Molecular Genetics and Metabolism Reports 29 (2021) 100800

ELSEVIER

Contents lists available at ScienceDirect
Molecular Genetics and Metabolism Reports

journal homepage: www.elsevier.com/locate/ymgmr

MGM

Reports

Short Communication

Leigh syndrome-like MRI changes in a patient with biallelic HPDL variants

treated with ketogenic diet

Yurika Numata-Uematsu * , Mitsugu Uematsu “, Toshiyuki Yamamoto b, Hirotomo Saitsu €,
Yu Katata“, Yoshitsugu Oikawa “, Naoya Saijyo “, Takehiko Inui 4, Kei Murayama °,
Akira Ohtake "¢, Hitoshi Osaka ", Jun-ichi Takanashi’, Shigeo Kure?, Ken Inoue’

@ Department of Pediatrics, Tohoku University School of Medicine, Sendai, Japan

Y Institute of Medical Genetics, Tokyo Women'’s Medical University; Tokyo Women’s Medical University Institute of Integrated Medical Sciences, Tokyo, Japan

¢ Department of Biochemistry, Hamamatsu University School of Medicine, Hamamatsu, Japan

d Department of Pediatric Neurology, Miyagi Children’s Hospital, Sendai, Japan

€ Center for Medical Genetics and Department of Metabolism, Chiba Children’s Hospital, Chiba, Japan
f Department of Pediatrics & Clinical Genomics, Faculty of Medicine, Saitama Medical University, Saitama, Japan

8 Center for Intractable Diseases, Saitama Medical University Hospital, Saitama, Japan
1 Department of Pediatrics, Jichi Medical University, Tochigi, Japan

! Department of Pediatrics, Tokyo Women’s Medical University Yachiyo Medical Center, Yachiyo, Japan
J Department of Mental Retardation and Birth Defect Research, National Institute of Neuroscience, National Center of Neurology and Psychiatry, Tokyo, Japan

ARTICLE INFO ABSTRACT

Keywords: Biallelic 4-hydroxyphenylpyruvate dioxygenase-like protein (HPDL) variants were recently reported as a cause of
HPDL progressive and incurable neurodegenerative diseases ranging from neonatal-onset leukoencephalopathy with
Leukoencephalopathy

Leigh syndrome
Ketogenic diet
Mitochondria

severe neurodevelopmental delay to spastic paraplegia. Although the physiological function of HPDL remains
unknown, its subcellular localization in the mitochondria has been reported. Here, we report a case of HPDL-
related neurological disease that was clinically and neuroimaging compatible with Leigh syndrome, previously

unreported, and was treated with a ketogenic diet.

1. Introduction

Leigh syndrome (LS), which is the most common presentation of
mitochondrial disease phenotype in children, presents with hyper-
lactatemia and a lesion in the basal ganglia and brainstem [1]. Over 75
disease-associated genes have been identified till date [2]. Recently,
biallelic 4-hydroxyphenylpyruvate dioxygenase-like protein (HPDL)
variants were reported as a cause of neurodegenerative diseases, which
range from neonatal-onset mitochondrial leukoencephalopathy with
severe neurodevelopmental delay to juvenile onset hereditary spastic
paraplegia [3-6]. Neuroradiological findings associated with HPDL
variants were also extremely diverse. These ranged from abnormalities
in the white matter and striatum to no pathological findings. However,
there are no previous reports of lesions in the basal ganglia and brain-
stem resembling LS. Here, we report the case of a pediatric patient who

developed leukoencephalopathy resembling LS. We detected novel
compound heterozygous HPDL variants in the patient and treated the
patient with a ketogenic diet.

2. Case presentation

The patient was an 18-month-old child who was born to non-
consanguineous parents at term after a normal pregnancy and de-
livery. Family history was non-contributory. From the fifth week, the
patient exhibited poor feeding. At the age of eight weeks, the patient
developed intractable cyanotic apnea. Brain MRI revealed a diffuse
bilaterally symmetric, abnormal intensity in the white matter, pre-
dominantly in the frontal lobes (Fig. 1A). Diffusion-weighted images
showed low signal intensity in the frontotemporal area, and high in-
tensity in the occipital area (Fig. 1B and C). Single-voxel proton
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Fig. 1. Brain MRI and MRS findings and serum lactate and pyruvate levels. MRI
at two months shows extensive cerebral white matter abnormalities especially
in the frontal lobes [A]. Diffusion-weighted [B, C] images show low signal in-
tensity in the fronto-temporal area, high intensity in the occipital area and no
abnormal intensity signals in the brainstem at two months. At six months, axial
T2-weighted [E] and diffusion-weighted [F] images demonstrate abnormal in-
tensity signals in bilateral putamen, diffuse brain atrophy, and ven-
triculomegaly. Diffusion-weighted [G] images show abnormal intensity signals
in the brainstem at six months (white arrow head). At eighteen months of age,
bilateral lesions in the putamen with areas of restricted diffusion are seen at six
months were absent in axial T2-weighted [I] and diffusion-weighted [J] images.
Myelination was delayed for the patient’s biological age. No significant pro-
gression of cerebral atrophy was observed compared to that at 6 months.
Diffusion-weighted imaging [K] shows no abnormal intensity signals in the
brainstem at eighteen months. MRS [D] (PRESS, TR/TR = 35/2000 msec, NEX
= 128) in frontal white matter at two months, which was quantitatively
analyzed with LCModel, shows prominent peak at around 1.3 ppm, which
composed of macromolecules and lactate (broad line, 1.99 mmol/1) (black
arrow head). Thin lines indicated the original spectra including all metabolites.
Bold lines were the fitting curves for lactate. In MRS [H] at six months, the peak
of lactate shows a high peak, similar to that at two months (1.80 mmol/1) (black
arrow head). MRS [L] at eighteen months shows the reduced level of lactate
(0.39 mmol/1) (black arrow head). Blood lactate [M], pyruvate [N] levels are
slightly high before treatment with a ketogenic diet and thereafter, normalized.
The lactate/pyruvate ratio [O] is slightly higher than the normal levels at two
month and thereafter, decreased.

magnetic resonance spectroscopy (MRS) of the frontal white matter
showed an abnormally high lactate peak (Fig. 1D). The patient received
mechanical ventilation and vitamin cofactor therapy. The apnea
resolved after treatment with phenobarbital and levetiracetam. The
patient’s plasma lactate and pyruvate levels and the lactate/pyruvate
(L/P) ratio showed remained slightly higher than the normal levels
(Fig. 1M—0). Cerebrospinal fluid studies showed a normal cell count,
normal total protein level, and slightly elevated levels of lactate (2.85
mmol/1), pyruvate (0.13 mmol/1) and the L/P ratio (21.9). Urine organic
acid, plasma amino acid, and dried blood spot acylcarnitine profiles
were normal. Oral vitamin supplementation was continued.
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At 6 months of age, the patient again developed intractable cyanotic
apnea and received the same treatment as before. MRI revealed new
signal hyperintensities in the bilateral putamen and brainstem resem-
bling LS (Fig. 1E-G), as well as reduced white matter volume and pro-
gressive cerebral atrophy. MRS showed an abnormal lactate peak
(Fig. 1H). After acute therapy, the patient showed spastic quadriplegia,
poor head control, mild strabismus, loss of ocular pursuit, and social
smile. The patient had a slight increase in serum lactate (2.88-3.40
mmol/1) and pyruvate (0.13-0.19 mmol/1) levels despite the patient’s
stable condition (Fig. 1M and N). The L/P ratio was at the upper limit of
normal range (Fig. 10). These findings suggest that the patient had
mitochondrial dysfunction. However, the mitochondrial respiratory
chain activity in fibroblasts was unremarkable.

The patient started ketogenic dietary treatment at the age of 10
months. After 3 months, the serum lactate and pyruvate levels normal-
ized (Fig. 1M, N). The L/P ratio was also decreased (Fig. 10). The patient
recovered the abilities to support the head, to socially smile, and to
follow objects with the patient’s eyes. On MRI, the bilateral putamen
and brainstem lesions were no longer recognized at 18 months
(Fig. 1I-K). Myelination progressed in the occipital lobe, although it was
still delayed for the patient’s age. The progression of cerebral atrophy
appeared to decrease compared to the MRI findings at 6 months. MRS
revealed a decrease in lactate levels (Fig. 1L). Chromosomal analysis and
panel exome analysis of mitochondrial diseases were unremarkable.
Whole exome sequencing identified compound heterozygous mutations
in the HPDL gene: NM_032756.4:c.149_151del, p.(Gly50del) and
¢.537G > A, p.(Trp179%). The first variant given was a three base pair
deletion of p.(Gly50del) and had small in-frame indels. The same codon
p-Gly50Asp is listed twice in ClinVar as pathogenic [3,6]. The second
variant p.(Trp179*) is expected to lead truncating or missense mutations
downstream. Therefore, according to the interpretation of the American
College of Medical Genetics and Genomics criteria, these variations are
likely pathogenic and pathogenic mutations, respectively.

3. Discussion

This is the first report of a patient with HPDL variants who developed
leukoencephalopathy with bilateral putamen and brainstem lesions
resembling LS. This patient’s initial MRI showed diffuse white matter
damages, as seen in previously reported cases of HPDL variants [3].
However, lesions resembling LS emerged later. Previous reports also
showed that HPDL variants cause pathology reminiscent of mitochon-
drial diseases, such as hyperlactatemia [3-6]. Although the physiolog-
ical function of HPDL remains unknown, its subcellular localization in
the mitochondria has been reported [3-6]. Clinically, most HPDL-asso-
ciated disorders with neonatal encephalopathy show diffuse white
matter damage at the onset, as seen in this case, resulting in a severe
phenotype [3]. However, no clear genotype-phenotype correlation was
observed. The LS-like MRI findings with increased lactate in this case
further suggest that the disease-causing HPDL variants may be associ-
ated with abnormal mitochondrial function.

After ketogenic dietary treatment, the patient’s clinical symptoms
and biochemical findings improved. Furthermore, lesions resembling LS
disappeared, and myelination began to progress on MRI. Although the
natural history of cases with HPDL variants has not been established, we
found this clinical recovery to be remarkable. As a characteristic
biochemical finding, this patient showed mild hyperpyruvinemia, as
also reported in another case with a severe phenotype harboring HPDL
variants [3]. The elevation of the blood pyruvate and the low L/P ratio
are also recognized in the patients of mitochondrial diseases with py-
ruvate dehydrogenase complex (PDHC) deficiency, which is a mito-
chondrial disorder representing LS and the ketogenic diet proved to be
beneficial [7,8], although the levels of them in this case are higher than
that of the typical patient with PDHC deficiency. In PDHC deficiency,
this is because pyruvate derived from glycolysis cannot be metabolized
through the tricarboxylic acid cycle. Ketone bodies supplied by a
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ketogenic diet serve as an alternative energy substrate to glucose,
thereby suppressing seizure and apnea, and extending longevity [9]. The
absence of abnormalities in the mitochondrial respiratory chain activity
is also common in both diseases [3]. These common features led us to
attempt ketogenic dietary treatment in this patient. The levels of plasma
lactate, pyruvate and the L/P ratio and the lactate levels on MRS
decreased after starting ketogenic diet. The clinical improvement
observed in this patient suggested that HPDL may be involved in the
pyruvate metabolic pathway in the mitochondria. Despite not having
measured PDHC activity in this case, whether PDHC activity was
inhibited in cells might be given to a new insight into the function
analysis of HPDL. The progression of LS is often episodic [2]. Therefore,
the efficacy of a ketogenic diet in HPDL-associated disorders should be
further validated clinically and biologically, since HPDL-associated
disorders have been reported to be progressive and incurable.

4. Conclusions

This study provides new insights into the variations of neuroimaging
in patients with HPDL variants and suggests the possibility of treatment
with a ketogenic diet.
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