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Introduction

Aminoacyl-tRNA synthetases (ARS) are evolutionarily conserved enzymes that catalyze the binding of amino acids to their corresponding tRNAs. As such, they contribute to the accuracy of the translation process. Two separate sets of cellular ARSs are required because translation takes place in two distinct compartments: the cytosol and the mitochondria.

There are 18 ARSs solely active in the cytosol, comprising the ARS1 group; 17 solely active in the mitochondria, comprising the ARS2 group; and 2 bifunctional ARSs, active in both compartments [START_REF] Ibba | Aminoacyl-tRNA synthesis[END_REF][START_REF] Antonellis | The role of aminoacyl-tRNA synthetases in genetic diseases[END_REF]. Both cytosolic and mitochondrial ARSs are encoded by nuclear genes.

Mitochondrial translation disorders result in isolated or multiple deficiencies of the ATPproducing oxidative phosphorylation system. They include mutations of nuclear ARS2 genes, which have emerged as a new group of mitochondrial diseases inconsistently impairing oxidative phosphorylation and ATP production [START_REF] Konovalova | Mitochondrial aminoacyl-tRNA synthetases in human disease[END_REF][START_REF] González-Serrano | When a common biological role does not imply common disease outcomes: disparate pathology linked to human mitochondrial aminoacyl-tRNA synthetases[END_REF]. While one might expect mitochondrial ARS mutations to predominantly affect mitochondrial protein synthesis, they actually result in a striking variety of clinical phenotypes involving a wide range of tissues with high energy needs [START_REF] González-Serrano | When a common biological role does not imply common disease outcomes: disparate pathology linked to human mitochondrial aminoacyl-tRNA synthetases[END_REF][START_REF] Meyer-Schuman | Emerging mechanisms of aminoacyl-tRNA synthetase mutations in recessive and dominant human disease[END_REF]. Reviewing a series of 25 patients carrying biallelic pathogenic ARS2 variants, here we consider the phenotypic diversity of brain MRI anomalies associated with this emergent group of mitochondrial diseases.

Methods

We have followed the STROBE guidelines for this retrospective observational study. Local Institutional Review Board authorization was granted and the requirement for written informed consent was waived.

Patients

A total of 25 unreported patients (11 males, 14 females; age range: 3 days-25 years old) carrying biallelic pathogenic variants of 11 ARS2 genes-AARS2 ([number of patients:] 2), DARS2 (2), EARS2 (4), FARS2 (4), KARS (1), IARS2 (4), NARS2 (1), RARS2 (4), SARS2 (1), WARS2

(1), and YARS2 (1)-were included in this single-centre retrospective study conducted between 2002 and 2019.

Procedures

Routine MRI was performed on a 1.5or 3-T MRI scanner (GE Healthcare, Milwaukee, USA).

All children <5 years old received standard premedication (pentobarbital, 0.2 mL/kg; 5 mg/kg) to avoid head movement during MRI acquisition. MRI protocols included 3D T1weighted, axial T2or T2-FLAIR-weighted, diffusion-weighted, and occasionally, MRS (echo time: 144 ms) and arterial spin labelling (ASL) perfusion imaging. Two senior paediatric neuroradiologists (authors CJR and NB, respectively 8 years and 25 years of experience) blinded to genetic data independently analysed the brain MRI, considering the aspect and signal intensity of the basal ganglia (putamen, pallidum, and caudate),thalamus, corpus callosum, corticospinal tract, brain stem (especially the periaqueductal region), cerebellum, dentate nuclei, cerebral cortex, white matter, and stroke-like lesions, as well as MRS evidence of a lactate peak (1.33 ppm).

Results

Clinical presentation, pathogenic ARS2 gene variants, and neuroimaging observations for the patients are given in Table 1. No brain MRI pattern common to all patients emerged from our study. Anomalies common to multiple mutant genes included leukodystrophy (9 patients: 1 AARS2, 2 DARS2, 3 EARS2, 2 RARS2, and 1 WARS2), intramyelinic vacuolization (3 patients: 2 DARS2 and 1 AARS2), abnormal basal ganglia (9 patients: 2 AARS2, 3 EARS2, 2 FARS2, 1 IARS2 and 1 RARS2), major cortical atrophy (8 patients: 2 FARS2, 1 KARS, 1 NARS2, 3 RARS2, and 1 WARS2), MRS evidence of a lactate peak (9/13 patients, 2 AARS2, 1 DARS2, 1 FARS2, 1 IARS2, 1 KARS, 1 NARS2, 2 RARS2), (Fig. 1). Interestingly, two patients presented an acute neurological deficit, with seizures, and cortical hyperintensities in diffusion-weighted and T2 sequences, with hyper perfusion in ASL; one in the occipital lobe (1 FARS2), the other in the cerebellum (1 SARS 2, Fig. 1 (S\\U). Stroke-like lesions are known to be associated with mitochondrial DNA mutations and inborn errors of coenzyme Q10 synthesis but had never been previously reported in association with pathogenic ARS2 variants.

Specific MR imaging pattern

Though, as just described, some radiological signs were associated with numerous mutant genes, we identified several combinations of brain anomalies that strongly suggested specific aetiologies (Table 2). For instance, the 2 patients with pathogenic DARS2 variants displayed the typical pattern of leukoencephalopathy with brain stem and spinal cord involvement and lactate elevation LBSL) [START_REF] Steenweg | Leucoencephalopathy with brainstem and spinal cord involvement and high lactate: quantitative magnetic resonance imaging[END_REF][START_REF] Van Der Knaap | Leukodystrophies: a proposed classification system based on pathological changes and pathogenetic mechanisms[END_REF][START_REF] Fine | Mitochondrial aminoacyl-tRNA synthetase disorders: an emerging group of developmental disorders of myelination[END_REF][START_REF] Balushi | Phenotypes and genotypes of mitochondrial aminoacyl-tRNA synthetase deficiencies from a single neurometabolic clinic[END_REF][START_REF] Scheper | Mitochondrial aspartyl-tRNA synthetase deficiency causes leukoencephalopathy with brain stem and spinal cord involvement and lactate elevation[END_REF]. This includes diffuse symmetric inhomogeneous lesions, with preponderant supratentorial, periventricular and subcortical cerebellar lesions, sparing U fibres. The lateral corticospinal tracts, medullary pyramids, posterior limb of the internal capsule, spinal cord dorsal columns, medial lemniscus, intraparenchymal trigeminal pathways, and cerebellar peduncles were also involved, as is typical. Similarly, leukodystrophy sparing the periventricular white matter was highly suggestive, if not specific to, EARS2 mutations (in 3 of the 4 patients with pathogenic EARS2 variants) [START_REF] Fine | Mitochondrial aminoacyl-tRNA synthetase disorders: an emerging group of developmental disorders of myelination[END_REF][START_REF] Balushi | Phenotypes and genotypes of mitochondrial aminoacyl-tRNA synthetase deficiencies from a single neurometabolic clinic[END_REF][START_REF] Biancheri | Expanding the clinical and magnetic resonance spectrum of leukoencephalopathy with Thalamus and Brainstem Involvement and High Lactate (LTBL) in a patient harboring a novel EARS2 mutation[END_REF]; leukodystrophy with vacuolization in diffusion sequence was suggestive of an AARS2 mutation especially if cerebellar atrophy was present (in 1 of the 2 patients with pathogenic AARS2 variants) [START_REF] Fine | Mitochondrial aminoacyl-tRNA synthetase disorders: an emerging group of developmental disorders of myelination[END_REF][START_REF] Lakshmanan | Redefining the phenotype of ALSP and AARS2 mutation-related leukodystrophy[END_REF][START_REF] Lynch | Analysis of mutations in AARS2 in a series of CSF1R-negative patients with adult-onset leukoencephalopathy with axonal spheroids and pigmented glia[END_REF][START_REF] Srivastava | Expansion of the clinical spectrum associated with AARS2-related disorders[END_REF]; and pontocerebellar hypoplasia (PCH6) with MRS evidence of a lactate peak was highly suggestive of an RARS2 mutation (in all 2 patients with pathogenic RARS2 variants) [START_REF] Balushi | Phenotypes and genotypes of mitochondrial aminoacyl-tRNA synthetase deficiencies from a single neurometabolic clinic[END_REF][START_REF] Zhang | Distinct magnetic resonance imaging features in a patient with novel RARS2 mutations: a case report and review of the literature[END_REF][START_REF] Cassandrini | Pontocerebellar hypoplasia type 6 caused by mutations in RARS2: definition of the clinical spectrum and molecular findings in five patients[END_REF].

Broadening the spectrum

Our study extended the spectrum of brain MRI anomalies in pathogenic ARS2 genes. In 2 of the 4 patients with pathogenic RARS2 variants and typical pontocerebellar hypoplasia, early white matter involvement (<2 mo) preceded cortical atrophy, possibly triggering further global supratentorial involution. Also, a 4-y-old boy carrying biallelic AARS2 mutations had major cerebellar atrophy with calcifications of basal ganglia but no leukodystrophy, a profile hitherto observed in the third decade of life [START_REF] Wang | Novel alanyl-tRNA synthetase 2 pathogenic variants in leukodystrophies[END_REF][START_REF] Kuo | Alanyl-tRNA synthetase 2 (AARS2)-related ataxia without leukoencephalopathy[END_REF]. Similarly, bilateral anomalies of the thalami, regarded as consistent features in biallelic EARS2 mutations, were absent in 3 of the 4 pathogenic EARS2 cases, otherwise presenting with the previously reported symmetrical leukodystrophy sparing the periventricular region. Along the same lines, while pathogenic IARS2 variants reportedly cause Leigh syndrome with abnormal basal ganglia and high cerebrospinal fluid lactate levels [START_REF] Takezawa | Novel IARS2 mutations in Japanese siblings with CAGSSS, Leigh, and West syndrome[END_REF], brain MRI images were apparently normal for 3 of the 4 mutants IARS2 patients.

New findings

We also report here what we believe to be the first brain MRI imaging for pathogenic variants of YARS2 (1 case: unremarkable MRI) and add to the very limited knowledge about neuroimaging of pathogenic variants of SARS2 (1 case: cerebellar stroke-like lesion), WARS2

(1 case: leukodystrophy) [START_REF] Virdee | Expanding the phenotype: neurodevelopmental disorder, mitochondrial, with abnormal movements and lactic acidosis, with or without seizures (NEMMLAS) due to WARS2 biallelic variants, encoding mitochondrial tryptophanyl-tRNA synthase[END_REF] and NARS2 (1 case: global brain atrophy) [START_REF] Seaver | Lethal NARS2-related disorder associated with rapidly progressive intractable epilepsy and global brain atrophy[END_REF][START_REF] Mizuguchi | PARS2 and NARS2 mutations in infantile-onset neurodegenerative disorder[END_REF]. Our study also points to the involvement of the dentate nuclei in pathogenic FARS2 variants (3 of the 4 cases) [START_REF] Sahai | FARS2 mutations presenting with pure spastic paraplegia and lesions of the dentate nuclei[END_REF][START_REF] Vantroys | New insights into the phenotype of FARS2 deficiency[END_REF][START_REF] Almannai | FARS2 deficiency; new cases, review of clinical, biochemical, and molecular spectra, and variants interpretation based on structural, functional, and evolutionary significance[END_REF]. Finally, the apparent absence of brain MRI anomalies in 5 (3 IARS2, 1 YARS2, and 1 FARS2) of the 25 patients suggests that normal brain MRI images do not exclude the diagnosis of ARS2 mutations in mitochondrial diseases.

Discussion

No common MRI pattern was detected for our series of 25 patients with biallelic pathogenic variants in 11 ARS2 genes. Nevertheless, several combinations of brain anomalies strongly suggested specific aetiologies: leukodystrophy sparing periventricular white matter for EARS2 mutations, cerebellar atrophy with asymmetric leukodystrophy and vacuolization in diffusion sequences for AARS2 mutations, pontocerebellar hypoplasia with MRS evidence of a lactate peak for RARS2 mutations, and leukoencephalopathy with brain stem and spinal cord involvement and lactate elevation for DARS2 mutations.

Our study also extends the range of brain MRI anomalies and docu-ments the natural history of pathogenic ARS2 variants: stroke-like lesions were associated with SARS2 and FARS2 mutations, leukodystrophy preceded global brain atrophy in RARS2 mutations, major cerebellar atrophy with basal ganglia involvement and subcortical calcifications were seen in AARS2 mutations, and thalamic involvement was an in-consistent feature in EARS2 mutations. The limited number of MRI per patient and per gene hampers commenting on evolution of MRI anomalies. It is worth noting remembering that progressive cortical and cerebellar atrophy have been reported in RARS2 mutations [START_REF] Zhang | Distinct magnetic resonance imaging features in a patient with novel RARS2 mutations: a case report and review of the literature[END_REF]. Moreover, because five patients had apparently normal MRI images, our study shows the latter does not exclude the presence of ARS2 mutations. As not only neuroimaging but also metabolic workups and respiratory chain enzyme activity can be unremarkable for pathogenic ARS2 variants, they are likely to be greatly underdiagnosed. To avoid mis-diagnoses, exhaustive neuroimaging investigations of mitochondrial diseases should be repeated when appropriate and should always employ the following MRI sequences: T2 and FLAIR for analysis of the white matter, diffusion-weighted sequences for detection of vacuolization (DARS2 and AARS2 mutations), MRS for detection of lactate peaks in affected and non-affected areas, and 3D T1 for analysis of the cerebellum (AARS2 and RARS2) as well as brain perfusion (ASL) to detect stroke-like or acute Leigh syndrome when feasible. The diversity of brain imaging patterns in ARS2 mutations reported here and in the literature reflects the wide range of clinical presentations associated with these pathogenic variants. It suggests that disease linked to ARS2 mutations is not caused by a single molecular mechanism. Two main hypotheses have been advanced [START_REF] González-Serrano | When a common biological role does not imply common disease outcomes: disparate pathology linked to human mitochondrial aminoacyl-tRNA synthetases[END_REF][START_REF] Fine | Mitochondrial aminoacyl-tRNA synthetase disorders: an emerging group of developmental disorders of myelination[END_REF][START_REF] Sissler | Recent advances in mitochondrial aminoacyl-tRNA synthetases and disease[END_REF]. The first proposes that developmental differences in energy requirements between tissues render some mitochondrial translation defects more deleterious in some and lower the threshold at which a reduction in ATP production is damaging. The second posits that ARS2 enzymes may have hitherto unknown functions other than canonical tRNA aminoacylation. While this has held true for cytosolic ARS [START_REF] Kim | Aminoacyl-tRNA synthetases and tumorigenesis: more than housekeeping[END_REF][START_REF] Guo | Essential nontranslational functions of tRNA synthetases[END_REF], reports of noncanonical roles for ARS2 enzymes are only starting to emerge. Indeed, in rat, WARS2 has been shown to have proangiogenic functions [START_REF] Wang | Wars2 is a determinant of angiogenesis[END_REF]. More recently, three mitochondrial ARS enzymes (DARS2, RARS2 and KARS) have been shown to occupy distinct sub mitochondrial regions, suggesting additional properties, biological functions, and clinical relevance [START_REF] González-Serrano | Three human aminoacyl-tRNA synthetases have distinct sub-mitochondrial localizations that are unaffected by disease-associated mutations[END_REF]. Assuming mitochondrial translation is integrated within cell metabolism and acts as an environmental sensor, it is conceivable that other-and possibly manyconnections between ARS2 and cellular homeostasis may exist and account for the extensive clinical heterogeneity of these recently identified conditions.

Conclusion

Although no common pattern emerged from the study, it extends the spectrum of brain MRI anomalies associated with ARS2 mutations -especially with stroke-like lesions reported for the first time in pathogenic ARS2 variants -and suggests that ARS2 variants are largely underdiagnosed.
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 : Figure : Title and legend Illustration of brain MRI diversity in pathogenic ARS2 variants. AARS2: [Figure panes] (A)-(D). [Patient] #1: (A) periventricular leukodystrophy, T2-weighted i hyperintensities, diffusion-weighted image [DWI]. Apparent diffusion coefficient [ADC] map restriction ( frank cerebellar atrophy, sagittal T1-weighted image [T1WI]; (D) calcifications in basal ganglia and subco matter, CT scan. DARS2: (E), (F). #3: superimposable periventricular leukodystrophy in (E) T2WI and restriction (not shown). EARS2: (G), (H). #6: (G) leukodystrophy sparing periventricular rim, T2WI. #7: (H) basal ganglia and absence of thalamic involvement, T2WI. FARS2: (I), (J). #9: (I) severe diffuse brain atrop in basal ganglia (Leigh syndrome) and (J) hyperintensities in dentate nuclei, T2WI. IARS2: (K), (L). #15: (K) basal ganglia (Leigh syndrome), T2WI. #16: (L) no abnormality. KARS: (M), (N). #17: (M) moderate dif T2WI; (N) cavitation of inferior colliculi, T1WI. NARS2: (O). #18: moderate diffuse brain atrophy, T2WI. R (P) early white matter changes with mild diffuse brain atrophy, T2WI; (Q) pontocerebellar hypoplasia lactate peak, MRS. SARS2: (S)-(U). #23: (S) no supratentorial anomaly, T2WI; (T) patchy cerebellar hyperin (U) spike in cerebellar cerebral blood flow with stroke-like lesion, arterial spin labelling. WARS2: periventricular leukodystrophy, T2WI; (W) brain stem and cerebellar white matter involvement. YA abnormality.

Table . Clinical, brain MRI and genetic features in 25 patients with ARS2 mutations compared to literature

 . 

				c.891G>A	p.Trp297*	Cataract	2 mths														Takezawa			Literature
	Patient Gene 13 15 16 14 IARS2	Gene nomenclature NM_018060.3	Nucleotide c.489C>A c.2350C>T c.1559G>A c.2122G>A c.314_318del c.199C>T c.199C>T	Amino acid p.Tyr163* p.Arg784Trp p.Trp520* p.Glu708Lys p.Val105Aspfs*7 p.Pro67Ser p.Pro67Ser	Clinical data Hypoparathyroidism Developmental delay Sideroblastic anemia Central hypotonia Epileptic encephalopathy Global developmental delay Central hypotonia Developmental delay Sideroblastic anemia Cardiomyopathy	Age at imaging 2 yrs 6 mths 2 yrs 10 mths 2 mths	Le u ko d ys tr o p h y (T 2 ) In tr am ye lin ic va cu o liz a ti o n (d if fu si o n ) T2 h yp er in te n si ty o f ba sa l ga n gl ia T2 h yp er in te n si ty o f th a la m i T2 h yp er in te n si ty o f co rp u s ca llo su m T2 h yp er in te n si ty o f br ai n st e m T2 h yp er in te n si ty o f co rt ic o sp in al tr ac t B ra in a tr o p hy P o n to ce re b el la r h yp op la si a C er eb el la r at ro ph y St ro ke -l ik e e p is o d e La ct at e p ea k (M R sp e ct ro sc o p y) Su p p le m e n ta l d at a + + + na na	R E FE R E N C ES	Le u ko d ys tr o p h y (T 2 ) In tr am ye lin ic va cu o liz at io n (d if fu si o n ) T2 h yp er in te n si ty o f ba sa l ga n gl ia T2 h yp er in te n si ty o f th a la m i T2 h yp er in te n si ty o f co rp u s ca llo su m T2 h yp er in te n si ty o f br ai n st e m T2 h yp er in te n si ty o f co rt ic o sp in al tr ac t B ra in a tr o p hy P o n to ce re b el la r H yp o p la si a C er eb el la r at ro ph y St ro ke -l ik e e p is o d e La ct at e p ea k (M R sp e ct ro sc o p y) + +
	1 17	AARS2 AARS2 KARS NM_001130089.1 NM_020745.3 NM_020745.3	c.1213G>A c.230C>T c.549C>G c.683C>T c.1438del	p.Glu405Lys p.Ala77Val p.Asp183Glu p.Pro228Leu p.Leu480Trpfs*3	Mild intellectual disability Pyramidal syndrom Cerebellar ataxia Cerebellar ataxia Hypotonia Deafness Psychomotor delay Microcephaly	25 yrs 4 yrs 7 mths 1 yr 7 mths	+	+	+		+	+	+ +	+		+		+ +	calcifications colliculi Cavitation of inferior	Fine Lakshmanan Lynch Wang Fine Lakshmanan Lynch Wang Ardissone Itoh	+++ +++ ++	+++ +++	+++ +++	++ ++ ++ ++ + +++ ++ +++ ++	+ +	+ + ++
	2			c.749+235_1150-88del c.643G>C	p.Ala215Pro	Epileptic encephalopathy	5 mths			+							+		+		Kuo Kuo Mizuguchi		
	18	NARS2	NM_024678.5	c.1054G>A	p.Glu352Lys	Psychomotor delay									+				+		Srivastava Srivastava Seaver			+
				c.228-20_21delTTinsC	p.?	Mild intellectual disability Haemolitic anaemia	11 yrs														Fine		
	3			c.1013G>A c.29C>T	p.Gly338Glu p.Ala10Val	Pyramidal syndrom Early onset epileptic	1 mth	+	+			+		+					+		Al Balushi Al Balushi		
	19	DARS2	NM_018122.4	c.508C>T c.298-1G>A	p.Arg170Trp p.?	Cerebellar syndrome Neonatal hypotonia encephalopathy, hypotonia, psychomoto delay	1 yr 6 mths	+							+	+			+		Zhang Cassandrini	+++	+++	+	++	+++ +++	+++
	4			c.258C>T c.442A>G	p.Phe86Phe p.Thr148Ala	Psychomotor delay Cerebellar ataxia Pyramidal syndrom, spastic	10 mths	+	+			+		+					na *				
	20			c.472_474del	p.Lys158del	Nystagmus tetraparesia, psychomotor										+			na				
		RARS2	NM_001350505.1	c.322C>T	p.Arg108Trp	Epileptic encephalopathy delay, ataxia	14 yrs														Fine			+++ +++	++
	5 21			c.417-418delCT c.35A>G c.601C>G	p.Cys140fs24 p.Gln12Arg p.His201Asp	Intellectual disability Growth delay Hypotonia, Early onset epileptic encephalopathy	3 d	+ +		+		+		+	+	+			+		Biancheri Al Balushi		
				c.670G>A c.965A>G	p.Gly224Ser p.Tyr322Cys	Intellectual disability Hypotonia	13 yrs 7 mths 1 yr														Kevelam		
	6 22	EARS2 NM_001308211.1	c.1547G>A c.670G>A c.1564G>A	p.Arg516Gln p.Lys471Asnfs*14 p.Val522Ile	Hypotonia Pyramidal syndrome Intellectual disability Hepatitis Epilepsia Hypoglycemia	8 yrs	+		+		+			+	+			na na		Danhauser	+++	+	++	+++	+++ +++ +	+	++
	7			c.1413delG c.1211G>A	p.Gly224Ser p.Arg404His	Hypotonia Pulmonary hypertension	6 yrs	+		+		+									No brain MRI		
				c.1037G>A	p.Arg346Gln	Pyramidal syndrome Immune deficit															reported		
	8 23	SARS2 NM_001145901.1	c.1A>G c.670G>A	p.Met1? p.Gly224Ser	Dystonia Failure to thrive Nephropathy Growth retardation	3 mths			+	+		+				+	+	na	callosum Corpus			
						Hepatitis Hypotonia														agenesia			
				c.989G>A c.1054G>A	p.Arg330His p.Glu258Lys	Intellectual disability Nystagmus	14 yrs 5 mths 1 yr 6 mths													Hyper T2 of	Sahai Virdee		
	9 24	WARS2 NM_015836.3	c.1113G>T c.231C>G	p.Leu371Phe p.His77Gln	Epileptic encephalopathy Pyramidal syndrome Epileptic encephalopathy Hypotonia		+		+			+	+	+ +				+ na	dentate nuclei	Vantroys Almannai	+		+
						Severe amyotrophy Psychomotor delay																	
	10 25	YARS2 NM_001040436.2	c.1256G>A c.251A>C c.572G>A c.1078C>T	p.Arg419His p.His84Pro p.Gly191Asp p.Arg360*	Psychomotor delay Anemia Growth retardation	2 yrs 5 mths 9 yrs 7 mths			+			+		+				na na	Hyper T2 of dentate	No brain MRI reported		
	NM_001318872.1 25 patients, 11 genes FARS2	c.1256G>A	p.Arg419His	Psychomotor delay	3 yrs 6 mths TOTAL (n=25)	9		9	1	6	4	5	8	4	3	nuclei 2 9 (13MRS)	+ na* = non available ; + = low frequency ; ++ = medium frequency ; +++ = high frequency + +
	11			c.1268_1269insGACTCTGT	p.Thr424Aspfs*49	Hypotonia													na				
						Pyramidal syndrome																	
				c.467C>T	p.Thr156Met	Psychomotor delay	8 yrs													Hyper T2 of			
	12			large intragenic deletion		Acute encephalitic episode with seizure												+ na	dentate nuclei			
						Hemiplegia																	
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