Biallelic JARS2 mutations presenting as sideroblastic
anemia

Aminoacyl-tRNA synthetases (ARS) are evolutionarily
conserved enzymes that catalyze amino acid attachment
to their cognate transfer RNA (tRNA), ensuring accuracy
of the translation process. Two separate sets of cellular
ARS are required, as translation takes place in two dis-
tinct compartments, namely cytosol and mitochondria.
Eighteen ARS act exclusively in the cytosol (ARS1), 17 act
exclusively in the mitochondria (ARS2) and two ARS are
bifunctional, as they act in both compartments.'
Mutations in the nuclear genes encoding ARS2 have
emerged as a new group of mitochondrial diseases,
inconsistently impairing oxidative phosphorylation.’
Among them, pathogenic variants in the IARS2 gene
(Online Mendelian Inheritance in Man [OMIM] 612801)
have been reported to cause overlapping clinical pheno-
types ranging from isolated cataract to a syndromic con-
dition with cataract (CA), growth hormone deficiency
(G), sensory neuropathy (S), sensorineural hearing loss
(S), and skeletal dysplasia syndrome (CAGSSS) OMIM
616007) and Leigh syndrome (Table).*”

Here, we report on biallelic pathogenic IARS2 variants
in three unrelated siblings presenting with neonatal sider-
oblastic anemia mimicking Pearson syndrome.

Patient 1, the third child of non-consanguineous
healthy parents of French origin, was born after a normal
full-term pregnancy with normal birth parameters. His
older sister and brother are healthy (Figure 2). At birth, he
presented with severe sideroblastic anemia (hemoglobin
5.1 g/dL, normal>14.5 g/dL) with normal mean corpuscu-
lar volume (MCV). Myelogram showed 2% of ring sider-
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oblasts (Figure 1D). Search for B19 parvovirus, Coombs
test and Kleinhauer test were negative. Plasma B12 and
folate were normal. He required two red blood cell trans-
fusions during the first month and thrombopenia reached
a nadir of 80.000 platelets/mm® normal >150.000
platelets/mm®). Plasma lactate (3.8-5.3 mmol/L, normal
<2 mmol/L), lactate/pyruvate ratios (33, normal <20) and
cerebrospinal fluid (CSF) lactate were elevated (3.9
mmol/L, normal <2 mmol/L). The child had exocrine
pancreatic dysfunction with decreased fecal elastase (75
ug/g, normal 200-500 ug/g) and hypoparathyroidism
(plasma calcium 1.24 mmol/L, normal 2.2-2.7 mmol/L;
plasma phosphate 2.8 mmol/L, normal 1.12-1.45
mmol/L; parathormone 3 pg/mL, normal: 10-55 pg/mL).
He presented with congenital bilateral cataract, axial
hypotonia, peripheral dystonia and motor delay. At 6
months, he developed pharmaco-resistant infantile
spasms with hypsarrhythmia on electroencephalogram
(EEG) and vigabatrin and topiramate were started.
Metabolic work-up, including plasma amino acids and
liver enzymes (aspartate amino transferase/alanine
amino transferase [ASAT/ALAT]), urinary organic acids
and skeletal X-ray were normal. Brain magnetic reso-
nance imaging (MRI) (3 months) was normal except for a
lactate peak on spectroscopy (Figure 1A). The child died
at 16 months due to respiratory distress in a context of
inhalation pneumonia.

A next-generation sequencing panel targeting genes
involved in mitochondrial disorders showed two com-
pound heterozygous IARS2 variants: a novel nonsense
variant inherited from his father (c.891G>A; p. Trp297%),
predicted to result in either nonsense-mediated (NMD)
or loss of the terminal two thirds of the protein including

Figure 1. Brain magnetic resonance imaging anomalies in three patients carrying biallelic pathogenic JARS2 variants and bone marrow aspiration from
patients 1 and 2. (A) Patient 1 (3 months): sagittal T1, axial T2 weighted images and magnetic resonance spectroscopy (MRS) showing no anomalies other than
a lactate peak (arrow). (B) Patient 2 (2 months): sagittal T1, axial T2 weighted images and MRS showing no lactate peak but mild and diffuse white matter hyper-
intensities (arrows). (C) Patient 3 (7 years): coronal T2, axial T2 weighted images and MRS showing bilateral cavitations in putamen characteristic of Leigh dis-
ease (arrows), frank and diffuse cerebral atrophy, white matter loss and a lactate peak. (D, E) Bone marrow aspiration from patient 1 (D) and 2 (E) showing ring
sideroblasts on iron stain.
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Table 1. Clinical, neuroimaging and molecular findings in patients carrying pathogenic /ARS2 variants.

Family Diagnosis  Age

at onset findings and

Ocular
findings

Neurological

Endocrinological Skeletal

findings

IARS2
mutations

Auditory  Follow-up
features

development

and growth

Schwartzentruber 1 1 CAGSSS  Birth DD, distal Cataract GH Bilateral Atrophied hearing 33y Homozygous Dysmorphic
etal., 2014 Sensory (17 m), deficiency ~ hip pituitary loss 2y) NolID c.2726C>T features.
neuropathy corneal (15y) dislocation, adenohypophysis (p.Pro909Leu) Type 2
9,5y) opacification Short SEMD (2y)  and small achalasia
(5y), orbital ~ stature neurohypophysis
myopathy (32 y)
2 1 CAGSSS  Birth DD, distal Cataract ~ GH deficiency Bilateral Hearing 6y Homozygous Dysmorphic
sensory 3 m), (4y) hip loss No ID c.2726C>T features
neuropathy corneal Short  dislocation, (p-Pro909Leu)
(8 m) opacification  stature SEMD
(17y) (18 m)
3 1 CAGSSS  Birth DD, Cataract (5 m), GH deficiencyBilateral hip Hearing 17y Homozygous Dysmorphic
distal sensory ~ corneal (5y)  dislocation loss (21 m) NoID c.2726C>T features
neuropathy opacifications ~ Short  (at birth), (p-Pro909Leu)
Gy) stature  SEMD
4 2 Leigh Im No No No No Diffuse No 18 m Compound Increased
syndrome atrophy and (deceased) heterozygous CSFL
hyperintensities c.1821G>A
on T2 in the basal (p.Trp607*)
ganglia and thalami and ¢.2122G>A
Moosa et al., 1 1 CAGSSS  Birth  Hypotonia, Cataract ~ Normal GH Bilateral Mild Hearing 8y (p.Glu708Lys) Dysmorphic
2017 peripheral 3y) Short stature ~ hip hydrocephalus loss (8y) NoID Homozygous features
neuropathy (-6SD) dislocation  and narrow €.2620G>A Telangiectasia
(at birth), foramen (p.Gly874Arg)
SEMD (18m)  magnum
Takezawaetal, 1 1 CAGSSS, 5m Infantile Cataract Short NK Mild cortical NK 8y Compound Increased
2018 Leigh and West spasms, DD @8y stature atrophy (8 m); Hypotonic  heterozygous Land L/P
syndrome (-55D) severe cortical atrophy quadriplegia  ¢.680T>C in blood
and atrophy and bilateral and bedridden (p.Phe227Ser) and CSF
hyperintensity in the and ¢.2450G>A
basal ganglia on T2 (21 m) (p-Arg817His)
2 1 CAGSSS, Tm Infantile No NK NK Diffuse cortical NK 5y Compound Increased
Leigh and West spasms Short stature atrophy (7 m) Hypotonic  heterozygous Land L/P
syndrome (-5SD) bilateral quadriplegia,  ¢.680T>C in blood
hyperintensity bedridden  (p.Phe2275er) and CSF
in the basal ganglia (1y) and ¢.2450G>A
onT2 (18 m) (p-Arg817His)
Vonaetal, 2018 1 1 CAGSSS  Birth Spasticity Congenital GH SEMD Normal Hearing 20y Homozygous Type 2
cataract, nystagmus,deficiency ~ (18y) loss (13y) NoID c2725C>T achalasia,
corneal  Short stature (p.Pro909Ser) dysmorphic
opacification  (-3.5 SD) features
2 2 CAGSSS  Birth No Congenital No SEMD NK No 35y Homozygous Dysmorphic
cataract, corneal No ID c.2282A > G features
opacification (p.His761Arg)
3 2 CAGSSS  Birth No  Congenital cataract ~ No NK NK No 2Ty Homozygous Dysmorphic
No ID c228A> G features
(p-His761Arg)
Lietal, 2018 1 1 Cataract  5m No Cataract No No NK No NK Compound
(5m) heterozygous
¢.607G>C
(p.Gly203Arg) and
¢.2575T>C (p.Phe859Leu)
2 M 2 Cataract 6m No Cataract No No NK No NK Compound Increased
(6 m) heterozygous serum L
¢.2446C>T

continued on the next page

haematologica | 2021; 106(4) -



- Case Reports

continued from previous page

(p-Arg816%)
and ¢.2575T>C
(p.Phe859Leu)
3 M 2 Cataract NK No Cataract ~ No  No NK No NK Compound
heterozygous
c.2446C>T
(pArg816%)
and c.2575T>C
(p-Phe859Leu)
Leeetal,2019 1 F 1 Leigh 18m Development No NK  No T2 hyperintensity No 13y Compound
syndrome regression involving both the Walks with  heterozygous
caudate nucleus and assistance; c.1195A> G
basal ganglia with no speech  (p.Met399val)
swelling and a lactate peak and ¢.2052delT
in the basal ganglia lesion (42m) (p.GIn685Lysfs*15)
2 F 2 Leigh 1lm DD, hypotonia No NK  No T2 hyperintensity NA 16m Compound NK
syndrome in the periaqueductal (deceased) heterozygous
area and midline of the midbrain, ¢.550G> A (p.Alal84Thr) and
together with diffuse brain atrophy ¢.1967T>C (p.Phe656Ser)
3 M 3 Leigh 1lm DD Nystagmus, NK  No T2 hyperintensity No 8y Compound Increased
syndrome cataract in both the basal ganglia Walks alone;  heterozygous serum L
(putamen) and a lactate No speech  ¢.314_318del
peak in the putamen (37 m) (p.Vall05Aspfs*T7)
and ¢.2450G>A
(p-Arg817His)
4 M 4 Leigh 9m DD, Cataract ~ Short No Bilateral No 3y Compound Increased
syndrome Microcephaly, stature symmetric T1- weighted Sit up and stand heterozygous serum L
Seizures low and T2- hyperintensity with assistance, ¢.971_972del
(spasms) in the putamen and no speech (p-Ser324*)
delayed myelination (22 m) and ¢.2450G> A
(p-Arg817His)
5 M 5 Leigh S5m DD, Cataract Hypopara- No Bilateral NK 5y Compound Increased
syndrome Microcephaly, thyroidism symmetric T2 Nearly heterozygous serum L
seizures Short stature hyperintensity and bedridden;  ¢.314_318del
atrophic changes in both no babbling (p.Vall05Aspfs*7)
the putamen and caudate nucleus, and ¢.2450G>A
diffuse cerebral atrophy, and loss (p.Arg817His)
of WM volume
This article 1 M 1 Leigh Birth DD, Cataract Hypopara- No Bilateral basal No 16 m Compound Increased
syndrome, seizures thyroidism ganglia hyperintensity (deceased)  heterozygous serum and
anemia (spasms) on T2-weighted ¢.891G>A (p.Trp297*)  CSFL
images ¢.2450G>A (p.Arg817His)
2 M 2 Anemia, Birth DD No No No Bilateral No 2m Homozygous Increased
cardiomyopathy basal ganglia (deceased) c.199C>T serum L
hyperintensity on (p.Pro67Ser)
T2-weighted images (1 m)
3 M 3 Anemia, Birth DD, Cataract ~ No scoliosis bilateral caudate No 14y Compound Intermittently
cardiomyopathy Anemia, (4,5m) nuclei and putamen (deceased), heterozygous increased
cardiomyopathy Glaucoma hyperintensities (16 m). profound [Dc.2025dup; p.Asp676*  serum L
4y Subsequent global cerebral (nowalking,  ¢.986T>C;
and basal ganglia volume loss no language),  p.Leu329 Pro
with a small lactate peak on MR pharmaco-resistant
spectroscopy in the basal ganglia. epilepsy, NGF
4 F 3 DD,right Birth DD, Cataract No scoliosis Volume loss No 26y, profound Compound Increased
mild Seizures (6 m) involving the caudate ID (no walking, heterozygous serum
hemiplegia (spasms),  Glaucoma nuclei, globus pallidi no language),  c.2025dup; and CSF L
26y and putamina. T2 flair pharmaco-resistant p.Asp676*
hyperintensities involving seizures. ¢.986T>C;
the basal ganglia p.Leu3d29 Pro

CAGSSS: cataracts, growth hormone deficiency, sensory neuropathy, sensorineural hearing loss, and skeletal dysplasia syndrome; CC: corpus callosum; CSF: cerebrospinal fluid; DD:
developmental delay; F: female; GH: growth hormone; ID: intellectual disability; L: lactate; M: male; m: months; NGF: naso-gastric feeding; NK: not known; P: pyruvate; SD: standard devi-
ation; SEMD: Spondylo-epi-metaphyseal dysplasia; WM: white matter; y: years. JARS2 cDNA accession number is NM_018060.3.
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Figure 2. Pedigrees of the reported families and pathogenic variants described in the IARS2 gene. (A) Pedigrees, segregation and localization of the pathogenic
IARS2 variants. (B) Linear map of the reported pathogenic IARS2 variants. Important structural domains and their locations on the protein map are shown.
Amino acid location of each reported pathogenic variant is indicated (NM_018060.3). The likely pathogenic variants reported in this article are underlined and,

if novel, indicated by a star.

the anticodon binding domain, and a missense variant
inherited from his mother (c.2450G>A, p. Arg817His).
The p. Arg817His variant has been previously reported in
four patients with Leigh syndrome.*®

Patient 2 was born from non-consanguineous healthy
parents from Sri Lanka, at 31 weeks of gestation by
cesarean section for cardiac rhythm anomalies after a
dichorionic twin pregnancy (Apgar score 3, 6 and 7). His
brother had no fetal distress and was healthy. He present-
ed with respiratory distress and anemia at birth (hemo-
globin 3.9 g/dL, normal 9-14 g/dL; MCV 84 fl). He need-
ed transfusions at days 54, 69, 76 and 79.
Thrombocytopenia was also present at birth (115
platelets/mm® with a nadir at 50, normal >150.000) and
myelogram showed 3.7% of ringed sideroblasts (Figure
1E). His plasma lactate was elevated (3.6-9.7 mmol/L,
normal <2 mmol/L). A complete metabolic work-up,
including plasma amino acids and vitamin B12 and uri-
nary organic acids was normal. Brain MRI showed mild,
diffuse white matter hyperintensities (Figure 1B). He was
referred to the intensive care unit for mechanical ventila-
tion. At day 54, he presented with pericardial effusion in
the context of severe biventricular hypertrophic car-
diomyopathy. He died at 2,5 months due to bradycardia.

Whole exome sequencing identified a homozygous
variant in the IARS2 gene (c.199C>T; p. Pro67Ser). This
variant, absent in publicly available databases, is highly
conserved through evolution and predicted to be damag-
ing by in silico softwares (Figure 1B).

Patient 3, the last of four siblings, was born at 33
weeks gestation by emergency caesarean section due to

reduced fetal movements (Apgar score 1, 5 and 6). His
elder sister (patient 4, see pedigree in Figure 2) had a mild
left intra-ventricular bleed on an early cranial ultrasound
and was diagnosed with bilateral cataracts at 6 months.
She was found to have global developmental delay and
infantile spasms at 32 months of age with hypsarrhyth-
mia on EEG. Her MRI neuroimaging showed volume loss
involving caudate nuclei, globi pallidi and putamina, T2
flair hyperintensities of basal ganglia with no evidence of
lactate doublet on nuclear magnetic resonance (NMR)
spectroscopy. No cardiac or hematological involvement
were noted and her bone marrow biopsy was unremark-
able.

Patient 3 required ventilation for 2 weeks and devel-
oped profound anemia (hemoglobin nadir 3.1g/dL) and
severe cardiomegaly with poor cardiac function. At 4.5
months (11 weeks corrected), he was diagnosed with
bilateral cataracts. At 18 months of age, he presented
with a first metabolic crisis in the context of pneumonia
associated with profound hypotonia, severe anemia and
elevated lactate. He developed persistent oropharyngeal
incoordination that necessitated gastrostomy. At 2.5
years, he developed refractory tonic seizures and an EEG
demonstrated frequent bilateral spike-wave discharges.
He was able to smile and acquired head control but was
unable to sit unsupported.

At 4 years of age, the transfusion-dependent anaemia
relapsed (hemoglobin nadir 3.5g/dL). Bone marrow aspi-
ration showed subnormal myelopoiesis and megakary-
opoiesis but marked erythroid hypoplasia and dysplasia

with an increased number of progenitors, vacuolation
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and basophilic stippling. Iron staining showed ring sider-
oblasts in 10% of erythroid cells. He went on to develop
mild concentric left ventricular hypertrophy, glaucoma,
constipation, scoliosis and mixed central/obstructive
sleep apnoea requiring non-invasive ventilation therapy.
Brain MRI at 16 months of age demonstrated bilateral
hyperintensities of caudate nuclei and putamen.
Subsequent neuroimaging showed global cerebral and
basal ganglia volume loss with bilateral putamina cavita-
tion, characteristic of Leigh disease and a small lactate
peak on NMR spectroscopy in basal ganglia (Figure 1C).
Plasma lactate was intermittently elevated (up to 3.3
mmol/L, normal 0.6-2.4 mmol/L) but biochemical work-
up was otherwise normal. He died from central respira-
tory failure at the age of 14 years. In patient 3 and 4,
whole exome sequencing identified two compound het-
erozygous variants in JARS2; a paternally inherited non-
sense variant (c.2025dup; p. Asp676*) predicted to result
in either NMD or loss of the terminal two thirds of the
protein including anticodon binding domain; and a
maternally inherited missense variant (c.986T>C;
p. Leu329Pro) modifying a mildly conserved residue.
Neither of these variants have been reported to date.

Respiratory chain enzyme activities were normal in the
liver, skeletal muscle or lymphocytes of patients 1 and 3
(Table). Blue native polyacrylamide gel electrophoresis of
respiratory enzyme chain complexes was normal in cul-
tured skin fibroblasts of patient 1 (1ot shown). No mito-
chondrial DNA (mtDNA) deletions or rearrangements
were found in circulating leukocytes and bone marrow of
patients 1 to 3 (Table).

Here, we report on three unrelated patients presenting
with sideroblastic anemia, initially suggestive of Pearson
Marrow-Pancreas syndrome. The absence of mtDNA
deletion or complex rearrangements prompted to recon-
sider this diagnosis and to eventually identify biallelic
pathogenic IARS2 variants in the three patients. Children
with Pearson syndrome usually present with bone mar-
row failure and exocrine pancreatic dysfunction in the
first year of life. They have macrocytic sideroblastic ane-
mia with ringed sideroblasts detected by iron staining of
the bone marrow. This transfusion-dependent condition
is accompanied by thrombocytopenia and neutropenia.
The disease gradually worsens and multisystem involve-
ment occurs, including failure to thrive, liver failure,
hypotonia and lactic acidosis. Survival and spontaneous
recovery from bone marrow dysfunction after several
years is possible, with a transition to clinical manifesta-
tions of Kearns-Sayre syndrome.” Pearson syndrome is
caused by a single large-scale mitochondrial DNA dele-
tion."

At variance with Pearson syndrome, our patients had a
low level of ring sideroblasts in blood marrow aspiration,
and presented with an early extra-hematological involve-
ment (cardiomyopathy, cataract, and neurological
involvement).

Pearson syndrome is not the unique cause of siderob-
lastic anemia in respiratory chain deficiency. In fact,
sideroblastic anemia has been associated with pathogenic
variants in other mitochondrial proteins, namely
SLC25A38, PUS1, ABCB7, GLRX5, NDUFB11, COX10,
HSPA9, TRNT1 and ATP6." Moreover, congenital sider-
oblastic anemia has been associated with mutations in
two other mitochondrial ARS2 genes, namely YARS2 and
LARS2."™

IARS2 mutations were first identified in patients with
CAGSSS, then in patients with Leigh syndrome, and
more recently in patients with cataract. To date, 18
patients have been reported with a broad range of partial-

ly overlapping symptoms (Table 1).**

Our report expands the clinical spectrum of IARS2-
related disorders to early-onset sideroblastic anemia
mimicking Pearson syndrome. It adds JARS2 to the list of
mitochondrial disease genes underlying sideroblastic ane-
mia in early childhood. Future studies will hopefully help
in identifying the actual impact of respiratory chain defi-
ciency on human erythropoiesis and explaining why
sideroblastic anemia is a frequent, yet inconstant feature
in mitochondrial disorders.
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