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ABSTRACT 

Variations in content of mitochondrial DNA are known to be associated with different metabolic conditions such as diabetes, cancer, 
obesity and cardiac diseases. But there are few reports in case of Type 2 Diabetes patients and there is need of comprehensive 
studies which can correlate the variation in mitochondrial DNA content with T2DM. Our proposed study is an attempt to understand 
the correlation of mt DNA content with different clinical features of T2DM patients. Our current study aims to investigate the copy 
number variation of mt DNA in total 40 well characterized T2DM patients. Ten healthy age matched individuals were also involved in 
the study as a control. For the study of the relative mt DNA copy number measurements, Real time PCR using SYBR green method 
was performed and statistical analysis was done using SPSS 21.0.Following the real time PCR and ∆∆Ct method of analysis, it was 
observed that in 80% of the studied patients, the content of mitochondrial DNA was found to be increased in comparison to control. 
The statistical studies further suggested that there was a slight positive correlation between mtDNA content and HbA1C of these 
patients. As increased mitochondrial content is proposed to be a marker for disease phenotype and our study strengthen this 
hypothesis.  
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INTRODUCTION 

itochondrion is the intracellular organelles and 
is crucial site for providing most of the cellular 
energy demands by producing ATP through the 

process of oxidative phosphorylation (OXPHOS)
1
. Every 

mammalian cell consists of 100-1000 mitochondria and 
this variation mainly depends on the energy requirements 
and type of the cell. Unlike any other cellular organelle, 
mitochondria contain its own DNA and copy number of 
Mitochondrial DNA (mtDNA) is 2-10 per mitochondria. It 
is 16.5 kbp in size and codes for total 13 proteins, which 
are integral component of different respiratory chain 
complexes involved in OXPHOS

2
. The maintenance of 

mtDNA content is important for the proper functioning of 
mitochondria and hence cellular function too. Several 
studies reported the association between quantitative 
defects of the mtDNA in diverse metabolic disease 
phenotypes, such as neurodegenerative diseases, 
cardiovascular diseases, cancer, diabetes and aging 3-7.  

Type 2 Diabetes Mellitus (T2DM) is a multi-factorial 
disease and known to be caused due to various genetic 
and environmental factors. Most of the diabetic patients 
suffer through the condition of prolonged 
hyperglycaemia. This high glucose condition is proposed 
to cause different diabetes associated complications such 
as diabetic neuropathy, nephropathy, retinopathy and 
cardiomyopathy too

8
. As per various studies, these 

diabetes associated phenotypes are mainly due to 
hyperglycaemia induced overproduction of mitochondrial 
reactive oxygen species 

9-11
.This oxidative stress is known 

to cause mitochondrial damage which further leads to 
impaired mitochondrial function. Initially as a 
compensatory effect, there is rapid fission of 
mitochondria and increase in mtDNA copy number. As a 
result, though the mitochondrial activity increases but as 
a default by-product, the level of reactive oxygen species 
(ROS) also increases 12-14. Once the level of ROS is too 
high, the rate of mitochondrial damage may be even 
higher than mitochondrial fission and ultimately in severe 
condition there is decrease in total mtDNA content. In 
support to these studies, the increase in copy number of 
mtDNA of T2DM patients has been observed by few of 
the studies 

15,16
. These studies suggest that the increase in 

quantitative mtDNA content might be an early genetic 
marker for T2DM and possibly for insulin resistance 
syndrome 15.On the other side several studies have 
indicated the association of reduced mtDNA content with 
low insulin secretion and increased insulin resistance 17-19. 
This group of study suggests that reduced mtDNA content 
may indicate the susceptibility towards the diabetic 
phenotype in these individuals. 

Other than these few preliminary results with small 
number of patients, there is lack of comprehensive data 
which can correlate the variation in mitochondrial DNA 
content with disease phenotype of T2DM. Our proposed 
study is an attempt to understand the correlation of 
mtDNA content with different clinical features of T2DM 
patients.  

 

Study of Mitochondrial DNA copy Number Variation in Peripheral Blood of  
Type 2 Diabetes Patients: A Pilot Study 
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MATERIALS AND METHODS 

Subjects 

Forty subjects with T2DM of age group 35-55years and 
ten healthy age matched subjects as controls were 
selected and recruited from All India Institute of Medical 
Sciences, New Delhi, India for this study. The study was 
ethically approved by the ethical committee of AIIMS, 
New Delhi and JIIT, Noida. As per ADA guidelines (2012), 
patients with fasting glucose ≥126mg/dl and postprandial 
glucose ≥200mg/dl and HbA1C ≥6.5% were classified as 
diabetic. Healthy subjects with no metabolic disease were 
considered as controls. A written informed consent and 
clinical details were collected from all the subjects 
participated in this study. Further, 2 ml of blood samples 
were collected in EDTA coated BD vacutainer from all the 
subjects and stored at 4°C till further use.  

Genomic DNA Extraction  

 Total genomic DNA was extracted using the standard 
protocol of salting out method from the collected blood 
samples 20. The DNA samples were stored at -80°C for 
further experiments. The quantity and quality of the DNA 
was determined using a ratio of in Nanodrop 2000 
spectrophotometer and based upon it, all the DNA 
samples having OD 260/OD 280 in the range of 1.6-1.8 
were selected for the study.   

Real-time quantitative polymerase chain reaction (PCR) 
Analysis 

To analyse the relative copy number of the mitochondrial 
DNA in all the 40 patients with respect to controls, a 
mitochondrial gene ND1 (target DNA) and a   nuclear 
gene GAPDH (reference gene) was studied using Real 
time polymerase chain reaction (RT-PCR) by SYBR Green 
Method. The sequences of primers used for amplification 
of ND1 gene in mtDNA wereND1 F (5’-
CATAAAACTCTTCACCAAAGAGCC-3’) and ND1 R (5’ 
GGGGTTCATAGTAGAAGAGCGA-3’). Similarly for GAPDH 
gene, the primer sequences were GAPDH F (5`-
CCCCACACACATGCACTTACC-3`) and GAPDHR (5`-
CCTAGTCCCAGGGCTTTGATT-3`). A 20µl reaction mixture, 
each for ND1 and GAPDH was prepared. The reaction 
mixture consisted 1x iTaq™ universal SYBR

®
 Green 

supermix, 10 pmol of each primers and 0.125ng and 4ng 
of total genomic DNA for ND1 and GAPDH respectively. 
Real-time quantitative PCR was carried out in Agilent 
Mx3005P qPCR System. The real time PCR profile was 1 
cycle of 95 °C for 5 min, followed by 40 cycles (95 °C for 
10 s and 63 °C for 30s and 72ºC for 1 min). Melting curve 
analysis was performed to check the specificity of 
amplification and the absence of primer dimers was 
confirmed at the end of each run. The relative quantities 
of mtDNA and nuclear DNA in the blood samples were 
determined by calculating the average threshold cycle 
number (Ct) values of the nDNA and mtDNA for each 
case. The relative copy number of mtDNA in case of each 
patient was calculated using the equation 2−ΔΔCt, for which 
firstly ∆Ct for each patient and control was calculated by   

(∆Ct = CtND1- Ct GAPDH) and ∆∆Ct by the equation (∆∆Ct 
for each Patient = ∆Ct (Patient)-Average of all ∆Ct 
(control)).  

Statistical Analyses 

Statistical analyses were performed by using the 
Statistical Package for the Social Sciences, version 21.0 
(SPSS Inc., Chicago, IL, USA). Statistical significance was 
defined as p <0.05. The correlation coefficients studies 
between the logarithmically transformed relative 
mitochondrial DNA copy number and various clinical 
parameters were conducted using Pearson test. 

RESULTS 

Clinical details 

As per the clinical details of all the subjects, the average 
age of T2DM patients and controls selected for the study 
was 46.6± 9.63 years and 36.9±14.4 years respectively. 
The mean fasting Glucose and Post Prandial glucose of 
the patients was 173±51.1 mg/dl 261±77.1 mg/dl 
respectively, with average glycated hemoglobin (HbA1C) 
of 8.61±1.73 %. 

Fold change in mtDNA content 

As per our analysis, 80% of the T2DM patients (N=32) 
showed significant increase in the mtDNA copy number as 
compared to the control (p= 0.0192). The increased fold 
change in mtDNA was found to vary (1.01-63.8) among 
these T2DM patients. The decrease in the mtDNA copy 
numberwas observed in 20% of the patients (N=8) with 
fold change of -1.04 to -5.34 (Figure 1).  

 

Figure 1: Bar diagram showing the relative mtDNA 
content (logarithmically transformed value of relative 
content of mtDNA) of 40 T2DM patients. P1-P40: Patient 
ID; P7, P8, P9, P12, P13, P18, P35 and P40 patients 
showed decrease in their relative content of mtDNA. 
Remaining 32 patients showed increase in mtDNA 
content. 

Correlation of Age, Glucose levels and HbA1C levels with 
relative expression of mtDNA in patients  

Relative mtDNA content was compared with various 
clinical parameters such as age, Post Prandial glucose, 
Fasting glucose and HbA1C (Table 1). There was a 
negative relation observed between mtDNA copy number 
variations with age of the patients (Figure 2 A). Similarly, 
fasting glucose and Post Prandial glucose did not show 
any relation with mitochondrial content (Figure 2 B, C). To  
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the contrary, a slight positive correlation was observed 
between HbA1C and relative mtDNA copy number 
variation in T2DM patients (r=0.164) (Figure 2 D).  

Table 1: Correlation between relative mtDNA content of 
T2DM patients (logarithmically transformed value of 
relative content of mtDNA) and their clinical parameters 
(by Pearson coefficient method) 

 

Figure 2: Correlation between relative expression of mtDNA in T2DM patients and their clinical parameters. A) Age 
(years); B) Fasting glucose levels (mg/dl); C) Post Prandial glucose levels (mg/dl); D) HbA1C levels (%). Only a slight 
positive correlation was shown between HbA1C levels and mtDNA content (r= 0.164). 
 

DISCUSSION 

Mitochondria are not only responsible for energy 
production, but also the major source of reactive oxygen 
species (ROS) generated as by-products of its metabolism. 
Prolonged exposure of ROS could lead to dysfunction of 
mitochondrial biogenesis and the alterations in mtDNA 
copy number, leading to pathogenesis and progressive 
deterioration of various metabolic diseases 21. 

In current study also, we found altered mtDNA content in 
our T2DM patients. It was observed that there was 
augmented fold change of mtDNA copy number ranging 
from (1.01-63.8) in the T2DM patients (N=32) as 
compared to the control. Similar to our results, Weng et 
al., also reported the association of increased 
mitochondrial DNA copy number with T2DM patients 
(N=125) 22. Increased mtDNA content was further 
reported in T2DM patient carrying additional associated 
phenotype such as diabetic nephropathy 

16
. Similarly, 

Song and colleagues also observed elevated mtDNA copy 
number in the offspring suffering from DM15.  

In order to understand the association between increased 
mtDNA content in diabetics, Lee et al proposed that this 

increase in mtDNA content could be an initial response of 
human cells to the oxidative stress caused by the 
prolonged hyperglycemic conditions of the blood to meet 
the energy requirement of the cells 11. 

As a result of correlation studies, we did not find any 
relation between age of the T2DM patients and fold 
change of the mtDNA content. It suggests that relative 
change in expression of mtDNA in these patients is not 
due to the differences in the age but solely due to the 
diseased condition. In support to our observations, Miller 
et al., 2003 also did not find any correlation between 
mtDNA copy number in skeletal muscle cells and different 
age group of these patients 23. 

A slight positive correlation was observed between 
mitochondrial DNA content and HbA1C of our T2DM 
patients (r=0.164). As HbA1C is glycated hemoglobin, is 
reflection of the average plasma glucose levels of three 
months and its higher levels indicates prolonged high 
glucose level in the blood of these individuals. It is also 
well known that the prolonged hyperglycaemia induces 
mitochondrial ROS production and in order to cope up 
with this stressful condition, ultimately mitochondrial 
fission is initiated which lead to increase in the 

Parameters r value p-value 

Age (years) -0.14 0.931 

Fasting Glucose (mg/dl) -.031 0.847 

Post Prandial glucose ( mg/dl) -.011 0.948 

HbA1C (%) 0.164 0.313 
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mitochondrial DNA copy number in these subjects24. This 
is further supported by increased mtDNA copy number 
reported in the blood of diabetic nephropathy patients 

16
. 

Thus, correlation of increased mtDNA content with 
diabetic phenotype seems to be highly evidenced. Hence 
as per our study, the content of mtDNA of T2DM patients 
and its correlation with higher HbA1C level, could also be 
suggested as marker for the diabetic phenotype.   

In our study population, out of 40 patients, the decrease 
in the mtDNA content was also observed in 8 T2DM 
patients.  This reduction in copy number of mtDNA was 
also reported in T2DM subjects by different studies 25, 26. 
In 2005, Ritov and team also found the decreased 
mitochondrial content in skeletal muscle of patients with 
T2DM27. All these studies collectively suggest that 
compromised mtDNA content could further lead to low 
ATP production, which may ultimately affect both the 
insulin secretion and action in T2DM patients. 

CONCLUSION 

As per our study, majority of T2DM patients showed the 
increase in their mtDNA content which suggests that 
there is probably increased ROS level in these patients 
which may further lead to diabetic complications, if not 
managed. Few patients also showed the decrease in 
mtDNA content which highlights that these patients may 
be at their early stage of the disease and the condition 
may deteriorate if not taken care. Hence, these patients 
with altered mtDNA content should be advised to 
improve their mitochondrial metabolic activity by regular 
exercise, intermittent fasting, supplementing nutrients 
and vitamins like acetyl–carnitine, alpha lipoic acid, 
coenzyme Q10.  
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