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Abstract

Background: Mutations in lysyl-tRNA synthetase (KARST), an enzyme that charges tRNA with the amino acid lysine in
both the cytoplasm and mitochondria, have been associated thus far with autosomal recessive Charcot-Marie-Tooth
type CMTRIB, hearing loss type DFNB89, and mitochondrial encephalohepatopathy (MEH) featuring neurodevelop-
mental disorders with microcephaly, white matter changes, and cardiac and hepatic failure in less than 30 patients.

Case presentation: We report the clinical, biochemical and molecular findings of a 14-month-old girl with severe
MEH compatible clinical features, profound sensorineural hearing loss, leopard spot retinopathy, pancytopenia, and
advanced liver disease with portal hypertension leading to death at the age of 30 months.

Conclusions: Whole exome sequencing identified two rare variants in KARST gene. Our report expands the allelic
and clinical features of tRNA synthase disorders. Moreover, with our report we confirm the usefulness of WES as first
tier diagnostic method in infants with complex multisystem phenotypes.
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Background

Aminoacyl tRNA synthetase (ARS) proteins are funda-
mentally known as the first enzymes of translation that
catalyze amino acid attachment to their cognate tRNA.
This catalytic process, called tRNA charging, is necessary
for the translation of genetic sequences into polypeptide
chains [1]. The KARSI gene codes for both the mito-
chondrial and cytoplasmic isoforms of the t-RNA syn-
thase of Lysine, a ubiquitous enzyme responsible for the
link between the amino acid Lysine and the cognate RNA
transfer [2]. To date, sixteen mutations in the KARSI
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gene have been associated with autosomal recessive
Charcot—Marie—Tooth type CMTRIB [3], hearing loss
type DENB89 [4], and mitochondrial encephalohepatop-
athy (MEH) featuring neurodevelopmental disorders
with microcephaly, white matter changes, and cardiac
and hepatic failure in 26 patients.

We report the clinical, biochemical, neuroradiological
and molecular findings of an additional child. The clinical
features observed largely recall the wide spectrum seen
in previously reported patients harboring bi-allelic vari-
ants in KARSI and satisfy the clinical criteria for mito-
chondrial encephalocardiohepatopathy [5] with limited
muscular involvement of oxidative-phosphorylation.
Ocular and hepatic findings which have never described
up to now will be described.
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Case presentation

This female child was the first baby born at 38 weeks
of gestational age to healthy, unrelated parents from
a complicated pregnancy due to intrauterine growth
retardation detected at 32 weeks of gestational age.
At birth weight was 2240gr (— 1.97 SD), length 48 cm
(= 0.39 SD), and cranial circumference 31.5 cm (— 2
SD). First neonatal neurological examination high-
lighted severe global hypotonia, poor crying and suck-
ing with feeding difficulties. At the age of 4 months,
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a first brain MRI showed white matter lesions and a
major amount of periventricular calcifications. Moreo-
ver, MR-Spectroscopy with the voxel localized on left
parietal white matter region showed reduced NAA/
Cr ratio (1.47) and Cho/Cr ratio (1.40) and an elevated
lactate peak (Fig. 1). Follow-up neuroimaging investi-
gations showed progression of cortical and subcorti-
cal atrophy and increase of calcifications in subcortical
regions and deep brain and the cerebellum.

ratio and occurrence of a high lactate peak (at 1.3 ppm)

NAA/Cr 144
NAA/Cr(h) 153
CholCr 1.72
Cho/Cr(h) 1.76
NAA/Cho 0.83
NAA/Cho(h) 0.87
Cho/NAA 120
Cho/NAA(h) 1.15

Fig. 1 Neuroradiological findings. a 1.5T Brain MRI at 4 months (T2-weighted axial section): diffuse and bilateral hyperintense alterations in
nucleocapsular and peritrigonal regions, mild calcifications and thin corpus callosum; b 1.5T Brain MRI at 30 months (T2-weighted axial section):
evolution of progressive damage involving diffusively the white matter leading to cortical, subcortical and cerebellar atrophy with more prominent
amount of bilateral calcifications; ¢ Computed Tomography (CT) scan at 30 months: generalized and massive cortical and subcortical atrophy with
hydrocephalus; d MR-Spectroscopy (MRS) at 4 months, volume of interest in left parietal white matter region: reduced NAA/Cr ratio and Cho/Cr
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Neurological and physical examinations at 21 months
showed apostural tetraparesis, severe developmental
and growth delay, epileptic encephalopathy with spasms,
myoclonic and focal seizures. She also showed hyposo-
matism with low weight 8900 gr (— 2.35 SD) and length
76 cm (— 1.79 SD), microcephaly with reduced head cir-
cumference of 39 cm (— 5 SD) at 14 months, and bilateral
neurosensorial hearing loss. Echocardiogram revealed
pulmonary valve stenosis.

Ophthalmological examination showed exotropia and
poor fixation. Indirect fundus examination revealed the
presence of a bilateral, hypoplasic appearance of the
optic nerve head and bilateral, diffuse and mottled reti-
nal pigmentation described as “leopard spot” retinopathy.
A first spectral domain optical coherence tomography
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(SD-OCT) scan at age of 3 months revealed subnormal
peripapillary retinal nerve fiber layer (pRNFL) in both
eyes with overall preserved retinal architecture. A second
SD-OCT scan performed at 14 months of age revealed
a severe thinning of pRNFL and retinal thickness in
both eyes suggestive of progressive retinal degeneration
(Fig. 2).

Liver ultrasound at 5 months of age showed a nodu-
lar liver surface, round edge, hypoechoic nodules in the
liver parenchyma and calcifications in the 6th hepatic
segment. The portal vein was non-obstructed, and the
spleen was normal (length 4.7 cm). Serum aminotrans-
ferases, gamma-glutamil-transpeptidase, albumin and
international normalized ratio were normal. Total serum
bile acids were slightly elevated (2 times the upper limit

100
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RNFL Analysis (um) OD OS Inter Eye Diff (OD-OS)
Avg RNFL Thickness|48 50 -2 A @
AvgSuperiorRNFL [48 |47 |1 N T
Avglnferior RNFL |48 |4 |6 v 6
Intra Eye Diff (S-) |0 -7 N/A

Fig. 2 SD-OCT scan findings. a Wide field retinal imaging showing ophthalmoscopic appearance of bilateral leopard spot retinopathy and mild
hypoplasic appearance of optic nerve head; b SD-OCT scan showing normal foveal profile and retinal segmentation; ¢ SD-OCT optic nerve scan
showing severe and bilateral pRNFL thinning coherent with a neurodegenerative process and bilateral optic atrophy
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of normal). She was occasionally found to have por-
tal hypertension at 5 months of age (grade 2 esophageal
varices) and at 14 months of age she presented with acute
hematemesis from esophageal varices and then started
on propranolol (1-2 mg/kg/day). The child underwent
a complete diagnostic work-up and the most common
causes of cholestasis were excluded.

High levels of serum lactate (4.9 mM/L, reference
range 0.63-2.44 mM/L) and normal pyruvate value were
also detected.

Shortly after, clinical manifestations evolved to a pro-
gressive pancytopenia with the observation of ring side-
roblasts at a bone marrow biopsy suggestive of a Pearson
marrow-pancreas-like syndrome in spite of normal meta-
bolic investigations in blood and urine. Also, the mini-
mal alterations of the respiratory chain complex enzyme
activities in a skeletal muscle biopsy and lack of deletion/
duplication or punctuate mutations in the mitochondrial
genome did not support this possibility. The clinical situ-
ation of the baby worsens, and she died at 30 months
of life. Array-CGH analysis was negative. Whole
exome sequencing (WES) in the family trio (Additional
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file 1) revealed the paternal c.815T>G/p.[Phe272Cys]
(rs138062606) and the maternal c¢.1570T>C/p.[Cys-
524Arg] (rs776736207) (Fig. 3a) variants in KARSI (NM
001130089.1). Paternal mutation has already reported
elsewhere [6], while the other variant has not yet been
described. Both mutations are ultra-rare and in silico
predictions using multiple prediction software programs
indicate that the two variants are probably pathogenetic
(Fig. 3b) and both alter highly conserved nucleotides in
the various species (Fig. 3c). Western Blot (WB) analysis
in muscle biopsy homogenate using a rabbit polyclonal
anti-KARS antibody (Proteintech; dilution 1:500) showed
a severe reduction of the gene product (Fig. 3d, Addi-
tional files 2, 3, 4). This implies an impairment of mito-
chondrial protein synthesis machinery, though this was
not directly tested.

Discussion and conclusions

Whole exome sequencing allows us to identify two rare
genetic variants and functional studies (WB in muscle
biopsy) showed a severe reduction of the gene product

a
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II-1 |
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c.815T>G, ¢.1570T>C
b p.Phe272Cys p.Cys524Arg
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Fig. 3 Molecular findings in this patient. a Pedigree and electropherograms; b in silico predictions using multiple prediction software programs; ¢
multiple species alignment; d Western Blot analysis in muscle biopsy homogenate
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Table 1 (continued)

Allele2 Author

Others Allele1

Heart

Scoliosis

Hemato Seizures Ocular

Microcephaly

CNS

Patients

Sun (2019) Neurol

c697C>G plLeu233val

c697C>G plLeu233val

Developmente

26

Genet5(2)e565

delay, hypotonia,
intellectual dis-

ability, develop-

ment regression,

ataxia

c1570T>CpCys524Arg  OUR PATIENT

c815T>G p.Phe272Cys

Pulmonary valve  Failure to

Leopard spot

Y

Pancitopenia,

Y

Apostural tetra-

retinopathy, stenosis thrive

thin pRNF,

ring sidero-

blasts

paresis, severe

development
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supporting the direct role of the KARSI gene in this
child’s disease.

The clinical features observed in our patient largely
recall the wide spectrum seen in the 26 reported patients
harboring bi-allelic variants in KARSI (Table 1) and sat-
isfy the clinical criteria for mitochondrial encephalocar-
diohepatopathy with limited muscular involvement of
oxidative phosphorylation [5].

Our patient presents some new clinical findings never
reported before. Presence of early-onset portal hyperten-
sion complicated by bleeding from esophageal varices is a
new feature in KARSI-related syndromes, but it remains
unclear how this occurs. In a previously reported child
[6], hepatoportal sclerosis (HPS) was demonstrated on
the liver biopsy. HPS is a rare case of non-cirrhotic por-
tal hypertension characterized by sclerosis of the intra-
hepatic portal veins. HPS could present with normal or
mildly abnormal liver function tests and, in advanced
cases, with liver nodularity and atrophy producing an
imaging appearance indistinguishable from that of cir-
rhosis [8]. It is tempting to speculate that energy failure
due to low mitochondrial protein synthesis might be
invoked in this case. Although the child described in the
present report did not undergo a liver biopsy, her clini-
cal presentation could be consistent with the diagnosis of
HPS.

Our patient showed novel ocular findings. We observed
early and severe signs of optic neuropathy and “leopard
spot” retinopathy, a condition which has so far been asso-
ciated with leukemia [9], uveal effusion syndrome [10],
systemic argyrosis [11], pseudoxanthoma elasticum [12],
Warburg syndrome [13], § thalassaemia [14] and neona-
tal adrenoleucodystrophy [15] but not with multisystem
mitochondrial encephalopathies.

Whilst it was essential for the diagnosis of early optic
neuropathy, SD-OCT scans failed to reveal alterations in
choroidal and outer retinal layers corresponding to areas
of retinal pigmentation, as described in adult KARSI
patients [16].

Our patient also showed the simultaneous presence of
cerebral and cerebellar atrophies combined with white
matter calcifications seen at brain MRI imaging and the
pancytopenia that are rare findings also pointing to a
metabolic condition [5, 7].

From the analysis of the literature (Table 1) it appears
that cerebral calcifications are present in 44.4% of
patients (12/27) while other neurological characteris-
tics are less common: cerebellar calcifications are seen
in 5 of 27 patients, and cerebellar and cerebral atro-
phies in 4 and 2 children, respectively. The coexist-
ence of these neurological features, as in our patient,
is an extremely rare condition seldom seen in previous
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patients. An additional novel feature is the presence of
pancytopenia in our patient. Mutations in KARSI can
cause haematological alterations such as microcytic
anemia, thrombocytopenia and hypogammaglobuline-
mia but pancytopenia occurred in a single child.

Due to the small number of patients, it is remains
hard to draw genotype—phenotype correlations. An
analysis of the literature (Table 1) shows that some fea-
tures are shared by most of the patients, while others
are rare and unrelated to type and site of mutation. It
will be necessary to describe additional patients to
improve our correlations.

In summary, our report expands the phenotype of
new biallelic mutations in KARSI further stressing the
importance to propose WES studies as first tier diag-
nostic method in infants with complex multisystem
phenotypes. We also highlight the key role of SD-OCT
examination in the multidisciplinary assessment of
children with mitochondrial disorders.

Supplementary information
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0rg/10.1186/512920-020-00863-1.

Additional file 1. Methods.
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