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ABSTRACT: One of the most frequent causes of death in developed countries is sudden natural death (SND), which is the most common indication
for medico-legal autopsies. Cardiac diseases are frequently detected among SND. Mitochondrial DNA (mtDNA) is easily damaged by reactive
oxygen species, and it may cause dysfunction in tissues, leading to early events in cardiovascular disease. A specific mtDNA deletion of 4977
bp is associated to aging, myocardial dysfunction, and bioenergetic deficit. The potential link between mtDNA damage and SND has not been
investigated before. Our aim was to evaluate the accumulation of the common mtDNA4977-deletion in cardiac muscle samples from autopsies
of SND in adults (n = 14) in comparison to control samples from unnatural deaths (n = 12). Serial dilution-polymerase chain reaction method
was performed to estimate the proportion of the total mtDNA harboring the mtDNA4977-deletion. Coefficient variation intra-assay was 8%, and
inter-assay was 12%. MtDNA4977-deletion percentage was higher in samples obtained from victims of SND than in those from subjects who died
of unnatural causes (p < 0.05). No differences in mtDNA4977-deletion were found between SND victims 39–51 years old, and no correlation was
found between these samples and age, r = 0.30, p = 0.29 while it was significant among control samples, r = 0.68, p < 0.05. The association between
mtDNA4977 deletion with SND victims might offer a tool to provide additional information to clarify complex SND investigations.
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One of the most frequent causes of death in developed coun-
tries is the so-called sudden natural death in adults (SND), which
is the most common indication for medico-legal autopsies (1–3).
Victims die in a short time period after onset of symptom, by no ap-
parent previous causes and without clinical information that might
establish the cause of death. In such situations, criminal responsi-
bility may be suspected. Nowadays, SND is considered a syndrome
constituted by a cluster of clinical events; however, the precise se-
quences of events that ultimately result in death are not so clear.

Data from several countries show that cardiac diseases are the
most frequently detected disorders among SND, which is in accor-
dance with the fact that more than 50% of atherosclerotic ischemic
heart disease patients die by sudden cardiac death (4–7).

Mitochondria are the major sites producing reactive oxygen
species (ROS) during oxidative phosphorylation. Mitochondrial
DNA (mtDNA) is easily damaged by ROS because it is neither
protected by histones nor by chromatin structure, and a poor an-
tioxidant mechanism operates within the organelle. Thus, mtDNA
has a shorter half-life and higher mutational rate than nuclear DNA
(8). Mitochondrial damage potentially impacts a variety of cellular
functions, ranging from energy production to cell signaling. This
may cause dysfunction in tissues, leading to early events in cardio-
vascular disease (9). Cumulative mtDNA damage by ROS has been
considered to be associated to the development of cardiovascular
disease (10,11).
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Mitochondrial deletions have been shown to increase with age
and have been suggested to contribute to myocardial dysfunction
(12,13). A specific mtDNA deletion of 4977 bp (mtDNA4977-
deletion) occurs between two 13 bp direct repeats in the mtDNA
sequence located between positions 8482:16460, resulting in the
deletion of the genes encoding all or part of four polypeptides for
complex I, one for complex IV, two for complex V (all of them in-
volved in the mitochondrial oxidative phosphorylation (OXPHOS)
system), and five tRNA genes. This “common” deletion accu-
mulates preferentially in tissues of low mitotic activity and high
metabolic rate such as cardiac muscle, skeletal muscle, and brain
(14,15). This deletion has attracted considerable interest since it is
a common cause of several degenerative mitochondrial disorders
such as Kearns-Sayre or Progressive External Ophthalmoplegia
syndromes (16) and also, as stated above, it contributes to the aging
process, myocardial dysfunction, and bioenergetic deficit contribut-
ing to cellular pathology (17).

The potential link between mtDNA damage and SND has not
been investigated before. Our aim was to evaluate the accumulation
of the common mtDNA-deletion in cardiac muscle samples from
victims of SND in adults. The detection of a possible association
of mtDNA4977-deletion with SND in adults may contribute to
clarify probable causes of SND, which in turn could be useful in
medico-legal autopsies.

Materials and Methods

Samples

A set of 14 cardiac muscle tissues from consecutive victims of
SND whose ages ranged from 18–70 years was tested. None of
the subjects was under intensive physical activity at the moment of
death. On the other hand, 12 cardiac muscle samples from consec-
utive corpses not affected by natural death, age range from 22–71
years, were obtained and investigated as control samples (Table 1).
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TABLE 1—Age and gender of the studied groups.

Groups n Age (Mean ± SD) Female/Male

Sudden Natural Death 14 46 ± 17.6 3/11
Unnatural Death 12 49.6 ± 16.1 4/8

Not significant.

Death causes from these samples consisted of suicides, murders,
or accidents. Sudden death due to natural or unnatural causes was
identified when it occurred unexpectedly, in accordance with the
guidelines of the World Health Organization’s system of interna-
tional classification of diseases (18).

Samples were collected at the autopsy rooms at the Legal
Medicine Department, Buenos Aires Province.

In order to be preserved at room temperature, samples were
immersed in solid salt (sodium chloride) and transferred to our lab
immediately after the autopsy.

DNA Extraction

After washing the tissue samples with distilled water, genomic
DNA was isolated from approximately 250 mg of cardiac mus-
cle by a sodium dodecyl sulfate – proteinase K digestion at 56◦C
overnight, and DNA was purified further by solvent extraction.
Extracted DNA was quantified by spectrophotometric analysis.

PCR Amplification

A serial dilution-polymerase chain reaction method was per-
formed. In order to estimate the proportion of total mtDNA har-
boring the mtDNA4977-deletion (19,20), DNA was previously di-
gested for 2 h at 37◦C with 2 U PstI and 2 U EcoRI, which cut
normal DNAs at positions 9020 and 1240, respectively, within
the deleted region. This procedure avoids amplification of wild-
type products during PCR reaction. Serial dilution of the di-
gested DNA was performed to obtain concentrations of 400 to
25 ng for the mtDNA 4977 amplification and of 75 to 0.1 ng
for the total mtDNA amplification. The first set of primers (for-
ward, 15978-15997—5′caccattagcacccaaagct 3′; reverse, 16421-
16401 5′ttgatttcacggaggatggtg 3′) yielded a 444 bp fragment upon
amplification of the HVRI region within the D-Loop not suscepti-
ble to deletion. This fragment was used for quantification of total
mtDNA. If mtDNA with the 4977 bp deletion is present, the for-
ward 8285-8304, 5′ ctcagagcccactgtaaagc3′; reverse 13595-13576,
5′ cttgtcagggaggtagcgat3′ (21) primer set yields a 389 bp fragment
after amplification.

PCR was performed in a Perkin-Elmer/Cetus DNA Thermal Cy-
cler. The reactions were carried out in a 30 µL reaction mixture
containing DNA, 0.2 mM of each dNTP, 0.08 nM of each primer,
1.25 U Taq DNA polymerase (T-Plus DNA polymerase from Hig-
way molecular Biology – Inbio – UNICEN), 50 mM KCl, 1.25 mM
MgCl2, 10 mM Tris-HCl (pH: 7.5), and 0.1% Triton X-100. The
PCR consisted of 35 cycles of 1 min denaturation at 94◦C, 1 min
annealing at 58◦C, and 1 min primer extension at 72◦C for both
primer sets. In all cases, DNA-free samples were run as negative
controls.

Semi-Quantitative Analysis of the 4977 bp “Common” Deletion

The PCR products were separated on 2% agarose gels, run in
TBE at 110 V for 50 min. DNA was stained with ethidium bromide
0.002 µg/mL and visualized by means of a UV light at 258 nm
(Fig. 1a).

The products were detected using a Foto/Analys R© Investigator -
Fotodyne R© Incorporated, and quantified using an Image Quant 5.1
software (Molecular Dynamics, Amersham Pharmacia Biotech).

The decline in optical density (OD) of the PCR products for each
dilution series versus the amount of DNA used in the PCR reactions
was fitted on a semi-logarithmic plot, according to a regression line
identified by the equation OD = a + b × log (ng DNA), with r > 0.9
(Fig. 1b). Following Corral-Debrinski et al. (19), the percentage of
deleted mtDNA with respect to total mtDNA was determined by the
ratio of the DNA dilutions that reduced the PCR product OD of the
deleted mtDNA and total mtDNA curves to the same level. To con-
firm the nature of the PCR product obtained from samples showing
the presence of deleted mtDNA, all PCR products were sequenced
by the Big Dye Terminator System (ABI310, Applied Biosystems,
USA), using the Cambridge sequence (22) as reference.

Precision

Reproducibility of the method was assessed by within-run preci-
sion in 15 replicates of a single sample and between-day precision,
in duplicate, throughout a 25-day study (n = 12). Coefficient vari-
ations were calculated as SD/mean and expressed as percentage.

Statistical Analysis

Differences between groups were tested using unpaired test-t.
Correlation between variables was assessed using the Pearson cor-
relation test. Differences were considered significant at p value less
than 0.05.

Results

By sequencing analysis we confirmed a single breakage point
between positions 8482 and 13460 in all samples affected, which
defines the deletion of 4977bp, flanked by a 13 bp repeat. When pre-
cision of the technique applied was evaluated, within-run precision
(CV%) was 8%, and between-run was 12%.

The semi-quantification of the mtDNA4977-deletion in car-
diac muscles obtained from the autopsies is shown in Table 2.
MtDNA4977-deletion percent was higher in samples obtained from
victims of SND than in those obtained from victims of death by
unnatural causes (p < 0.05).

When SND victims were divided into 2 subgroups according
to age distribution, no differences were found in mtDNA4977-
deletion percentage between victims 39–51 years old (Table 3).

TABLE 2—mtDNA4977-deletion in sudden natural and unnatural death
of cardiac muscle samples.

mtDNA-4977%

Sudden Natural Death 0.052 ± 0.030∗
Unnatural death 0.032 ± 0.014

∗ p < 0.05.
Results are expressed as percentage, mean ± SD.

TABLE 3—Percent of mtDNA4977-deletion in sudden natural death
subgroups according to age distribution.

Sudden Natural Death Subgroups n mtDNA-4977%

18–39 years 6 0.036 ± 0.012
51–69 years 8 0.059 ± 0.037

Not significant, p = 0.15.
Results are expressed as mean ± SD.
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FIG. 1—Example of semi-quantification by serial dilution-PCR of total and deleted aliquots of genome DNA obtained from cardiac muscle tissues. (A)
Agarose gel 2.0%: Lanes 1–6 represent the PCR products amplified from 4977 bp deleted mtDNA serially diluted. Lanes 7–11 represent the PCR products
amplified from total mtDNA serially diluted. Band intensities are related to mtDNA amounts. Details are described in Materials and Methods. (B) Graph
showing the densitometric data points and fitted curves of total mtDNA (squares) and the mtDNA4977-deletion (circles). One typical experiment is shown.

According to this, no correlation was found between these samples
and age, r = 0.30, p = 0.29, while a significant association was
obtained between mtDNA4977-deletion percentage from samples
of victims of unnatural death and age, r = 0.68, p < 0.05.

Discussion

The aim of our investigation was to search an association be-
tween SND and an increase of mtDNA4977-deletion. No previous
reports have described this association before. The accumulation of
this deletion was higher in autopsy cardiac muscles samples from
victims affected by SND than in samples from subjects who died by
unnatural causes. Moreover, the increase of mtDNA4977-deletion
in SND did not show correlation with age.

There are few data regarding DNA quantitation, since methods
are either very time-consuming, imprecise, or expensive. However,
we performed a DNA semiquantitation procedure that was validated
by an acceptable reproducibility added to the specificity confirmed
by sequencing.

Our results indicate that samples from SND have a significant
increased percentage of mtDNA4977-deletion in comparison to
samples from unnatural causes. It is necessary to take into account
that mitochondrial diseases can be due to either a homoplasmic or
a heteroplasmic mutation. In the case of a heteroplasmic mutation,
the disease state develops only after a threshold level of mutation
has been achieved. When the percent-mutated DNA rises above the
threshold, evident symptoms will be present, and then an acute (and
sometimes lethal) condition will be observed (23).

The extent of dysfunction will depend on the aerobic energy re-
quirements of each tissue, which explains why tissues with high en-
ergy demands, such as cardiac muscle, are affected more frequently
by mitochondrial defects. Faulty aerobic metabolism involving the
heart may be due to defects of OXPHOS or to defects of fatty acids
oxidation. Large-scale re-arrangement of mitochondrial DNA has
been identified in patients with cardiomyopathy as a main clinical
feature and associated with disorders of cardiac energy metabolism
(24).

In addition, the increase in susceptibility of cardiac tissue to
DNA damage could lead to ischemic heart disease, and this may
be associated to the high incidence of SND among coronary artery
disease patients (3,19). Mitochondrial DNA damage may result
from ROS production in vascular tissues and may be, in turn, an
early event in the initiation of atherosclerotic lesions (10).

It is noteworthy that heart failure was described in patients af-
fected by Kearns-Sayres syndrome, a sporadic and ultimately fatal
multisystem disorder, characterized by major mtDNA deletions
(25). This could suggest an association between DNA damage and
cardiac dysfunction.

On the other hand, other authors demonstrated that cell lines with
100% deleted mitocondrial DNAs exhibited a complete impairment
of respiratory chain function and oxidative phosphorylation, pre-
sumably because of the absence of mitochondrial protein translation
resulting from the loss of essential tRNA genes from the deleted
mitochondrial genome (26).

It is already known that mtDNA4977-deletion increases with
age due to the increase of oxidative stress (27). The relationship
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between mtDNA4977-deletion and aging also was observed in this
study among samples from unnatural death causes. However, no
differences were found in the percentage of mtDNA4977-deletion
between samples from young and old victims of SND, and no sig-
nificant correlation with age was observed. The lack of correlation
is attributed to the fact that samples from young victims showed
high levels of such deletion, indicating that this deletion may be
associated with SND, irrespective of age.

These findings have never been associated with SND before and
should be confirmed in a larger sample size. It would be useful to
know if this deletion is widespread outside the heart, in particular
other muscle tissues, or in brain. Furthermore, it is important to note
that a high proportion of mutant mtDNA must be present to produce
a clinically relevant damage, however, the threshold value above
which symptoms appear is unknown and must be determined. On
the basis of the results obtained, a larger sample size and diverse
tissue types are being investigated in our laboratory in order to
develop a potential forensic marker that might shed light on SND.

Although the cause of sudden death might be due, in part, to mul-
tiple genetic effects, energy reduction, as a consequence of anoma-
lous and fast-mutated mtDNA replication, may play a remarkable
role in SND. Even though mitochondrial genome has become in-
creasingly popular in the forensic area for individual identification,
in this study the association between mtDNA 4977 bp common
deletion with SND victims might offer a tool to provide additional
information to clarify complex SND investigations.
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