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Abstract

Background—Mutations in three genes [chromosome 9 open-reading-frame 72 (CIORF72);
microtubule-associated protein tau (MAPT) and progranulin (GRN)J] account for the vast majority
of familial, and a proportion of sporadic, frontotemporal dementia (FTD) cases. Progressive
apraxia of speech (PAOS) is a type of FTD characterized by speech production deficits without a
known cause.

Methods—We therefore assessed for genetic mutations in C90RF72, MAPT and GRN in 40
prospectively recruited PAOS patients. For comparison, we also assessed these mutations in 100
patients with primary progressive aphasia (PPA), including logopenic PPA (n = 54), nonfluent/
agrammatic PPA (n = 17), semantic PPA (n = 16), and unclassifiable PPA (n = 13).

Results—The mean age at onset of PAOS patients was 66.7 years ( 9.3); 50% were women. Ten
patients (25%) had =1 first-degree relative with a neurodegenerative disease. No mutations were
found in any PAQS patient. In comparison, 36% of the PPA patients had a family history and 5
(5%) had a genetic mutation detected: MAPT (n = 0), GRN (n = 3) and CIORF72 (n = 2).

Conclusions—Although limited by an overrepresentation of logopenic PPA, which frequently
predicts Alzheimer’s disease pathology, this study suggests that mutations in the three genes most
commonly associated with FTD are not associated with PAOS and are rarely associated with PPA.
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Introduction

Apraxia of speech (AOS) is a motor speech disorder characterized by difficulties in the
planning and programming of speech. Progressive AOS (PAQOS) is a neurodegenerative
disorder which presents with isolated AOS [1] or with AOS as the dominant feature [2].
PAOS is associated with involvement of the lateral premotor and supplementary motor
cortex [1--3]. Over time, PAOS patients become mute, and some evolve into having a
Parkinson-plus syndrome [4]. The pathology underlying PAOS is an abnormal tau deposition
[3]. Due to these features, PAOS is considered a subtype of frontotemporal dementia (FTD).
Currently there is no known cause of PAOS.

The discovery of three causative mutations accounting for approximately 80% of autosomal
dominant familial FTD cases has revolutionized our understanding of FTD [5]. These three
causative mutations are: mutations in the microtubule-associated protein tau (MAPT) gene
on chromosome 17¢g21.1 [6]; mutations in the progranulin (GRN) gene on chromosome
17921.32 [7], and a hexanucleotide repeat expansion (GGGGCC) in the intronic (non-
coding) region of chromosome 9 open-reading-frame 72 (C9ORF72) [8]. These mutations
may be found in sporadic cases of FTD [5] and in cases of primary progressive aphasia
(PPA), another neurodegenerative disease that overlaps with FTD. PPA differs from PAOS,
as language disturbance, not motor speech dysfunction, is the cardinal feature [9].
Additionally, PPA is divided into three variants: (1) a progressive nonfluent/agrammatic
variant (agPPA); (2) a semantic variant (svPPA), and (3) a logopenic variant (IvPPA) [10]. In
comparison to PPA, genetic studies of patients with PAOS are more limited, although a case
of PAOS with a MAPT gene mutation has been reported [11].

The aim of this study therefore was to determine whether any of the three causative
mutations of FTD and PPA, MAPT, GRN and CIORF72, would account for the clinical
syndrome of PAOS. In addition, we set out to compare the frequency of mutations in PAOS
to the frequency in PPA. We hypothesized that mutations in MAPT, but not GRN or
CI9ORF72, would be associated with PAOS. We also hypothesized that mutations in GRN
and C9ORF72would be more frequent in PPA than in PAOS.

Subjects and Materials

Participants and Speech and Language Assessment

All adult patients (=18 years old) presenting to the Mayo Clinic in Rochester, Minn., USA,
with a progressive speech or language disorder were recruited prospectively from July 2010
to July 2014. All participants underwent a detailed speech and language assessment as
previously described [2]. Detailed family histories were recorded at the time of evaluation by
the evaluating neurologist (K.A.J.).
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Diagnostic Criteria

PAOS was diagnosed based on published criteria by two speech and language pathologists
who came to consensus for all cases. PAOS was diagnosed when the presentation was
consistent with a progressive speech disorder in which AOS was found to be an isolated
feature or the predominant feature of the presenting syndrome [2]. Similarly, patients were
diagnosed as PPA by both speech and language pathologists and subclassified into one of its
variants (agPPA, svPPA and IvPPA) based on published criteria [10]. Those meeting criteria
for PPA but unable to be subclassified were defined as unclassifiable PPA [12].

Standard Protocol Approvals, Registrations and Patient Consents

The study was approved by the Mayo Clinic Institutional Review Board, and all patients in
our study consented to the use of their medical record for research purposes.

Genetic Methods

Results

Amplification by polymerase chain reaction (PCR) of exons 0--12 and the 3’ untranslated
region of the GRN gene as well as of the exons 1, 7 and 9--13 of the MAPT gene was
performed using primers and protocols that have been previously described [6, 7].
Purification of the amplicons from the PCR was undertaken as previously described [13]. To
assess for the presence of an expanded GGGGCC hexanucleotide repeat in C9ORF72, the
repeat primed PCR was also used, as outlined in a previous publication [8].

A total of 140 patients were included in our study with the following diagnoses: PAOS (n =
40) and PPA (n = 100), as shown in figure 1.

PAQOS Patients

The demographic features of the 40 PAQOS patients are shown in table 1. Ten patients (25%)
had a family history of a neurodegenerative disease (86% of which were 1st-degree relatives;
20% of those with a family history had multiple 1st-degree relatives), including:
Alzheimer’s disease (n = 4); Parkinson’s disease (n = 4); dementia not otherwise specified
(NOS; n = 1), and amyotrophic lateral sclerosis (ALS; n = 1). The age at onset of relatives
with neurodegenerative disorders was <60 years in 8.3%, 60--70 years in 58.3% and >70
years in 33.3% of the cases.

Results of Genetic Testing—In the 40 PAOS patients, no mutations were detected in
MAPT, CIORF72or GRN.

PPA Patients

The demographic features of the 100 PPA patients are shown in table 1. Of the 99 PPA
patients with details available (1 patient was adopted), 36 patients (36%) had a family
history of a neurodegenerative disease (77% of which were 1st-degree relatives; 19% of
those with a family history had multiple 1st-degree relatives), including: dementia NOS (n =
10); Alzheimer’s disease (n = 16); Parkinson’s disease (n = 5); PPA (n = 3), and ALS (n =
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2). The age at onset of relatives with neurodegenerative disorders was <60 years in 2%,
60--70 years in 58% and >70 years in 40% of the cases.

Results of Genetic Testing—Five (5%) of the PPA patients had mutations in either
GRN (n = 3) or C90RF72 (n = 2; fig. 1). Two of the 3 patients with GRN mutations had a
sibling with PPA, and the other had no family history of a neurodegenerative disorder. Of the
2 patients with CIORF72 repeat expansions, one had a brother with neurodegenerative
dementia NOS with onset in his 60s, and the other had no family history of dementia.

Discussion

The results of this study demonstrate that mutations in the three genes (MAPT, GRN and
CI90ORF72) most commonly associated with FTD are not associated with PAOS. It also
appears that these three mutations are also only rarely associated with PPA.

There have been no prior large genetic studies of PAQS, although 1 patient with PAOS and a
P332S MAPT mutation has been described [11]. We had hypothesized that mutations in the
MAPT gene would be associated with PAOS, as the underlying pathology of PAOS is tau.
However, we did not find any MAPT gene mutations in the 40 PAQOS patients. Furthermore,
we did not find a single tau mutation in any of the 140 patients in this study, including the
100 PPA patients. Since MAPT mutations have been previously described in patients with
familial PPA [14, 15], it would not be unreasonable to conclude that MAPT mutations are
rarely associated with the PAOS and PPA subtypes of FTD.

We also did not find any mutations in GRN or C9ORF72in PAOS. However, we did find
that in the group of PPA patients that fall under the general heading of FTD (agPPA and
svPPA) only 3% had a mutation in one of these genes. GRN mutations have been previously
described in all PPA variants [14--18], and CIORF72 repeat expansions have been described
in a few patients with svPPA and agPPA [5, 15]. The low frequency among our PPA patients,
however, contrasts with reports of these mutations accounting for approximately 25% of
overall FTD cases [5]. One possible explanation is that we did not seek out PPA patients
with family members already known to harbor mutations in these genes, or PPA patients
with known family histories, as is the case with many centers that do genetic studies in FTD.
Such practice is likely to inflate the frequency of mutations. Another possible explanation is
that the majority of FTD patients with a mutation in one of these three genes have the
behavioral variant of FTD (bvFTD), not PPA. These reasons may also explain the absence of
a family history of bvFTD in our cohort, although it is also possible that family members
were either not seen by a specialist or had been seen many years ago and had mistakenly
been given diagnoses of Alzheimer’s disease or dementia NOS rather than bvFTD. It should
be noted, however, that while there are reports of cases and families with mutations
occurring with PPA, a combined systematic analysis of these genes, in such large numbers
as in this study, has never been reported.

While a family history of a neurodegenerative disorder in a 1st-degree relative was not
uncommon, just 6% of the overall cohort had multiple 1st-degree relatives with a
neurodegenerative disease. The onset of symptoms in relatives was typically after 60 years
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of age, the clinical diagnosis, when known, was often Alzheimer’s disease, and just 3
patients (3%) had a family history of a neurodegenerative disease affecting language. Other
studies have shown low frequencies of familial PPA including 17% in svPPA (1.9% with an
autosomal dominant pattern) and 27.6% in agPPA (6.9% with an autosomal dominant
inheritance) [19]. This compares to other variants of FTD such as bvFTD or ALS, in which
59.2% are familial and 37% have an autosomal dominant inheritance [19].

The low frequency of these autosomal dominant genetic mutations in PAOS and PPA has
implications for clinical trials and suggests that it will be difficult to recruit genetically
determined asymptomatic PAOS and PPA patients for prevention trials given the low
numbers (<5%). One limitation of our study is that we did not assess less common mutations
associated with FTD such as valosin-containing protein and charged multivesicular body
position 2B [14].

This study suggests that the genetics of PAOS and PPA is unique and that other potential
genes need to be assessed for potential associations, although the overrepresentation of
patients with IvPPA, which -- compared to agPPA and svPPA -- is most often associated
with an Alzheimer’s disease pathology, may have contributed to the low number of FTD
mutations in this cohort. Future studies of PAOS and PPA genetics should be analyzed
separately from other FTD variants to help elucidate what genetic or other factors could be
contributing to these phenotypes.
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Fig. 1.

Genetic mutations in PPA variants and PAOS. ucPPA = Unclassifiable PPA.
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Table 1
Demographics of the 140 PAOS and PPA patients

Demogr aphic features PAOS PPA

(n=40) (n=100)
Age at onset, years 66.7+9.3  63.6+8.0
Females, n (%) 20 (50) 51 (51)
Right-handed patients, n (%) 34 (85) 91 (91)
Education, years 15.2+2.8 15.6+2.8
IlIness duration at the time of our evaluation,  3.7+1.8 3.8+5.6
mEmE((duration?))
Mini-Mental State Examination score at 28.2+2.0 23.9+75
evaluation
Clinical Dementia Rating Scale sum of boxes 2.4+1.4  4.7+3.8

Data are shown as mean + standard deviation, unless indicated otherwise.
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