The big bluff of Amyotrophic Lateral Sclerosis diagnosis: the role of mimic neurodegenerative diseases
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Table legend: 
Table.S1. The table reports candidate genes and loci associated to the different forms of ALS with specific reported cases.
	ALS forms
	Ref. OMIM
	Candidate Genes
	Reported Cases	


	ALS2
	#205100
	ALSin
	Juvenile amyotrophic lateral sclerosis-2 (ALS-2) is caused by a mutation on Alsin gene localized in the chromosome 2q33-q34 [1]. ALS-2 is a more rare disorder identified only in consanguineous families. Disease occurs before the age of 25 years and shows slowly progressive course with cases of prolonged survival of more than three decades [2].

	ALS3
	#606640
	unknow
	Alterations on the locus 18q21, found in a large European family in which 20 members had autosomal dominant adult-onset ALS, are considered causative of familial ALS-3 [3].

	ALS4
	#602433
	Senataxin
	Three different missense mutations in the Senataxin gene are responsible for ALS-4 cases. Individuals affected of ALS-4 usually have an onset of symptoms at age less than 25 years, a slow rate of progression and a normal life span [4].

	ALS5
	#602099
	TMOD2, TMOD4
	ALS-5 is a recessive form of ALS caused by a candidate gene localized in the chromosome 15q15-q22 [5]. In this regard, many neurodegenerative diseases that mimic the ALS-5 clinical aspects are scanned for the presence of genetic abnormalities overlapping the genomic region potentially containing the gene for ALS-5. This includes Tropomodulin-family proteins TMOD2 and TMOD4 that cap the pointed ends of actin filaments and map next to one another on chromosome 15q21.1-q21.2. Due to their gene location TMOD2 is considered a candidate gene for ALS-5 and TMOD4 for limb girdle muscular dystrophy 1B [6].

	ALS6
	#608030
	FUS/TLS
	ALS-6 with/without frontotemporal dementia is caused by heterozygous mutation in the Fused in Sarcoma (FUS) gene on chromosome 16p11.2. An aberrant process of biosynthesis and degradation of RNAs seems to be correlated with the development of this pathological phenotype. In wild-type phenotype FUS protein is localized into the nucleus, but in ALS-6 patients FUS protein moved from nucleus to the cytoplasm where it aggregates causing neurons death [7].

	ALS7, ALS8
	#608031, #608627
	VAPB
	Both types of ALS are characterized by aberrations on locus 20p13 and 20q13.32, respectively. Of note, those patients presented normal levels of SOD1 protein [8, 9].

	ALS9
	#611895
	ANG
	Hayward et al. (1999) and Greenway et al. (2004) identified mutations in the apurinic/apyrimidinic endonuclease (APEX nuclease) gene and in the Angiogenin (ANG) related region on chromosome 14q11.2 suggesting their potential role in the pathogenesis of ALS [10, 11]. In 2006, Greenway et al. have confirmed the association between ALS-9 and a synonymous SNP in the ANG gene in an Irish and Scottish population but not in others [12].

	ALS10
	#612069
	TARDBP/TDP-43
	A strict link between TAR DNA-binding protein 43 (TARDBP/TDP-43) gene alteration and ALS-10 locus has been reported [13]. 

	ALS11
	#612577
	FIG4
	ALS-11 is an autosomal dominant form of ALS caused by mutation in the FIG4 gene. The discovery of five different missense FIG4 mutations in 5 patients with a diagnosis of ALS or adult-onset primary lateral sclerosis is recent, but these mutations were not clearly shown to be ALS pathogenic [14].

	ALS12
	#613435
	OPTN
	ALS-12 is caused by homozygous or heterozygous mutation in the Optineurin (OPTN) gene observed in individuals from consanguineous marriages that shown nonsense and missense mutations of that gene. As a consequence OPTN is incapable to abolish the inhibition of the nuclear factor kappa B (NFKB) activation [15].

	ALS14
	#613954
	VCP
	ALS-14 with or without frontotemporal dementia (FTD) is due to heterozygous mutations in the human Valosin-cointaining protein (VCP) gene on chromosome 9p13 [16]. VCP gene mutation causes myopathy with Paget disease and FTD [17].

	ALS15
	#300857
	UBQLN2
	Mutation in Ubiquilin-2 gene (UBQLN2) causes dominant X-linked juvenile and adult-onset ALS and ALS/dementia [18].

	ALS16
	#614373
	SIGMAR1
	Homozygous mutation in the Sigma Receptor, Type 1 (SIGMAR1) gene on chromosome 9p13 leads to ALS-16, a juvenile ALS form [19].

	ALS17
	#614696
	CHMP2B
	In 2006, Parkinson et al. identified a heterozygous mutation in the CHMP family, member 2B (CHMP2B) gene as cause of ALS-17 in a 75 years old man [20, 21].

	ALS18
	#614808
	PFN1
	Mutations in Profilin1 (PFN1) gene, on chromosome 17p, cause familial ALS-18 [22].

	ALS19
	#615515
	ERBB4
	ALS-19 is caused by heterozygous mutation in the oncogene v-erb-b2 avian erythroblastic leukemia viral oncogene homolog 4 (ERBB4) on chromosome 2q34 loading also the neuregulin-ERBB4 pathway involvement [23].

	ALS20

	
	#615426
	HNRNPA1
	ALS-20 is due to a heterozygous mutation in the heterogeneous nuclear ribonucleoprotein A1 (HNRNPA1) gene on chromosome 12q13. In the 2013, Kim et al. identified sequence variants in prion-like domains in hnRNPA2B1 and hnRNPA1 causing multisystem proteinopathy and ALS [24].


 


Table.S2. The table summarizes specific reported cases in which a clinical correlate phenotype between ALS (including also other motor neuron diseases) and Tay-Sachs disease (TSD) or Sandhoff disease (SD) is causative of misdiagnosis.

	First diagnosis
	Final diagnosis
	Clinical and molecular evaluation

	SMA type III
	TSD
	A woman considered a SMA type III patient (Kugelberg-Welander disease) for a long time. Analysis of Survival Motor Neuron (SMN) excluded SMA. Biochemical studies on GM2 gangliosidosis showed deficiency in HexA activity and increased GM2 ganglioside accumulation in patient’s fibroblasts. Interesting, gene analysis together with the classical mutation of adult GM2 gangliosidosis (Gly269-->Ser) revealed a new mutation on exon 1 at initiation codon in the HEXA gene [25]. 

	ALS
(Early onset)
	TSD
	a 23-year-old-male
patient 
a 23-year-old-male
patient 
A 23-year-old male patient primarily diagnosed as atypical ALS results a potential late-onset TS case after a more accurate analysis that have showed a very low HexA activity level on leukocytes (enzyme level tested [0,05 U/106 cells; normal range > 0,4 U]) [26].

	PLS
	TSD
	A 30-year-old Brazilian Caucasian subject with unusual clinical involvement of isolated upper motor neuron, similar to primary lateral sclerosis (PLS) has been found carrying low level of HexA activity on sera analysing by a fluorometric method (HexA – 280 nmoles/h/mL [normal value: 550–1.675] and 32% of total hexosaminidase [normal value: 45– 70%]) [27].

	Motor Neuron Disease
	SD
	A first Japanese patient has been affected by progressive dysarthria, proximal atrophy and weakness since he was 10-years old, followed by a mental degeneration, cerebellar ataxia and a significant reduction of fibres myelinisation. At 35 years old, HexA and HexB analysis in leukocytes and cultured fibroblasts have revealed the 10% of normal activities range for both these enzyme confirming the SD state [28].  

	Atypical ALS
	SD
	A 35-year old Japanese showing a motor neuron disease phenotype with slow progression has been initially diagnosed as atypical ALS. Hexosaminidase activity in their peripheral leukocytes have revealed a very low level of both HexA and HexB activities (7-15% of controls) diagnosing he was affected by an adult SD form with motor neuron disease correlated. In 2002, two novel mutations of HEXB gene have been reported as caused of this SD form  [29]. 
The first mutation, IVS2-1G>A, was located at the 3'-splice acceptor site of intron 2, causing exon 3 skipping. The second mutation was a G-to-A transition in exon 13 (c.1598G>A) resulting in arginine-to-histidine substitution at amino acid position 533 (R533H) [30].

	Motor Neuron Disease
	SD
	A 46-year-old Japanese male has been described with symptoms in his forties such as muscle weakness, atrophy of the upper and lower extremities and hyperreflexia of the upper extremities. The differential heat inactivation method revealed a high decrement of both HexA and HexB activities of patient’s leukocytes to 20.9 and 0.6% of those of the controls defining a final diagnose of an adult form of SD with the motor neuron disease phenotype [31]. 

	Motor Neuron Disease
	SD
	Six patients showed cerebellar ataxia or lower motor neuron (LMN) involvement combined with neuropathy has been finally diagnosed as late-onset SD due to symptoms occurred at over 45 years old [32]. 
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