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Case Report: A Relatively Mild Phenotype Produced by Novel Mutations in the SEPSECS Gene
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Mutations in the human O-phosphoseryl-tRNA:selenocysteinyl-tRNA synthase gene (SEPSECS) are associated with progressive cerebello-cerebral atrophy (PCCA), also known as pontocerebellar hypoplasia type 2D (PCH2D). Early-onset profound developmental delay, progressive microcephaly, and hypotonia that develops toward severe spasticity have been previously reported with SEPSECS mutations. Herein we report a case with severe global developmental delay, myogenic changes in the lower limbs, and insomnia, but without progressive microcephaly and brain atrophy during infancy and toddlerhood in a child harboring the SEPSECS missense variant c.194A>G (p. Asn65Ser) and a novel splicing mutation c.701+1G>A. With these findings we communicate the first Chinese SEPSECS mutant case, and our report indicates that SEPSECS mutations can give rise to a milder phenotype.

Keywords: SEPSECS mutation, PCCA, PCH2D, milder phenotype, developmental delay


INTRODUCTION

The SEPSECS gene encodes O-phosphoseryl-tRNA:selenocysteinyl-tRNA synthase (SepSecS), the final enzyme that catalyzes the Sep-tRNA to Sec-tRNA conversion, which is used in the synthesis of selenocysteine (1, 2). SepSecS is essential for the synthesis of selenoproteins, which are expressed unevenly and stably in the brain (3). The biallelic deletion of Trsp in mice (which impedes selenoprotein synthesis) resulted in cerebellar hypoplasia, seizure, and developmental delay (4)—phenotypes that are congruent with those described in previous clinical reports of SEPSECS mutations (5–11). Several investigators identified mutations in human SEPSECS as the cause of severe, early-onset neurological symptoms that were later characterized as causing pontocerebellar hypoplasia type 2D (PCH2D) (5–11)—with or without signs of mitochondrial deficiencies that include elevated blood lactate (7), visual impairment, and myopathy (9). Although harboring different mutant alleles, patients presented remarkably similar phenotypes typified by an autosomal recessive progressive microcephaly with profound developmental delay, progressive brain atrophy, and hypotonia (6, 7, 9). Repeated magnetic resonance imaging (MRI) of affected individuals revealed progressive cerebellar atrophy followed by cerebral atrophy involving both white and gray matter. Brain atrophy is recognized at various developmental stages, but principally within the first 18 months of life (6, 7, 9). However, SEPSECS mutations have been identified in three milder late-onset patients, with cerebellar atrophy first recognized by MRI at 9, 16, and 18 years of age (8, 10).

We hereby report on a mild phenotype without progressive microcephaly and brain atrophy up to 3 years of age in a Chinese pediatric patient who harbored biallelic SEPSECS mutations.



CASE PRESENTATION


Clinical Data and Laboratory Examinations

A 2-year-old girl was referred to the Department of Developmental and Behavioral Pediatrics due to severe global development delay and insomnia (case timeline presented in Figure 1). Clinical examination revealed left esotropia, severe muscle hypotonia, and decreased deep tendon reflexes, particularly with respect to both her lower limbs. The patient was born naturally at full-term by healthy non-consanguineous parents. Her birth weight was 3,750 g (86th percentile) and length was 52 cm (94th percentile); head circumference at birth was missing. The patient manifested low muscle tone and weak sucking upon birth, and was still unable to raise her head and turn over her body at 4 months of age. A developmental assessment at 4 months showed that the development quotients of gross motor control, fine motor control, language, reaction to objects, and reaction to people were 55, 66, 38, 28, and 28, respectively. No discomfort or malformation from heart, thorax, kidneys, genitourinary or extremities were mentioned or found. A brain MRI was performed at 5 months, which showed high signal intensities in the bilateral pallidum upon T2W1; her electroencephalography was normal. The patient was subsequently referred to the rehabilitation department for rehabilitation training.


[image: Figure 1]
FIGURE 1. Case timeline. EEG, electroencephalogram; MRI, magnetic resonance imaging; VEEG, video electroencephalogram; EMG, electromyography.


At 15 months, the patient was brought to the outpatient unit for sporadic upper extremity high muscle tone with vocalization. Repeated EEG/video electroencephalogram (VEEG) at 15, 19, and 40 months exhibited no sign of epileptic seizure. The second brain MRI at 16 months revealed that the corpus callosum was slightly thin, and the lateral ventricle was plump, and we observed high-plaque signal intensity in the left frontal lobe (Figure 2). Electromyography (EMG) at 18 months showed a slight myogenic change in the tibialis anterior muscle and the peroneal muscle. Tandem mass spectrometry of blood and urine were normal. A follow-up brain MRI at 3 years of age revealed a slight enlargement of the ventricles bilaterally and a deepening of the bilateral frontotemporal sulci. Nevertheless, no obvious atrophy was found upon MRI. Electrocardiograph (ECG) result at 3 years was normal. Available head circumference data were within the normal range (42 cm at 6 months (42nd percentile) and 47.3 cm at 3 years (21st percentile)], as well as her weight [6.9 kg at 4 months (70th percentile) and 16 kg at 3 years (73rd percentile)] and lengths [68.3 cm at 4 months (>99th percentile) and 105 cm at 3 years (96th percentile)] throughout the follow-ups.


[image: Figure 2]
FIGURE 2. Brain magnetic resonance imaging (MRI): (A) sagittal, (B) coronal, and (C) OAx planes.




Genetic Testing

Whole-exome sequencing was executed to ascertain a possible molecular cause for the patient's condition. Two variants in SEPSECS were subsequently identified: c.194A>G leading to the missense variant p.Asn65Ser, and a novel splice variant c.701+1G>A. Sanger sequencing confirmed these variants and a parental test revealed a compound heterozygous state for the pedigree. To determine the impact of the splice variant, mRNA was extracted from the patient's blood sample for reverse transcription polymerase chain reaction (RT-PCR) assay. We designed the PCR primers as follows: F, 5′-ATCACTGCAGGTTTTGAGCC-3′; R, 5′-ACGCAGACAATGACAACCAC-3′; amplification produced an abnormal cDNA fragment, proving the presence of an alternative splice product with retention of the fifth intron (Figure 3). According to the American College of Medical Genetics and Genomics (ACMG) guidelines for interpreting sequence variants, the c.701+1G>A variant was categorized as pathogenic.


[image: Figure 3]
FIGURE 3. Genetic testing of the patient and analysis of aberrant splicing. (A) Schematic diagram of primer design. (B) Schematic diagram of expected polymerase chain reaction (PCR) product. (C) Electrophoretogram of PCR product from the patient's and control's blood samples. (D) Sequence of aberrant splicing product with intron 5 retention (red arrow indicates the mutation site).





DISCUSSION

Mutations in SEPSECS have now been found in individuals of several races and ethnicities—including Iraqi, Moroccan, Finnish, Arabic, Jordanian, and Japanese (6–9). Herein we reported the first case of pathogenic SEPSECS mutations in the Chinese population, which included the pathogenic splice variant c.701+1G>A.

Unlike previously reported cases, the patient in our study did not manifest the typical characteristics of PCH2D, and brain MRI results did not support obvious atrophy. There have been three cases reported of late-onset brain atrophy, either homozygous or heterozygous, and their mutation types are shown in Table 1 (8, 10). The molecular structure of SepSecS includes three domains, two insertions, one pyridoxal phosphate-binding site, and one non-canonical N terminal (1). Van Dijk et al. reported a female patient who exhibited a mild phenotype, with cerebellar atrophy detected at 16 years of age (10). The authors argued that the late-onset phenotype might be the result of a mutation site in the last exon, and this may have allowed partial resumption of enzyme activity (10). Iwama et al. reported two patients with compound heterozygous mutations who shared the same c.356A>G mutation located in the 4th α-helix of SepSecS (8). However, our patient's mutations were located at the 1st insertion and between the 6th β-fold and 5th α-helix. Mutations related to milder phenotypes are located at various sites, and an in vitro test of enzymatic activity was not available to us due to technical reasons. Without sufficient evidence to infer prognosis, regular brain imaging and developmental evaluations are still required to determine whether cerebello-cerebral atrophy would occur in the future.


Table 1. Summary of SEPSECS mutations and related phenotypes.
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Epilepsy is a common comorbidity of encephalopathy, and evidence shows that it could exacerbate neurocognitive dysfunction (16). As a result, early diagnosis and treatment of epilepsy are required. Myoclonic or generalized tonic-clonic seizures were previously reported in most SEPSECS cases, primarily occurring during the first or second year of life (5, 7, 17). Absence of epilepsy or seizures has also been reported (8–11), especially for milder phenotypes where cerebello-cerebral atrophy was detected in children older than 9 years of age (8, 10). Our patient exhibited seizure-like symptoms at 15 months, as she occasionally manifested upper-extremity high muscle tone together with monotone vocalizations; however, repeated EEG/VEEGs showed no epileptiform discharges at 15, 19, and 40 months. Ruling out epilepsy in our patient was congruent with her milder phenotype. However, with the potential of progressive encephalopathy, additional repeated measurements are essential once symptoms of epilepsy, such as focal or generalized seizures emerge.

Heterogeneous manifestations have been reported in cases with mutations of tRNA synthetase. For example, mutations in HARS2 (which encodes the histidyl-tRNA synthetase) result in deafness in both genders and infertility in females (18); while mutations in WARS (which encodes the tryptophanyl-tRNA synthetase) result in distal hereditary motor neuropathy (19). The heterogeneity in different gene mutations is attributed to the complicated catalytic processes inherent to each tRNA, and the diverse functions of and mechanisms underlying the gene-encoded proteins. SEPSECS is essential for selenoprotein synthesis (1); most selenoproteins are oxidoreductases and participate in cellular redox regulation and antioxidant activities (20). Elevated blood lactate levels and visual impairment have been previously reported, suggesting potential mitochondrial impairment due to SEPSECS mutations (7–9). Our patient did manifest hypotonia and the EMG showed a slight myogenic change in the lower limbs, although metabolic products in blood and urine remained normal. Muscle biopsy is still an option if further diagnosis is needed.

In conclusion, we have identified a novel pathogenic mutation in the SEPSECS gene, which is the first case reported in China, and it is associated with a mild phenotype that encompasses developmental delay, myogenic changes in the lower limbs, and sleep disorder but without progressive microcephaly and brain atrophy. According to other reported cases, disease progression in the future is not precluded, and thus a targeted and detailed follow-up is needed.
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