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Case Report: Biallelic variants in MRPS36, encoding a component of the 2-oxoglutarate dehydrogenase complex, cause leigh syndrome












	
	TYPE Case Report

PUBLISHED 12 September 2025
DOI 10.3389/fped.2025.1608840






[image: image2]

Case Report: Biallelic variants in MRPS36, encoding a component of the 2-oxoglutarate dehydrogenase complex, cause leigh syndrome

Huafang Jiang1,2†, Chaolong Xu2†, Zhimei Liu2, Ruoyu Duan2, Xingfeng Yao3, Xiaona Fu2, Jiatong Xu3, Xuejing Kang3, Tenghui Yu1, Yuanyuan Wang1* and Fang Fang2*

1Department of Pediatrics, Weifang Maternal and Child Health Hospital, Peking University Health Science Center-Weifang Joint Research Center for Maternal and Child Health, Weifang, China

2Department of Neurology, Beijing Children’s Hospital, Capital Medical University, National Center for Children’s Health, Beijing, China

3Department of Pathology, Beijing Children’s Hospital, Capital Medical University, National Center for Children’s Health, Beijing, China

EDITED BY
Vibhu Sahni, Burke Neurological Institute (BNI), United States

REVIEWED BY
Serena Galosi, Sapienza University of Rome, Italy
Juan Caballero, Max Planck Institute for Immunobiology and Epigenetics, Germany

*CORRESPONDENCE Fang Fang fangfang@bch.com.cn
Yuanyuan Wang okboy-6238111@163.com

†These authors have contributed equally to this work and share first authorship

RECEIVED 09 April 2025
ACCEPTED 28 August 2025
PUBLISHED 12 September 2025

CITATION Jiang H, Xu C, Liu Z, Duan R, Yao X, Fu X, Xu J, Kang X, Yu T, Wang Y and Fang F (2025) Case Report: Biallelic variants in MRPS36, encoding a component of the 2-oxoglutarate dehydrogenase complex, cause leigh syndrome.
Front. Pediatr. 13:1608840.
doi: 10.3389/fped.2025.1608840

COPYRIGHT © 2025 Jiang, Xu, Liu, Duan, Yao, Fu, Xu, Kang, Yu, Wang and Fang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Background: The MRPS36 gene encodes the E4 subunit of the 2-oxoglutarate dehydrogenase complex (OGDHC), a critical enzyme in the tricarboxylic acid cycle. OGDHC deficiency can lead to metabolic disorders with a clinical spectrum ranging from fatal neonatal lactic acidosis to variable degrees of global developmental delay and movement disorders. To date, a homozygous MRPS36 variant has been reported as a novel cause of Leigh syndrome in only two siblings, who presented with developmental delay, movement disorders, bilateral striatal necrosis, and reduced OGDHC activity.



Case presentation: We report a third case of Leigh syndrome associated with MRPS36 variants in a 2-year-old boy. The patient exhibited with global developmental delay, dystonia, early-onset chorea, and elevated serum lactate levels. Follow-up brain magnetic resonance imaging at 2 years revealed progressive degenerative lesions in the bilateral basal ganglia. Muscle biopsy showed abnormal mitochondrial accumulation beneath the sarcolemma, and the oxygen consumption rate was reduced in skin fibroblasts. Whole-exome sequencing identified two novel compound heterozygous MRPS36 variants: c.42+1G>A (p.?) and c.296G>C (p.Arg99Pro).



Conclusion: This case supports MRPS36 as a novel pathogenic cause of Leigh syndrome, further expanding the genetic spectrum of the disorder. Key clinical features include developmental delay, involuntary movement disorders, progressive basal ganglia atrophy, and a slowly progressive disease course.
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1 Introduction

Leigh syndrome (LS; OMIM#25600), also referred to as subacute necrotizing encephalomyelopathy, is a clinically and genetically heterogeneous neurodegenerative disorder (1). As the most common pediatric presentation of mitochondrial disease, LS has been linked to pathogenic variants in over 100 genes involved in pyruvate metabolism, the tricarboxylic acid (TCA) cycle, and oxidative phosphorylation (2, 3). The 2-oxoglutarate dehydrogenase complex (OGDHC) catalyzes the conversion of α-ketoglutarate to succinyl-CoA, generating NADH and releasing CO2 within the TCA cycle (4). OGDHC is a multisubunit enzyme complex composed of 2-oxoglutarate dehydrogenase (OGDH)/E1(OMIM*613022), dihydrolipoamide succinyltransferase (DLST)/E2(OMIM*126063), and dihydrolipoamide dehydrogenase (DLD)/E3 (OMIM*238331) (5). Mitochondrial ribosomal protein S36 (MRPS36)/E4 (OMIM*611996) was recently identified as an adaptor protein that stabilizes the association of E3 with the E1-E2 core (5, 6). In 2024, Galosi et al. reported two siblings with a homozygous MRPS36 variant, establishing this gene as a novel cause of LS (7). Both individuals exhibited severe developmental delays, generalized dystonia, prominent movement disorders, bilateral striatal necrosis, and markedly reduced OGDHC activity.

Here, we describe a third individual with LS associated with compound heterozygous variants in MRPS36, presenting with global developmental delay and early-onset choreic movements. Over a two-year follow-up period, the disease course was slowly progressive, with serial brain magnetic resonance imaging (MRI) revealing progressive basal ganglia degeneration. The clinical and radiological findings were consistent with previously reported cases, further supporting the role of MRPS36 as a gene implicated in LS pathogenesis.



2 Methodology


2.1 Patient

The patient was initially admitted to Weifang Maternal and Child Health Hospital and subsequently followed up at Beijing Children's Hospital, Capital Medical University. This study was approved by the Ethics Committee of Beijing Children's Hospital. Informed consent was obtained from the patient's parents. All procedures were conducted in accordance with the principles outlined in the Declaration of Helsinki. This case report was prepared in compliance with the CARE (CAse REport) guidelines.



2.2 Genetic analysis

Total DNA was extracted from peripheral blood samples obtained from the patient and family members. Whole exome sequencing (WES) was performed by Chigene Genomics Corporation using the IDT xGen Exome Research Panel v2.0 on an Illumina HiSeq X Ten sequencer. Sanger sequencing was used to confirm the presence of identified variants.



2.3 Muscle biopsy

A muscle biopsy was obtained from the left biceps brachii and examined using light and electron microscopy. Samples were pre-cooled in isopentane and cryofixed in liquid nitrogen. Tissue sections were processed for routine enzyme histochemical staining and mitochondrial respiratory chain complex activity assays, including complexes I, II, II + III, III, IV, and the mitochondrial marker enzyme citrate synthase.



2.4 Mitochondrial respiration

Skin fibroblasts were obtained from a skin biopsy and cultured in Dulbecco's Modified Eagle Medium (DMEM, Thermo Fisher Scientific) supplemented with 10% fetal bovine serum and 1% penicillin–streptomycin. The mitochondrial oxygen consumption rate (OCR) was measured using an XF96 Extracellular Flux Analyzer (Agilent Technologies, USA). Basal respiration, adenosine triphosphate (ATP) production, and maximal respiration were calculated from the OCR data.




3 Case presentation


3.1 Clinical features

The proband was born full-term to healthy, non-consanguineous Chinese parents. The family history included a prior pregnancy that ended in an induced abortion and a healthy 10-year-old sister. During the neonatal period, the proband exhibited irritability and excessive movements. At 4 months of age, he presented with poor head control. At that time, developmental milestones were limited to visual tracking, auditory response, and unsteady head support. Rehabilitation therapy was initiated. At 6 months, he had mild improvement in motor function, including the ability to roll over. By 1 year of age, the patient developed involuntary movements such as grimacing, tongue protrusion, brow furrowing, and limb chorea. Neurological examination revealed choreiform movements, dystonia, and brisk tendon reflexes. At 2 years of age, the clinical status remained stable, with persistent chorea and limb spasticity, both of which worsened with emotional stress or infections. The patient was able to sit with assistance and comprehend simple sentences but had not developed spoken language. Marked global motor developmental delay was observed, with relatively preserved of language comprehension and social interaction.

Biochemical testing revealed a mildly elevated creatine kinase level [392 IU/L; reference range (r.r.): 38–174 IU/L]. Serum lactate levels remained consistently elevated (2.6–3.4 mmol/L; r.r. <2.2 mmol/L). Urine organic acid and plasma amino acid analysis showed mildly increased levels of medium- and long-chain fatty acids. Electrocardiography revealed a prolonged PR interval, while echocardiography findings were unremarkable. Electroencephalograms performed at 4 months and at 2 years 3 months were normal.

Treatment included carnitine (1 g/day), niacinamide (50 mg/day), and coenzyme Q10 (100 mg/day) to support mitochondrial function. Tiapride was administered to alleviate movement disorders; however, no clinical improvement were noted.



3.2 Imaging analysis

The initial brain MRI at 4 months of age was unremarkable (Figures 1A–D). A follow-up MRI at 17 months revealed bilateral, symmetric T2-weighted hyperintensities in the basal ganglia without restricted diffusion (Figures 1E–H). At 2 years and 3 months of age, brain MRI showed symmetric lesions in the putamen and atrophy of the caudate head (Figures 1I–L).
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FIGURE 1
Two-year follow-up of brain magnetic resonance imaging (MRI). (A–D) Normal brain images at 4 months of age. (E–H) Bilateral symmetric lesions in the basal ganglia, without restricted diffusion at 17 months of age. (I–L) Symmetric putamen lesions with atrophy of the head of the caudate nucleus at 2 years and 3 months of age. DWI, diffusion-weighted imaging. Basal ganglia lesions are indicated by arrowheads; atrophy of the head of the caudate nucleus is indicated by white arrows.




3.3 Histopathological analysis

Light microscopy of the muscle biopsy revealed mild lipid droplet accumulation and deep submembranous staining for MGT, SDH, and COX in select fibers. NADH-TR staining showed submembranous gaps in certain fibers, with intendified staining at the gap margins. Electron microscopy demonstrated an increased number of mitochondria with variable size and morphology between the myofilaments and beneath the sarcolemma (Figure 2).
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FIGURE 2
Muscle histopathological alterations were observed by light and electron microscopy. (A) Nuclear invagination on hematoxylin and eosin (HE) staining; (B–F) Submembranous deep staining observed for MGT, SDH, COX and SDH & COX staining; NADH-TR staining revealed submembranous gaps with deep staining at the edges; (G) Mild lipid droplet accumulation on ORO staining; (H–J) No abnormalities detected on Periodic-Acid Schiff (PAS) and ATPase staining. (K) Electron microscopy (EM) shows accumulation of mitochondria with variable sizes and shapes.




3.4 Mitochondrial function analysis

Mitochondrial respiratory chain complex activities in the muscle were within normal ranges. However, fibroblast-based analysis showed reduced basal respiration, maximal respiration, and ATP production, as measured by OCR, indicating impaired mitochondrial respiration (Figure 3).
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FIGURE 3
Reduced OCR in the patient's fibroblasts. (A) Overview of the OCR from the patient compared to controls. (B) Graphs of basal respiration, maximal respiration, and ATP production calculated from the OCR. Data are indicated as mean ± SD. Significance calculated by a one-way ANOVA test. FCCP, carbonyl cyanide phenylhydrazone; OCR, oxygen consumption rate. ***P < 0.001.




3.5 Genetic analysis

A clinical diagnosis of LS was made based on developmental delay, persistent lactic acidemia, bilateral symmetric basal ganglia lesions on MRI, and reduced mitochondrial OCR. Genetic analysis indetified compound heterozygous variants in the MRPS36 gene (NM_033281.5): c.42+1G>A (p.?) and c.296G>C (p.Arg99Pro). Sanger sequencing confirmed the variants were inherited from each parent. The proband's healthy sister carried the c.42+1G>A (p.?) variant (Figure 4). The clinical phenotype was consistent with previously reported cases involving MRPS36 mutation (7). The c.42+1G>A variant affacts the canonical +1 splice site and is absent from the 1,000 Genomes Project and gnomAD databases (8, 9). Base on American College of Medical Genomics (ACMG) criteria, this variant was classified as pathogenic (PVS1, PM2, PP4) (6, 10, 11). The c.296G>C variant, also absent from population databases, was predicted to be damaging by multiple in silico prediction tools (SIFT: Damaging; PolyPhen-2: Probably damaging; MutationTaster: Disease causing) (8, 9, 12–14). According to ACMG guidelines, it was classified as likely pathogenic (PM2, PM3, PP3, PP4) (11). Both variants have been submitted to ClinVar.
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FIGURE 4
Genetic findings of the proband. (A) Pedigree chart. The proband was indicated by the arrow. (B) Sanger sequencing of MRPS36 variants in the proband and his family members. The patient, his mother, and older sister carried the c.42+1G>A(p.?), while the patient and his father carried the c.296G>C(p.Arg99Pro). (C) Schematic diagram of MRPS36 organization illustrates the locations of the variants identified in our report.





4 Discussion

The TCA cycle is a crucial metabolic pathway that integrates glucose, lipid, and protein metabolism and is critical for aerobic respiration (15). Deficiencies in TCA cycle enzymes can result in severe early-onset neurological disorders with underlying metabolic dysfunction. One each enzyme complex, the OGDHC, catalyzes the rate-limiting conversion of 2-oxoglutarate to succinyl-CoA (16). OGDHC is a large multimeric enzyme complex compose of three catalytically active subunits (OGDH/E1, DLST/E2, and DLD/E3) and a recruiting subunit, MRPS36.

To date, 18 patients have been reported with OGDHC deficiency. Seven of these cases presented with phenotypes ranging from fatal neonatal lactic acidosis to global developmental delay, progressive movement disorders, and epilepsy, but lacked confirmed molecular diagnoses (7, 17–24). In 2020, Yap et al. identified OGDH/E1 as a pathogenic gene associated with OGDHC deficiency (23). Subsequently, biallelic mutations in OGDH were described in six patients, all of whom exhibited global developmental delay, hypotonia, dystonia, and elevated serum lactate levels—findings consistent with OGDHC dysfunction (24). DLST/E2, a gene known to act as a tumor suppressor, has not yet been implicated in primary mitochondrial disorders (25). The DLD gene encodes the E3 subunit, which is a shared across multiple dehydrogenase complexes, including OGDHC, the pyruvate dehydrogenase complex, and the branched-chain α-ketoacid dehydrogenase complexes (26). As a result, DLD deficiency typically causes severe neonatal-onset metabolic decompensation, with features such as lethargy, hypotonia, seizures, developmental delay, and ataxia, and frequently leads to early death (27). In contrast, late-onset DLD deficiency can manifest as hepatic dysfunction and myopathy (28).

In 2024, MRPS36, encoding the E4 subunit of OGDHC, was reported to harbor a homozygous truncating variant in two sibling with LS (7). These siblings displayed a spectrum of LS characterized by severe developmental delay, preserved social interaction and language comprehension, generalized dystonia, and hyperkinetic episodes precipitated by emotional or physical stress. Brain MRI revealed symmetric putaminal lesions consistent with striatal necrosis and diffuse cerebral atrophy. Biochemical investigations showed mildly elevated plasma glutamate and glutamine, suggestive of impaired OGDHC activity. Here, we report the third case of LS associated with biallelic MRPS36 variants, furthering supporting its role as a diaease-causing gene. Our patient exhibited developmental delay, dystonia, and early-onset involuntary movements. Serial MRI over a two-year period showed disease progression—from a normal scan at 4 months of age to bilateral putamenial lesions and atrophy of the caudate head by 2 years. Muscle histopathology was unremarkable for classical mitochondrial features, such as ragged red fibers or COX-negative fibers. However, special stains (MGT, SDH, COX and NADH-TR) and ultrastructural studies demonstrated mitochondrial accumulation around myofibers, supporting underlying mitochondrial dysfunction. Furthermore, respiratory chain complex activity in muscle tissue remained normal, suggesting that MRPS36 deficiency may not impair the mitochondrial respiratory chain directly. The clinical features of our patient were consistent with those of the 209 individuals with LS reported by our group in 2022, reinforcing MRPS36 as a novel gene associated with LS (3). Unlike the previously reported siblings, our patient exhibited a structurally normal heart and no abnormalities in glutamine metabolism. Althouge the clincial course over two years was relatively stable, LS is neurodegenerative and longer-term follow-up is required to understand the trajectory of MRPS36-related disease. A limitation of this study is the absence of functional assays directly assessing OGDHC enzymatic activity or MRPS36 transcript analysis.

Computational modeling by Zhang et al. identified MRPS36 as a eukaryote-specific subunit that anchors the E3 subunit to the E1-E2 core of OGDHC via its N- and C-terminal domains (4). Heublein et al. Further demonstrated that MRPS36 deficiency led to reduced OGDH activity in mitochondrial lysates without destabilizing the catalytic subunits (6). As a binding protein, MRPS36 loss may result in partial OGDHC dysfunction, which could explain the milder and more stable phenotype observed in our patient compared with more severe neonatal-onset OGDHC deficiencies (12). Our patient also exhibited mild lipid droplet accumulation and increased urinary medium- and long-chain fatty acids, suggesting disturbances in fatty acid metabolism—possibly secondary to α-ketoglutarate accumulation. These findings argue against the use of a ketogenic diet and support the exploration of succinyl-CoA supplementation as a potential therapeutic approach. However, given the rarity of MRPS36 deficiendy and the limited functional data available, further studies are essential to confirm the role of MRPS36 in mitochondrial dysfunction.



5 Conclusions

This report describes a case of LS involving novel heterozygous variants in MRPS36. The patient exhibited developmental delay, dystonia, early-onset choreic movements, and putaminal lesions, along with atrophy of the caudate nucleus head on MRI. This case represents the second instance of MRPS36 variants associated with LS and provides further support for MRPS36 as a novel pathogenic cause to LS.
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