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Abstract: The aim of this study was to describe the ocular phenotype in a case with Kearns-Sayre
syndrome (KSS) spectrum and to determine if corneal endothelial cell dysfunction could be attributed
to other known distinct genetic causes. Herein, genomic DNA was extracted from blood and exome
sequencing was performed. Non-coding gene regions implicated in corneal endothelial dystrophies
were screened by Sanger sequencing. In addition, a repeat expansion situated within an intron
of TCF4 (termed CTG18.1) was genotyped using the short tandem repeat assay. The diagnosis of
KSS spectrum was based on the presence of ptosis, chronic progressive external ophthalmoplegia,
pigmentary retinopathy, hearing loss, and muscle weakness, which were further supported by the
detection of ~6.5 kb mtDNA deletion. At the age of 33 years, the proband’s best corrected visual
acuity was reduced to 0.04 in the right eye and 0.2 in the left eye. Rare ocular findings included
marked corneal oedema with central corneal thickness of 824 and 844 um in the right and left eye,
respectively. No pathogenic variants in the genes, which are associated with corneal endothelial
dystrophies, were identified. Furthermore, the CTG18.1 genotype was 12/33, which exceeds a
previously determined critical threshold for toxic RNA foci appearance in corneal endothelial cells.

Keywords: Kearns-Sayre syndrome; corneal endothelium; CTG18.1; TCF4; corneal dystrophy; en-
dothelial failure; exome sequencing

1. Introduction

Kearns-Sayre syndrome (KSS) spectrum is a rare disorder caused by single, large-scale
mitochondrial DNA (mtDNA) deletions. This spectrum is characterized by a multisystem
involvement including ptosis and/or ophthalmoplegia and at least one of the follow-
ing signs including ataxia, pigmentary retinopathy, cardiac conduction defects, hearing
impairment, failure to thrive, short stature, cognitive involvement, tremor, and cardiomy-
opathy [1,2].

An additional rarely observed ocular feature includes corneal involvement [3,4]. KSS
spectrum is documented with at least eight cases involving decreased corneal endothelial
cell density, pleomorphism, and polymegathism. Occasionally, corneal oedema or excres-
cences resemble the common disorder Fuchs endothelial corneal dystrophy (FECD) [4-6].
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In addition, bilateral primary corneal endothelial failure manifesting in adulthood can be
present in posterior polymorphous corneal dystrophy (PPCD) [7]. Both the FECD and
PPCD are genetically heterogenous. However, the most common cause of FECD is the
expansion of a non-coding repeat element (termed CTG18.1), which is present in up to 80%
of patients with FECD [8].

Congenital cataracts have not been observed, specifically in relation to KSS. However,
they have been described in one case as the first symptom of a neuromuscular disease
caused by a novel single large-scale mitochondrial DNA deletion [9].

Although corneal endothelial dysfunction in patients with KSS has been attributed to
mitochondriopathy [3], the possible involvement of additional genetic causes has not been
previously studied.

In this article, we report ocular findings and genomic DNA analysis in a case diagnosed
with KSS, as well as bilateral corneal endothelial failure and paediatric cataracts.

2. Materials and Methods

The proband, which is known to carry a single ~6.5 kB mtDNA deletion in blood,
buccal smear, and urinary epithelial cells [10], underwent a general systemic evaluation
and detailed ophthalmic examination. This included measurements of the best corrected
visual acuity (BCVA) extrapolated to decimal values using Snellen charts, noncontact
specular microscopy (Noncon ROBO Pachy SP-9000, Konan Medical Inc., Tokyo, Japan),
static perimetry (M700, Medmont International, Nunawading, Australia), and spectral do-
main optical coherence tomography (SD-OCT; Spectralis, Heidelberg Engineering GmbH,
Heidelberg, Germany).

Genomic DNA was extracted from venous blood (Gentra Puregene Blood Kit, Qiagen,
Hilden, Germany), according to the manufacturer’s instructions. Exome sequencing was
performed using a SureSelect Human All Exome V6 capture kit (Agilent, Santa Clara, CA,
USA). Generated libraries were sequenced on a NovaSeq 6000 sequencer (Illumina, San
Diego, CA, USA). Bioinformatical data analysis was performed as previously described [11].
Rare variants with minor allele frequency <0.005 as per gnomAD v2.1.1 [12] in genes, which
are associated with corneal dystrophies (PanelApp, version 1.6) and congenital cataracts
(PanelApp, version 2.84) were filtered [13]. Conventional Sanger sequencing was used to
screen OVOL2 and GRHL?2 regulatory regions, which was previously implicated in the
pathogenesis of PPCD type 1 and 4, respectively [14,15].

Finally, we determined the CTG18.1 repeat length in TCF4 implicated in the develop-
ment of ~80% of cases with FECD using the short tandem repeat (STR) assay, as previously
described [8,16].

3. Results

The patient had no family history of a rare disorder that manifested in childhood or
adolescence. His mother died at the age of 45 due to breast cancer, while his 72-year-old
father and 37-year-old brother were healthy at the time of the last follow-up. In addition,
his mother reportedly had a cataract surgery performed at the age of 35 years. However,
no further details are known.

The proband was diagnosed with bilateral cataracts before the age of 6 years and
underwent surgery in the left eye at the age of 10 years. A secondary artificial lens was
implantation 7 years later. The right eye was similarly affected, but did not have cataract
surgery. The patient noticed a gradual development of the bilateral ptosis during the
15 years since the surgery. Progressive sensorineural hearing loss started at the age of 14.
In addition, corneal dystrophy was documented at the age of 25 years. A distal weakness
of the limbs manifested at 27 years, together with the slowly progressing muscle atrophy.
Electromyography findings supported motoric axonopathy. A neurological examination
confirmed the atrophy of m. temporalis and m. masseter, mild atrophy of distal muscles in the
upper extremities with hyporeflexia, and more pronounced atrophy in lower extremities
with areflexia. Repeated cardiological examinations including echocardiography and



Genes 2021, 12,1918

30f6

electrocardiogram were performed and no abnormalities were identified. In the proband,
neither cardiomyopathy nor atrioventricular cardiac conduction defects (third-degree)
was documented.

At the age of 33 years, the patient was examined by the authors of this study and
required the use of a hearing aid. His cognitive abilities remained normal. He ob-
tained a university education and worked in a graduate level position. However, he
denied paraesthesia.

The patient complained of a progressive decrease of visual acuity, nyctalopia, and
light sensitivity. His BCVA was 0.04 in the right eye and 0.2 in the left eye. There was an
external ocular muscle palsy with a marked limitation of up- and down-gaze, while the
horizontal movement was nearly normal. Bilateral ptosis was scored as severe. Slit-lamp
biomicroscopy and spectral-domain optical coherence tomography (SD-OCT) documented
marked corneal stromal oedema with a central corneal thickness of 824 um in the right
eye and 844 um in the left eye (Figure 1A,C-E) (normal values < 602 um) [17]. Specular
microscopy revealed the presence of rounded dark cells that resemble cornea guttata
(Figure 1EG). In addition, a nuclear cataract in the right eye (Figure 1B) and artificial lens
in the left eye were present.

Figure 1. Panocular involvement in a case with Kearns-Sayre syndrome spectrum. Corneal oedema
in the right eye (A), nuclear cataract in the right eye (B), corneal oedema in the left eye (narrow beam)
(C), SD-OCT imaging of the right (D) and left cornea (E) documenting increased central corneal
thickness). Specular microscopy images showing corneal endothelial surface with beaten metal
appearance (quality is decreased due to stromal haze) in the right (F) and left eye (G), SD-OCT
imaging of the macula documenting disintegration of the photoreceptor layer (arrow), in the right
(H) and left eye (I), static perimetry showing visual field loss in the right (J) and left (K) eye.
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Retinal pathology, primary at the photoreceptor level, was documented by SD-OCT
(Figure 1H,I). Other fundus imaging was not possible due to the anterior segment findings.
However, when dilated, bilateral peripheral pigmentary changes (course clumping) were
noted upon a slit-lamp examination. A static perimetry technique showed concentric visual
field restriction with a reduction in the sensitivity of the central island (Figure 1J,K).

Two years later, a follow-up ocular examination documented further deterioration
of visual fields. Corneal oedema remained bilaterally stable when the central corneal
thickness was measured by SD-OCT. The possible benefit of lamellar keratoplasty and/or
cataract removal in the right eye was considered. However, due to retinopathy contributing
to the BCVA decrease together with the patient’s preference, it has been postponed until
further progression of corneal oedema or when the cataract is clearly documented.

Exome sequencing successfully captured 96.85% of the coding regions with a minimal
coverage of 20 x. No possible pathogenic variants in the genes, which are associated with
congenital cataracts or corneal dystrophies, were detected.

The CTG18.1 repeat length was determined to be 12 and 33, on each respective allele.
A repeat length >50 is generally considered to be the cause of Fuchs endothelial corneal
dystrophy, as demonstrated by most of the studies [8]. However, a threshold of 31 repeats,
previously found to be critical for the occurrence of toxic RNA foci in corneal endothelial
cells, was met [18].

The systemic findings, methodology, and results of the mtDNA analysis in the proband
have formed part of a recent report that summarizes the clinical data in 20 Czech patients
with KSS spectrum. However, an individual case presentation including detailed ocular
findings has not been reported [10].

4. Discussion

Mitochondrial diseases involve tissues with high-energy requirements. The most
common ocular manifestations of KSS include ptosis, progressive chronic external ophthal-
moplegia, and pigmentary degeneration of the retina [1,2].

Herein, we describe a 33-year-old male with KSS spectrum due to ~6.5 kb mtDNA
deletion, who was also manifested with bilateral corneal oedema and paediatric cataracts.
Due to the high metabolic demand of corneal endothelial cells that pump ions for the
maintenance of stromal deturgescence [19], one would expect that corneal endothelium
affects patients with mitochondrial disease. However, to date, less than 10 patients with
the KSS spectrum and marked corneal oedema have been documented [5,6,20]. Regarding
paediatric cataract, this is the first report of co-occurrence with KSS. Therefore, it is unclear
if the cataract can be considered as an ultrarare sign of this disease or a concurrent condition,
especially given the family history of premature cataracts in the diseased mother.

Nevertheless, in this study, we also considered the possibility that the congenital
cataracts and/or corneal endothelial dysfunction observed in the proband could be at-
tributed to genetic causes beyond the confirmed mtDNA deletion. On this basis, exome
sequencing together with targeted Sanger sequencing did not detect any variants that
could be considered as likely pathogenic. The STR analysis revealed that the length of the
CTG18.1 repeat expansion on one allele was 33. This length is considered to be borderline
with respect to the FECD-associations [18]. In combination with the previous cataract
surgery, this repeat length may explain the presentation of corneal oedema in the proband.
However, it should be noted that the right eye with the same extent of corneal oedema did
not undergo any surgery. Herein, it remains plausible that the CTG18.1 repeat length of 33,
in combination with mtDNA deletion harbored by the proband, may have resulted in a
cumulatively detrimental effect on the corneal endothelium.

5. Conclusions

The exclusion of the most common genetic causes implicated in corneal endothelial
dystrophies, further support corneal oedema as a clinical manifestation of mitochondri-
opathy rather than a separate entity. The role of TCF4 CTG18.1 should be further clarified.
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Furthermore, we recommend CTG18.1 genotyping for all cases of mitochondriopathies
with corneal endothelial involvement, as these patients may have a lower repeat-length
threshold for endothelial failure.
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