
C9ORF72 HEXANUCLEOTIDE REPEAT
EXPANSIONS IN PATIENTS WITH ALS FROM
THE CORIELL CELL REPOSITORY
Amyotrophic lateral sclerosis (ALS) is a neurologic
disorder, characterized by progressive degeneration
of both upper and lower motor neurons in the brain
and spinal cord. Previous genetic studies have identified
mutations in Cu/Zn superoxide dismutase (SOD1), trans-
active response binding protein 43 (TARDBP), fused in
sarcoma (FUS), and valosin containing protein (VCP)
genes as being causative of disease.1 Recently, an expan-
sion of the noncoding GGGGCC hexanucleotide re-
peat in chromosome 9 open reading frame 72 (C9ORF72)
was identified as an important novel genetic defect in
patients with ALS without or with frontotemporal
dementia (FTD-ALS).2,3 Here we report the fre-
quency of this new mutation and its associated clini-
cal features in a cohort of patients obtained from the
Coriell Cell Repository.

Methods. We studied 617 patients with a diagnosis of
ALS (n � 568), FTD-ALS (n � 20), progressive
muscular atrophy (PMA; n � 26), primary lateral
sclerosis (PLS; n � 2), and progressive bulbar palsy
(PBP; n � 1). DNA samples from patients were ob-
tained from the Coriell Institute for Medical Re-
search. Table 1 summarizes detailed demographic
and clinical information.

The presence or absence of an expanded hexanucle-
otide repeat was determined using our 2-step protocol.2

First, the hexanucleotide repeat was PCR amplified in
all samples using 1 fluorescently labeled primer fol-
lowed by fragment-length analysis on an ABI3730
DNA analyzer. Patients showing only a single peak on
the electropherogram, suggesting homozygosity in this
assay, were further analyzed using the repeat-primed
PCR method. A characteristic stutter amplification pat-
tern on the electropherogram was considered evidence
of a pathogenic repeat expansion.

Fisher exact tests were used to compare frequen-
cies of demographic and clinical features among
groups.

Results. Of the 617 samples that were analyzed, 73
(11.8%) were found to carry pathogenic GGGGCC
repeat expansions in C9ORF72 (table 1 and table e-1
on the Neurology® Web site at www.neurology.org).
Interestingly, a significantly higher mutation fre-
quency was observed within the FTD-ALS patient
group (9/20; 45.0%), compared to the group of pa-
tients with pure ALS (64/568; 11.3%) (p � 0.0002).
Among familial cases (fALS), 37.1% (49/132)
showed a repeat expansion, while 4.9% (24/485) of
the sporadic cases (sALS) were positive. In the re-
mainder of our patient series, repeat-units ranged
from 2 to 28, which we considered normal in this
study.

Average age at onset for expansion carriers was
56.8 � 8.0 years (range 39 – 80) and males ac-
counted for 53.4% (n � 39). Ethnicities of positive
cases were white (n � 72; 98.6%) and African Amer-
ican (n � 1; 1.4%). The mutation cases with known
site of onset were equally distributed among bulbar,
limb-upper, and limb-lower for the pure ALS cases
(20/20/23 respectively, 1 unknown), whereas the
FTD-ALS cases presented with bulbar, limb-upper,
or generalized onset (4/4/1, respectively). Overall,
bulbar presentation was somewhat more common in
C9ORF72 mutation carriers (24/73; 32.9%) com-
pared to non-C9ORF72 mutation carriers (107/544;
19.7%) (p � 0.014).

Discussion. The frequency of repeat expansion carri-
ers in fALS (37.1%) reported in this study was highly
similar to that previously reported in a selected series
of European patients with ALS (38.1%) and slightly
higher than our published mutation frequency from
a US fALS series (23.5%). This may be due to the
ALS cases in our previous publication being collected
at 1 location (Mayo Clinic Florida), primarily from
incident patients, whereas Coriell samples were col-
lected at multiple centers throughout the United
States. The frequency of repeat expansion carriers in
sALS (4.9%) in this study was highly comparable to
our previously reported frequency of 4.1%.

Only limited clinical features of C9ORF72 muta-
tion carriers have thus far been described.2–5 Clinical
data available on the patients we studied indicate
considerable clinical heterogeneity among mutation
carriers with onset ages ranging from 39 to 80 years,
with limb, bulbar, and generalized presentations at
disease onset. All mutation carriers presented with
upper and lower motor neuron features, with the
highest mutation frequency among FTD-ALS pa-
tients. Although most mutation carriers were white,
we also report the first African American patient with
a C9ORF72 repeat expansion.

In our study a characteristic stutter amplification
pattern by repeat-primed PCR was considered evi-
dence for pathogenicity; however, future Southern
blot analyses will be required to determine the mu-
tant allele length in each individual patient. Future
studies should also clarify the minimal length of a
pathogenic repeat expansion.

The reporting of C9ORF72 mutation status of this
large cohort of patients with ALS from the Coriell Insti-
tute provides an essential resource for the scientific com-
munity. Acquisition of available lymphoblast cell lines
derived from this cohort of mutated patients will allow
accurate repeat sizing, genotype–phenotype correla-
tions, and a source of mutant cells for in vitro studies.
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Our findings confirm that C9ORF72 GGGGCC
hexanucleotide repeat expansions are a major cause
of ALS and FTD-ALS.
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Table 1 Clinical characteristics in patients with and without C9ORF72
hexanucleotide repeat expansions

All patients
C9ORF72
negative

C9ORF72
positive

Ntotal 617 544 73

M/F 363/254 324/220 39/34

Ethnicity

White 584 512 72

African American 16 15 1

Asian 12 12 0

Other 4a 4a 0

Unknown 1 1 0

Clinical diagnosis

ALS 568 504 64

FTD-ALS 20 11 9

PMA 26 26 0

PLS 2 2 0

PBP 1 1 0

Average onset age, y 55.0 (19–88) 54.8 (19–88) 56.8 (39–80)

Site of symptom onset

Bulbar 131 107 24

Limb: upper 238 214 24

Limb: lower 224 201 23

Generalized 8 7 1

Truncal 3 3 0

Unknown 13 12 1

Family history

ALS 132 83 49

FTD/dementia 48 37 11

ALS and FTD/dementia 15 7 8

No family history of ALS
or FTD/dementia

452 431 21

Abbreviations: ALS � amyotrophic lateral sclerosis; FTD � frontotemporal dementia;
PBP � progressive bulbar palsy; PLS � primary lateral sclerosis; PMA � progressive mus-
cular atrophy.
a Includes 2 Native Americans and 2 Pacific Islanders.
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