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CLINICAL REPORT
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Six subtypes of autosomal recessive pontocerebellar hypoplasia (PCH) have been identified and the genetic basis of four of these (PCH1, PCH2, PCH4, and PCH6) is known. PCH6 is associated with cerebral atrophy and multiple but variable respiratory chain defects in muscle and has been reported in one consanguineous Sephardic Jewish family. It is caused by mutations in the RARS2 gene which encodes mitochondrial argininetransfer RNA synthetase. Here we describe a female patient born to nonconsanguineous British parents. She presented in the neonatal period with increased respiratory rate, poor feeding and transiently elevated blood and CSF lactate levels. She went on to manifest profound developmental delay and severe microcephaly. Edema of the hands, feet, and face were suggestive of a PEHO-like condition (progressive encephalopathy, edema, hypsarrhythmia and optic atrophy), although optic atrophy and hypsarrhythmia were absent. Cranial MRI at age 14 months showed generalized cerebral atrophy, thinning of the pons and gross atrophy and flattening of the cerebellar hemispheres. Muscle biopsies on two occasions were normal with normal respiratory chain studies. Despite the absence of respiratory chain defects, the phenotype was felt to be consistent with PCH6 and indeed two novel pathogenic RARS2 mutations were identified. Ours is the second report of PCH6 due to RARS2 mutations and demonstrates that respiratory chain abnormalities are not obligatory, whereas some features of PEHO might be present. Ó 2010 Wiley-Liss, Inc.
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INTRODUCTION Six subtypes of autosomal recessive pontocerebellar hypoplasia (PCH) have been identified and the genetic basis of four of these (PCH1, PCH2, PCH4, and PCH6) is known (Table I). PCH6 is caused by mutations in the RARS2 gene which encodes
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mitochondrial arginine-transfer RNA synthetase [Edvardson et al., 2007]. Three affected siblings from one consanguineous Sephardic Jewish family were reported by Edvardson et al. [2007], but there have been no subsequent genetically confirmed cases reported. The phenotype included a severe infantile encephalopathy associated with PCH, cerebral atrophy and multiple but variable respiratory chain defects in muscle. Patients with ‘‘progressive encephalopathy with edema, hypsarrythmia and optic atrophy’’ (PEHO) typically present with neonatal or infantile hypotonia, early seizures and absent psychomotor development [Somer, 1993]. Progressive brain atrophy (particularly affecting the cerebellum and brainstem) and optic atrophy by age 2 years are necessary criteria for diagnosis; similar cases lacking these two features are designated as ‘‘PEHO-like.’’ The genetic basis of PEHO and PEHO-like syndromes remains unknown. We report a British patient with PCH6 due to recessive mutations in RARS2. Skeletal muscle respiratory chain defects were absent, but elevated blood and CSF lactate levels indicated *Correspondence to: Julia Rankin, Department of Clinical Genetics, Royal Devon and Exeter NHS Foundation Trust, Gladstone Road, Exeter EX1 2ED, UK. E-mail: [email protected] Published online 15 July 2010 in Wiley InterScience (www.interscience.wiley.com) DOI 10.1002/ajmg.a.33531
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TABLE I. Pontocerebellar Subtypes Pontocerebellar hypoplasia subtype PCH1 PCH2



Additional clinical features Anterior horn cell disease Chorea, dystonia, or spasticity



PCH3 PCH4 PCH5 PCH6



Hypotonia, optic atrophy and progressive microcephaly Hypertonia, myoclonus, inferior olivary nucleus involvement Hypertonia, myoclonus Hypotonia, cerebral atrophy, multiple respiratory chain defects



mitochondrial dysfunction. Clinical features, including edematous hands and feet, were suggestive of a PEHO-like condition.



CLINICAL REPORT A female was born at full term to healthy nonconsanguineous British parents after a normal pregnancy and labor. Condition and growth parameters at birth were normal (Table II). She was admitted from home aged 19 hr with a respiratory rate of 80 and poor feeding. She had a normal neurological examination and was not hypotonic. Blood and cerebrospinal fluid (CSF) lactate levels were elevated (blood 16 mmol/L; normal range 0.6–2.4 mmol/L and CSF 12.4 mmol/L; normal G, M342V in exon 12 (Fig. 4A) and c.35A > G, Q12R in exon 1 (Fig. 4B). However, in the normally processed transcript, the exon 1 mutation was not present and the exon 12 mutation appeared to be homozygous (Fig. 4C). Genomic DNA sequencing confirmed the presence of the two mutations in the patient and showed that the patient’s mother is heterozygous for the exon 12 mutation and her father is heterozygous for the exon 1 mutation. The M342V mutation in exon 12 changes a highly conserved amino acid residue, and is considered likely to be pathogenic. The Q12R mutation is in the mitochondrial import sequence and is actually predicted to enhance the efficiency of import. However, the consequences of this mutation appear to be primarily due to an effect on splicing. The normally spliced transcript in the patient is derived only from the maternal allele so the paternal exon 1



Reduced activity of complex I 7 weeks



16 months



U, information unavailable.



Muscle respiratory chain studies (normalized for citrate synthase activity) Age at death



U



Generalized epileptic activity with attenuation Reduced activity of complexes I, III, and IV



EEG



Yes U No U



None



U U U Birth Hypotonia, lethargy, poor suck



Patient II-4 M U Hypotonic at birth



No U No 3 days; cerebellar and vermian hypoplasia, 5–9 months; progressive atrophy of cerebellum, pons, cerebral cortex and white matter



None



Recurrent apnea from 1 week, intractable seizures from 2 months. Gastrostomy fed, microcephaly, spasticity



Patient II-2 F 41 Apgar score 8 at 5 min, 9 at 10 min 2,700 51 34 Several hours Hypotonia, poor suck



Elevated plasma lactate Elevated CSF lactate Elevated CK Cranial MRI



Development milestones attained



Clinical course



Birth weight (g) Birth length (cm) Birth OFC (cm) Age at presentation Presenting features



Sex Gestational age (weeks) Condition at birth 2,650 U 32.2 2 days Apneic episode



Patient II-5 F U Normal neurological exam at birth



U



Reduced activity of complex IV



U



No Yes No 3 months; general atrophy, pons and cerebellum most affected



None



Hypotonia, lethargy, poor feeding from 3 weeks, nasogastric feeding and tracheostomy required, seizures and arrest of head growth from 4 months, limb spasticity and truncal hypotonia, elbow contractures



Edvardson et al. [2007]



TABLE II. Clinical Features of Patients With PCH6



Alive aged 4 years and 6 months



Myoclonic seizures from 36 hr, hypotonia with brisk reflexes, nasogastric feeding required, severe visual impairment (presumed cortical). Microcephaly, deep set eyes, full cheeks, edema of hands and feet Minimal head control and occasional vocalization Yes Yes Yes 5 days; poor quality images but no apparent abnormality, 14 months; generalized cerebral atrophy, thinning of pons with gross atrophy and flattening of cerebellar hemispheres (Fig. 1) Epileptiform activity, generalized high voltage spike waves Normal



3,685 (75th centile) U 32.5 (2nd–9th centile) 19 hr Tachypnea, poor feeding



Present case F 40 Apgar score 8 at 1 min, 9 at 5 min
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FIG. 1. Cranial MRI at age 5 days (A,B) showing normal sized cerebellum and absence of cerebral atrophy and at age 14 months (C,D) showing generalized cerebral atrophy, thinning of the pons and gross atrophy and flattening of the cerebellar hemispheres.



mutation, within the splice junction at the end of the exon, must result in use of the cryptic splice donor in intron 1 in virtually all transcripts, rather than in the small proportion found in normal individuals. This was confirmed in vitro by cloning exons 1 and 2, together with 500 bp of intron on either side, into an exon trap vector and comparing transcripts from the normal and mutant sequence after expression in COS-7 cells. The construct with the normal sequence generated both the normal product and the intron 1 insertion (Fig. 5, lane 1), whereas the construct with the mutation generated the mis-spliced product only (lane 2). The insertion of part of intron 1 generates a premature termination codon.



DISCUSSION Since the description of three Sephardic Jewish siblings with PCH6 by Edvardson et al. [2007], there have been no further patients reported with this diagnosis. Intriguingly, a patient with PCH, lactic acidemia and multiple respiratory chain defects in skin fibroblasts but not in muscle was reported by de Koning et al. [1999].



The phenotype of the siblings reported by Edvardson et al. [2007] was highly suggestive of a mitochondrial disorder as muscle respiratory chain activities were reduced in a variable fashion (Table II). Homozygosity mapping identified a recessive splicing mutation in RARS2 which encodes mitochondrial arginine-transfer RNA synthetase. Reduced mitochondrial tRNAArg levels were found in skin fibroblasts from one patient (II-4), predicting a disorder of mitochondrial translation. Findings on cranial imaging were striking with generalized atrophy affecting the pons and cerebellum disproportionately. Published images show marked flattening of the cerebellar hemispheres. Edema and other features of a PEHO-like condition were not reported in these patients. In contrast, our patient presented rather more nonspecifically with neonatal encephalopathy and apparently normal initial cranial MRI. The only features suggestive of mitochondrial disorder were elevated plasma and CSF lactate but these normalized and muscle biopsy including respiratory chain analysis was not suggestive of a mitochondrial disorder. It was the striking abnormalities on cranial MRI at age 14 months (in particular, flattening of cerebellar
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FIG. 2. Patient aged 3 years and 3 months showing bitemporal narrowing, deep-set eyes, open-mouthed appearance, full cheeks, dimpled chin, edematous hands with tapering fingers. [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]



FIG. 3. Transcript analysis of the RARS2 gene. Fibroblast RNA from the patient (lane 1) and a normal control (lane 2) was isolated and the RARS2 coding region amplified in the derived cDNA. In both cases, two products were found, one of the expected size of 1,773 bp, the other larger by approximately 200 bp. The larger product includes 221 bp of intron 1 (confirmed by sequencing, data not shown) due to aberrant use of a splice acceptor within the intron. The proportion of this mis-spliced product is significantly greater in the cDNA preparation from the patient.



FIG. 4. Sequence analysis of the RARS2 gene. A heterozygous base substitution, c.1024 A > G, p.M342V in exon 12 was identified in both cDNA and genomic DNA (tracing A). A second heterozygous missense mutation, c.35 A > G. p.Q12R in exon 1 was found in genomic DNA and in the aberrantly spliced transcript (tracing B). However, this mutation was not present in the normally spliced transcript from the patient, which appeared homozygous for the exon 12 mutation (tracing C). [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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AMERICAN JOURNAL OF MEDICAL GENETICS PART A the diagnosis where an initial cranial MRI is apparently normal. Some patients with PEHO-like features, in particular those with raised lactate levels or respiratory chain defects, might have PCH6, and repeat cranial imaging should be considered in this group with a search for RARS2 mutations being indicated in those with suggestive MRI findings.



ACKNOWLEDGMENTS FIG. 5. In vitro analysis of the exon 1 mutation. Exon trap vectors with exons 1 and 2 of the RARS2 gene and surrounding intron sequences and with either the normal or mutant exon 1 sequence were expressed in COS-7 cells and transcripts analyzed. Both normal (184 bp) and aberrantly spliced (405 bp) transcripts were generated from the normal sequence (lane 1), but only misspliced product was formed when the exon 1 missense mutation was present (lane 2).



hemispheres) in association with previously elevated plasma and CSF lactate that were thought to be suggestive of PCH6, and this was subsequently confirmed by RARS2 mutation analysis. Prior to this, a diagnosis of PEHO or PEHO-like had been considered. PEHO syndrome comprises progressive encephalopathy, edema, hypsarrhythmia, and optic atrophy. Progressive severe atrophy of the pons and cerebellum may be present [Somer, 1993]. While our patient’s EEG was clearly abnormal, it did not demonstrate hypsarrhythmia and optic atrophy was absent. She therefore did not fulfill diagnostic criteria for PEHO but some features (deep-set eyes and edema of face, hands and feet; Fig. 2) were reminiscent of those seen in patients with PEHO. A group of PEHO-like patients lacking typical neuroradiological findings and optic atrophy have been described [Somer, 1993]. The genetic basis is unknown but it is possible that some patients with this diagnostic label have PCH6. RARS2 mutation analysis should therefore be considered in patients with suggestive features on cranial MRI including generalized atrophy affecting the pons and cerebellum disproportionately and flattening of the cerebellar hemispheres. Given the progressive nature of the MRI findings, repeat imaging might reveal
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