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Abstract. The aim of the present study was to investigate the 
correlation between the adiponectin gene single nucleotide 
polymorphism (SNP)45 T/G and long‑term oxidative stress in 
type II diabetes mellitus (T2DM) patients with carotid athero-
sclerosis. Patients with T2DM were divided into non‑carotid 
atherosclerosis and carotid atherosclerosis groups, which 
were then subsequently divided into TT and TG  +  GG 
groups according to the adiponectin SNP45 T/G genotypes. 
Enzyme‑linked immunosorbent assay, TaqMan probe quanti-
tative polymerase chain reaction (PCR), PCR‑TaqMan, color 
Doppler and other methods were used to determine the adipo-
nectin levels, gene polymorphisms, acquired mitochondrial 
DNA (mtDNA) A3243G somatic cell mutation rates and the 
carotid intima‑media thickness. The somatic cell mutation 
rate of acquired mtDNA A3243A/G in the T2DM carotid 
atherosclerosis group was significantly higher compared 
with the group without carotid atherosclerosis. In addition, 
the acquired mtDNA A3243A/G somatic cell mutation rate in 
the T2DM carotid atherosclerosis group with the adiponectin 
gene SNP45 TT genotype was significantly lower compared 
with the SNP45 TG/GG genotype group. T2DM combined 
with carotid atherosclerosis was associated with long‑term 
oxidative stress. In addition, adiponectin gene SNP45 T/G 
was associated with increased mtDNA A3243A/G somatic 
mutation rates in T2DM patients with carotid atherosclerosis. 
Therefore, adiponectin gene polymorphisms may lead to 
diabetes atherosclerosis through oxidative stress.

Introduction

The morbidity of type 2 diabetes patients developing cardio 
vascular disease is 2-4 times as compared to people without 
diabetes. Carotid intima‑media thickness (IMT) is a predictor 
of coronary heart disease and cerebrovascular disease and is 
used as an early clinical quantitative index for atherosclerosis 
in diabetic patients. The pathogenesis of atherosclerosis in 
patients with type II diabetes mellitus (T2DM) is not fully 
understood. To date, out of the T2DM patients with carotid 
artery IMT thickening, 35% of them are due to causes of 
atherosclerosis that are already known and 65% of them are 
due to gene polymorphisms, oxidative stress and some other 
factors.

A hyperglycemic state in diabetic patients causes the 
occurrence and development of atherosclerosis through 
oxidative stress. Oxidative stress hyperfunction in diabetic 
patients is four times higher than in individuals without the 
disease. The current indicators used to determine the level of 
oxidative stress only reflect the short‑term levels. However, 
the somatic mutation rate of acquired mitochondrial DNA 
(mtDNA) A3243G may be determined by TaqMan probe 
quantitative polymerase chain reaction (PCR) and this reflects 
the long‑term levels of oxidative stress in patients with 
T2DM (1,2).

Adiponectin is specifically secreted by fat tissue, thus, 
systemic oxidative stress primarily originates from adipose 
tissues. Previous studies (3‑7) have demonstrated that adipo-
nectin is associated with oxidative stress, however, the specific 
mechanism remains unclear. Oxidative stress inhibits adipo-
nectin expression and reduces the production of adiponectin, 
while adiponectin also inhibits oxidative stress. However, 
identifying whether adiponectin or oxidative stress is the cause 
or result has yet to be determined. With regard to the risk factors 
for coronary artery disease, plasma adiponectin concentrations 
were found to positively correlate with prostaglandin oxide, 
a short‑term indicator of oxidative stress  (7). In addition, 
decreased levels of adiponectin and secretion imbalance have 
been shown to be associated with T2DM and atheroscle-
rosis (8‑10). Adiponectin may affect the development of chronic 
complications, including T2DM and macrovascular complica-
tions, by means of oxidative stress (7). Previous studies found 
that in patients with T2DM, single nucleotide polymorphisms 
(SNPs) of the adiponectin gene at +45 and +276 were associated 
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with risks of coronary heart disease (11‑15). In addition, the 
association between adiponectin levels, gene polymorphisms 
and T2DM with atherosclerosis have been shown to differ 
between ethnicities (10,14‑16).

In summary, adiponectin is associated with short‑term 
oxidative stress and atherosclerosis. However, to the best of 
our knowledge, no studies have investigated the correlations 
between adiponectin levels, gene polymorphisms, long‑term 
oxidative stress and atherosclerosis. Adiponectin gene poly-
morphisms have been shown to differ between ethnicities 
and interactions may exist in ethnic genetic heterogeneity or 
genetic and environmental factors or intergenetic interactions. 
Therefore, in the present study, enzyme‑linked immunosor-
bent assay, TaqMan probe quantitative PCR, PCR‑TaqMan 
technology, color Doppler and other methods were used to 
analyze the correlations among T2DM, adiponectin gene 
polymorphisms, acquired somatic mutation rates of mtDNA 
A3243G and carotid IMT in Korean and Han populations in 
the Yanbian region. Thus, the present study aimed to deter-
mine whether a correlation existed between adiponectin levels, 
gene polymorphisms and long‑term oxidative stress in early 
atherosclerosis T2DM patients of Korean and Han nation-
alities in the Yanbian region, providing a theoretical genomic 
basis for effectively preventing various ethnicity‑associated 
macrovascular complications through early clinical antioxi-
dant treatment.

Subjects and methods

Subjects and groups. According to the ‘informed consent’ 
principle, all respondents were recruited from the Jilin Yanbian 
area and had no genetic relationship with other participants. 
The individuals were grouped according to the World Health 
Organization's criteria for diabetes diagnosis and classifica-
tion in 1999 (17). Firstly, the normal control group (NGT) 
consisted of 171 cases with a mean age of 50.93±9.77 years. 
Secondly, the T2DM group comprised 225 patients with a 
mean age of 55.89±12.53 years. The T2DM Han nationality 
carotid atherosclerosis group consisted of 66 cases with an 
average age of 59.19±10.59 years, while there were 65 Han 
patients without carotid atherosclerosis that had an average 
age of 47.12±15.36  years. The Korean nationality carotid 
atherosclerosis group consisted of 51 cases with average age 
of 54.67±11.9 years, while there were 43 Korean patients 
without carotid atherosclerosis that had an average age of 
59.30±9.58 years. Finally, the T2DM Korean and Han nation-
ality carotid atherosclerosis positive and negative groups were 
then divided into two groups according to their genotype 
(GG/GT or TT). The study was conducted in accordance with 
the Declaration of Helsinki and with approval from the Ethics 
Committee of the Affiliated Hospital of Yanbian University 
(Yanji, China). Written informed consent was provided by all 
the participants.

Genomic DNA extraction. A Wizard® Genomic DNA 
Purification kit (Promega Corporation, Madison, WI, USA) 
was used for DNA extraction.

SNP genotyping using the TaqMan probe method. Primers of the 
adiponectin gene SNP45 were designed according to the reported 

sequences on the GenBank database and were synthesized 
by Shanghai GeneCore Biotechnologies Co., Ltd. (Shanghai, 
China). The upstream and downstream primer sequences 
were 5'‑GCAGCTCCTAGAAAGTAGACTCTGCTG‑3' and 
5'‑GCAGGTCTGTGATGAAAGAGGCC‑3', respectively.

TaqMan probe quantitative PCR for the determination of 
the somatic cell mutation rate. The total mtDNA primer 
sequences were 5'‑GCCTTCCCCCGTAAATGATAT‑3' 
(forward) and 5'‑GAAGAGGAATTGAACCTCTGACTG‑3' 
(reverse), while the mutated mtDNA primer sequences 
were 5'‑ATTAAAGTCCTACGTGATC‑3' (forward) and 
5'‑ATGCGATTACCGGGCC‑3' (reverse). The TaqMan probe 
sequence was 5'‑TGCCATCTTAACAAACCCTGTTCTTGG 
GTT-3' (TaqMan MGB probe and primers were synthesized 
by GeneCore). A fluorescence sequencing method was used 
to perform TaqMan probe quantitative PCR (completed by 
Shanghai GeneCore Biotechnologies Co., Ltd.).

Determination of biochemical indices and IMT. Carbohydrates, 
triglycerides, high‑ and low‑density lipoproteins and choles-
terol, blood glucose and other indicators were determined using 
an Hitachi 7600‑101 automatic biochemical analyzer (Hitachi, 
Ltd., Tokyo, Japan). An Acuson‑128 probe (Providian Medical 
Equipment LLC, Willowick, OH, USA) with a frequency 
of 7.5 MHz Doppler was used to measure the carotid IMT 
at six different places. The points selected were as follows: 
Two points on each side of the walls of the carotid artery at 
the level of the carotid artery enlargement, 1.0 cm above and 
1.0 cm underneath the carotid artery enlargement. The average 
of these six values was used as the value of the carotid artery 
IMT. IMT values of ≥1.0 mm, and/or hard or soft spots were 
considered to be a positive diagnosis.

Statistical analysis. A gene counting method was used to 
calculate the frequencies of genotypes and alleles in each group 
and the Hardy‑Weinberg equilibrium was used to analyze the 
representation of the samples. Risk factors of carotid athero-
sclerosis lesions were screened by logistic regression analysis, 
while genotype and allele frequencies in these groups were 
analyzed using the χ2 test. One‑way analysis of variance was 
used to analyze multiple sets of measurement data. Results are 
expressed as the mean ± SD and P<0.05 was considered to 
indicate a statistically significant difference. Statistical anal-
yses were performed using the SPSS 17.0 statistical software 
(SPSS, Inc. Chicago, IL, USA).

Results

Adiponectin SNP45 genotyping results. Results from SNP 
genotyping using the TaqMan probe method indicated that the 
SNP45 was divided into GG, TG and TT genotypes. As shown 
in Fig. 1, red points indicate SNP45 GG homozygotes, green 
points represent TG heterozygotes and blue points indicate TT 
homozygotes.

Adiponectin SNP45 sequencing diagram. As shown in 
Fig. 2, peaks demonstrated SNP homozygous GG (Fig 2A), 
heterozygous TG (Fig. 2B) and homozygous TT (Fig. 2C) 
genotypes.
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Somatic cell mutation rate of acquired mtDNA A3243G. 
Fig. 3A shows the total mtDNA gene data amplified fluores-
cence curve, while Fig. 3B shows the mutated mtDNA gene 
data amplified fluorescence curve. The somatic cell mutation 
rate of acquired mtDNA A3243G was calculated according to 
the following example shown for the normal control group 1. 
Mutation rate=1/2ctm-ctt, where, ctm=(ctm1+ctm2+ctm3)/3 and 
ctt=(ctt1+ctt2+ctt3)/3. ctm1+ctm2+ctm3 in the normal contro1 
group 1 all come from mututal mtDNA Gene Data and ctt1, 
ctt2, ctt3 in the normal control group 1 and the dates all come 
from the total mtDNA Gene Data.

Comparison of acquired mtDNA A3243A/G mutation rates 
between the normal and T2DM groups. Statistically significant 
differences were observed in the mutation rates of acquired 
mtDNA A3243A/G between the normal and T2DM patients 
from the Yanbian region (P<0.05; Table I).

Comparison of acquired mtDNA A3243A/G mutation rates 
between T2DM patients with or without carotid atheroscle-
rosis. Statistically significant differences were observed when 
comparing the acquired mtDNA A3243A/G mutation rates 
between T2DM patients with and without carotid atheroscle-
rosis in the Yanbian area (P<0.05; Table II).

Comparison of acquired mtDNA A3243A/G somatic cell 
mutation rates in T2DM patients with adiponectin SNP45 TT 
or TG/GG genotypes. Statistically significant differences were 
observed when comparing the acquired mtDNA A3243A/G 
somatic cell mutation rates in T2DM patients with adiponectin 
gene SNP45 TT or TG/GG genotypes in the Yanbian area 
(P<0.05; Table III).

Comparison of the acquired mtDNA A3243A/G somatic cell 
mutation rates in T2DM patients with carotid atherosclerosis 

Figure 1. SNP genotyping results determined using the TaqMan probe method. Abscissa, HEX signal strength; ordinate, FAM signal strength; NTC, no tem-
plate control; black spots, control; undetermined, unrecognized; red points, GG homozygotes; green points, TG heterozygotes; blue points, TT homozygotes; 
SNP, single nucleotide polymorphism. Hex in the x-axis shows the signals marked with a hex probe which are detected. The further from the origin, the 
stronger the signal; Fax in the y-axis shows the signals that are marked with a fam probe which are detected. The farther from the origin, the stronger the signal.

Figure 2. Sequencing figures demonstrating (A) homozygous GG, (B) heterozygous TG and (C) homozygous TT genotypes.
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and adiponectin SNP45 T/G genotypes. Statistically signifi-
cant differences were observed when comparing the mtDNA 
A3243A/G somatic mutation rates of T2DM carotid athero-

sclerosis patients with adiponectin SNP45 TT and TG/GG 
genotypes (P<0.05; Table IV).

Comparison of adiponectin SNP45 T/G genotypes and 
acquired mtDNA A3243A/G somatic cell mutation rates 
in T2DM patients with carotid atherosclerosis of Han and 
Korean nationalities in the Yanbian area. Statistically 
significant differences were not observed when comparing 
adiponectin SNP45 TT or TG/GG genotypes and the mtDNA 
A3243A/G somatic mutation rates of T2DM carotid athero-
sclerosis patients of Han and Korean nationalities in the 
Yanbian area (P>0.05; Table V).

Discussion

Diabetic patients have high blood sugar levels, thus, the body 
is exposed to long‑term oxidative stress. mtDNA oxidative 
stress induces cellular damage. Mitochondria are the main 
site of cellular biological oxidation and energy conversion, 
and are not only a major source of reactive oxygen species 
(ROS), but are also the main target for ROS damage (18). 
Acquired mtDNA A3243G somatic cell mutation rates, 
determined by the TaqMan probe quantitative PCR method, 
reflect the long‑term level of oxidative stress in patients with 
T2DM (1). The results of the present study revealed that 
significant differences existed in the mtDNA A3243A/G 
somatic cell mutation rates between the NGT and T2DM 
groups (P<0.05), indicating that T2DM in the Yanbian area 
is associated with long‑term oxidative stress. Oxidative 
stress is the main regulator of various signal transduction 
systems involved in atherosclerotic vascular inflammation 
and throughout the whole formation process of fatty streaks 
and lesions progressing to final plaque rupture. Comparisons 
between the acquired mtDNA A3243A/G somatic cell 
mutation rates in T2DM patients with and without carotid 
atherosclerosis in the Yanbian area exhibited statistically 
significant differences (P<0.05), indicating that T2DM with 
carotid atherosclerosis is associated with long‑term oxidative 
stress.

Adiponectin may regulate the development of T2DM 
and chronic complications, including macrovascular 
diseases, through oxidative stress (6). Previous studies have 
demonstrated that adiponectin is associated with short‑term 
oxidative stress, however, to the best of our knowledge, there 
have been no studies investigating the association between 
adiponectin gene polymorphisms, long‑term oxidative stress 
and macrovascular lesions in T2DM patients  (1,3-7). The 
results of the current study revealed that the acquired mtDNA 
A3243A/G somatic cell mutation rates of T2DM patients 
with adiponectin SNP45 TT and TG/GG genotypes in the 
Yanbian region exhibited statistically significant differences 
(P<0.05). This observation indicates that the adiponectin 
SNP45 T/G genotype is associated with long‑term oxidative 
stress in patients with T2DM. In addition, the results revealed 
that there were no statistically significant differences in the 
acquired mtDNA A3243A/G somatic cell mutation rates of 
T2DM carotid atherosclerosis patients with SNP45 TT and 
TG/GG genotypes of Korean and Han nationalities in the 
Yanbian region (P>0.05). Therefore, the results indicate that 
the adiponectin SNP45 T/G genotype and long‑term oxida-

Table IV. Comparison of the acquired mtDNA A3243A/G 
somatic mutation rates in T2DM carotid atherosclerosis 
patients with adiponectin SNP45 T/G genotypes.

T2DM carotid		  mtDNA 3243 somatic 
atherosclerosis group	 Cases, n	 cell mutation rate, %

TT	 60	 0.279±0.255
TG/GG	 57	 0.938±0.565

mtDNA, mitochondrial DNA; T2DM, type II diabetes mellitus; SNP, 
single nucleotide polymorphism.

Table III. Comparison of the acquired mtDNA A3243A/G 
somatic mutation rates in T2DM patients with adiponectin 
SNP45 TT and TG/GG genotypes.

		  mtDNA 3243 somatic
T2DM groups	 Cases, n	  cell mutation rate, %

TT	 100	 0.596±0.650
TG/GG	 125	 1.061±0.532

T2DM, type II diabetes mellitus; mtDNA, mitochondrial DNA; SNP, 
single nucleotide polymorphism.

Table I. Comparison of the acquired mtDNA A3243A/G 
somatic cell mutation rates in the NGT and T2DM groups.

		  mtDNA 3243 somatic 
Groups	 Cases, n	 cell mutation rate, %

NGT	 171	 0.046±0.045
T2DM	 255	 0.739±0.738

NGT, normal control; T2DM, type II diabetes mellitus; mtDNA, 
mitochondrial DNA.

Table II. Comparison of the acquired mtDNA A3243A/G 
somatic cell mutation rates in T2DM patients with and without 
carotid atherosclerosis.

		  mtDNA 3243 somatic
T2DM groups	 Cases, n	 cell mutation rate, %

Carotid atherosclerosis
negative	 108	 0.279±0.255
Carotid atherosclerosis
positive	 117	 0.938±0.565

T2DM, type II diabetes mellitus; mtDNA, mitochondrial DNA.
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tive stress may be associated with carotid atherosclerosis 
in T2DM patients of Korean and Han nationalities in the 
Yanbian region. The G allele was a risk factor, but no ethnic 
differences were identified between the Korean and Han 
populations.

In conclusion, the mtDNA A3243A/G somatic cell muta-
tion rates of T2DM patients with carotid atherosclerosis were 
significantly higher compared with patients without carotid 
atherosclerosis, indicating that long‑term oxidative stress may 

be involved in carotid atherosclerosis of T2DM. In addition, 
the adiponectin SNP45 T/G genotype correlated with the 
mtDNA A3243A/G somatic mutation rates of patients with 
T2DM and carotid atherosclerosis in the Yanbian region, indi-
cating that the G allele was a risk factor for T2DM. However, 
no ethnic differences were identified between the Korean and 
Han populations. Therefore, the results of the present study 
indicate that adiponectin gene polymorphisms may lead to 
diabetes atherosclerosis through oxidative stress.

Table V. Comparison of adiponectin SNP45 T/G genotypes and acquired mtDNA A3243A/G somatic mutation rates in T2DM 
patients with carotid atherosclerosis of Han and Korean nationalities in the Yanbian region.

Carotid atherosclerosis group	 TT cases, n	 Variability	 TG/GG cases, n	 Mutation rate

Han nationality	 30	 0.209±0.150	 36	 0.332±0.455
Korean nationality	 30	 0.390±0.467	 21	 0.335±0.491

SNP, single nucleotide polymorphism; mtDNA, mitochondrial DNA; T2DM, type II diabetes mellitus.

Figure 3. (A) Total and (B) mutated mtDNA gene data amplified fluorescence curves. A standard curve was calculated using the standards of the specified 
known copy number. Slope values were used to evaluate the amplification efficiency of PCR; when the amplification efficiency was 100%, the slope was 
‑3.33, for 10‑fold dilution of the standards, the gradient of the Ct value was 3.33 Cts. The intercept of the standard curve on the y‑axis was the Ct value. The 
R2 value was used to describe the correlation between the Ct value of the standards forming the standard calibration curve and the logarithmic value of the 
initial template copy number. The value was between 0 and 1 and the closer the value was to 1, the better the correlation between the Ct values and their 
starting template copy number. Ct value, the number of PCR cycles experienced by each reaction tube fluorescent signals had reached the set threshold; PCR, 
polymerase chain reaction; mtDNA, mitochondrial DNA.
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