Val polymorphisms 
and type 2 diabetes in the Chinese population based on a 
case-control study and a meta-analysis, Genetics and Mo-
lecular Research 2013; 12 (3): 3324-3334.

34.  Souza BM, Assmann TS, Kliemann LM, Gross JL, Canani 
LH, et al. The role of uncoupling protein 2 (UCP2) on the 
development of type 2 diabetes mellitus and its chronic 
complications. Arq Bras Endocrinol Metabol 2011; 55: 
239– 248.

35.  Bulut F, Erol D, Elyas H, Doβan H, Ozdemir FA, Kes-
kin L. Protein tyrosine phosphatase non-receptor 22 gene 
C1858T polymorphism in patients with coexistent type 2 
diabetes and hashimoto’s thyroiditis. Balkan Medical Jour-
nal 2014; 31: 37-42.

36.  Elhadd TA, Al-Amoudi AA, Alzahrani AS. Epidemiology, 
clinical and complications profile of diabetes in Saudi Ara-
bia: a review. Ann Saudi Med 2007; 27(4): 241–50.

37.  Tayeb MT. Association of the UCP2 866G/A polymor-
phism with type 2 diabetes and obesity in Saudi population. 
Egypt J Med Hum Genet 2009; 10(2): 228–36.

38.  Chan CB, MacDonald PE, Saleh MC, Johns DC, Marba`n 
E, Wheeler MB. Overexpression of uncoupling protein 2 
inhibits glucose-stimulated insulin secretion from rat islets. 
Diabetes 1999; 48(7): 1482–6.

39.  Esterbauer H, Schneitler C, Oberkofler H, Ebenbichler C, 
Paulweber B, Sandhofer F, et al. A common polymorphism 
in the promoter of UCP2 is associated with decreased risk 
of obesity in middle-aged humans. Nat Genet 2001; 28: 
178–83.

40.  Yu X, Jacobs DR Jr, Schreiner PJ, Gross MD, Steffes MW, 
et al. The uncoupling protein 2 Ala55Val polymorphism is 
associated with diabetes mellitus: the CARDIA study. Clin 
Chem 2005; 51: 1451–1456.

41.  Bulotta A, Ludovico O, Coco A, Di Paola R, Quattrone A, 
et al. The common -866G/A polymorphism in the promoter 
region of the UCP-2 gene is associated with reduced risk of 
type 2 diabetes in Caucasians from Italy. J Clin Endocrinola 
Metab 2005; 90: 1176–1180.

42.  Crispim D, Fagundes NJ, Dos Santos KG, Rheinheimer J, 
Bouc¸As AP, et al. Polymorphisms of the UCP2 gene are 
associated with proliferative diabetic retinopathy in patients 
with diabetes mellitus. Clin Endocrinol (Oxf ) 2010; 72: 
612–619.

43.  Lindholm E, Klannemark M, Agardh E, Groop L, Agardh 
CD. Putative role of polymorphisms in UCP1-3 genes for 



UCP2 866 G/A Gene (rs659366) Polymorphism Associated With Diabetes Type 2 in Turkish Population 435

diabetic nephropathy. J Diabetes Complications 2004; 18: 
103–107.

44.  D’Adamo M, Perego L, Cardellini M, Marini MA, Fron-
toni S, et al. The 2866A/A genotype in the promoter of the 
human uncoupling protein 2 gene is associated with insulin 
resistance and increased risk of type 2 diabetes. Diabetes 
2004; 53: 1905–1910.

45.  Wang H, Chu W, Lu T, Hasstedt S, Kern P, Elbein S. Un-
coupling protein-2 polymorphisms in type 2 diabetes, obe-
sity, and insulin secretion. Am J Physiol Endocrinol Metab. 
2004; 286:1–7.

46.  Oberkofler H, Iglseder B, Klein K, Unger J, Haltmayer M, 

Krempler F, et al. Associations of the UCP2 gene locus 
with asymptomatic carotid atherosclerosis in middle-aged 
women. Arterioscler Thromb Vasc Biol. 2005; 25: 604–610.

Correspondence: 
Nevzat Gozel
Department of Internal Medicine, Fırat University, 
Faculty of Medicine, 2300, Elazıg, Turkey 
E-mail: drngozel@hotmail.com;


