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Editorial

The C9ORF72 mutation brings more answers and more questions
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Abstract
The clinical, neuropsychiatric and neuroimaging features of patients who carry the important new C9ORF72 mutation are discussed in this special series of Alzheimer's Research & Therapy. First reported in November 2011, the C9ORF72 mutation is the most common mutation associated with both frontotemporal dementia and amyotrophic lateral sclerosis in the Western hemisphere and Europe. It is a gene with strong penetrance, and the vast majority of subjects with the C9ORF72 mutation die from a neurodegenerative condition. The most common clinical manifestation of disease in gene carriers is behavioral variant frontotemporal dementia. An extremely long hexanucleotide repeat (usually greater than 400), appears to lead to ribonucleic acid aggregates within the nucleus and suppression of gene expression. Finding therapies for C9ORF72 will be difficult and require novel therapeutic approaches that involve suppression of the expression of the C9ORF72 repeat.

Abbreviations
ALSamyotrophic lateral sclerosis


bvFTDbehavioral variant frontotemporal dementia


C9chromosome 9


C9ORF72chromosome 9: open reading frame 72


FTDfrontotemporal dementia.




Alzheimer's Research & Therapy has published a series of articles written about the important new C9ORF72 mutation associated with frontotemporal dementia (FTD) and amyotrophic lateral sclerosis (ALS). The clinical, neuropsychiatric and neuroimaging features of the patients who carry this mutation are discussed in this special series.
First reported in November 2011 [1, 2], the C9ORF72 mutation is the most common mutation associated with both FTD and ALS in the Western hemisphere and Europe (less is known about C9ORF72 in Asia and Africa). At the University of California, San Francisco (UCSF), the chromo some 9 (C9) expansion accounts for 53% of all familial ALS, FTD and ALS/FTD cases referred to the center, more common than all of the other FTD and AD mutations together. The Mayo Clinic found C9ORF72 expansions accounted for 12% of familial FTD and 24% of familial ALS patients from a sequential series of their patients. They also reported a 62% frequency in a University of British Columbia cohort of pathologically confirmed frontotemporal lobar degeneration with TDP-43 pathology (FTLD-TDP) probands [1]. In Finland, the expansion accounts for 46% of familial ALS and 21% of sporadic ALS, while it accounts for 33% of familial ALS cases in people of European descent [2]. It is a gene with strong penetrance, and the vast majority of subjects with the C9 expansion die from a neurodegenerative condition. While some subjects with this mutation develop FTD-spectrum disorders, others exhibit ALS, while still others have a mixture of both FTD and ALS at the time of clinical presentation. The mutation brings up important questions regarding selective vulnerability and why one member of a family gets ALS while another dies from FTD that remain unanswered.
The most common clinical manifestation of disease in gene carriers is behavioral variant frontotemporal dementia (bvFTD), and this mutation has its own unique anatomical features. Psychotic behaviors may suggest FTD due to C9ORF72 versus other types of bvFTD, but distinguishing clinical symptoms still need to be defined into a clear phenotype. While the frontal lobe degeneration in C9-related FTD may be less severe than that in patients with sporadic bvFTD, some of the patients with the C9ORF72 repeat appear to have more severe involvement of the thalamus [3, 4] and cerebellum. How this degeneration intersects with the frontal involvement and modifies the clinical phenotype remains to be seen. Similarly, the neuropsychiatric prodrome of bvFTD and ALS in gene carriers needs to be better understood because early intervention will almost certainly be needed if effective therapies are going to be instituted.
C9 appears to mediate neurodegeneration via an RNA-mediated mechanism. The repeat is located on a non-coding region of C9ORF72, which encodes a protein with no known function that is expressed at high levels in the brain. The extremely long hexanucleotide repeat (estimated to be 700 to 1,600 units) appears to lead to RNA aggregates within the nucleus and suppression of gene expression through aberrant RNA splicing. Two other conditions, myotonic dystrophy and fragile-X-tremorataxia, cause disease by a similar mechanism. A loss of C9ORF72 protein function is another possible mechanism of disease. Finding therapies for C9ORF72 will be difficult and require novel therapeutic approaches that involve suppression of the expression of the C9 repeat. Accurate animal models and well-characterized patient cohorts will be essential to understanding the underlying mechanisms of the disease pathway and the discovery of potential therapeutic targets. Such efforts are underway in myotonic dystrophy and will soon be applied to the C9 mutation.
This special series of Alzheimer's Research & Therapy expands our knowledge of C9ORF72 with articles on its clinical [5, 6], imaging [7], genetic counseling [8] and treatment aspects [9]. Clinical tests are available to screen for C9ORF72 expansions, but refining the clinical phenotype and imaging markers will help clarify when such testing is recommended. Genetic counseling is a critical service to help patients and families to decide when to test for the expansion, whether or not to learn the results and how to interpret the results. Both FTD and ALS [10] are described in this special series. The risk of C9ORF72 for FTD and ALS brings a new understanding to both disorders and brings us closer to the day when these diseases can be treated.
Note
This article is part of a series on The new FTD mutation on chromosome 9, edited by Bruce Miller. Other articles in this series can be found at http://​alzres.​com/​series/​FTDmutation

References
1.
DeJesus-Hernandez M, Mackenzie IR, Boeve BF, Boxer AL, Baker M, Rutherford NJ, Nicholson AM, Finch NA, Flynn H, Adamson J, Kouri N, Wojtas A, Sengdy P, Hsiung GY, Karydas A, Seeley WW, Josephs KA, Coppola G, Geschwind DH, Wszolek ZK, Feldman H, Knopman DS, Petersen RC, Miller BL, Dickson DW, Boylan KB, Graff-Radford NR, Rademakers R: Expanded GGGGCC hexanucleotide repeat in noncoding region of C9ORF72 causes chromosome 9p-linked FTD and ALS. Neuron. 2011, 72: 245-256. 10.1016/j.neuron.2011.09.011.PubMedCentralCrossRefPubMed

2.
Renton AE, Majounie E, Waite A, Simón-Sánchez J, Rollinson S, Gibbs JR, Schymick JC, Laaksovirta H, van Swieten JC, Myllykangas L, Kalimo H, Paetau A, Abramzon Y, Remes AM, Kaganovich A, Scholz SW, Duckworth J, Ding J, Harmer DW, Hernandez DG, Johnson JO, Mok K, Ryten M, Trabzuni D, Guerreiro RJ, Orrell RW, Neal J, Murray A, Pearson J, et al: A hexanucleotide repeat expansion in C9ORF72 is the cause of chromosome 9p21-linked ALS-FTD. Neuron. 2011, 72: 257-268. 10.1016/j.neuron.2011.09.010.PubMedCentralCrossRefPubMed

3.
Khan BK, Woolley JD, Chao S, See T, Karydas AM, Miller BL, Rankin KP: Schizophrenia or neurodegenerative disease prodrome? Outcome of a first psychotic episode in a 35-year-old woman. Psychosomatics. 2012, 53: 280-284. 10.1016/j.psym.2011.04.005.PubMedCentralCrossRefPubMed

4.
Sha SJ, Takada LT, Rankin KP, Yokoyama JS, Rutherford NJ, Fong JC, Khan B, Karydas A, Baker MC, DeJesus-Hernandez M, Pribadi M, Coppola G, Geschwind DH, Rademakers R, Lee SE, Seeley W, Miller BL, Boxer AL: Frontotemporal dementia due to C9ORF72 mutations: clinical and imaging features. Neurology. 2012, 79: 1002-1011. 10.1212/WNL.0b013e318268452e.PubMedCentralCrossRefPubMed

5.
Takada LT, Sha SJ: Neuropsychiatric features of C9orf72-associated behavioral variant frontotemporal dementia and frontotemporal dementia with motor neuron disease. Alzheimers Res Ther. 2012, 4: 38-10.1186/alzrt141.PubMedCentralCrossRefPubMed

6.
Boeve BF, Graff-Radford NR: Cognitive and behavioral features of C9FTD/ALS. Alzheimers Res Ther. 2012, 4: 29-10.1186/alzrt132.PubMedCentralCrossRefPubMed

7.
Yokoyama JS, Rosen HJ: Neuroimaging features of C9ORF72 expansion. Alzheimers Res Ther. 2012, 4: 45-10.1186/alzrt148.PubMedCentralCrossRefPubMed

8.
Fong JC, Karydas AM, Goldman JS: Genetic counseling for FTD/ALS caused by the C9ORF72 hexanucleotide expansion. Alzheimers Res Ther. 2012, 4: 27-10.1186/alzrt130.PubMedCentralCrossRefPubMed

9.
Sha SJ, Boxer A: Treatment implications of C9ORF72. Alzheimers Res Ther. 2012, 4: 46-10.1186/alzrt149.PubMedCentralCrossRefPubMed

10.
Schymick JC, Traynor BJ: Expanding the genetics of amyotrophic lateral sclerosis and frontotemporal dementia. Alzheimers Res Ther. 2012, 4: 30-10.1186/alzrt133.PubMedCentralCrossRefPubMed



Competing interests
BLM receives grant support from the NIH/NIA (FTLD Program Project Grant 'Genes, Images Emotions', Alzheimer's Disease Research Center, T32 & K08/23 Training Grants) and has nothing to disclose related to this paper. BLM serves as a consultant for TauRx, Allon Therapeutics, Bristol-Myers Squibb, Eli Lilly and Sagol School of Neuroscience at Tel Aviv University. He has received a research grant from Novartis. He receives support from the State of California as an Alzheimer's Disease Research Center. He receives philanthropic support from the Consortium for Frontotemporal Dementia, Tau Consortium and the Hellman Family Foundation. He is on the Board of Directors for the John Douglas French Foundation for Alzheimer's Research and The Larry L Hillblom Foundation. He receives royalties from Cambridge University Press.


OEBPS/sidebar.gif





OEBPS/contact.gif





