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Case Report: Clinical Features of a Chinese Boy With Epileptic Seizures and Intellectual Disabilities Who Carries a Truncated NUS1 Variant
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The mental retardation-55 with seizures (MRD55) is a rare genetic disease characterized by developmental delay, intellectual disability, language delay and multiple types of epileptic seizures. It is caused by pathogenic variants of the NUS1 gene, which encodes Nogo-B receptor (NgBR), a necessary subunit for the glycosylation reactions in mammals. To date, 25 disease-causing mutations of NUS1 have been reported, which are responsible for various diseases, including dystonia, Parkinson's disease, developmental and epileptic encephalopathy as well as congenital disorder of glycosylation. In addition, only 9 of these mutations were reported with detailed clinical features. There are no reports about Chinese cases with MRD55. In this study, a novel, de novo pathogenic variant of NUS1 (c.51_54delTCTG, p.L18Tfs*31) was identified in a Chinese patient with intellectual disability and epileptic seizures. This pathogenic variant resulted in truncated NgBR proteins, which might be the cause of the clinical features of the patient. Oxcarbazepine was an effective treatment for improving speech and movement of the patient, who consequently presented with no seizure. With this novel pathogenic variant found in NUS1, we expand the genotype spectrum of MRD55 and provide valuable insights into the potential genotype-phenotype correlation.
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INTRODUCTION

The mental retardation-55 with seizures (MRD55, OMIM 617831) is a rare genetic disease characterized by developmental delay, intellectual disability, language delay and multiple types of epileptic seizures (1). It is caused by pathogenic variants of the NUS1 gene, which encodes Nogo-B receptor (NgBR) (2). NgBR is a conserved subunit of the dehydrodolichyl diphosphate synthase (DDS) complex, which promotes cisprenyltransferase (cis-PTase) activity and is necessary for the glycosylation reactions in mammals (3). To date, 25 disease-causing mutations of NUS1 have been reported (according to the Human Mutation Database), nine of which were reported with detailed clinical phenotypes. These nine pathogenic variants, however, are associated with four various diseases, including dystonia (4), Parkinson's disease (5, 6), developmental and epileptic encephalopathy (1, 6–8), and congenital disorder of glycosylation (3). Thus, it seems that different pathogenic variants cause distinct diseases. In addition, cases with genotypes and detailed clinical features are limited. Additional cases are needed for a better understanding of the relationship between MRD55 and the associated pathogenic variants.

Here, we report the clinical and molecular characterization of the first Chinese MRD55 patient, who displayed intellectual disability and epileptic seizures, and had a novel, de novo pathogenic variant of NUS1 (c.51_54delTCTG, p.L18Tfs*31). With this novel pathogenic variant found in NUS1, we expanded the genotype spectrum of MRD55.



METHODS


Case Presentation

Our patient was the first child to non-consanguineous, healthy parents. He was born full-term via cesarean delivery, G1P1, with no asphyxia. The birth parameters included weight 3.0 kg (Z = −0.925), length 50.0 cm (Z = 0.004), and head circumference (HC) 38.0 cm (Z = 1.299). There was no abnormality in the perinatal period, and neither of his parents had a related family history. He could roll over, sit, call his parents and walk independently at the ages of 3, 6, 12, and 16 months, respectively. When the patient was 3 years old, he presented with unstable standing, involuntary movement of the limbs, abnormal posture and dance-like movements when he was emotionally agitated or fatigued. During this period, the patient was conscious and occasionally experienced sudden falls or involuntary squatting, with no binocular upward gaze, perioral bruising, or limb stiffness. The whole duration lasted approximately several seconds to several hours, which could be relieved spontaneously after the patient rested. The results of brain magnetic resonance imaging (MRI) were normal whereas video electroencephalogram (EEG) revealed slow and spiny-slow waves in the bilateral frontopolar, frontal, and anterior temporal regions during the sleeping period. The diagnosis of epilepsy was confirmed, and he was treated with Depakine (6 mg/kg/day) for a month. The treatment was not effective, and the patient continued to have seizures and unsteady standing in a variable frequency. The patient gradually developed occasional instability in the walking gait. He did not have any malformations or autistic feature but presented with a moderate intellectual disability at the age of 4 years and 7 months. The scores of full-scale intelligence quotient (FIQ), performance intelligence quotient (PIQ) and verbal intelligence quotient (VIQ) were 48, 47, and 61, respectively, as tested by Korean-Wechsler Preschool and Primary Scale of Intelligence (K-WPPSI). He was not given any treatment this time. At the age of 6 years, the patient suffered convulsions. The symptoms included unconsciousness, rolled-up left eye, stiff upper limbs and cyanotic lips. The duration of each convulsion was ~5 min, and the patient was admitted to the hospital for “paroxysmal dyskinesias.” The following abnormalities were detected in the video EEG: paroxysmal hypertonic 2–3 Hz slow waves interspersed with spikes were found in each conductor, especially in the frontal region. No other abnormality was identified from the blood or urine test, metabolic profiling analyses (amino-acid and acyl-arnitine profiles) or MRI scans (cervical, thoracic and lumbar spine). The patient was treated with madopar (2.1 mg/kg/day, Q12h) for a month, but did not improve. He still walked unsteadily and sometimes stood unsteadily. The treatment was discontinued. After 15 months, when the patient was 7 years and 3 months old, convulsions occurred during the quiet sleep. The symptoms were similar to those described before. Physical examination was performed, and the results were all normal except for the video EEG. The background activity was slow, with slow wave emitted in the left frontopolar during sleep. Meantime, the Gesell developmental scales were performed, and the results indicated a developmental stage of 2 years old. The patient was given oxcarbazepine (40 mg/kg/d) and sensory integration training. The treatment was effective, and the patient consequently did not have seizures. His speech and movement improved. However, he still presented with an unsteady walking gait, slow and slurred communication and poor numeracy. He was unable to add or subtract within ten digits of recognizable numbers. Additionally, his logic and comprehension were poor.



Genetic Analysis

The peripheral blood of the patient was collected and sent to Running Gene Inc. (Beijing, China) for whole-exome sequencing (WES) to identify the causal gene. Briefly, DNA was isolated and fragmented to build a DNA library by using the KAPA Library Preparation Kit (Illumina, Inc., USA). Then, the library was sequenced using an Illumina HiSeq X10 platform (Illumina, San Diego, USA) using a 150-bp paired-end reads according to the standard manual. The sequencing data was filtered and aligned with the human reference genome (GRCh37/hg19) by using the BWA Aligner (http://bio-bwa.sourceforge.net/). and variants were annotated by ANNOVAR (annovar.openbioinformatics.org/en/latest/). The candidate causal genes thereby discovered were then confirmed via Sanger sequencing.




RESULTS

A novel variant c.51_54delTCTG (p.L18Tfs*31) of NUS1 (NM_138459.3) was identified in the patient via WES analysis (Figure 1A). This de novo (PS2) heterozygous deletion in exon 1 introduces a premature terminator and results in a truncated protein with 31 miscoded amino acids (Figure 1B). The truncated protein consists of 18 correctly encoded amino acids, constituting part of the transmembrane domain 1 (TM1). Other functional domains (TM2, TM3, the cis-IPTase domain and the RXG motif) are expected to be deleted, resulting in the loss of function (PVS1). This vatiant is absent from the controls (1000 Genomes, ExAC, gnomAD, and CNGB) (PM2). Thus, variant c.51_54delTCTG is classified as a pathogenic variant of NUS1 according to the standard of American College of Medical Genetics (9), and was predicted to cause MRD55. No other pathogenic variant was identified in genes that may be associated with the developmental delay and epileptic encephalopathy of our patient.
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FIGURE 1. (A) De novo heterozygous variants of c.51_54delTCTG in the patient. (B) Scheme of the reported disease-causing mutations of NUS1. The transmembrane (TM) 1 (AA 1-23), TM2 (AA 35-56) and TM3 (AA 117-135) domains are colored in cyan. The cis-IPTase domain (AA 136-293) is colored in blue. The RXG motif (AA 290-292), which is crucial for the prenyltransferase activity, is colored in orange. The 31 miscoded amino acids of the truncated protein are colored in magenta. The pathogenic variant reported in this study is colored in red and those reported with detailed clinical features are colored in gray. (C) Alignment of the NUS1 proteins of various species. Residues G102 and R290 (indicated in blue boxes) are highly conserved.




DISCUSSION

MRD55 is a rare congenital disease characterized by developmental delay, intellectual disability, language delay and multiple types of seizures (1). It was first reported in three unrelated patients, who presented with onset of myoclonic seizures and carried heterozygous, de novo pathogenic variants of the NUS1 gene (1). The diagnostic criterion for this disorder were established. Considering the epileptic seizures, moderate intellectual disability and the identified pathogenic NUS1 variant, the patient was diagnosed with MRD55.

NUS1 encodes Nogo-B receptor, which consists of 293 amino acids and regulates cis-PTase activity (3). It interacts with the dehydrodolichyl diphosphate synthase complex subunit (DHDDS), forming a biological functional heteromer (the DDS complex). DDS is essential for the biosynthesis of dolichol monophosphate (Dol-P), which is utilized as a sugar carrier during protein glycosylation in the endoplasmic reticulum (ER) (3, 10–12). Therefore, the protein encoded by pathogenic NUS1 variants might lack the proper function, and thus the regulation of protein glycosylation is disrupted and disease ensue.

To date, 25 disease-causing mutations of NUS1 have been reported (Figure 1B), nine of which are described with detailed clinical phenotypes (Table 1) (1, 3–8). It is interesting that ten pathogenic variants, including the one reported in our study, are responsible for four different diseases, including dystonia, Parkinson's disease, CDG1AA and MRD55. Phenotypes are diverse, patients present with seizures (13/16), intellectual disability (ID, 12/16), language delay (5/16), developmental delay (6/16), ataxia (10/16), scoliosis (4/16) and hypotonia (3/16). Autism and dysmorphic features are rare, which are only found in one MRD55 (1) and two CDG1AA patients (3), respectively. All the NUS1 pathogenic variants carried by MRD55 patients are truncated variants (frameshift, splicing and exon deletion), suggested to cause MRD55 features via a mechanism of haploinsufficiency (1). Two heterozygous variants have been detected in patients with Parkinson's disease. One had the splicing-site variant c.691+4dupA, which generates an aberrant spliced mRNA, leading to a significant reduction in the NUS1 level (5). The other one carries the frameshift variant c.22_23insA, which is barely expressed in human embryonic kidney (HEK) cells 293 cells, indicating a similar reduction in NUS1 level (6). In the patients with dystonia and CDG1AA, the missense variants p.G102D (heterozygous) and p.R290H (homozygous) were observed, respectively. G102 and R290 are phylogenetically highly conserved (Figure 1C), and their substitutions are expected to impair the function of NUS1.


Table 1. Clinical features of individuals with NUS1 pathogenic variants.
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G102 is located on the β-sheet of the NUS1 protein, directly binding to residues L240 and L242, as shown in the crystal structure of the human NgBR/DHDDS complex (Figure 2, the right side). The substitution of G102 with D102 forms an interaction between D102 and S133. Additionally, the side chain of D102 highly repels residues P238, V241 and F253, and thus the protein structure of the protein destroyed, impairing the protein function.
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FIGURE 2. The crystal structure of the human NgBR/DHDDS complex (PDB code: 6W2L). Shown are the cartoon representation of the wildtype NgBR/DHDDS structure and the G102, R290 mutants. The DHDDS and NgBR subunits of the heterodimer are colored in wheat and light blue, respectively. Residues G102, R290 and their pathogenic variants D102, H290 are shown in green sticks. D34, S133, E209, P238, L240, V241, L242, F253, E288, E293 and two IPEs are shown in sticks and highlighted in cyan (DHDDS subunit) and yellow (NgBR subunit). The water molecules of DHDDS and NgBR are colored in orange and light blue, respectively. The metal ion Mg2+ is colored in pink. All the structural figures were generated using PyMOL (http://www.pymol.org).


R290 is located on the contact surface of the NgBR/DHDDS complex. The coordination sphere of R290 includes residues from NgBR (E288 and K293), residues from DHDDS (D34 and E209), two IPEs, and three water molecules (Figure 2, the left side). When residue R290 is substituted, its interactions with E209, E288 and the three water molecules are lost. One of the three water molecules mediates and interaction between R290 and Mg2+. The interaction between residues R290 (NgBR) and E209 (DHDDS) contributes to the formation of the heterodimer. Therefore, the substitution of R290 with H290 has a great impact on the structure and function of the protein complex. In addition, the pathogenic variant p.R290H is homozygous, which is expected to cause a more dramatic reduction in NgBR activity, resulting in more severe clinical symptoms.

It is noteworthy that a heterozygous NUS1 frameshift variant has been identified in 5 familial patients with different clinical features (6). Three patients had ID and absent seizures, and could be diagnosed with typical MRD55. One patient only presented with clonic seizures, and another one displayed Parkinsonism without epilepsy. Why these five patients presented with distinct phenotypes is unknown. We can only speculate that NUS1 pathogenic variants as well as epigenetic, and/or environmental factors interact with each other to produce the specific phenotypes.

The number of cases with the NUS1 pathogenic variants is still too low to draw a genotype/phenotype correlation, especially given that the NUS1 pathogenic variants can cause different diseases. The molecular mechanisms underlying the effects of the NUS1 pathogenic variants in patients who presented with different diseases are unknown. Additional cases and functional studies are needed for a better understanding of NUS1 gene and related diseases.



CONCLUSION

In this study, we reported a Chinese MRD55 patient with detailed clinical phenotypes. The de novo variant of NUS1 identified by WES was novel and was concluded to be responsible for the clinical presentation of the patient. With this novel pathogenic variant found in NUS1, we expanded the genotype spectrum associated with the MRD55 phenotype and provided the potential for a better understanding of the relationship between this rare disease and the pathogenic variants.
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