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Background: Mitochondrial alanyl-tRNA synthetase 2 gene (AARS2) related disease is a rare genetic disorder
affecting mitochondrial metabolism, leading to severe cardiac disease in infants or progressive leukodystrophy in
young adults. The disease is considered ultra-rare with only 39 cases of AARS2-leukodystrophy previously
reported.

Case presentation: We present the case of a young man of consanguineous heritage suffering from cognitive
decline and progressive spasticity as well as weakness of the proximal musculature. Utilizing MRI and whole
genome sequencing, the patient was diagnosed with a homozygous AARS2 missense variant (NM_020745.3:
¢.650C > T; p.(Pro217Leu)) and a homozygous CAPN3 variant (NM_000070.2: ¢.1469G > A; p.(Arg490Gln)),
both variants have previously been identified in patients suffering from AARS2 related leukodystrophy and limb-
girdle muscular dystrophy, respectively.

Conclusions: This case report presents a case of homozygous AARS2 leukodystrophy and serves to highlight the
importance of whole genome sequencing in diagnosing rare neurological diseases as well as to add to the

awareness of adult onset leukodystrophies.

1. Background

Mitochondrial alanyl-tRNA synthetase 2 gene (AARS2) related
(ovario)leukodystrophy (MIM #615889) is a rare subtype of adult onset
leukodystrophies with autosomal recessive inheritance. Adult onset
leukodystrophy is in itself a rare condition, showing an incidence of 2/
100.000 in a German population [1]. AARS2 is a nuclear gene encoding
mitochondrial alanyl-tRNA synthetase which is responsible for trans-
ferring the amino acid alanine to the accepting mitochondrial tRNA in
the mitochondrial matrix. In addition, the enzyme has an editing
domain, which can deacylate tRNAs, charged with an incorrect amino

acid [2,3]. AARS2 leukodystrophy (AARS2-L) thus belongs to the group
of genetic diseases of mitochondrial metabolism caused by deficiency of
mitochondrial aminoacyl-tRNA synthetase (mt-aaRS) proteins. The
literature describes three well-defined mt-aaRS related leukodystrophy
syndromes with deficiency of aspartyl-tRNA (DARS2) and glutamate-
tRNA synthetase (EARS2), respectively, in addition to AARS2 leuko-
dystrophy [4]. Despite a relatively well-defined disease phenotype and
cerebral MRI pattern, diagnosis can be challenging due to the rarity of
the disease, the potential lack of awareness and several less rare dif-
ferential diagnoses.

Pathogenic AARS2 variants were first described in infants suffering
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from progressive fatal cardiomyopathy in 2011. Later cases were also
described with lung hypoplasia and skeletal muscle myopathy [2,5]. The
slightly more prevalent adult phenotype, first described in 2014 [6], is
characterized by adult-onset premature ovarian failure in females and
progressive leukodystrophy [4]. Age at onset is typically around 25
years with patients displaying cognitive decline, neuropsychiatric
symptoms along with pyramidal and extrapyramidal signs with rapid
progression [4,7,8]. Some cases have been described with preexisting
developmental delay or motor problems in childhood [8]. However, the
spectrum of AARS2-related phenotypes has recently been widened.
There are various symptoms and their prevalence differ among patients.
Cases with ataxia, demyelinating polyneuropathy and tremor, basal
ganglia and cerebellar symptoms as well as a case with progressive optic
neuropathy have also been described [9-11]. There is currently no
treatment for the condition.

With this case report, we wish to contribute to the understanding of
the natural course of AARS2 leukodystrophy, raise awareness for adult
onset leukodystrophies, and, not least, illustrate substantial benefit of a
diagnostic approach using next generation sequencing in a selected
group of patients at the adult neurology department suspected of inborn
errors of metabolism.

2. Case presentation

In our clinic we were presented to a 27-year old male of Afghan
heritage showing signs of cognitive decline. The patient's gait was
reportedly altered after a falling accident in his early teens, but he did
not otherwise suffer from any other known medical conditions. The
patient showed no recognition of his own shortcomings. However, his
next of kin reported that over a two months period, the patient had
developed increasing forgetfulness and decreasing ability to carry out
basic activities of daily living. The next-of-kin reported that the patient
was an only-child and that his parents were first cousins, with no first- or
second-degree relatives exhibiting signs of neurological disease.

On initial exam the patient appeared unkempt and with a decreased
nutritional level. He was unaware where he was or why, and had great
trouble following instructions. MMSE (Mini-Mental State Examination)
was 13/30. He was unable to recall three words after five minutes. He
showed slightly increased muscle tone in his left side, mainly in his
lower limb. He also presented with a bizarre, waddling gait with his
body tilted back and dragging feet. The left arm was held in a spastic
flexed posture with decreased pendulation of his right arm and en-bloc
turns. There was no history of drug abuse, mood changes, hallucinations
or psychosis.

The remainder of the exam was unremarkable, with only a minor
degree of scapular winging. His blood biochemistry was completely
normal, including s-lactate and creatine kinase. A CAT-scan done on
suspicion of intracranial mass, showed mild cortical atrophy along with
widespread leukoencephalopathy (see Fig. 1).

A subsequent MRI revealed a leukoencephalopathy suggestive of
adult-onset leukoencephalopathy with axonal spheroids and pigmented
glia (ALSP) (see Fig. 2).

Cerebrospinal fluid (CSF) analysis showed a normal cell count and
protein levels. Tests for very long chain fatty acids in plasma, phytanic
acid as well as lysosomal enzyme activities in leukocytes (beta galac-
tosidase, arylsulfatase A, hexosaminidase A and B, galaktocerebrosidase,
alpha fucosidase, alpha mannosidase, tripeptidyl-peptidase, palmitoyl
protein thioesterase) were negative, ruling out X-linked adrenoleuko-
dystrophy and several lysosomal leukodystrophies.

Whole genome sequencing (paired-end 2x150bp, ~30x coverage,
Mlumina platform) revealed a homozygous AARS2 missense variant
(NM_020745.3:¢.650C > T; p.(Pro217Leu)) and a homozygous CAPN3
missense variant (NM_000070.2: ¢.1469G > A; p.(Arg490Gln)), both
variants previously identified in patients suffering from AARS2 related
leukodystrophy [12] and limb-girdle muscle dystrophy [13],
respectively.
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Fig. 1. CAT scan of the brain showing bilateral, symmetrical periventricular
and deep white matter leukoencephalopathy, central atrophy with moderate
atrophy of corpus callosum and the basal ganglia, and slight cortical atrophy,
with parietal predominance.

The patient was tested by occupational therapists who found him
able to perform general activities of daily living (ADLs) such as bath-
room visits, showering etc. He was, however, completely unable to
perform more advanced functions. The patient was discharged to
rehabilitation.

On follow-up 8 months later, the patient still displayed severe deficit
of self-awareness and reported to feel fine. However, rehabilitation staff
reported, that the patient had further deteriorated; now being unable to
navigate within the rehabilitation center and he furthermore developed
fecal and urinal incontinence. The objective examination of the patient
showed further worsening of anterograde memory with a score of 7/30
on MMSE. The patient had developed dysarthria and positive primitive
reflexes including a positive snout reflex, grasp reflexes, bilateral posi-
tive Rossolimo's sign, further increase in general spasticity with a left-
sided predominance as well as positive Hoffmans reflex on both upper
limbs. Muscle reflexes were generally brisk (grade 3) and unchanged, as
was his strength. The staff from the patients care center described the
patient to be increasingly impulsive and disinhibited in his behavior.

On his last follow up 19 months after initial admission the patient's
condition had worsened further. According to staff from his care center,
he had become increasingly unresponsive with apathy and required
continuous prompting when eating. Frontal release signs and spasticity
in upper and lower extremities had increased. However, the most
striking difference consisted of a severely reduced attention span and
loss of ability to walk unaided (see Fig. 3 for timeline).

ECG and transthoracic echocardiography showed no signs of cardiac
disease. Due to advanced cognitive impairment at onset, we felt it was
unethical to do a muscle biopsy for further investigation of limb girdle
muscular dystrophy, since there would be no therapeutic consequences.

3. Discussion and conclusions

We report the case of a young Afghan man of consanguineous heri-
tage presenting with rapid cognitive decline, a mixture of spastic and
myopathic gait as well as upper motor neuron signs with right sided
predominance, progressing with further cognitive impairment and
development of primitive reflexes over a course of 18 months. Cerebral
MRI showed symmetrical leukodystrophy, with similarities to ALSP
(Fig. 2) and other genetic leukoencephalopathies. Initial metabolic
screening tests could not establish a specific diagnosis. In this situation,
we applied a rapid whole genome sequencing panel comprising 2136
nuclear genes, all variants annotated as pathogenic in the ClinVar
database (https://www.ncbi.nlm.nih.gov/clinvar/) and the entire
mitochondrial DNA (mtDNA). The analysis revealed that the patient is
homozygous for a pathogenic AARS2 missense variant as well as a
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Fig. 2. Brain MRI. Axial T2 and coronal FLAIR sequences show extensive bilateral, grossly symmetrical and predominantly confluent hyperintensities of periven-
tricular, deep and subcortical white matter, with spared U fibers (A-B). Axial TIW image shows corresponding low signal in the affected areas (C). The hyper-
intensities are slightly inhomogeneous, with some patchy areas of yet spared white matter in the deep white matter (D-E, arrows). There are no signs of white matter
rarefaction. The hyperintensities show slight fronto-parietal predominance, but the occipital lobes and the posterior parts of the temporal lobes are also affected (F-G,
arrows). DW images show few, punctate and linear areas of restricted diffusion, bilaterally aligned in abnormal white matter in centrum semiovale and corona
radiata, with intermediate low signal on the ADC map (H-I-J, arrows). Corpus callosum shows substantial diffuse atrophy, with segmental signal abnormalities in
both genu, body and splenium, corresponding to connections between the abnormal white matter in the two hemispheres (K) with some even more atrophic areas (K,
arrows). There is symmetrical, mild cerebral atrophy with parietal predominance, corresponding to the more severe white matter volume loss in the parietal lobes
(L). There is no cerebellar atrophy (K-L). There are very discrete signal abnormalities along the corticospinal tracts in the posterior limbs of the internal capsules on
both sides, descending through the brain stem, including pons, indicating involvement of descending tracts (M-N, arrows). There are no signal abnormalities in the
basal ganglia and cerebellum.

Initial neurological evaluation. MMSE 13/30
No primitive reflexes.
Discharged to rehabilitation center

Final follow-up. Worsened spasticity.
Impaired attention-span.

Increasing apathy.

Loss of ability to walk unassisted

Further deterioration. Incontinence.

MMSE 7/30. Primitive reflexes

Impaired ADL-activities Genetic diagnosis

noted by next-of-kin (AARS2 and CAPN3) Transferred to nursing home.
| 1 \ 1 1 !

Feb 2019 Sep 2020

Dec 2018 May 2019 Oct 2019 Feb2020

Fig. 3. Timeline of events.

pathogenic CAPN3 missense variant. The patient was thus diagnosed
with two rare diseases, namely AARS2 leukodystrophy and limb-girdle
muscular dystrophy R1 calpain3-related (LGMD R1, formerly known
as LGMD2a) [14,15]. Whole genome sequencing is currently increas-
ingly employed in the pediatric setting, e.g. in neonatal and pediatric
intensive care, when inborn errors of metabolism (IEM) are possible
differential diagnoses, but also in patients with signs of pediatric de-
mentia or other severe neurodegenerative presentations [16]. The
background for this is the need to establish IEM diagnoses in a timely
manner, as increasing numbers of IEM can be treated with specific in-
terventions [17]. It has been shown that this approach can reduce time

to diagnosis and treatment, and by this decrease the following socio-
economic burden [18]. Even if specific therapeutic intervention is not
possible, a shorter time to diagnosis and prognostic information for
guiding of further patient management, e.g. towards palliative care, as
in this case, is helpful. On the background of the lower incidence of IEM,
first line extended genetic screening is not widely used in neurological
departments, but could potentially have a significant role, as the present
report underlines.

The initial presentation of our patient's symptoms was atypical, this
was later explained by the fact, that the patient displayed signs of two
rare genetic diseases [19]. The age of onset for the cognitive decline is
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close to the reported median age of onset in AARS2 leukodystrophy [4].
Also, the onset of gait affection corresponds to the typical age of onset
for LGMD R1 [14]. In fact, it has been reported, that 4,9% of patients
with autosomal recessive disease, suffer from more than one autosomal
recessive disease [20]. The prevalence is presumably even higher in
consanguineous individuals, such as the present patient. This is an
important message especially in cases of unusual phenotypes or if one
genetic diagnosis does not seem to explain all aspects of the phenotype.

Whilst the patient originally presented to our clinic due to cognitive
decline, his phenotypical presentation was highly marked by decreased
strength in his pelvic area, contributing strongly to his abnormal gait.
There was only a minor degree of scapular winging, a non-specific sign
of LGMD in general. However, the disparity between the marked
myopathy of his pelvic area and the relatively intact shoulder girdle, is a
classic hallmark of LGMD R1, as the pelvic girdle is usually more
affected than the shoulders [14]. In the initial stages of LMGD R1,
creatinine kinase levels are usually elevated, but decrease along with
loss of muscle mass, which is probably the case in our patient [14]. The
combination of LGMD 1R and AARS2-L is complicating care for our
patient, as the usual course of treatment for LGMD is physiotherapy and
occupational therapy in order to prevent contractures and hinder muscle
wasting. As our patient was already highly marked by his cognitive
impairment by the time of presentation, he was unable to participate in
active goal-directed therapy. His muscular dystrophy is also a highly
contributing factor to the impairment of mobility seen at follow-up
visits.

The MRI findings in our patient are highly consistent with those
previously described in patients with AARS2-L [6,7,21]. For these pa-
tients extensive, bilateral, variably inhomogeneous, grossly symmetrical
T2 and Flair hyperintensities with mild atrophy of the affected cerebral
areas; variable thinning of corpus callosum with pathological signal in
areas connecting the abnormal hemispheric white matter; small areas of
restricted diffusion in affected white matter, and signs of involvement of
descending tracts have been described. Within the group of mt-aaRS —
related leukodystrophies (DARS2, EARS2, AARS2) this MRI pattern
seems to be specific for AARS2-L [4]. Within the larger group of genetic
leukodystrophies the described MRI findings are not completely specific
for AARS2-L. A very similar MRI pattern is seen in patients suffering
from the well-defined Hereditary Diffuse Leukodystrophy with axonal
Spheroids (HDLS), also known as Adult-Onset Leukoencephalopathy
With Axonal Spheroids and Pigmented Glia (ALSP) related to genetic
variants in colony stimulating factor-1 receptor (CSFIR) gene. These pa-
tients also share very similar neurological phenotype [22]. Two previous
cases of AARS2 leukodystrophy have had a pathological examination of
their brain performed. Both cases displayed accumulation of axonal
spheroids, gliosis, myelin loss as well as an overrepresentation of CD68-
positive immune cells [7,23]. In addition, pathogenic variants in AARS,
encoding the cytosolic paralogue of AARS2, have been identified as the
likely cause of Swedish type hereditary diffuse leukoencephalopathy
with spheroids sharing clinical and histological features with both
AARS2-L and ALSP [24]. A recent review of adult onset leukodystro-
phies highlights the small areas of restricted diffusion in affected deep
white matter, which are also present in our patient, as highly specific for
AARS2-L and HDSL/ALSP. In another article Lakshmannan et al. point
out white matter rarefaction as a distinctive feature of AARS2-L
compared to HDSL/ALSP, which is not observed in our patient. On the
other hand, recent case reports [9,10] show that AARS2 mutations not
always give rise to leukodystrophy at all, and previous reports have
shown cases with very few, and asymmetric white matter changes
[6,22]. Thus the group of leukodystrophies, even narrowed within a
single gene mutation, is heterogeneous, and from a neuroradiological
point of view, the process of diagnosing adult leukodystrophies will
require a systematic approach [25-27] and supplementation by next
generation genetic sequencing diagnostics.

With only 39 patients with the AARS2 leukodystrophic phenotype
previously reported in the scientific literature and only three with
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homozygous genotype [8,28,29], it would be inaccurate to describe the
present patient as a”classic” case of the disease. However, our case
presents with several similarities compared to previous cases of AARS2-
L. Firstly, symptom-onset in our patient was cognitive decline in his 20's
conforming with the mean age-of-onset in other cases [8]. Secondly, our
patient presented with an abnormal gait, dysarthria, primitive reflexes
and universal spasticity with a one-sided lower limb predominance, thus
pyramidal signs were present as in many previous cases. Thus, our case
conforms well to the predominant presentation of AARS2 leukodystro-
phy as reported in the literature [8]. Absent pharyngeal reflexes,
involuntary hand tremor, ophthalmoplegia and psychiatric symptoms
such as depression and psychosis were also described in earlier cases of
AARS2 leukodystrophy [8], these were, however, not present in our
patient.

With this case report we hope to add to the growing understanding of
AARS2 leukodystrophy, and advocate for the use of whole-genome
sequencing as an invaluable tool in the diagnosis of neurometabolic
conditions.
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