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Abstract

We report the case of a 62-year-old woman with a history of bilateral hearing impairment, who developed

mitochondrial cardiomyopathy after chemotherapy. The patient underwent postoperative cisplatin chemother-

apy after the surgical treatment of cervical cancer. The systolic function of her left ventricle decreased signifi-
cantly. A tissue examination of the left ventricle revealed mitochondrial cardiomyopathy. Genetic testing re-
vealed mutations in mitochondrial 3,243 A—G. Nine hundred fifty-five individual mutations were identified
by next-generation sequencing. Since cardiovascular complications are the second leading cause of morbidity

and mortality in patients undergoing cancer treatment, mitochondrial cardiomyopathy should be considered a

potential cause of heart failure.
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Introduction

Although various mitochondrial diseases such as mito-
chondrial myopathy, encephalopathy, lactic acidosis, and
stroke-like episodes (MELAS) syndrome, myoclonic epi-
lepsy with ragged-red fibers, chronic progressive external
ophthalmoplegia, and Leigh’s encephalopathy have been de-
scribed, each of these conditions displays a variety of symp-
toms. Mitochondrial cardiomyopathy is often one of several
symptoms in patients with mitochondrial diseases. The heart
primarily relies on the energy produced through aerobic res-
piration and is one of the organs that is most affected by
mitochondrial disease. In general, myocardial hypertrophy is
observed to accompany a diminished left ventricular func-
tion, cardiac arrhythmias, left ventricular collapse, and heart
failure in patients with these conditions. The severity of
these conditions is thought to be directly linked to the muta-
tion load, and numerous cases involving the onset of heart-
related symptoms in childhood in conjunction with mito-
chondrial 3,243 A—G mutations have been reported. In ad-

dition, cardiotoxic drugs, such as anticancer drugs, can dam-
age the myocardial mitochondria by altering matrix metallo-
proteases by enhancing the production of reactive oxygen
species (ROS), which induces apoptosis.

In the present case, although mutations of the mitochon-
drial 3,243 A—G gene were detected by genetic testing, the
patient presented no symptoms for approximately 60 years.
The turning point was the development of heart failure with
anticancer drug therapy. This led to a definitive diagnosis of
mitochondrial cardiomyopathy. Late onset cases of mito-
chondrial cardiomyopathy have not previously been re-
ported. Furthermore, next-generation sequencing revealed
several other mitochondrial DNA mutations. We report this
case and discuss future challenges.

Case Report

The patient was a 62-year-old woman with a history of
bilateral hearing impairment. The symptoms had appeared 5
years previously-the cause was unknown. The patient had no
family history of sudden death or hearing impairment; how-
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Table 1. The Progression of the Echocardiographic Data and the Examination Findings.
Pre admission On admission Post admission after 3 months
IVSTd (mm) 12 10 10
PWTd (mm) 12 11 11
LVDd (mm) 39 48 41
LVDs (mm) 30 42 27
EF (%) 47 27 46
FS (%) 23 13 34
TRPG (mm Hg) 36 36 21
E/A (TMF pattern) 0.78 1.38 0.80
(abnormal relaxation) (pseudo normalization) (abnormal relaxation)
BNP (pg/mL) none 2,253 15
Class of heart failure according to 11 1I-1v 1T
NYHA classification
Chest X-ray

IVSTd: Interventricular septum thickness diameter, PWTd: Posterior left ventricular wall thickness diameter, LVDd: Left ventricular internal dimension

in diastole, LVDs: Left ventricular internal dimension in systole, EF: Ejection function, FS: Fractional shortening, TRPG: Tricuspid regurgitation pres-

sure gradient, E/A: Early diastolic filling velocity/Atrial filling velocity, TMF: Transmitral flow, BNP: brain natriuretic peptide, NYHA class: New

York Heart Association classification

ever, she had a history of tobacco use for approximately 40
years. Electrocardiogram abnormalities were observed dur-
ing the preoperative insertion of an applicator, which was
performed as a part of a treatment for cervical cancer (stage
IV). Diffuse left ventricular hypertrophy and a mildly dimin-
ished left ventricular systolic function (ejection fraction
[EF]: 47%) were observed on cardiac ultrasonography.

The patient was determined to be able to safely tolerate
surgery, and first underwent surgery for cervical cancer as
per the treatment guidelines. The patient underwent postop-
erative cisplatin chemotherapy after cervical cancer surgery.
Following the completion of 5 courses of chemotherapy,
dyspnea at rest and edema in both lower extremities were
observed. A chest X-ray film revealed marked pulmonary
congestion and cardiac ultrasonography indicated a signifi-
cant decline in the left ventricular systolic function (EF:
22%). In addition, the patient’s brain natriuretic peptide
level was markedly elevated at 2,253 pg/mL, and her condi-
tion was diagnosed as an acute exacerbation of chronic heart
failure. Consequently, she was admitted to the Department
of Cardiovascular Medicine for treatment.
dobutamine were administered to treat the patient’s heart
failure. The excessive extracellular fluid that was present
during chemotherapy was considered to have triggered the
acute exacerbation of her heart condition.

The patient’s heart condition improved on the 14th day
after admission because of the drug therapy. Thereafter, she
was started on beta-blockers, angiotensin-converting enzyme
inhibitors, and pimobendan. The patient was discharged on

Diuretics and

the 40th day after admission with no recurrence of heart
failure after cardiac ultrasonography on the 36th day of hos-
pitalization, indicating the improvement of the left ventricu-
lar systolic function (EF: 46%). The echocardiogram find-
ings showed the improvement of the left ventricular func-
tion, while the examination findings showed the improve-
ment in her class of heart failure (according to the New
York Heart Association (NYHA) classification, her brain na-
triuretic peptide (BNP) level, and the chest X-ray findings;
Table 1). Furthermore, there were no findings of increased
eosinophilia during the clinical course.

Although cardiac magnetic resonance imaging (MRI),
drug stress myocardial scintigraphy, and coronary angiogra-
phy were conducted as part of a close examination to deter-
mine the cause of the patient’s diminished left ventricular
systolic function, no clear cause was identified. Cardiac
MRI showed diffuse hypertrophy in the left ventricular wall
(Fig. 1A, B). Late gadolinium enhancement was seen in the
basal- to mid-inferolateral wall of the left ventricular
subepicardial myocardium (Fig. 1C). Diffuse cardiac hy-
pertrophy was also observed via cardiac ultrasonography,
and o-galactosidase activity levels were measured to test for
cardiac Fabry disease. Although the patient’s o-galactosidase
activity levels were within the normal range, as the patient
was female, we were unable to eliminate the possibility of
hetero-phenotypic Fabry disease. A myocardial tissue biopsy
was taken from the inferior posterior wall of the left ventri-
cle in order to reach a definitive diagnosis. Light micros-
copy of hematoxylin and eosin-stained sections revealed a
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Figure 1.
olinium enhancement.

A: Hematoxylin and eosin stain, X 100

C: Periodic acid-Schiff stain, X 100

D: Congo red stain, X 100

Cardiac magnetic resonance imaging (MRI). A and B: Perfusion images. C: Delayed gad-
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Figure 2. Light micrographs of a left ventricular endomyocardial biopsy specimen. A: Hematoxy-
lin and Eosin staining (x100). B: Elastica van Gieson staining (x100). C: Periodic acid-Schiff staining
(x100). D: Congo red staining (x100).

lack of myofibrillar disarray, clear cellular reticula, and cera-
mide deposition within the cellular reticula (Fig. 2A). Al-
though other staining methods were applied, there were no
significant findings (Fig. 2B, C, D). In addition, electron mi-
croscopy revealed the enargement of the mitochondrial cells
(1.0-2.5 pym in diameter), which exhibited abnormal hyper-
plasia, central core lysis in the cristae, and abnormal con-
centric circular lamination (Fig. 3). Cerebral white matter le-
sions and global brain atrophy were observed on cranial

MRI, along with bilateral sensorineural hearing impairment.
Based on these findings as well as the left ventricular biopsy
findings, the patient was definitively diagnosed with
MELAS syndrome. Subsequent genetic testing revealed mu-
tations in the mitochondrial 3,243 A—G and 8,348 A—G
genes. Next-generation sequencing indicated 955 individual
mutations (Table 2). According to the mitochondrial abnor-
mality observed in the left ventricular biopsy specimen and
the results of the subsequent genetic testing, we hypothesize
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Figure 3. Electron micrographs of a left ventricular endomyocardial biopsy specimen. Electron

microscopy revealed enlarged mitochondrial cells of 1.0-2.5 pm in diameter, which exhibited abnor-

mal hyperplasia, central core lysis in the cristae, and abnormal concentric circular lamination. Scale

bars: 2 pm.

Table 2. Subsequent Genetic Testing and Next-generation Sequencing.

No.  Chromosome Start End Reference  Alternative Zygosity Mutation Disease Literature
1 Mitochondria 1,643 1,643 A G Heteroplasmy 1,643 A—G Late infantile onset (17)
2 Mitochondria 3,243 3,243 A G Heteroplasmy 3,243 A—G MELAS (18)
3 Mitochondria 4,833 4,833 A G Heteroplasmy 4,833 A—G Diabetes mellitus (19)
4 Mitochondria 8,348 8,348 A G Heteroplasmy 8,348 A—>G Cardiomyopathy (20)
5 Mitochondria 9,185 9,185 T C Heteroplasmy 9,285 T—C Leigh’s disease (21)
6 Mitochondria 11,084 11,084 A G Heteroplasmy 11,084 A—G MELAS (22)
7 Mitochondria 12,770 12,770 A G Heteroplasmy 12,770 A—»G MELAS (23)
8 Mitochondria 14,693 14,693 A G Heteroplasmy 14,693 A—G MELAS (24)

The major mitochondrial mutations among 955 individual mutations indicated by subsequent genetic testing.

that the patient’s pathological condition developed due to
compensated mitochondrial cardiomyopathy, which was ex-
acerbated by decompensated heart failure with the admini-
stration of cisplatin and chemotherapy.

Discussion

MELAS syndrome is caused by the most common mito-
chondrial 3,243 A—G mutation; it is transmitted maternally.
The mitochondria are the main producers of adenosine
triphosphate (ATP), which supplies the energy for various
cellular processes (1). Thus, MELAS syndrome patients pre-
sent a various conditions of the heart and the brain with a
high amount of energy. As a cardiac condition, MELAS
syndrome presents ventricular hypertrophy, systolic and dia-
stolic dysfunction, and conduction disturbance (2, 3). The
cardiac involvement is progressive and an independent pre-
dictor of mortality in patients with mitochondrial dis-
ease (4). The mitochondrial function is a key to maintaining
the heart function. The homeostasis of the mitochondria is
regulated by their fusion, fission, and autophagy, which con-
tribute to the maintenance of the energy production capac-
ity (5, 6). Fission is the separation of the damaged mito-
chondria and is important during autophagy (7, 8). In addi-
tion, autophagy plays a critical role in maintaining myocar-
dial homeostasis and the response to stressors (9). However,
recent studies have revealed that these functions diminish

with age (6-8). The failure of the mitochondrial function can
result from the restriction of these fission and autophagy
processes in the damaged mitochondria of aging cardiac tis-
sue (10). Abnormal mitochondrial proliferation and the sup-
pression of mitochondrial decomposition can be confirmed
by electron microscopy (10).

Cisplatin produces an antitumor effect by inducing p53-
dependent apoptosis. Although cisplatin is a first-line drug
that is used in the treatment of various cancers, such as uter-
ine, testicular, and prostate cancer, its use is limited because
of its side effects, which include the disruption of transcrip-
tion, the induction of cell cycle arrest, and the induction of
ROS production leading to apoptosis (11, 12). ROS produc-
tion is particularly important with respect to apoptotic path-
ways. Matrix metalloproteases are altered by the enhanced
ROS production, which damages the respiratory chain and
induces apoptosis. Cisplatin rapidly accumulates in the mito-
chondria, resulting in oxidative stress and damaging mito-
chondrial DNA. As such, the accumulation of cisplatin is
thought to result in ROS production in the mitochondria.
Previous studies have reported that the accumulation of cis-
platin in the mitochondria and the subsequent enhacement of
ROS production resulted in damage to the mitochondria as
well as toxicity to other cells (13-15). In the present case,
cisplatin might have caused the increase in ROS production,
which might have increased the mitochondrial damage. Al-
though under normal conditions, the damaged mitochondria
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are broken down via fission and autophagy, abnormal mito-
chondrial proliferation was observed by electron microscopy.
The existing decline in mitochondrial function may become
further pronounced in cases involving mutations in the mito-
chondrial 3,243 A—G and 8,348 A—G genes. As such, in
cases where the mitochondrial function is diminished, the
use of drugs that are reported to exhibit cardiotoxic effects
and aging can trigger the onset of mitochondrial cardio-
myopathy. In the present case, regardless of the mutations
that were observed in the mitochondrial 3,243 A—G and
8,348 A—G genes in the cardiomyocytes, the patient dis-
played no symptoms for 60 years. Numerous cases involv-
ing mitochondrial 3,243 A—G gene mutations and the onset
of heart conditions in childhood have been reported (16); in
the present case, a putative myocardial protection factor may
have been responsible. Nine hundred fifty-five individual
mutations were identified by next-generation sequencing.
These should be further evaluated in future studies.

In cases involving mitochondrial dysfunction, even drugs
with low cardiotoxicity such as cisplatin can lead to the on-
set of mitochondrial damage-related heart failure. Consider-
ing the increase in the number of cancer survivors, the un-
derlying mitochondrial dysfunction caused by oxidative
stress or genetic mitochondrial mutations should be consid-
ered as a cause of cardiovascular complications in patients
undergoing cancer treatment.
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