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Mutations in the SACS gene have been linked to autosomal recessive spastic ataxia of Charlevoix Saguenay (ARSACS). It is a clinically and genetically heterogeneous disease characterized by slow progressive ataxia, spasticity, sensorimotor neuropathy, and a combination of other manifestations, such as lack of spasticity, hearing loss, and epileptic seizures. Currently, there have been very few case reports regarding the SACS gene mutation in Chinese patients. Here, we describe a 35-year-old Chinese patient carrying a novel variant in SACS (c.11486C>T) presenting with progressive ataxia and demyelinating peripheral neuropathy. We then reviewed 22 Chinese cases carrying SACS gene mutations, including our patient. All of them had a cerebellar ataxia gait and showed cerebellar atrophy on brain magnetic resonance imaging (MRI). A total of 28 SACS mutations were identified in these patients. Our study further expands the mutation spectrum of the SACS gene and contributes to the evaluation of genotype-phenotype correlations.
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INTRODUCTION

Autosomal recessive spastic ataxia of Charlevoix-Saguenay (ARSACS) is one of the most common autosomal recessive ataxia caused by biallelic mutations within the SACS (OMIM: 270550) gene (1). The majority of patients with ARSACS present three core typical phenotypes of early-onset cerebellar ataxia, spasticity, peripheral neuropathy, and other atypical manifestations, including cognition disability, lacking spasticity, epileptic seizures, and hearing loss (2, 3). Brain magnetic resonance imaging (MRI) often revealed remarkable findings of cerebellum atrophy and linear T2 hypointensities in the pons. The optical coherence tomography (OCT) presented a remarkable abnormality in the retinal nerve fiber layer (RNFL) hypertrophy. However, in clinical practice, the absence of remarkable finds in brain MRI or retinal OCT were also present in some ARSACS cases (4, 5).

Genetically, over 200 mutations have been described in the SACS gene, most of which have been detected in the gigantic exon 10. The majority of the mutation's types were missense mutation and small deletions subsequently. The identical same mutation leading to different clinical features were described, even in siblings (6). These findings suggested that ARSACS is a clinically and genetically heterogeneous disease and it usually confuses us to make a precise diagnosis. Here, we describe the case of a Chinese patient carrying a novel variant in SACS presented with progressive ataxia and demyelinating peripheral neuropathy.



CASE PRESENTATION

The patient is a 35-year-old male from a consanguineous family (Figure 1A). He had delayed developmental motor milestones and began ambulating at 36 months of age. Frequent falls, particularly during running, notably occurred during childhood. He developed a progressive ataxic gait and dysarthria at the age of 28 years. However, with the progression, he needed a mobility aid to protect himself when walking and suffered from dysphagia at the age of 35 years. He did not have a history of seizures, constipation, urinary urgency, or visual problems. His parents did not have any symptoms, but two of his uncles had similar symptoms. The young uncle showed gait problems as a child. These symptoms gradually progressed and resulted in him using a wheelchair at the age of 38. The older uncle died at the age of 59 with similar symptoms. Neurologic examination of cranial nerves revealed significant gaze-evoked nystagmus and moderate dysarthria. Limb examination presented muscular atrophy in lower limbs, and the muscle strength of the distal part of the lower extremities was Medical Research Council (MRC) grade 4. There was decreased tone and tendon reflex in the upper and lower limbs. The sensation examination was symmetric, but the pain sense seemed to be more insensitive in the distal limbs. Extensor plantar reflexes were positive bilaterally. Hammer toes and pes cavus were present (Figures 2A,B). Bilateral finger-to-nose tests, alternate motion tests, and heel-to-shin tests were all awkward. Romberg's sign was positive. The score of the Scale for the Assessment and Rating of Ataxia (SARA) and the International Cooperative Ataxia Rating Scale (ICARS) were 25/40 and 23/100, respectively. The total score of the disease-specific severity index for autosomal recessive spastic ataxia of Charlevoix-Saguenay (DSI-ARSACS) was 23.5, and the clinical Spastic Paraplegia Rating Scale (SPRS) was 22.


[image: Figure 1]
FIGURE 1. The genetic manifestations of the patient. (A) Pedigree of the family. The arrow indicates the proband. (B) Validation of the SACS mutation (NM_014363: c.11486C>T p.P3829L) by Sanger sequencing.
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FIGURE 2. The clinical and neuroimaging features of the patient. (A,B) Neurological examinations show Hammer toes and pes cavus. (C) Thinning spinal cord in sagittal T2-weighted image (arrow). (D,G) The brain MRI shows the cerebellum atrophy in the sagittal T1-weighted image (arrow), hypointensities in the pons in the axial T2-weighted image (arrow). (E,H) Fundus photographs of the right and left eyes show swollen papilla with a combed aspect of the interpapillomacular region. (F,I) Optical coherence tomography imaging of the right and left eyes shows thickened RNFL (arrow).


Nerve conduction studies (NCS) showed sensorimotor demyelinating polyneuropathy with secondary axonal loss (Supplementary Table 1). A spine MRI revealed thinning spinal cord (Figure 2C). A brain MRI revealed atrophy of the cerebellum on T1-weighted images, and bilateral hypointense stripes in the pons on T2 sequences (Figures 2D,G). Fundus photographs of the eyes demonstrated swollen papilla with a combed aspect of the interpapillomacular region (Figures 2E,H), and OCT depicted hypertrophy in the mild retinal nerve fiber layer(RNFL) (Figures 2F,I).

After genetic counseling, the patient and his parents gave informed consent and the Ethical Committee of the Affiliated Hospital of Hangzhou Normal University in China gave approval. First, we screened causative genes for SCA1, 2, 3, 6, 7, 8, 10, 12, 17, Friedreich's ataxia (FRDA), and Dentatorubral-pallidoluysian atrophy (DRPLA) on the proband. In doing so, we did not identify any pathogenic repeat expansions. We then carried out whole-exome sequencing (WES) and detected a novel homozygous missense variant in the SACS gene (NM_014363.5: c.11486C>T p.P3829L). Afterward, segregation analysis by Sanger sequencing confirmed that the patient's parents were heterozygous carriers and his affected young uncle was also homozygote (Figure 1B). No other known pathogenic variants were identified in the WES study. The variant of c.11486C>T in the SACS gene was absent in databases of dbSNP, gnomAD, and ExAC. SIFT, Polyphen-2, Mutationtaster, and CADD all predicted that the novel missense variant was deleterious. According to the American College of Medical Genetics and Genomics (ACMG), the variant c.11486C>T within SACS is a variant of likely pathogenic (PM2, PP1_Moderate, PP3, PP4).

We summarized the clinical and genetic features of our case and the reported Chinese patients (Table 1) (2–4, 7–17). The majority of the families were from Southeastern China (Figure 3). Among them, 16 were men and 11 were women. The age of disease onset in the cases (77.7%, 21/27) was no more than 6 years. All of the 27 cases had onset with ataxia, and 15 of them had spastic gait, whereas three cases showed an absence of spasticity, 16 cases showed pes cavus, and 21 patients presented peripheral neuropathy. Almost all of them revealed cerebellar atrophy on a brain MRI, except for one case, due to his young age (3 years). In 15 patients, the MRI displayed signal hypointensities within the pons, and eight cases showed thickening RNFL. Genetically, 12 of 27 cases carried homozygous mutations in the SACS gene. A total of 35 SACS gene mutations were identified in the Chinese patients, including 10 missenses, seven non-senses, 16 small deletions, and two gross deletions. Except for two gross deletions, only one mutation was located in exon 8, while almost all mutations were identified in exon 10 of the SACS gene.


Table 1. Clinical data of Chinese autosomal recessive spastic ataxia of Charlevoix Saguenay (ARSACS) cases from the present study and other related published studies.
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FIGURE 3. The geographical distribution of patients with autosomal recessive spastic ataxia of Charlevoix Saguenay (ARSACS).




DISCUSSION

Currently, there have been very few case reports regarding SACS gene mutation in Chinese patients. In this study, we presented a Chinese ARSACS patient exhibiting early-onset cerebellar ataxia, pyramidal signs, and peripheral neuropathy. By performing a WES and segregation analysis, we identified a novel variant c.11486C>T mutation at the homozygous state in the SACS gene.

Different from the clinical features of progressive spasticity and preserving tendon reflexes throughout the disease course in Quebec patients (1, 18), our index case lacked the signs of leg spasticity and decreased tendon reflexes. Additionally, a few ARSACS cases without spasticity in the lower limbs were also observed in different racial groups (19, 20). This finding is in line with other previous studies of patients with ARSACS. There is a possibility that the presence of severe neuropathy with demyelinating features could mask any spasticity. However, there was one ARSACS case in the previous reports, which presented neither spasticity nor neuropathy (6).

The lacking-spasticity phenotype may be associated with the localization of the SACS mutation. In our patient, this new variant (c.11486C>T p.P3829L) was located downstream of the UBE3A binding domain (UBD) in the C-terminal of the sacsin protein. The UBD domain may interact with the ubiquitin ligase Ube3A, acting as an important role in hereditary spastic paraplegia (HSP) (21, 22). The patients carrying SACS mutations in the UBD domain usually showed leg spasticity and obvious features of ataxia (21). However, another two patients harboring the homozygous variant (c.11542_11544del) located downstream of the UBD domain presented with ataxia without spasticity (6). Together, the SACS variants located downstream may not affect the UBD domain's function. Additional functional studies are needed in order to confirm the role of those domains at the C-terminus in the SACS gene in protein.



CONCLUSION

Collectively, we reported a Chinese ARSACS case carrying a novel variant in SACS. Our study further expands the mutation spectrum of SACS and contributes to the evaluation of genotype-phenotype correlations.
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