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Abstract

The clinical spectrum of frontotemporal lobar degeneration (FTLD) is characterized by personality changes, language
impairment, and executive function deficits. About 40% of FTLD cases have a family history of the disease, and the
GRN gene is currently the most frequent genetic determinant. In cases of inherited FTLD with GRN mutations, par-
kinsonism is often an early sign due to greater grey matter atrophy in the caudate nucleus and bilateral atrophy in
the thalamus. We investigated a female patient with signs of frontotemporal lobe atrophy and unilateral caudate
nucleus atrophy on MRI. DNA was isolated from peripheral blood leukocytes and tested for GRN gene mutations.
A pathogenic splice donor site mutation, ¢.708+1G>A, was found in the GRN gene. MRI showed unilateral caudate
nucleus atrophy. This report extends the evidence for phenotypic and neuropathological heterogeneity in FTLD spec-
trum disorders due to splicing mutations in the GRN gene.
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Introduction

Patients < 65 years old with presenile dementia
make up 5-15% of all patients with dementia. Fron-
totemporal lobar degeneration (FTLD) is the second
most common cause of early onset dementia after
Alzheimer’s disease. Frontotemporal lobar degenera-
tion is a highly heritable disorder, with about 25-50%
of patients having a positive family history and about
10% showing clear autosomal-dominant inheritance,
even though a genetic cause can be demonstrated in
less than 20% of patients [2]. This neurodegenerative
disorder shows genetic and pathological heterogene-
ity, is characterized by behavior and language distur-

bances, and is associated with variable frontal, tem-
poral, and basal ganglia atrophy with neuronal loss
and gliosis [2,16]. The redefined clinical criteria recog-
nize different phenotypes based on the clinical symp-
toms at presentation, including a possible behavior-
al variant of FTLD (bvFTD), two language variants,
primary progressive nonfluent aphasia (PNFA), and
a semantic variant. Notably, all variants can overlap
with atypical Parkinsonian disorders such as progres-
sive supranuclear palsy and corticobasal degenera-
tion [5,12,14].

Frontotemporal lobar degeneration has been link-
ed to mutations in seven genes (TARDBP, FUS, MAPT,
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GRN, VCP, CHMP2B, and C90ORF72), three of which
account for the vast majority of familial FTLD cas-
es and for a proportion of sporadic FTLD cases: the
MAPT gene (microtubule-associated protein Tau),
the GRN gene (also known as PGRN, progranulin),
and the C90ORF72 gene (expanded hexanucleotide
repeat in a non-coding region of chromosome 9 open
reading frame 72). About 95% of individuals who are
diagnosed with FTLD with a pathogenic mutation in
the GRN gene (FTLD-GRN) have an affected par-
ent. The age of clinical onset varies widely in GRN
mutation carriers, even within the same family, and
it is currently not possible to predict the exact age
of disease onset in an asymptomatic individual.
The proportion of cases caused by de novo mutation
is unknown but is estimated to be 5% or less [11].
The GRN gene encodes a secreted multifunctional
growth factor that is involved in a wide range of bio-
logical processes, such as development, wound repair,
and the immune response, among others [7,16]. In the
FTD patient population, the GRN mutation frequency
ranges from 5% to 26%, and FTLD-GRN is inherited
in an autosomal dominant manner. Pathogenic muta-
tions in the GRN gene are typically loss-of-function,
nonsense, frame shift, or splice-site mutations that
lead to GRN haploinsufficiency (null mutations). Stud-
ies have shown that the GRN levels in cerebrospinal
fluid (CSF) do not differ in patients with a variety of
types of primary neurodegenerative dementias. How-
ever, the plasma PGRN level (up to 35-75% reduction
in mutation carriers with respect to controls), which
can be used to detect GRN mutation carriers, is one
of the best examples of a reliable plasma biomark-
er in neurodegenerative diseases [6,17]. Subcortical
and deep cortical involvement is a key feature of FTLD
and especially of GRN-related disease, which shows
a significantly higher degree of atrophy bilaterally in
the caudate nucleus and thalamus compared to FTLD
patients without a GRN mutation. This may explain
the parkinsonism that is frequently associated with
the disease even in its early stages. There are some
case reports describing the loss of pigmented neurons
from the substantia nigra [9,15,19]. Here we describe
a case of a patient with a rare splicing mutation in the
GRN gene and unilateral caudate nucleus atrophy.

Case report

The patient was a right-handed Caucasian wom-
an (IlI-2) with 18 years of formal education who
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began to exhibit memory and cognitive impairment,
behavioral changes, and slight language disturbanc-
es (word finding difficulties) in 2005 when she was
59 years old. There was a strong family history of
dementia in the proband’s family (Fig. 1A); specifical-
ly, her father (lI-1) (deceased at the age of 72 years)
and grandmother (I-2) had histories of dementia, as
reported by relatives. The woman had 3 sons (IV-1 -
IV-3), the oldest born in 1974; to date, all are healthy.
The proband was otherwise healthy (i.e. no somatic
disorders), with a normal full blood count and meta-
bolic, renal, and hepatic function. She had no history
of alcohol or drug abuse, not even nicotinism.

In 2005, the proband’s family began to notice
behavioral changes, such as wandering, instead of
going to the work (finally that was the reason for her
dismissal), she began to be dissocial (unsociable and
indecent in her behavior) and insensitive to the oth-
ers, and she began telling lies profusely. She exhibited
mild executive function disturbances, began to have
problems with cooking (she was cooking from rotten
or unsuitable ingredients). She reduced food intake
due to lack of appetite. At that time she had found
herself healthy and refused to visit any physician. She
also became forgetful, language problems appeared,
she had difficulties finding words and repeated sen-
tences and phrases (perseverations). She repeatedly
got lost in her hometown. She was unaware that she
was having these issues (anosognosia).

The patient worked as a teacher until 2008. In
2010, her behavior worsened (unreasonable conduct),
and she began running away from home with getting
lost in the city. At home and lately in the hospital she
was walking back and forth permanently in the cor-
ridor and opening/closing doors and drawers repeti-
tively. She was not able to do activities of daily living
(dressing, self-care, cooking, gadget use), began to
lose social inhibition (changing clothes at a parking
place abroad), she lost insight. On the basis of clinical
symptoms she met criteria for bvFTD diagnosis.

Psychological testing performed in 2010 showed
the following scores: MMSE, 26/30; Raven’s Progres-
sive Matrices 1Q, 117; Wechsler Memory Test MIQ, 77;
in Clock Drawing Test the numbers were written cor-
rectly, only handed in a slightly incorrect position and,
she was unable to distinguish accurately the hour and
minute hand. In 2011, her speech became very poor
and telegraphic, and she was unable to recall words
and phrases, she used agrammatisms, words in wrong
and senseless combinations (phonemic paraphasia),
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Fig. 1. A) The pedigree of the Czech family showing the inheritance of frontotemporal dementia. Affected
individuals are shown as filled symbols and the arrow points to the proband. B) Reverse DNA sequence
fragment of the GRN gene. The upper panel shows the pathogenic mutation c.708+1G>A in intron 7, and

the lower panel shows the normal sequence.

without dysarthria, with accented perseverations, los-
ing ability to write and read, then she lost capability
of forming sentences, in a logopedic exam she was
diagnosed as expressive non-fluent aphasia (Broca
aphasia). An MRI of her brain revealed left fronto-
temporal atrophy with ventricular dilatation that was
more prominent in the temporal region with atrophy
of hippocampus and insula and left caudate nucleus
atrophy (Fig. 2).

Over the next year, the speech problems were
profusely pronounced and there was a clinical over-
lap with progressive non-fluent aphasia (nfvPAA). She
could understand only very simple instructions, and,
for example, she stood up and walked away under
the directions. She also had urinary and fecal incon-
tinence.

In 2012, she lost the ability of spontaneous speech;
she could only say simple phrases like “You go”, and
she gradually became mute. In 2013, she needed com-
plete personal care and a nasogastric tube feeding
towards the end of the disease, in 2015. She passed
away at the age of 69 years from pneumonia relat-
ed to her disorder. The disease duration was about
8 years.

Two of the woman’s three sons were interest-
ed in presymptomatic DNA testing and underwent
extensive genetic counseling.
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Material and methods

Genomic DNA was extracted from the patient’s
whole blood using standard procedures. Informed
consent to genetic analysis for diagnostic and research
purposes was obtained from the patient’s legal guard-
ian. Due to the clinical course and strong family his-
tory of the disease, we performed mutation analysis
of the PSEN1, PSEN2, APP (exons 16, 17 only) and GRN
genes. All coding exons and flanking sequences of
these genes were amplified using primers, which are
available upon request. The amplified fragments were
sequenced in both directions using standard proto-
cols and the BigDye Terminator v3.1 Cycle Sequenc-
ing Kit and an ABI PRISM3130 genetic analyzer.
The sequences were analyzed using SeqScape® soft-
ware v2.5 (Applied Biosystems, Life Technologies,
Carlsbad, CA, USA); NCBI Ref. sequence NM_002087.3.
The available brain MRI exams (Magnetom Avanto
1,5 T; Siemens) were analyzed visually. There were
2 independent DNA samples from two sons of the
proband available for testing (with informed consent)
and for potential confirmation of the mutation.

Results

Sequence analysis of the patient’'s GRN gene
identified a pathogenic splice donor site mutation,
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Fig. 2. Magnetic resonance imaging of the patient at 64 years of age. A) FLAIR parietal and frontal atrophy.
B) Temporal atrophy that is more marked on the left side. C) T1 coronal image. D) T2 caput caudate nucleus

atrophy on the left side.

€.708+1G>A, in intron 7 (Fig. 1B). The mutation was
heterozygous and was predicted to have dramatic
consequences on the maturation of GRN mRNA,
leading to the removal of exon 7 and thus creating
a frame shift that would result in a truncated pro-
tein half of its normal length (protein level, p.Val-
200GlyfsX18) [16].

Discussion

Here we report a patient with a pathogenic splice
site mutation c.708+1G>A in the GRN gene. This intro-
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nic mutation was described previously by Masellis et
al. (2006) in 2 of 12 siblings that were been affect-
ed by corticobasal syndrome (CBS). That report des-
cribed the evolution of the patients’ dementia, motor
decline (including rigidity, dystonia, and apraxia),
cortical sensory loss, visuospatial dysfunction, behav-
ioral changes, and extrapyramidal features. The cau-
date nucleus and putamen were atrophic, while the
hippocampus was normal in size. Although both fam-
ily members were diagnosed with CBS, their clinical
courses showed important differences. Notably, there
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was no history of dementia or parkinsonism in either
parent. Another report described another French
family of Caucasian origin with 2 affected members
but no family history of the disease [17]. The signs
of disease onset included tachyphemia and behav-
joral disorders such as apathy. In addition, the two
had attention disorders, impulsivity, joviality, memory
deficits, tachyphemia, and reduction of spontaneous
language. These cases were considered a behavior-
al type of FTLD. The mean age at disease onset in
both of these families was at 53-72 years old, and the
mean disease duration was about 2-8 years according
to the Alzheimer Disease & Frontotemporal Dementia
Mutation database.

Researchers and healthcare providers often con-
sider patterns such as repetitive locomotion fol-
lowing circuitous path or back and forth, as well as
random ambulation to be aimless and dementia-
related behavioral disturbances [4]. Some of these
patterns are associated with running away, wander-
ing or getting lost [4]. Our proband had a family histo-
ry of dementia and showed personality and language
deterioration along with attempts of running away
from home and stereotypic behavior (repetitive walk-
ing back and forth, opening the doors and drawers
in the corridor). Otherwise she had no specific health
problems.

Volumetric studies that compared the rate of
brain atrophy in FTD-GRN versus FTD caused by
mutations in the MAPT gene (FTD-MAPT) showed
that individuals with pathogenic GRN variants have
a higher rate (3.5% vs. 2.4% per year) of whole-brain
atrophy that is more asymmetrically pronounced
than those with MAPT-related FTLD [20]. The 2010
brain MRI examination of our proband revealed
not only asymmetric involvement with pronounced
brain atrophy of the left temporal and frontal lobes
and asymmetric caudate nucleus atrophy, which
is in agreement with the literature [3,14], but also
revealed greatly pronounced caudate nucleus and
gyrus rectus atrophy on the left side, with virtually
normal findings for the right caudate nucleus, and
it would have been very interesting to follow the
changes in asymmetry over time. Such a finding
appears to be, according to some authors, a typical
finding in bvFTD [8]. However, the asymmetric atro-
phy of the left hemisphere with predominance in
temporal and frontal lobes, hippocampi and insula
including subcortical atrophy with basal ganglia and
the large atrophy of the left caudate nucleus indi-
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cate the diagnosis of bvFTD in our case. The shape
deflation of the left caudate nucleus, which corre-
sponded to afferent connections from the dorsolat-
eral prefrontal mediofrontal/anterior cingulate and
orbitofrontal cortex, correlated with worsening dis-
ease severity [14]. Our proband with dementia and
pathogenic mutation in the GRN gene and a clinical
manifestation of the disease fulfilled the diagnostic
criteria for bvFTD.

Five years after the disease onset, according to
psychological and logopedic examinations, there
was a clear progress in speech impairment with
agrammatisms, anomia and phonemic paraphasia,
later on with speech fluency impairment —almost no
spontaneous speech, she was only repeating words
sporadically. This was in agreement with progressive
non-fluent aphasia (non-fluent PPA) (nfvPPA). Such
a course may suggest that types of FTD can overlap
in certain stages of disease.

In a report by Harris et al. (2016) it was found that
over 90% of patients with FTLD pathology exhibited
a combination of at least one behavioral and one
language feature [10]. It would have been interesting
to repeat the MRI, but it was not possible due to the
death of the patient in 2015. In the above reports by
Masellis et al. (2006) and Le Ber et al. (2008), the
tested patients were diagnosed with behavioral vari-
ants of FTLD. Our patient showed the typical signs of
this variant in the early stages of the disease, though
the later speech problems suggested the progressive
nonfluent aphasia variant. In relation to these ini-
tial symptoms, we consider our patient as probable
bvFTD. There might be some modifier genes and/or
environmental influences, epigenetic factors, eth-
nicity that prevail over a particular manifestation of
one variant of FTLD over another.

In conclusion, this case report highlights the
variety of MRI characteristics that are found in
patients with frontotemporal dementia and the
€.708+1G>A mutation in the GRN gene. The age of
clinical onset and survival can vary widely in GRN
mutation carriers, even within the same family [1].
A precise diagnosis must be made through genetic
testing.
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