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1   |   INTRODUCTION

Kearns-Sayre syndrome is a very rare multisystem mito-
chondrial disorder that occurs before 20 years of age and is 
characterized by a typical clinical triad: progressive exter-
nal ophthalmoplegia with ptosis, pigmentary retinopathy 
and cardiac conduction anomalies including heart block 
(Guo et al., 2020; Luca et al., 2020). Other clinical manifes-
tations may also include muscle weakness, neurological 

dysfunction, such as cerebellar ataxia, impaired intellec-
tual and cognitive function, sensorineural hearing loss and 
neuropathy, various endocrine abnormalities, nephrop-
athy and dental anomalies (Gross-Jendroska et al., 1992; 
Guo et al., 2020; Maceluch & Niedziela, 2006).

The exact prevalence of the disorder is unknown, 
but some studies have reported the prevalence of 0.8–3 
cases per 100,000 individuals (Kisilevsky et al., 2020; Leal 
et al., 2016; Luca et al., 2020).
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Abstract
Background: Kearns-Sayre syndrome (KSS) is a rare multisystem mitochondrial 
disorder characterized by onset before 20 years of age and a typical clinical triad: 
progressive external ophthalmoplegia, pigmentary retinopathy and cardiac con-
duction anomalies. In most cases KSS is caused by spontaneous heteroplasmic 
single large-scale mitochondrial DNA (mtDNA) deletions. Long-range polymer-
ase chain reaction (LR-PCR), next generation sequencing (NGS) and multiplex 
ligation-dependent probe amplification (MLPA) are the most widely applied 
methods for the identification of mtDNA deletions. Here, we report the case of 
20-year-old male who presented with classic Kearns-Sayre syndrome, confirmed 
by novel 5,9 kb mtDNA deletion.
Methods and results: LR-PCR and MLPA methods were applied to identify 
the mitochondrial DNA deletion for the patient, but the results were conflict-
ing. Molecular analysis using primer walking and Sanger sequencing identified 
a novel 5888 base pairs mtDNA deletion (NC_012920.1:m.6069_11956del) with 
CAAC nucleotides repeat sequence at the breakpoints.
Conclusion: Our study enriched the mtDNA variation spectrum associated with 
KSS and demonstrated the importance of choosing relevant molecular genetic 
methods.
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In 90% of cases KSS is caused by spontaneous het-
eroplasmic single large-scale mitochondrial DNA 
(mtDNA) deletions occurring in the germ-cell level 
during embryonic development and ranging from 
1.1 to 10 kb (Kisilevsky et al., 2020; Leal et al., 2016). 
Rarely point mutations, single nucleotide deletions, 
mtDNA duplications as well as deletions, or multiple 
mtDNA deletions and nuclear gene defects predis-
posing to multiple deletions are identified as causing 
KSS (Pitceathly et al.,  2012; Yamashita et al.,  2008). 
MtDNA rearrangements usually affect genes encoding 
respiratory chain proteins and large number of vari-
ous tRNAs. These rearrangements impair oxidative 
phosphorylation resulting reduced energy production 
in mitochondria and leading to dysfunction of many 
tissues, especially those with high energy demand 
(Maceluch & Niedziela, 2006; Yamashita et al., 2008). 
The most common deletion identified in KSS is a 4977 
base pairs deletion (NC_012920.1:m.8483_13459del), 
but 140–150 different mtDNA deletions have been as-
sociated with KSS (Goldstein & Falk, 2019; Ruiz-Pesini 
et al., 2010).

Historically molecular testing of mtDNA deletions 
was performed by Southern hybridization using a probe 
composed of the whole mitochondrial sequence or of 
the D-loop region. However, PCR methods are most 
widely used allowing quick and sensitive diagnosis. 
Long-range PCR covering almost the whole mtDNA, 
short PCR towards common deletion, real time PCR or 
sequencing technologies (Sanger and NGS) are used 
in genetic laboratories, depending on their potential. 
Multiplex ligation probe-dependent amplification 
(MLPA) assay was also introduced to diagnostic and 
research laboratories (Mayorga et al.,  2016; Tońska 
et al., 2012).

Here, we report the case of 20-year-old male 
who presented with classic Kearns-Sayre syndrome. 
Molecular analysis identified a novel 5888 base pairs 
mtDNA deletion (NC_012920.1:m.6069_11956del) 
with CAAC nucleotides repeat sequence at the 
breakpoints.

2   |   PATIENT AND METHODS

2.1  |  Ethical compliance

DNA sample and data collection were performed in ac-
cordance with the regulation issued by the Vilnius 
Regional Biomedical Research Ethics Committee of 
Lithuania. Written informed consent was obtained from 
the patient and his mother prior to inclusion.

2.2  |  Clinical evaluation of the patient

The patient, a 20-year-old male, with clinically diag-
nosed Kearns-Sayre syndrome was referred to clinical 
geneticist for molecular diagnosis. Since the age of 3, he 
had been experiencing visual symptoms—photophobia 
and nystagmus with slowly progressive deteriorating 
vision. At the age of 8, pigmentary retinopathy was di-
agnosed. At the age of 6, he developed a third grade atri-
oventricular (AV) block, and a year later a pacemaker 
was implanted due to two episodes of syncope within a 
week. Sensorineural hearing loss has been diagnosed at 
the same time. He had a poor appetite and was under-
weight for his age. Furthermore, he suffered with exer-
cise intolerance. At the age of 12, he developed tremor 
and progressive cerebellar ataxia. He lost the ability to 
walk and became wheelchair-bound since the age of 14. 
His mother reported that he was diagnosed with hypoc-
alcaemia, hypokalemia, hypogonadism and decreased 
vitamin D levels in early childhood. None of his fam-
ily members had similar symptoms. On examination, 
he was wheelchair-dependent, had a thin body habitus 
and short stature. Bilateral ophthalmoplegia, ptosis, 
nystagmus and torticollis were present. Muscle strength 
examination revealed bilateral symmetrical lower limbs 
muscle weakness (Medical Research Council [MRC] 
grade 2) while proximal and distal muscles strength of 
the upper limbs was near normal. The deep tendon re-
flexes were reduced and bilateral ankle reflexes were ab-
sent. Sensory examination was normal. Laboratory tests 
revealed recurrent elevated blood lactate levels (6.8–
1.7 mM/L, normal range 0.7–2.6 mM/L) and elevated CK 
levels (247 U/L, normal range 25–195 U/L). Blood amino 
acids analysis showed normal levels. T2-weighted brain 
MRI revealed symmetric high signal intensity lesions in 
basal ganglia, cerebellar dentate nuclei and in subcor-
tical white matter. Unfortunately, this patient deceased 
shortly after in the course of pneumonia due to respira-
tory failure.

2.3  |  Molecular genetic analysis

Molecular genetic testing for the patient was performed 
using total DNA extracted from peripheral blood sam-
ples using a standard phenol–chloroform extraction 
method. Long-range polymerase chain reactions (LR-
PCR) were performed to detect mtDNA deletion using 
Phusion™ High-Fidelity DNA Polymerase (Thermo 
Fisher Scientific, Vilnius, Lithuania) kit and two pairs of 
primers. Primers 5′-GATTAACCCAAGTCAATAGAA-3′ 
(mtDNA nucleotide positions 909–930) and 5′-GTGAAGT​
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ATAGTACGGATGCT-3′ (15805–15825) were used to 
amplify PCR product of 14917 bp in length. The ini-
tial denaturation step for 3 min at 98°C was followed 
by amplification for 35 cycles of denaturation at 98°C 
for 20 s, annealing at 63°C for 45 s, and extension at 
72°C for 10 min, and then finally an extension 72°C for 
9  min. Primers 5′-CGGTATGCACTTTTAACAGTC-3′ 
(411–431) and 5′-GTTGGTATCCTAGTGGGTGAG-3′ 
(16261–16281) were used to amplify the PCR prod-
uct of 15871 bp in length, covering almost the whole 
mtDNA. The conditions for the second PCR reaction 
were as follows: initial denaturation at 98°C for 3 min; 
35 cycles of denaturation at 98°C for 20 s, annealing at 
64°C for 45 s, and extension at 72°C for 10 min; and a 
final extension at 72°C for 10 min. PCR products were 
separated on 0.6% agarose gel and visualized with eth-
idium bromide.

Multiplex ligation-dependent probe amplification 
(MLPA) method using Mitochondria Salsa MLPA Kit 
P125 (MRC-Holland) was used to confirm mtDNA de-
letion for the patient. The MLPA kit contains 32 probes 
that hybridize to a number of different mitochondrial se-
quences and 5 mutation-specific probes for the frequent 
point substitutions, including: m.3243A>G, m.3460G>A; 
m.8344A>G; m.11778G>A and m.14484T>C. Capillary 
electrophoresis of probe amplification products was 
performed on an ABI 3130xl DNA analyzer (Applied 
Biosystems). Peak plots were visualized and normalized, 
and the dosage ratios were calculated using Coffalyser.
Net. Samples from healthy controls were included in 
each assay.

Finally, primer walking was performed using the 
set of eight different primer pairs to identify the de-
letion breaking points. The fusion point was identi-
fied by DNA sequencing using PCR and sequencing 
primers 5′-CACGCTACTCCTACCTATCTC-3′ (5468–
5488) and 5′-CGATGAACAGTTGGAATAGGT-3′ 
(12743–12763).

3   |   RESULTS

Long-range polymerase chain reaction using two different 
pairs of primers revealed about 6-kb heterozygous dele-
tion of mtDNA for the patient (Figure 1).

In order to confirm mtDNA deletion and to predict 
the range of the deletion, MLPA analysis was performed. 
Surprisingly, MLPA results were within the normal ranges 
even after repeating test using different DNA amounts 
(i.e., 1, 4, 10 ng) (Figure 2).

Finally, molecular analysis using primer walking 
and Sanger sequencing let us to identify exact breaking 
points of the deletion and a novel 5888 bp mtDNA dele-
tion (NC_012920.1:m.6069_11956del) was confirmed for 
the proband (Figure 3). The breakpoints were in MT-CO1 
(MIM #516030) and MT-ND4 (MIM #516003) genes with 
CAAC nucleotides repeat sequence at the breakpoints. 
The deletion region also encompassed protein-coding 
genes MT-CO2 (MIM #516040), MT-ATP8 (MIM #516070), 
MT-ATP6 (MIM #516060), MT-CO3 (MIM #516050), MT-
ND3 (MIM #516002), MT-ND4L (MIM #516004) and 
tRNA-coding genes MT-TS1 (MIM #590080), MT-TD 
(MIM #590015), MT-TK (MIM #590060), MT-TG (MIM 
#590035), MT-TR (MIM #590005).

After molecular genetic testing, mtDNA deletion was 
not identified for the healthy mother of the patient.

4   |   DISCUSSION

Patients with Kearns-Sayre syndrome manifest with mul-
tisystem and heterogenous clinical phenotypes because of 
oxidative phosphorylation impairment and reduced en-
ergy production.

Based on the classic phenotype of KSS, including 
progressive external ophthalmoplegia and pigmentary 
retinopathy, which could lead to ptosis, and accompany-
ing other characteristic symptoms, a present patient was 

F I G U R E  1   (a) The results of LR-PCR using the 1st pair of primers (mtDNA nucleotide positions 909–930 and 15,805–15,825). PCR 
product size is 14,917 bp. (b) The results of LR-PCR using the 2nd pair of primers (mtDNA nucleotide positions 411–431 and 16,261–16,281). 
PCR product size is 15,871 bp. M, molecular size standard, NK, negative control, S1–S10, samples of tested individuals, S10, patient with KSS
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clinically diagnosed with KSS in his teens. However, the 
clinical suspicion of KSS in the early stages of the disease 
may be complicated due to overlapping phenotypes. The 
occurrence of multisystem presentation in our patient was 
observed before the age of 10 and this is consistent with re-
ported data (Anteneová et al., 2020; Mancuso et al., 2015).

Single large-scale deletions of mtDNA are usually 
identified in the blood DNA samples for the patients 
with Kearns-Sayre syndrome. Deletions vary in size and 
location on the mitochondrial genome in different indi-
viduals, although the most reported deletion (NC_0129
20.1:m.8470_13446del4977), is identified in more than 
a third of patients with KSS and involves 4977 bp and 
12 mitochondrial genes (Sabella-Jiménez et al.,  2020; 
Shemesh & Margolin,  2018). The molecular investiga-
tion revealed novel de novo 5888 bp mtDNA deletion 
(NC_012920.1:m.6069_11956del) for our patient. The de-
letion region involved several genes encoding enzymes 
in the mitochondrial respiratory chain: MT-ND3, MT-
ND4 and MT-ND4L genes encode subunits of Complex I 
(NADH: ubiquinone oxidoreductase), MT-CO1, MT-CO2 
and MT-CO3 encode subunits of Complex IV (cytochrome 
c oxidase), while MT-ATP6 and MT-ATP8 genes encode 

subunits of Complex V (ATP synthase). Five tRNA-coding 
genes (MT-TS1, MT-TD, MT-TK, MT-TG, MT-TR) were 
also encompassed by deletion region. This kind of dele-
tion disturb the function of the mitochondria leading to 
respiratory deficiency of these mitochondria and causing 
a dysfunction of highly oxidative tissues.

In patients with mtDNA deletions, about 60%–69% of 
deletions are flanked by short, directly repeated sequences 
between 4 and 13 bp, known as Class I deletions, 30% 
of deletions are flanked by imperfect repeat sequences, 
known as Class II deletions, and the remaining patient-
derived deletions are flanked by nonrepetitive sequences, 
known as Class III deletions (Fontana & Gahlon,  2020; 
Nissanka et al., 2019). In our patient, two direct repeats 
of CAAC nucleotides were identified at the breakpoints, 
one of which is retained whereas the other is lost during 
deletion formation, suggesting a common class I deletion.

According to the current recommendations, a variety 
of methods could be used for the testing of mtDNA re-
arrangements including long-range PCR, Southern blot-
ting, quantitative PCR and next generation sequencing 
/ whole genome sequencing methodologies (Mavraki 
et al.,  2020). Despite the multiplicity of the methods 

F I G U R E  2   The results of MLPA analysis of the patient. (a) 32 probes in the test sample show normal peaks. (b) Normalized data shows 
that all probes in the test sample have normal copy number as compared to the reference samples

F I G U R E  3   (a) Sanger sequencing identified a 5888 bp mtDNA deletion NC_012920.1:m.6069_11956del; (b) The deletion region also 
encompassed 8 protein-coding genes and 5 tRNA-coding genes (http://mitob​reak.portu​gene.com/cgibi​n/Mitob​reak_submit.cgi?Speci​
es=Homsa​p&Break​type=Del&5Brea​kpoin​t=6068&3Brea​kpoin​t=11957​+&junct​ion=&submi​t=Submi​t+rearr​angement)

http://mitobreak.portugene.com/cgibin/Mitobreak_submit.cgi?Species=Homsap&Breaktype=Del&5Breakpoint=6068&3Breakpoint=11957%2B&junction=&submit=Submit%2Brearrangement
http://mitobreak.portugene.com/cgibin/Mitobreak_submit.cgi?Species=Homsap&Breaktype=Del&5Breakpoint=6068&3Breakpoint=11957%2B&junction=&submit=Submit%2Brearrangement
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used for the detection of mitochondrial DNA deletions, 
they are still causing diagnostic problems, including sen-
sitivity, DNA quality, time and cost efficiency. Tońska 
et al. (2012) compared four molecular methods (Southern 
hybridization, PCR, long-range PCR and MLPA), the re-
sults were not completely consistent and demonstrated 
that MLPA method was less sensitive compared to PCR-
based methods. The authors concluded that MLPA is a 
useful method, but some of the deletions may be missed, 
especially when present at low heteroplasmy levels below 
40%. Another study suggested that as low amounts as 
1 ng of DNA sample should be used for MLPA reaction 
to get higher sensitivity (Mayorga et al., 2016). Although 
several authors reported successfully identified dele-
tions (Liu et al., 2021) and duplications (Sabella-Jiménez 
et al.,  2020) using MLPA method, in our case, the re-
sults of the test were negative using different DNA di-
lutions. Conversely, long-range PCR method detected 
heteroplasmic deletion using two different pairs of PCR 
primers. Although the method cannot assess the level of 
heteroplasmy and determine the breakpoints of mtDNA 
deletion, the long-range PCR method is the most com-
monly used routine methodology (Mavraki et al., 2020). 
In our case, the method was sensitive enough to identify 
a large-scale mtDNA deletion for KSS patient in a DNA 
sample extracted from blood. Nowadays, next genera-
tion sequencing (NGS) based methods displaced tradi-
tional genetic tools and can effectively analyze mtDNA. 
Nevertheless, some studies show that LR-PCR may be 
more sensitive in the detection of large-scale mtDNA de-
letions compared to NGS.

In conclusion, we report the novel mtDNA deletion 
of 5888 bp; notably, this alteration resulted in a classic 
phenotype of the Kearns-Sayre syndrome. These findings 
enriched the variant spectrum of mtDNA. Moreover, we 
highlight the importance to use alternative diagnostic 
methods in case of negative results of molecular genetic 
testing for mtDNA deletions. In our case, the long-range 
PCR method proved to be more sensitive in identify-
ing large mtDNA deletions compared to MLPA method. 
However, additional methods should be applied for de-
termination of mtDNA rearrangement breakpoints and 
quantitation of heteroplasmy level as this knowledge may 
be useful for prognosis and clinical interpretation.
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