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Abstract

Objectives—To estimate FTD prevalence, identify FTD-related mutations, correlate FTD
phenotype with mutations in a Southern Italian population.

Methods—Study population consisting of subjects =50 years of age residing in the Community
of Biv. on January 1, 2004. Door-to-door two-phase design. Genetic and biochemical analyses
were done on samples collected from 32 patients.

Results—Prevalence rates were 0.6 for AD, 0.4 for VD, 3.5 for FTD, 0.2 for Parkinson Dementia
and 1.2 for unspecified dementia. Three GRN (one known and two novel) mutations with reduced
plasma protein levels were found associated to three distinct phenotypes (behavioural, affective
and delirious type).
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Conclusions—We report an unusually high FTD prevalence in the investigated population, but a
low prevalence of AD. We confirm the heterogeneity of FTD phenotype associated with different
GRN mutations.
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1 Introduction

Frontotemporal dementia (FTD) is the second most common form of dementia after
Alzheimer’s Disease (AD) (Rosso et al., 2003), characterized by predominant and gradual
behavioural changes associated with language and affective disorders. Epidemiologic studies
of FTD have been rare and conducted through clinical survey, (Borroni et al., 2010; Harvey
et al., 2003; Ikeda et al., 2004; Rosso et al., 2003; Ratnavalli et al., 2002) while door-to-door
studies have not been reported. Up to 50% of FTD patients have positive family history of
dementia, mainly with autosomal dominant inheritance (Rosso et al., 2003). FTD is a
genetically complex disorder with several genes associated with disease etiology (http://
www.molgen.ua.ac.be/ADMutations), including the MAPT (Poorkaj et al., 1998) and GRNV
(Baker et al., 2006; Cruts et al., 2006) genes responsible for the disease in FTD families
linked to chromosome 17g21.The most common mutation reported to date is an expanded
hexanucleotide repeat in a non-coding region of C90rf72, which is the cause of chromosome
9p21-linked FTD and Amyotrophic lateral sclerosis (ALS) with TDP-43/p62 associated
brain pathology (DeJesus-Hernandez et al., 2011; Renton et al., 2011).

Known GRN mutations have different pathogenic potential depending on the type of
mutation (i.e. deletion, nonsense, frameshift, splice-site and some missense substitutions),
causing FTD with different degrees of severity (Baker et al., 2006; Cruts et al., 2006;
Shankaran et al., 2008; Wang et al., 2010). Recently, it was demonstrated that plasma
progranulin protein levels could predict the presence of GRN mutations in FTD patients
(Ghidoni et al., 2012) and that it may be a valuable tool in predicting the pathogenic
significance of GRN mutations (Finch et al., 2009). However, different clinical
characteristics are observed in carriers of the same GRN mutation, even within the same
family. Some of this clinical variability could be explained by specific variants of a
modifying gene. Common variations in the GRN gene (rs9897526, rs5848) (Fenoglio et al.,
2009) and the Transmembrane protein 106B gene ( TMEM106B) (rs1990622, rs1020004)
(Finch et al., 2011) were reported to influence age of onset. Since 1990 we have been
studying a large FTD family encompassing 37 affected subjects over four generations
segregating the c¢.1145insA mutation of the GRN gene (Bruni et al., 2007). However some
patients, who present with a clear phenotype of FTD and belong to the pedigree, do not
carry the ¢.1145insA mutation thus suggesting a different genetic cause responsible for the
disease in these patients (Bruni et al., 2007). The Southern Italian population in which this
family is nested, peculiar for its historical and geographic isolation over the centuries, was
very cooperative in participating in a door-to-door population study. The principal aims of
the study were: (i) to calculate the prevalence of FTD, (ii) to identify other FTD-related
mutations, (iii) to analyze genotypes of modifier genes reported to influence age at onset,
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and (iv) to characterize the FTD phenotype with specific reference to genetic and
biochemical parameters.

2 Methods
2.1 Subjects

The study population targeted all subjects who were > 50 years of age residing in the
Community of Biv. (Province of Reggio Calabria, Italy) on January 1, 2004. Biv. is a small
town in a mountainous area (25 km2) of Southern Italy. Eligible subjects were identified
from data maintained by the municipality’s registrar office. Both household and
institutionalized individuals were included; all subjects who were official residents of Biv.
on January 1, 2004, but who were living in another town temporarily were interviewed
whenever possible.

2.2 General study design

An informed written consent was signed by all subjects or by their legal representative. This
study was performed according to the Declaration of Helsinki and was supported by the
Italian Health Ministry (DGRST n° 4/2760-P/1.9.ab, 2007; RFPS-2006-7-334858, 2006)
with appropriate Ethics committee approval.

We used a door-to-door two-phase design (see figure e-1, Supplemental data Appendix E-1
for further details).

2.3 Genetic and biochemical analyses

Genomic DNA and total RNA were obtained from peripheral blood using QIAGEN Kits.
The GRN, MAPT, FUS TARDBPand C9orf72 genes were analyzed for all FTD patients. To
assess the presence of large (>30kb) copy number variations (CNV) affecting known FTD
genes the DNA samples were genotyped on an Illumina HumanHap 650Y platform and the
intensity array data was analysed as described previously (Ghani et al., 2012). All DNA
samples were genotyped for SNPs in the GRN (rs5848, rs9897526) and 7TMEMI106B genes
(rs1990622, rs1020004) using a direct sequencing approach (PCR conditions are available
upon request). The SNP in the PRNP gene (M129V) was genotyped using a restriction assay
by digesting the PCR product with BsaAl enzyme (New England Biolabs Inc.). APOE
polymorphisms and the 238 bp insertion/deletion in intron 9 of the MAPT gene defining the
H1 and H2 haplotypes were genotyped (appendix e-1).

The GRN A266P and C126W variations were assessed in 100 controls (mean age 65.2+6.7,
MMSE 28+3.7) and in 140 FTD patients (mean age 65.1+9.4) belonging to the Southern
Italian population, using DHPLC (Transgenomic Inc., Omaha, USA). RNA of two patients,
one carrying either the GRN ¢.1145insA or the A266P mutation, were analysed by semi-
quantitative RT-PCR, as described in the Supplemental data. Plasma levels of progranulin
protein were measured in carriers of the ¢.1145insA, A266P, C126W mutations and in 15
controls (mean age 64+18.3, MMSE 28+3.7) in three independent experiments in duplicate
using an ELISA kit (Human Progranulin ELISA kit, Adipogen Inc., Seoul, Korea) (Finch et
al., 2009; Ghidoni et al., 2012).
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2.4 Statistical analysis

The prevalence ratio was calculated for dementia in general and for specific types of
dementia; age and sex specific ratios were also obtained. Quantitative data between
subgroups were compared using the Student two-tailed independent #test. Difference in
clinical symptoms and neurological signs between affected GRNV mutation carriers

(GRN _positive) and non-GRN cases (GRN_negative) was assessed using Cross-tabulation
tables by XZ test. Descriptive statistics and all analyses were performed using SPSS 11.5
software. For all analyses, statistical significance was considered as p-values<0.05.

3 Results

3.1 Epidemiological results

Of the total 1568 registered residents of Biv. 702 subjects were =50 years. In all, 509
individuals (72%, mean age 71.6+11.1; 55.4% of females) agreed to participate, 6% were
deceased, 10% lived outside the country, and 12% refused to take part. Figure e-2 shows the
demographic and clinical characteristics. Figure e-3 presents the cardio-cerebrovascular risk
factors of the population by age.

Of the group of 92 individuals (18.1%) evaluated in Phase I1, 30 subjects were diagnosed
with dementia (age 77.6+5.6;12M/17F) with a prevalence (number of cases per 100
individuals) of 5.9 among those =50 years of age and of 8.1 for those =65 years of age.

The distribution of patients with dementia (including specific types of dementia), and
corresponding prevalence, considering age and sex, are summarized in Table 1. The
prevalence (number of cases per 100 individuals over age 49) was as follows: AD (0.6), VD
(0.4), FTD (3.5), Parkinson Dementia (0.2) and unspecified dementia (1.2).

The clinical characteristics of the 18 FTD patients identified through the door-to-door study
are reported in Table 2. Mean age at onset was 75.949.0 years (66.7% women). 50% (9
subjects) had 4 or fewer years of education and 27.8% (5 subjects) were illiterate. A first
degree relative affected by dementia of any type was found in 38.9% of the FTD patients (7
subjects). Cardio-cerebrovascular risk factors were commonly distributed (16/18 FTD
patients).

3.2 Genetic and biochemical results

Mutation analysis was done on 32 FTD patients, including the 18 subjects diagnosed during
the door-to-door study (a_group) and 15 previously reported subjects (Bruni et al., 2007)
(b_group, 13 affected, 2 at risk who subsequently developed the disease). One subject was
present in both the a_and &_groups. FTD subjects tested negatively for mutations in MAPT,
FUS TARDBP and C9orf72 (number of repeats was within a normal range: 2-23). We
identified several variations in the GRN gene. One known frameshift mutation (c.1145insA)
and two novel heterozygous missense variations, A266P and C126W in the GRN gene were
identified in FTD patients (12 carriers of the c.1145insA, 3 carriers of the A266P, belonging
and segregating in two different branches of the same large kindred (Bruni et al., 2007) and
two apparently sporadic patients bearing C126W both descending from a common founder
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identified in the 6™ generation). In the remaining 15 patients no GRA mutation was found.
The A266P is a transversion in exon 8 (g.11002 G>C), while the C126W is a transversion in
exon 5 (g.10134 C>G) (Genebank accession number NG_007886.1). The A266P and
C126W variations were absent in 100 controls and 140 FTD patients, so we hypothesize that
the variations are not common polymorphisms.

Densitometric semi-quantitative analysis of the GRN transcript demonstrated that the
amount of mRNA of the ¢.1145insA mutation carrier corresponds to 33% of the amount of
the control mMRNA. Sequencing and transcript analysis of the cDNA of the A266P mutation
carrier revealed that the amount of mMRNA is not different from the control.

None of the analysed variations of potential modifying dementia genes (APOE, MAPT, or
common variations in the GRN, TMEM106B and C9orf72) could account for the differences
in age of onset of subjects carrying the same GRN mutation. Furthermore, in the FTD
patients (GRN _positive and GRN_negative) we did not detect any large CNVs (=30 Kb)
affecting GRN or any other known FTD genes listed at www.molgen.ua.ac.be/
ADMutations/.

3.3 Biochemical results

Plasma progranulin protein levels were 38.6+12.7 (20-62) ng/ml in carriers of the c.
1145insA (11 available patients), 89.4+25.4 (54-116) ng/ml in carriers of the A266P (3
patients), 77.7+24.9 (60-95) for the C126W carriers (two patients) and 175.7+£25.4
(142-221) in controls, demonstrating reduced levels of progranulin for all mutations,
according to a previously established cut-off for loss of function mutations (< 110.9 ng/ml),
(Finch et al., 2009; Ghidoni et al., 2012) and range for missense mutations (110-140 ng/ml)
(Finch et al., 2009) (Figure 1A). Of note, carriers of the C126W mutation had progranulin
levels similar to those with loss of function mutations.

3.4 Comparison of clinical phenotypes among GRN_positive and GRN_negative patients

Few differences in the FTD phenotype were detected between GRN _positive and

GRN _negative patients. A difference in the age at onset (ANOVA test p=0.04) was evident
among the four groups [c.1145insA carriers (64.2+12.5 years); A266P carriers (75.7£2.9
years); C126W carriers (71+8.5 years); GRN _negative(75.9+9.0 years), Figure 1B]. After
Bonferroni correction only the difference in age of onset between the carriers of the c.
1145insA and the GRN _negative patients was significant (p=0.037).

3.4.1 Onset—~Patients bearing the ¢.1145insA were more distracted (p=0.01), with slight
impairment of planning (p=0.06), and had a tendency for greater behavioural disinhibition
when compared with GRN _negative cases or with carriers of the A266P or C126W
mutations. Reduction of verbal output and apathy were common to all but one group
(C126W) in different percentages. Patients with the c.1145insA patients showed primitive
reflexes and extrapyramidal signs early (50% and 42% respectively); neurological signs
were absent in the other GRN _positive patients. GRN _negative patients had 33% rigidity
and stereotypies (Figure 2).
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3.4.2 Manifest stage—The c.1145insA carriers were more distracted and disinhibited
with greater alteration of social behaviour; language disorder evolved to complete mutism;
A266P carriers showed apathy in 100% of cases, emotional unconcern, greater hyperorality,
extrapyramidal signs, pyramidal signs in 67% of cases; C126W patients presented with
paranoid delusion, disinhibition, agitation and extrapyramidal signs (Figure 3).

4 Discussion

We describe the occurrence of dementia in an isolated Southern Italian population using a
two-phase community-based door-to-door study. The overall prevalence of dementia was
5.9%. Surprisingly, FTD was the most common type of dementia (FTD 60%, AD 10%, VaD
6.7%, other forms of dementia 23.3%), which differs from other studies where AD was
identified to be the most common (Andreasen et al., 1999; Ratnavalli et al., 2002). We are
unable to provide an explanation for the low incidence of AD in this population. Our
analysis detected 18 FTD patients out of 509 subjects, with an estimated overall prevalence
of 35 per 100,000 inhabitants (3.5%, Table 1). We cannot formally compare our results with
published data because it is the first door-to-door epidemiological study. A prevalence of 15
FTD patients per 100,000 in a population between 45 and 64 years of age was previously
reported?, whereas the prevalence of FTD in the Netherlands (Rosso et al., 2003) was 1.1 in
100,000 with a maximum of 9.4 per 100,000 for ages 60—69. An Italian study reported 17.6
FTD per 100,000 inhabitants (Borroni et al., 2010). However, the high FTD frequency that
we found could be attributed to the specific genetic background of the investigated
population. FTD patients were carefully clinically characterized in the second phase of the
study, although neuropathological data were lacking. Patients underwent structural and
functional brain imaging and had a follow-up evaluation to further confirm diagnosis. To
exclude vascular dementia, VRFs were collected and the results were not different compared
to a general population over 65 of age from the same ethnic and geographic background
(www.cuore.iss.it/fat_rischio/regioni/calabria/calabria.html). Although we were unable to
clinically reinforce the diagnosis of FTD with a LCR biomarker study to distinguish
between FTD and the frontal variant of AD, we are confident in the diagnosis because
through the door-to-door study we identified patients at the beginning of the disease thus
minimizing the possibility of misdiagnosis. Notably, the FTD clinical phenotype was similar
for GRN positive and GRN _negative patients.

The overall genetic contribution of GRN mutations in our FTD cohort was 53% (17/32)
increasing to 71.4 % in patients with family history of dementia (15/21). The prevalence of
GRN mutations was higher than in a large world-wide series (5-11% of FTLD cases (Gass et
al., 2006; Le Ber et al., 2007; van der Zee et al., 2007) and 20-25% of FTLD patients with
family history of dementia (Gass et al., 2006; Le Ber et al., 2007; van der Zee et al., 2007) or
a clinical FTLD series from the Italian population (1.64%) (Borroni et al., 2010).

The high prevalence of GRN mutations in the Biv. population could be partially explained
by a founder effect as it happens in an isolated population similar to C9orf72 in Finland
(Renton et al., 2011)This phenomenon could be particularly evident in this village since

isolated areas tend to have higher levels of consanguinity and parental isonomy (Cizza et al.,
2011). Hence, taking into account our knowledge of the particular context (Bruni et al.,
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2010) the higher prevalence of GRN mutations may relate to a founder effect or could be
due to patient selection; it is possible that the door-to-door study allowed us to identify the
disease early and therefore better clinically characterize the FTD phenotype. Notably, the
frequency of GRN mutations we found was similar to that of pathologically confirmed
ubiquitin-positive cases, about 60-70% of GRN-related FTLD (van der Zee et al., 2007).

The three GRN mutations identified are different: the ¢.1145insA is a frameshift mutation,
whereas the A266P and the C126W are missense mutations with the C126W affecting a
progranulin cysteine residue. Biochemically, the ¢.1145insA causes a decrease of 50% in
GRN mRNA, likely by nonsense-mediated mRNA decay (Baker et al., 2007; Cruts et al.,
2007); on the other hand, we demonstrated that mutant GRN A266P mRNA was not
degraded as expected from missense mutations that impair secretion of the progranulin
protein (Le Ber et al., 2007; Shankaran et al., 2008). Our data demonstrated that the c.
1145insA causes a strong reduction in the amount of protein in plasma; the A266P induces a
slight decrease of protein, whereas C126W shows an intermediate level of progranulin
between the other two mutations. For the ¢.1145insA and A266P mutations, our data are in
agreement with the cut-off (£110.9 ng/ml) reported for plasma progranulin levels for loss of
function (Finch et al., 2009; Ghidoni et al., 2012) and the range (110-140 ng/ml) reported for
missense mutations (Finch et al., 2009), respectively.

For instance, the reduced levels of plasma progranulin for the C126W mutation are in line
with data reported for mutations affecting cysteine residues such as R432C, which
significantly impair secretion, reducing plasma progranulin by ~45% (Shankaran et al.,
2008). Other mutations affecting cysteine residues (C521Y) cause impaired elastase
cleavage of progranulin into granulins (GRAS) and do not influence plasma progranulin
levels (Wang et al., 2010). Indeed, it is possible that not all mutations involving cysteine
residues have the same pathogenic mechanism; it is also possible that various pathogenic
effects coexist, some of which are already known (haploinsufficency and impaired elastase
cleavage of progranulin into granulins) and others are unknown, such as the turnover rate of
the progranulin protein. The ¢.1145insA and A266P mutations were detected in familial
FTD patients, belonging to two branches of the same large kindred clearly segregating with
the disease (Bruni et al., 2007). The C126W was identified in two “apparently sporadic”
FTD patients genealogically linked in the 18™ century. The genetic and biochemical
differences we found could have had consequences on the FTD clinical phenotype, although
only few differences were evident between GRN positive and GRN_negative patients.

The entire FTD cohort showed the broad clinical spectrum of FTD. GRN mutations are
known to be associated with highly variable phenotype (Beck et al., 2008; Le ber et al.,
2008). Age of onset, in our dataset, was significantly lower in c.1145insA carriers than
A266P or C126W carriers and GRN_negative patients. The age of onset data indicate a
correlation with progranulin plasma levels. However, within the ¢.1145insA mutation
patients, the wide range of onset does not correlate with progranulin plasma dosage and it is
not explained by any of the potential candidate modifier genes, suggesting that other genetic
or environmental factors could contribute to the phenotype.
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Although the clinical FTD picture was roughly the same for all GRN _positive and

GRN _negative patients, the clinical criteria (Brun et al., 1994) allowed us to detect three
distinct FTD phenotypes correlated to each GRN mutation. Carriers of ¢.1145insA carriers
showed a more severe “frontal Gestalt” with marked distractibility, disinhibition, a greater
impairment of social awareness, and language impairment manifesting to complete mutism
(behavioural type). A266P carriers showed affective symptoms with apathy in 100% of
cases, emotional unconcern and verbal output reduction that remained stable for the entire
course of the disease (affective type), while C126W carriers presented with paranoid
delusions and agitation (delirious type). Also from a neurological point of view there are
some neurological differences: primitive reflexes are observed early only in ¢.1145insA
carriers whereas early extrapyramidal signs characterize both ¢.1145insA carriers and
GRN_negative patients, in contrast with findings reporting these signs in late stages of FTD
(Diehl-Schmid et al., 2007; Padovani et al., 2007). Overall ¢.1145insA carriers were more
impaired than carriers of the other mutations. This is likely due to the severe progranulin
dysfunction causing an earlier and more significant frontal lobe involvement.

In conclusion, we report the unusually high prevalence of FTD and discuss the clinical
phenotype associated with different GRN mutations.
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Figure 1.

A. Plasma GRN levels in FTD mutated patients and controls; B. Age at onset in
GRN _positive and GRN_negative patients
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Table 1

Age- and sex-specific prevalence ratios (cases per 100 population) of dementia and specific dementing
disorders in Biv on January 1, 2004

Age (yrs) (N°) Men \Women Total

N° Pr%o N° PR% N° PR%

Dementia
50-59 (97) 0 - 0 - 0 -
60-69 (106) 0 - 1 1.6 1 0.9
70-79 (172) 8 100 10 10.9 18 10.5
80-89 (108) 4 8.3 6 10.0 10 9.3
90-99 (26) 0 - 1 5 1 3.8

Total (509) 12 53 18 64 30 59

Frontotemporal dementia

50-59 (97) 0 - 0 - 0 -

60-69 (106) 1 23 1 1.6 1 0.9
70-79 (172) 2 2.5 5 5.4 7 4.1
80-89 (108) 3 6.3 5 8.3 8 7.4
90-99 (26) 0 - 1 5 1 3.8
Total (509) 6 2.6 12 4.3 18 35

Alzheimer
Total 50+ 3 0.6

Vascular dementia

Total 50+ 2 0.4
Unspecified dementia

Total 50+ 6 1.2
Parkinson dementia

Total 50+ 1 0.2

PR prevalence ratio (per 100 population)
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