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Table 1
Frequencies of ALS patients with C90rf72 and SODI mutations in different countries
Study Population Corf72 SOD1
Familial ALS Sporadic ALS Mean AAO Familial ALS Sporadic ALS
(range), years
This study, 2012 Japanese (JaCALS) 0% (0/11) 0.4% (2/552) 64.7 (57-72) NA NA
Akimoto et al. (2011) Japanese (JaCALS) NA NA NA NA 1.6% (4/255)
Delesus-Hernandez et al. Mixed? 23.5% (8/34) 4.1% (8/195)*** 54.5 (41-72) 11.8% (4/34) 0% (0/195)
(2011)
Renton et al. (2011) Finish 46.4% (52/112)** 21.0% (61/290)*#* 53 (30-71) NA NA
Gijselinck et al. (2012) Flanders-Belgian 46.7% (7/15)* 4.9% (6/122)**: 54.5 (38-64) 0% (0/16) 0% (0/125)
Stewart et al. (2012) Unknown® 27.4% (17/62) 3.6% (6/169)*: 58.2 (39-82) Total 8.2% (19/231)
Bymne et al. (2012) Treland 40.8% (20/49)* 4.9% (19/386)%** 56.3 (NA) Total 0% (0/191)
Cooper-Knock et al. Northern England 42.9% (27/63)* 7.0% (35/500)*** 57.3 (27-74) Total 2.5% (14/563)
(2012)
Chid et al. (2012) Italian 37.5% (45/120)* NA 59.0 (NA-80) 0% (0/141) NA
Sardinian 57.1% (12/21)** NA 60.4 (NA) NA NA
German 22.0% (9/41) NA 56.4 (NA) NA NA
Majounie et al. (2012) England 45.9% (45/98)** 6.8% (62/916)%*:* NA NA NA
German 21.7% (15/69) 5.2% (22/421)%#: NA NA NA
Italian 37.8% (34/90)* 4.1% (19/465)%*:*x* NA NA NA
Sardinian 57.9% (11/19)** 7.8% (10/129)%** NA NA NA
USA White US total 36.2% 5.4% (48/890)%*:* NA NA NA
(59/163)*
USA Hispanic 8.3% (6/72)*** NA NA NA
USA Black 4.1% (2/49) NA NA NA
Australian NA 5.3% (14/263)%:* NA NA NA
Israeli 21.4% (3/14) NA NA NA NA
Indian NA 0% (0/31) NA NA NA
Asian 5.0% (1/20) 0% (0/238) NA NA NA
Pacific islander/Guam NA 0% (0/90) NA NA NA
Sabatelli et al. (2012) Italian NA 3.7% (60/1624)**%  58.6 (49-65) NA NA
Sardinian NA 6.8% (9/133) ks 62.9 (58-63) NA NA

Key: AAO, age at onset; ALS, amyotrophic lateral sclerosis; JaCALS, Japanese Consortium of Amyotrophic Lateral Sclerosis Research; NA, not available.
® Mixed included 229 ALS patients from Mayo Clinic, Florida: White (212), Asian (1), Pacific Islander (1), and Black or African American (15).
°® Unknown included 231 ALS patients from the ALS Clinic of Vancouver Coastal Health and the University of British Columbia (Vancouver General

Hospital and GF Strong Rehabilitation Centre sites).
* p < 0.05, compared with our results (2-tailed, Yates’s x* test).
## p < 0.01, compared with our results (2-tailed, Yates’s x* test).
##kp < 0,001 compared with our results (2-tailed, Yates’s x* test).

3.2.4. Subject B-II (family B)

Subject B-II, a sibling of Patient B-I, had a C90rf72
mutation but did not have symptoms of dementia or motor
neuron disease until age 76 (Fig. 1).

4, Discussion

We began this study considering patients without family
histories of ALS to be SALS because our cohort included
only family histories of ALS but not FTD or PPA. Although
it may be difficult to describe the real frequency in SALS
because 1 of the SALS patients had a family member who
developed PPA, the frequencies of the C9orf72 mutation in
Japanese patients were 0.4% (2/552) in SALS and 0%
(0/11) in FALS according to this classification. In contrast,
the frequencies of the C90rf72 mutation fall within the
ranges of 21%-57% in FALS and 3%-21% in SALS in
Western populations (Table 1), and the C90rf72 mutation
has been reported as the most common genetic cause of
FALS and SALS in Western populations (Byrne et al.,

2012; Chio et al., 2012; Cooper-Knock et al., 2012; DeJe-
sus-Hernandez et al., 2011; Gijselinck et al., 2012; Ma-
jounie et al., 2012; Renton et al., 2011; Sabatelli et al., 2012;
Stewart et al., 2012). However, the C9orf72 mutation in this
study was not more frequent than the SODI mutation in Jap-
anese SALS patients (0.4% and 1.6%, Table 1) (Akimoto et al.,
2011). Considering these data, the C90rf72 mutation is more
common than the SODI mutation in Western populations but
not in Japan, suggesting different genetic backgrounds. Our
results may explain the association study of 1s2814707 on
9p21.2, which was reported to be the most significantly asso-
ciated SNP with SALS in Caucasian but not in Japanese and
Chinese populations (lida et al., 2011). A recent report re-
vealed that the rate of expansion in Asian FALS and SALS
was 5% (1/20) and 0% (0/238), respectively (Majounie et al.,
2012). An analysis of the SNPs on chromosome 9p revealed
that all 4 subjects with the C90rf72 mutation and another
Japanese subject from the previously mentioned report (Ma-
jounie et al., 2012) share a shorter region of the risk haplotype
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than Western populations. Thus, the haplotype bearing the
C90rf72 mutation was only shared in a narrow region between
Western and Asian populations, suggesting that the C9orf72
mutation may be an old mutation in human migration history
from Western to East Asia. This mutation was estimated to be
approximately 1500 years old (Majounie et al., 2012).

Bulbar onset and cognitive impairment have been re-
ported to be more common in ALS patients with the
C9orf72 repeat expansion (Chid et al., 2012; Cooper-Knock
et al., 2012; Delesus-Hernandez et al., 2011; Sabatelli et al.,
2012; Stewart et al., 2012). We did not find any patients
with bulbar onset, but we identified 2 patients with demen-
tia. Although the age at onset has been known to be lower
in SALS patients with the C90rf72 mutation than in those
without this mutation (Sabatelli et al., 2012), our patients
exhibited a relatively older age at onset (Table 1).

Although apparently sporadic patients with C9o0rf72 mu-
tation have been detected worldwide (Byrne et al., 2012;
Cooper-Knock et al., 2012; Sabatelli et al., 2012), it was not
known whether this phenomenon was due to incomplete
penetrance or to spontanecous expansion of the GGGGCC
hexanucleotide repeat from a nonpathogenic parental form
(ie, a de novo expansion). In this study, we found a 76-year-
old healthy individual with a C90rf72 mutation (Subject
B-II), as described in previous studies (Majounie et al.,
2012; Renton et al., 2011). This discovery suggests not de
novo expansion but incomplete penetrance, which explains
the existence of apparently sporadic patients with the
C9orf72 mutation. Although it has been reported that the
penetrance of the C9orf72 mutation is almost full by 80
years by Kaplan—Meier analysis of 603 mutant gene carriers
and 5 neurologically healthy individuals, further studies of
family members of patients with the C9orf72 mutation will
be required to calculate the true penetrance and to improve
genetic counseling.

Finally, we found a PPA patient with the C90rf72 mu-
tation after detecting the mutation in a SALS patient, sug-
gesting the importance of collecting information regarding
whether SALS patients have a family history of dementia or
aphasia. Therefore, the possibility of C9rf72 mutation
should be investigated when clinicians meet with SALS
patients after determining their family histories of FTD or
PPA. Furthermore, our data supported Byrne and col-
leagues’ suggestion that a family history of FTD should also
be included in the revised definition of FALS (Byrne et al.,
2012).
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