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Genetic counseling for FTD/ALS caused by the
C90RF72 hexanucleotide expansion
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Abstract

Frontotemporal degeneration (FTD) and amyotrophic
lateral sclerosis (ALS) are related but distinct
neurodegenerative diseases. The identification of a
hexanucleotide repeat expansion in a noncoding
region of the chromosome 9 open reading frame

72 (C9ORF72) gene as a common cause of FTD/ALS,
familial FTD, and familial ALS marks the culmination of
many years of investigation. This confirms the linkage
of disease to chromosome 9 in large, multigenerational
families with FTD and ALS, and it promotes deeper
understanding of the diseases’ shared molecular
FTLD-TDP pathology. The discovery of the C9ORF72
repeat expansion has significant implications not only
for familial FTD and ALS, but also for sporadic disease.
Clinical and pathological correlates of the repeat
expansion are being reported but remain to be refined,
and a genetic test to detect the expansion has only
recently become clinically available. Consequently,
individuals and their families who are considering
genetic testing for the C9ORF72 expansion should
receive genetic counseling to discuss the risks, benefits,
and limitations of testing. The following review aims

to describe genetic counseling considerations for
individuals at risk for a C9ORF72 repeat expansion.

Introduction

Frontotemporal degeneration (FTD) is a common cause
of presenile dementia, affecting 15 to 20 per 100,000
individuals between ages 45 and 64 years [1]. FTD is a
clinical syndrome with three primary subtypes [2,3]. One
subtype, behavioral variant FTD (bvFTD), is character-
ized by marked changes in behavior and personality.
Disinhibition and apathy are prominent, and patients
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with bvETD frequently display loss of insight, diminished
empathy, repetitive motor behaviors, and eating dysregu-
lation. Primary progressive aphasia (PPA) comprises the
other two subtypes, known as nonfluent variant PPA and
semantic variant PPA. Nonfluent variant PPA features
loss of grammar with effortful or labored speech, while
semantic variant PPA manifests as loss of knowledge of
words and objects. Clinical and pathologic features of
FTD may also overlap with the atypical Parkinsonian
conditions corticobasal syndrome and progressive supra-
nuclear palsy. About 15% of patients with FTD have co-
occurring amyotrophic lateral sclerosis (ALS) [4].

ALS is an upper and lower form of motor neuron
disease, affecting 4 to 8 per 100,000 individuals [5,6]. ALS
leads to progressive weakness, muscle wasting, spasticity,
and eventual paralysis and death due to degeneration of
motor neurons in the cerebral cortex, brainstem, and
spinal cord. Clinical diagnosis of ALS is rendered by
criteria that exclude other causes of progressive upper
and lower motor neuron dysfunction [7]. ALS pheno-
types include primary lateral sclerosis, progressive
muscular atrophy, and progressive bulbar palsy, each
involving different spinal or bulbar segments at onset but
with variable progression to widespread disease [8].
About 15% of patients with ALS have FTD, while up to
50% exhibit frontal lobe impairment but fail to meet
strict criteria for FTD [4,9,10].

Approximately 40% of individuals with FTD have a
family history of dementia [11], and in 10% the history is
suggestive of an autosomal dominant inheritance pattern
[5,6]. Up to 10% of individuals with ALS have a family
history of ALS, usually suggestive of an autosomal domi-
nant pattern. An expanded review of family histories
considering both syndromes previously suggested that
approximately 60% of individuals with co-occurring
FTD/ALS have a family history of FTD and/or ALS, with
almost 40% of these histories suggesting an autosomal
dominant pattern [12].

In addition to the co-occurrence of disease in an
individual or family, ALS and a significant proportion of
patients dying with FTD share a common pathology,
TDP-43 [13,14], which aggregates within cortical, brain-
stem, and spinal cord neurons. The recent discovery of
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the chromosome 9 open reading frame 72 (C9ORF72)
gene as a common cause of FTD/ALS, familial FTD, and
familial ALS [15,16] should lead to a better understanding
of the connection between these two diseases.

C90RF72 and frontotemporal degeneration/
amyotrophic lateral sclerosis

Familial FTD has been associated with mutations in
genes encoding microtubule-associated protein tau [17]
and progranulin [18,19] — and infrequently valosin-
containing protein [20] and charged multivescular body
protein 2B [21,22]. Familial ALS has been associated with
mutations in genes encoding copper/zinc superoxide
dismutase 1 [23,24], transacting response DNA binding
protein [25,26], and fused in sarcoma [27,28] — and infre-
quently angiogenin [29], optineurin [30], and ubiquilin 2
[31]. Clinical testing is available for all listed genes with
the exception of charged multivescular body protein 2B
and ubiquilin 2. Most families with the clinical combi-
nation of FTD and ALS display linkage to chromosome 9.

The underlying genetic cause of chromosome 9-linked
FTD and ALS was recently identified [15,16], and the
mutation is an expansion of a hexanucleotide repeat
(GGGGCC) in a noncoding region of the COORF72 gene.
Function of the normal gene product is not currently
known, but pathogenesis has been proposed to involve a
combination of mechanisms: partial loss of function with
reduced mRNA transcript and toxic gain of function with
aggregation of long mRNA transcript into abnormal
RNA foci [15]. Index families with a COORF72 expansion
present with bvFTD, ALS, or both. Parkinsonism is
common, and various ALS phenotypes may be observed
[15,16,32]. Expansions associated with disease are
estimated to have a size range of 700 to 1,600 repeats, as
compared with less than 23 repeats in healthy individuals
[15]. One study suggested a disease allele size of more
than 30 repeats, as compared with a normal allele size of
fewer than 20 repeats [16]. COORF72 expansions appear
to be the most common cause of familial FTD, familial
ALS, and sporadic forms of each [15,16].

Since the initial discovery of the C9ORF72 mutation,
other FTD and ALS cohorts have been described —
suggesting that the frequency of expansion in worldwide
sampling is 3 to 12% among individuals with FTD and is
7 to 36% among individuals with ALS, depending on the
population studied [15,33-40]. About two-thirds of
expansion carriers have a positive family history of
dementia of any etiology or motor neuron disease, with
up to 85% exhibiting an autosomal dominant pattern
[34,38]. About 4 to 7% of sporadic FTD or ALS cases are
associated with an expansion [15,41]. FTD cases with
family histories featuring only one first-degree relative
with dementia onset at or after age 65 years are rarely
(4.5%) associated with an expansion [38]. When the
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first-degree relative has dementia onset before age 65
years, the chance of detecting an expansion almost
doubles (8%). Less than one-half of FTD cases having two
other relatives with unspecified dementia, suggesting
familial aggregation but not an autosomal dominant
pattern, are associated with an expansion.

The frequency of the C9ORF72 expansion is highest in
individuals with co-occurring FTD/ALS, as compared
with pure bvETD and ALS phenotypes. About 20 to 40%
of persons with FTD/ALS carry the expansion [34,37,
38,40], a proportion that significantly increases to up to
50% when there is a positive family history. Clearly, a
family history of FTD and/or ALS raises the possibility of
the presence of a CIORF72 expansion, with FTD/ALS
being most suggestive. Yet not all such familial cases
carry the expansion.

The phenotype of individuals carrying a C9ORF72
expansion is similar to that of noncarriers. The most
common presentation is bvFTD, which is frequently
accompanied by motor neuron involvement. Up to 40%
of expansion carriers with bvFTD had upper or lower
motor neuron signs [34]. A small subset of patients with
nonfluent variant PPA carries the expansion [37-39].
Semantic variant PPA, corticobasal syndrome, and pro-
gressive supranuclear palsy have not been associated
with C9ORF72 expansions. Individuals with ALS may
have motor neuron involvement of any segment at onset,
and may even present with rare ALS phenotypes, includ-
ing monomelic ALS and progressive muscular atrophy
[15].

Men and women are equally likely to carry the
C90RF72 expansion. Mean age of onset is about 55 years,
with a range of 30 to 70 years [33-40]. The disease
duration ranges from 1 to 22 years, with an average of
7 years from symptom onset and with the ALS phenotype
associated with shorter survival [34]. Individuals with a
slowly progressive bvFTD phenotype, sometimes referred
to as phenocopies, may harbor the expansion [42]. An
interesting feature of the C9ORF72 expansion is its
association with delusions. Often having a paranoid or
somatoform quality, delusions occur in 20 to 40% of
expansion carriers [33,34,40]. Hallucinations are also
reported [34,39]. Symptoms may thus be attributed to
primary psychiatric disease instead of to a neuro-
degenerative condition.

Among individuals with a C9ORF72 expansion,
magnetic resonance imaging shows bilateral, symmetrical
frontal atrophy, with grey matter loss in orbitofrontal,
medial, and dorsolateral regions, as well as anterior
temporal atrophy. In contrast to other bvFTD-associated
gene mutations, cerebellar atrophy appears to be uniquely
associated with the expansion, despite the absence in
carriers of frank cerebellar signs. Thalamic atrophy may
also be uniquely associated with the expansion [33,43].
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The C9ORF72 expansion displays TDP-43 neuropatho-
logy — in most cases consistent with harmonized FTLD-
TDP type B, but in some cases type-A pathology is
evident [34,38,40].

Risk of C9ORF72 expansion in frontotemporal
degeneration/amyotrophic lateral sclerosis

The recent C9ORF72 gene discovery has created
momentum towards greater understanding of FTD and
ALS, allowing refinement of the phenotypes conferred by
the expansion and fostering insight into the mechanism
that results in overlapping symptomatology and shared
TDP-43 pathology. At the same time, families living with
the illnesses now have many considerations, particularly
in the face of many unknowns.

While the a priori chance of a C9ORF72 expansion
among individuals with an autosomal dominant family
history is significant, the risk for individuals with no
family history of dementia or motor neuron disease is
only 4 to 7% [15,41,44]. For individuals whose family
history includes relatives with dementia or other psychi-
atric or neurodegenerative disorder that has not been
well phenotyped, the likelihood of an expansion is
difficult to quantify. In addition, for individuals with a
family history of relatives with mid-life onset of psychia-
tric symptoms that have been inadequately phenotyped,
questions arise about whether or not FID could have
been overlooked in a relative, thereby complicating
genetic risk assessment.

Risk assessment is also complicated by the occurrence
of the C9ORF72 expansion in sporadic cases of FTD and
ALS. Refinement of clinical, neuroimaging [37], and
neuropathological [45,46] parameters will probably
improve the ability to predict the presence of a mutation
in sporadic cases, but careful attention to patients in
whom the family history appears negative is critical. True
sporadic cases should be distinguished from apparently
sporadic ones, in which various reasons may explain the
lack of a family history: unknown or incomplete infor-
mation, misdiagnoses, early death, false paternity, or
undisclosed adoption. Early death of a relative may be a
confounder because of reports of reduced penetrance
associated with the expansion, as in the report of a
C90RF72-positive family with one obligate carrier who
died at age 35 years without symptoms and another
obligate carrier who died at age 72 years without
symptoms [34]. A large cross-sectional study suggested
that 50% of individuals with an expansion are
symptomatic by age 58 years, while nearly 100% are
affected by age 80 years. Disease onset before age 35 years
appears to occur rarely [41].

True sporadic cases may reflect the occurrence of de
novo expansions, as supported by the observation that a
particular 9p21 risk haplotype is over-represented in
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individuals with an expansion [41]. One explanation for
this finding is the possibility that the haplotype may
provide a predisposing genetic background for the
mutation to occur randomly in sporadic cases [15]. In
contrast, some data suggest that the expansion is about
1,500 years old and arises from a common founder of
Finnish origin [47]. Irrespective of origins, the possibility
to detect an expansion in an individual without a family
history, although small, may raise concerns among
families facing disease.

At the time of writing this article, COORF72 genetic
testing has only recently become clinically available in the
US, following the development of a test with Clinical
Laboratory Improvement Amendments (CLIA) certifica-
tion. The C9ORF72 gene test also has limited availability
worldwide [48]. Although a CLIA test exists, one of the
barriers to its widespread clinical utility is the unknown
minimum number of repeats that confer a phenotype
[15,16]. The repeat unit is large at six nucleotides, and in
affected individuals the unit expands to more than several
hundred in number, whereas in healthy individuals it
remains at fewer than 20 to 23. The role of intermediate
repeat sizes (23 to 700 repeats) is not known [15,44,46].
Because the repeat unit is large in size, GC rich, and
unstable, the number of repeats cannot be quantified
precisely by PCR. Southern blotting, the current method
used to quantify repeat number, is labor intensive and
may have difficulty discriminating repeat sizes at the
smaller end of the intermediate spectrum. To date, the
largest US laboratory that offers a CLIA test employs
only semiquantification by PCR, and will not offer the
test to asymptomatic individuals. International
laboratories that perform the CIORF72 test may also
adopt similar practices. Until quantification by Southern
blotting is first investigated in a large patient series [44]
and later incorporated into the CLIA test, families should
approach  clinical genetic testing with careful
consideration.

In addition, until the minimum number of pathogenic
repeats is known, the suggestion that anticipation may be
associated with the C9ORF72 expansion cannot be con-
firmed. Studies have observed that the most recent
generation of affected individuals in some families had
symptoms at least a decade earlier than those in the
previous generation [34,36]. Better correlation of clinical
patterns to exact repeat size is needed before claims of
decreasing age of onset and increasing severity of
symptoms are associated with larger numbers of repeats
across successive generations. This scenario may create
uncertainty for expansion-positive families with at-risk
individuals considering genetic testing.

While a sizeable proportion of familial FTD and
familial ALS is caused by the C9ORF72 expansion, there
remain familial cases in which no expansion is found
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[34]. In these cases, the absence of a mutation in other
known FTD and ALS genes suggests that there are still
other unidentified causal genes implicated in FTD and/or
ALS. Families left with no identifiable causal gene,
despite a suggestive family history, may struggle with
persistent uncertainty.

Genetic counseling

The growing but limited body of knowledge about the
C90RF72 expansion has important implications for
genetic counseling of families. Genetic counseling is a
communication process about the occurrence or risk of
an inherited disease. Genetic counseling aims to educate
individuals about disease, including the nature of
inheritance; to facilitate understanding of genetic testing
options for confirmation of disease or prediction of
future disease onset; and to promote adaptation to the
presence of or risk for disease [49]. The last aim is
particularly important because of the devastating impact
of FITD and/or ALS on families and the absence of
prevention or treatment. Individuals who wish to learn
the potential cause of FTD and/or ALS in their family
should be offered genetic counseling, irrespective of but
especially in the presence of a suggestive family history
(Table 1).

Assessing family history is a key component of genetic
counseling. The clinician should obtain a detailed three-
generation pedigree that captures the presence of FTD,
ALS, other dementias, Parkinsonism, and psychiatric
conditions. The pedigree should include ages of disease
onset, diagnoses, and ages at death. Medical records,
including autopsy studies if available, are essential to
clarify diagnoses. In the absence of a family history, the
likelihood of detecting an expansion is small but not
insignificant [41]. Genetic counseling should include a
discussion of 50% risk to offspring of an expansion
carrier, regardless of whether or not this expansion is de
novo. Pre-test genetic counseling should help individuals
appreciate the risks, benefits, and limitations of testing.
At this time, predictive or presymptomatic testing should
be undertaken with caution. Little is known about
anticipation, penetrance, or the meaning of intermediate
length expansion repeats.

Pre-test genetic counseling should help individuals
anticipate the impact of genetic testing on themselves,
family members, and their interpersonal relationships.
For the individual who is cognitively or behaviorally
impaired, genetic counseling should involve a healthcare
proxy, legal guardian, or next of kin. If the proxy is an at-
risk offspring or sibling, genetic counseling should
address any conflicting motivations among family
members for testing, while fostering a decision that best
serves the family rather than the individual only. Families
should consider the limitations of genetic testing,
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including the fact that detection of an expansion will
resolve neither issues of reduced penetrance nor clinical
heterogeneity. The expansion cannot predict exact age of
onset or symptom expressivity. Why some individuals
develop FTD or ALS or both is unclear, but there are
probably other, as yet unidentified, genetic and possible
environmental modifiers involved. In the context of
diagnostic testing, detecting an expansion cannot predict
the exact disease course. Moreover, the absence of an
expansion may not reduce risk for other family members,
particularly if there is an autosomal dominant family
history. There remain as yet unidentified causal genes,
compelling families to confront risk of disease without
knowing the exact cause. Genetic counseling should
focus on helping families anticipate and begin to adapt to
the uncertainty that may remain after clinical genetic
testing. Families who are not ready to pursue diagnostic
genetic testing may consider DNA banking for future
testing purposes [48].

When available, predictive genetic testing should only
be offered after a mutation has been identified in a family
by clinical testing. In the absence of a known COORF72
expansion in an affected family member, a negative
predictive test result is uninformative, as it cannot
discriminate someone who is a true negative for the
C90ORF?72 expansion from someone with another known
or as yet unknown pathogenic familial mutation. At-risk
family members nonetheless may have many reasons for
pursuing predictive genetic testing: to reduce uncertainty,
to plan for the future, to make health or lifestyle changes,
and to plan a family [49]. Genetic counseling should
address these motivating factors and the limitations of
predictive testing, including the fact that no proven
health or lifestyle behaviors can reduce risk of COORF72-
caused FTD and/or ALS. At-risk individuals should
consider future financial or care planning irrespective of
predictive testing.

Many at-risk individuals are motivated to pursue
genetic testing because of their experience with illness in
the family. Issues of caregiver distress and psychological
burden should be a focus of genetic counseling.
International guidelines for medical ethics recommend
that predictive genetic testing should be offered accord-
ing to a modified Huntington’s disease protocol and akin
to guidelines about genetic testing for Alzheimer’s
disease [50-52]. This protocol involves a pre-test genetic
counseling session, baseline neurologic and cognitive
assessment, psychological evaluation, in-person disclo-
sure, the presence of a support person, and post-test
genetic counseling or follow-up. Predictive genetic
testing should not be offered to asymptomatic minors.
With the advent of clinical testing in a CLIA-approved
laboratory, prenatal diagnosis and pre-implantation
genetic diagnosis will soon become available.
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Table 1. Key features of C9ORF72 genetic counseling
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Feature Salient characteristics

Family history assessment

A three-generation pedigree should document FTD, ALS, other dementia, Parkinsonism, psychiatric disease.

Medical records, autopsy studies may clarify diagnoses.

Incomplete information, misdiagnoses, early death, false paternity, undisclosed adoption may complicate family history.

An autosomal dominant pattern is most suggestive of the expansion, but a mutation cannot be ruled out completely in

sporadic cases.

Discussion of risks, benefits, and
limitations of C9ORF72 genetic
testing

careful consideration.

Diagnostic testing should be considered in both sporadic and familial cases. Predictive genetic testing should be given

Presence of the expansion cannot predict age of onset or symptom expressivity.

Limited information is known about anticipation, penetrance, and intermediate alleles.

Predictive genetic testing should be offered via a modified Huntington disease protocol, which includes pre-test and
post-test genetic counseling; neurologic and cognitive assessment; psychological evaluation; and in-person disclosure

with a support person.

Some families with an autosomal dominant history of FTD and/or ALS will have no identifiable expansion. Another
genetic etiology is likely. Family members remain at risk. DNA banking is a viable option for such families.

DNA banking is a viable option for families who are not ready for clinical diagnostic testing.

Anticipatory guidance for

at-risk families clinicians to address.

Communication about family members' motivation to seek genetic testing may identify concerns or expectations for

Communication about the psychological burden of disease and impact of caregiving may help clinicians identify family
members'need for support or other resources.

Pre-test communication about the psychosocial impact of genetic testing may help families prepare for possible

outcomes and/or uncertainty.

Pre-test communication about genetic privacy and discrimination concerns may help families make future care or

financial plans.

ALS, amyotrophic lateral sclerosis; C9ORF72, chromosome 9 open reading frame 72; FTD, frontotemporal degeneration.

Another potential risk that should be discussed during
genetic counseling for predictive testing involves genetic
privacy. Although studies suggest that at-risk individuals’
concern for insurance and employment discrimination
based on genetic information is disproportionate to
documented instances, the fear of genetic discrimination
persists [53-55]. In the US, the Genetic Information
Nondiscrimination Act (GINA) — a federal law that took
effect in 2009 to prohibit discrimination in health
insurance and employment based on genetic information
[56] — should be discussed during genetic counseling. At-
risk individuals may also be reassured that in addition to
federal legislation many US states also have anti-genetic
discrimination laws [57,58]. However, none of the current
federal or state legislation encompasses long-term care,
life, or disability insurance, which should also be dis-
cussed during genetic counseling.

At-risk individuals should consider the potential risk of
psychological distress as the result of predictive genetic
testing. Although the risk for adverse psychological
effects cannot be ruled out completely, studies suggest
that increased post-test distress among at-risk indi-
viduals, who electively pursue predictive testing and who
first receive pre-test genetic counseling, is usually tran-
sient and not clinically significant [59]. There is also

evidence that baseline distress is a better predictor of
post-test counseling distress than the genetic test result
itself [60]. Predictive genetic testing may have a profound
impact not only on the at-risk individual but also on
spouses and partners [61,62]. This may greatly influence
patterns of disclosure and nondisclosure within families
[63]. Consequently, clinicians should be prepared to
address the needs of both the patient and family
members.

Case example

A 61-year-old patient and her husband were referred for
genetic counseling due to a possible diagnosis of FTD.
The patient had a 3-year history of apathy, personality
changes, a decline in executive function, and some
repetitive motor behaviors. More recently she had
developed motor speech problems and a shuffling gait
with a few falls. Her neurologic examination was notable
for a dysexecutive syndrome and Parkinsonism with
dysarthric speech, masked facies, a pronounced stare,
subtle vertical saccade abnormalities, increased muscle
tone, and gait instability. The patient’s father died in his
40s in a motor vehicle accident, and her mother died in
her 40s of uterine cancer. None of the patient’s siblings
had any known neurodegenerative or psychiatric disease.
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The patient’s 36-year-old daughter had a suicide attempt
in her 20s, but had no other psychiatric disturbances
since then. The remainder of her family history was
noncontributory, although little was known about her
grandparents (Figure 1). At the time, the patient and her
husband were counseled about the low likelihood that
the illness was inherited.

Six months later, the patient’s 38-year-old son
contacted the neurologist to inform him that the patient’s
56-year-old brother was recently diagnosed with ALS.
During the time that passed from the patient’s initial visit
to the news about the patient’s brother, the COORF72
expansion was discovered and a clinical test was
developed. The patient’s husband and son were referred
again for genetic counseling, but only the son pursued
the appointment. The son was counseled about the high
likelihood that, in light of his uncle’s recent diagnosis, the
illnesses in the family were due to a single shared cause.
The patient’s son was counseled about the possibility of a
C90ORF72 mutation in his family, and he understood the
benefits, risks, and limitations of genetic testing. The son
understood that his risk of carrying the same, as yet
unidentifiable, pathogenic mutation as his mother and
uncle was up to 50%. Although a clinical test was readily
available, the son was challenged with trying to convince
his reluctant father, already burdened by the illness
experience, of the value of diagnostic testing. Genetic
counseling encouraged the son to consider how best to
help his father view diagnostic testing as a means to
identify risk for family members, while maintaining
sensitivity about his father’s perspective. The son would
begin talking to his father about the value of autopsy
planning to confirm the clinical diagnosis. The availability
of postmortem tissue would also allow the family to
pursue diagnostic genetic testing posthumously, if the
CLIA test was not obtained during the patient’s lifetime.
The son was counseled about the alternative of DNA
banking.

If his mother carried a pathogenic mutation, the son
understood that he could pursue predictive genetic
testing. However, he remained ambivalent about testing.
He felt unprepared to consider learning a positive genetic
test result without the hope of prevention in the
immediate future. Genetic counseling encouraged him to
consider how the relationship with his wife could change,
if the two of them learned of his positive genetic test
result years in advance of first symptoms. He worried
about whether or not his marriage could endure an
inevitable, devastating illness, particularly as he watched
his father struggle to adapt to his mother’s personality
and behavior changes. He was counseled about how and
to what extent to involve his young children in conver-
sations about the family illness. Irrespective of his gene
status, he had already purchased a life insurance policy,
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Figure 1. Case example pedigree. The proband was referred

for genetic counseling with a clinical diagnosis of probable
frontotemporal degeneration (FTD). The proband’s father died in his
40s in a motor vehicle accident. Her mother died in her 40s of uterine
cancer. Neither had any known neurodegenerative or psychiatric
disease. The proband’s daughter had a history of attempted

suicide in her 20s, but no known longstanding psychiatric illness.
No information is known about the proband'’s grandparents. At

the time of the initial visit, the remainder of the family history was
noncontributory. Subsequent to the proband's visit, her brother was
diagnosed with amyotrophic lateral sclerosis (ALS).

and planned to acquire long-term care insurance. He did
not know his sister’s perspective on the family illness, as
his sister had been uninvolved in the mother’s care.
Genetic counseling encouraged the son to involve the
entire immediate family, including his sister, in consider-
ation of diagnostic genetic testing for the mother. The
son was also counseled about the potential impact of his
mother’s genetic test results on the relationship with his
sister, as the siblings might react differently to the
information and consequently to the implications about
their own health.
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The family subsequently enrolled the patient in a
research protocol approved by an institutional review
board, and a blood sample was screened for pathogenic
mutations in the microtubule-associated protein tau,
progranulin, and C9ORF72 genes. An expansion in
C90RF72 was detected in the research sample. The result
was clinically confirmed but awaits disclosure, because
the family remains undecided about whether or not to
learn the information.

Conclusion

The discovery of the C9ORF72 expansion marks a
milestone in the long search for the underlying cause of
chromosome 9-linked FTD and ALS. Future studies will
undoubtedly improve understanding of disease pene-
trance and the range of clinical phenotypes. Another area
that remains to be clarified is genotype—phenotype
correlations, with the intriguing possibility of inter-
mediate alleles and their as yet undetermined clinical
correlates. Additional studies will surely elucidate the
molecular mechanisms that lead to C9ORF72-related
neurodegeneration. That the expansion frequency is 4 to
7% in sporadic FTD or ALS raises an interesting question
about whether or not C9ORF72 screening should be
considered in all patients [15,41,44]. Now that a clinical
test is available, its accessibility to the public may be
tempered by the cost of testing, variable health insurance
coverage of the test, as well as genetic privacy concerns.
With the arrival of a CLIA test, genetic testing for the
C90ORF72 expansion should be offered with careful
consideration and in the context of genetic counseling.
Genetic counseling will remain an important component
of the genetic testing process as clinical expansion testing
is more broadly incorporated into neurology practice.
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