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Spinocerebellar ataxias are clinically and genetically heterogeneous neurodegenerative 

disorders.1 Over 50% of patients with inherited conditions never achieve genetic diagnosis, 

suggesting additional disease genes await recognition.1 Here we present the first observation 

of a functionally deleterious and therefore potentially pathogenic variant in the murine 

ataxia gene TRPC3 in a patient with adult-onset cerebellar ataxia.

A 40-year old white man of European ancestry presented with 2 years of progressive 

imbalance and ataxic gait. MRI brain showed only mild atrophy of the cerebellar vermis 

(Fig. A). Evaluation for acquired causes of ataxia1 was unremarkable as were nerve 

conduction/electromyogram studies. There was no obvious family history but he was 

estranged from his father. Dominant genetic conditions were considered, but testing for 

SCA1, SCA2, SCA3, SCA5, SCA6, SCA7, SCA8, SCA10, SCA12, SCA13, SCA14, 

SCA17, SCA28, and dentatorubral-pallidoluysian atrophy were negative. Given no 
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identifiable etiology and incomplete family history, exome sequencing was performed for 

rare genetic causes.2 We identified a single variant of potential clinical significance,2 a 

heterozygous p.Arg762His (Chr4:122824185G>A, build hg19) in the TRPC3 gene, 

confirmed by Sanger sequencing (Supplemental Data). This position is highly conserved and 

the protein change was predicted damaging using five independent algorithms 

(Supplemental Data). The variant was not found in the patient’s unaffected mother, but with 

no paternal samples and no full siblings, we were unable to determine if inherited or de 

novo, thus limiting our ability to directly confirm the pathogenicity of this variant in this 

patient.

TRPC3, a transient receptor potential (TRP) family member, is a non-selective cation 

channel linked to key signaling pathways affected in cerebellar ataxia including mGluR1.3 

The p.Arg762His variant is within the TRP domain of TRP3, a highly conserved region 

implicated in regulating channel gating (Fig. B).4 Given the variant’s bioinformatic results 

and key location, we directly assessed for effects on protein function in mouse neuronal 

cells. Mutant p.Arg762His channels were expressed similarly to wildtype (wt) TRPC3 at the 

plasma membrane (Supplemental Data) but significantly induced neuronal cell death (Fig. 

C), suggesting toxic gain-of-function. Consistent with increased channel activity, 

significantly increased nuclear localization of the calcium-sensitive transcription factor 

NFAT occurred upon overexpression of TRPC3 p.Arg762His (Fig. D,E). We also performed 

structural modeling based on the recently published high resolution structure of the related 

TRPV1 channel5 (Fig. F, Supplemental Data), which suggests p.Arg762 is important for 

channel gating and mutation would likely have a significant effect on channel function.

Genetic mouse models of Trpc3 exhibit cerebellar dysfunction and ataxia3, 6, 7 and TRPC3 is 

expressed in human cerebellum (Supplemental Figure), making TRPC3 an excellent 

candidate for cerebellar ataxia in humans. However, TRPC3 is likely an uncommon cause, 

as a previous study did not identify mutations in sporadic late-onset or episodic ataxia 

patients.8 Our functional studies show the p.Arg762His mutation behaves similarly in these 

same assays (Fig. C, D, E) to the pathogenic mouse Mwk Trpc3 mutation6 that causes ataxia 

via toxic gain-of-function. Although the functional data is suggestive, the p.Arg762His 

variant was detected in a single individual out of over 13,000 chromosomes (minor allele 

frequency 0.008%) in the NHLBI Exome Variant Server (http://evs.gs.washington.edu/

EVS/), illustrating the need for additional clinical confirmation in other patients and/or 

families, as late-onset or incompletely penetrant mutations could still be encountered in 

databases of presumed normal variation if banking occurs before symptom onset. Thirty-five 

rare TRPC3 missense variants are present in this database (minor allele frequency < 0.1%) 

and we identified 2 bioinformatically predicted to be as pathogenic as the p.Arg762His 

mutation (Supplemental Table). However, neither variant localized to a functionally critical 

region within TRPC3 and their substitution had no functional effect in our assays 

(Supplemental Data). Toxic gain-of-function is further supported by the observation of rare 

nonsense variants in the population (Supplemental Table) and the absence of ataxia 

symptoms in individuals with heterozygous deletions.9

In summary, based on available clinical, bioinformatic, genomic, structural, and functional 

information, we conclude mutation of the murine ataxia gene TRPC3 has the potential to be 
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a rare cause of adult-onset spinocerebellar ataxia in humans. We therefore recommend 

testing in additional populations with undiagnosed dominant disease to search for additional 

variants of potential pathogenicity to support this observation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure. Functional analysis of TRPC3 p.Arg762His
(A) Sagittal T1 magnetic resonance imaging of the brain shows a very mild atrophy of the 

cerebellar vermis (arrow) and no brainstem involvement.

(B) The TRPC3 p.Arg762His variant (R762H) lies within the TRP box (EWKFAR), part of 

the highly conserved TRP domain in TRP channels including all TRPCs, TRPMs (only 

TRPM1 shown), Drosophila dTRP, zebrafish zTRPN1, and the related C. elegans 

cNOMPC.

(C) Neuro-2a mouse neuroblastoma cells were transfected with FLAG-tagged TRPC3 

constructs. Cells were fixed 24 or 48 hours after transfection and subjected to indirect 

immunofluorescence with antibodies against FLAG and the DNA dye DAPI. After 48 hours, 

overexpression of the p.Arg762His mutant caused significant cell death (mean + SEM; n=3; 

ANOVA, Bonferroni’s post-hoc test, p<0.01).

(D,E) Neuro-2a cells were transfected with FLAG-tagged TRPC3 constructs and GFP-

tagged NFAT. Expression of the p.Arg762His mutant caused significant nuclear NFAT-GFP 

localization (mean + SEM; n=3; t-test, p<0.0005) (D). Cells were fixed 24 hours after 

transfection and subjected to indirect immunofluorescence with antibodies against FLAG, 

GFP and the DNA dye DAPI (E). Scale bar 20 μm.
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(F) Structural homology modeling between the TRP box of TRPV1 (PDB ID: 3J5P) and 

TRPC3. TRPC3 p.Arg762 is homologous to the structurally important p.Arg701 residue in 

TRPV1. While the p.Arg701-interacting residues are not conserved in TRPC3, modeling 

suggests an interaction of p.Arg762 with the highly conserved p.Glu634 residue.
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