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The mitochondrial DNA copy number used as
biomarker
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Mitochondria are organelles of eukaryotic cells which are responsible for the
generation of metabolic energy. The mitochondrial matrix contains the mitochondrial
genome, a molecule of circular DNA with 16,569 base pairs containing 37 genes
that encode 13 proteins, 22 tRNAs, and 2 rRNAs. Each mitochondrion can have
dozens of copies of its mitochondrial DNA depending on the cell type. However,
variations in the mitochondrial DNA copy number have been associated with different
pathological states including cancer and environmental exposure to some pollutants.
Consequently, the mitochondrial DNA content represents a useful early biomarker
to monitor premature changes in metabolic disorders due to external factors such
as environmental pollutants or diseases. Therefore, in this minireview, the way to
measure the mitochondrial DNA copy number by PCR as well as some relevant
epidemiological studies are summarized.
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Introduction
The number of mitochondria per cell depends on the energy
demand. For instance, muscle cells contain many mitochondria due to
contractile activity. Likewise, sperm cells contain many mitochondria
for motility. Thus, the estimated range goes from hundreds to
one thousand mitochondria per cell, with 2 to 10 DNA copies per
mitochondrion.1 Although there is a positive correlation between the
number of mitochondria and the mitochondrial DNA copy number
(mtDNAcn),2 it´s noteworthy to mention that mtDNAcn is not always
a reliable predictor for mitochondrial abundance.3 The mitochondrial
genome has a particular vulnerability to oxidative stress because
it lacks histones and nuclear DNA repair mechanisms. Besides,
mitochondria are organelles that generate reactive oxygen species, so
the damage to mitochondrial DNA will happen, including mutations
and dysfunctional respiratory chains.4 Therefore, to compensate the
loss by genotoxicity, an increase in the mtDNAcn occurs; however,
new mitochondria will generate more oxidizing agents triggering a
vicious cycle.2 In fact, several studies have found a positive correlation
between biomarkers of oxidative DNA damage such as 8-hydroxy2’-deoxyguanosine (8-OHdG) and mtDNAcn, when both have been
measured in different cells or tissues including leukocytes and cancer
tissue biopsies.5–7

How to estimate the mitochondrial DNA copy number
The mtDNAcn can be measured by real-time PCR in different
cell types, some of them are: white blood cells, embryo cells, sperm,
and even in saliva samples. Further, mitochondrial DNA content can
also be determined in cancer tissue biopsies where this biomarker is
used to predict the prognosis of the disease. For example, a recent
study found that increased mtDNAcn predicts poor prognosis of
esophageal squamous cell carcinoma.8 Technically, a target fragment
of the mitochondrial genome is amplified by real-time PCR and
simultaneously quantified. The amplified product is compared with
other PCR products from a single-copy nuclear gene; therefore, a
relative quantification is obtained.9 Consequently, a standard curve
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is constructed with serial dilutions from a reference DNA composed
of random samples. A DNA concentration range in nanograms for
the curves is established considering the correlation coefficient,
slope, and efficiency. The MT-ND1 gene is commonly used as target
sequence in the mitochondrial genome while the globulin gene (HGB)
as nuclear gene reference. The ratio MT-ND1/HGB is calculated for
every sample expressed as cycle threshold value (Ct) derived from the
standard curve.10 Currently, new methodologies are being developed
to determine the absolute mitochondrial DNA copy number using a
digital PCR system which does not need to use references or standards,
it is more sensitive than real-time PCR because detects small chances
in the amplicons due to provides a linear response; and finally, the
results are comparable between different studies because of it is an
absolute quantification.

Mitochondrial DNA copy number used as biomarker
Although mitochondrial genome content is influenced by heredity,11
the environment and lifestyle also have effects on mtDNAcn. For
example, exposure to several pollutants has been associated with
changes in mtDNA content such as: benzene from vehicle and industrial
emissions,12 inhalable particulate matter from air pollution, 13,14 and
polycyclic aromatic hydrocarbons from the incomplete combustion of
organic matter.15,16 With respect to diet, the consumption of fructose
and salt can modify the mtDNAcn.17 On the other hand, some
cardiometabolic risk factors such as high blood pressure, dyslipidemia
and obesity can also potentially modify the content of mtDNA.18,19
More studies have found an association between mtDNAcn and
the risk of human cancers; for example, mtDNAcn variations have
been associated with lymph node metastasis in patients with gastric
cancer.20,21 In the same way, the variability in mtDNA content has been
found in cervical cancer,22 while other reports indicate an increase in
the susceptibility to develop esophageal adenocarcinoma,23 as well as
a risk of breast and colorectal cancer.24,25 Further, elevated mtDNAcn
could be a biomarker in pediatric acute lymphoblastic leukemia.26
Finally, recent research in the field of neurodegenerative diseases
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have shown that mtDNAcn is reduced in Parkinson’s disease patients
probably due to cumulative mitochondrial DNA mutations associated
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with oxidative stress.27,28 Factors related to mtDNAcn variations are
summarized in (Table 1).

Table 1 Changes in mitochondrial DNA copy number
Associated factors

Effect

Cells or tissue where mtDNAcn was measured

· Benzene

increase

Blood12

· Particulate matter

increase

Blood14

· Polycyclic aromatic hydrocarbons

increase

Blood15

decrease

Sperm16

increase

Blood17

· High blood pressure and dyslipidemia

decrease

Leukocytes18

· Obesity

decrease

Leukocytes19

· Gastric

decrease

Tumor tissues17

· Cervical

decrease

Tumor tissues18

· Esophageal

decrease

Leukocytes19

· Breast

increase

Blood24

· Colorectal
· Acute lymphoblastic leukemia

U-shaped

Blood25

increase

Bone marrow26

· Parkinson’s disease

decrease

Brain tissue (Substantia nigra pars compacta)27

· Parkinson’s disease

decrease

Blood and brain tissue (substantia nigra pars compacta and frontal
cortex)28

Pollutants

Diet
· Fructose and salt consumption
Metabolic syndrome traits

Cancer

Neurodegenerative diseases

Conclusion
The mitochondrion is a primary source of reactive oxygen
species and paradoxically a sensitive target to them, particularly
the mitochondrial genome. Since mtDNAcn is an indicator of
mitochondrial dysfunction, overproduction of reactive oxygen species
and mitochondrial genome modifications, mtDNAcn changes can be
a potential early biomarker of damage and dysfunction associated
with intrinsic and extrinsic factors, it represents a potential predictive
biomarker to monitor premature disorders at the molecular level
related with metabolic imbalances, diseases, environmental insults as
well as in the progression and prognosis of cancer.
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