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ABSTRACT 

Frontotemporal dementia (FTD) is a clinical, genetic and pathological heterogeneous group of 

neurodegenerative diseases. In this study,  we investigated the role of  APOƐ4, rs5848 in GRN 

and  rs1042522 in TP53 gene  as disease risk factors and/or phenotype modifiers in 440 

frontotemporal dementia (FTD)  patients, including 175 C9orf72 expansion carriers. We found 

that the  C9orf72 expansion carriers showing an earlier age at onset (p<0.001). Among the 

clinical groups, the  FTD-MND (motoneuron disease) showed the lowest survival (HR=4.12) 

and the PNFA group showed the highest onset-age (p=0.03). In our cohort, the rs1042522 in 

TP53 was associated with disease onset (p=0.02) and survival (HR= 1.73) and rs5848 GRN with 

a significant shorter survival in CC homozygous patients (HR= 1.98). The frequency of APOƐ4 

carriers was significantly increased in the C9orf72 non carriers (p=0.022).  Although validation 

of our findings is necessary, our results suggest that TP53,GRN and APOE genes may act as 

phenotype modifiers in FTD and should be considered in future clinical trials.  
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1-INTRODUCTION  

Frontotemporal dementia (FTD) is a group of cognitive disorders caused caused by the 

neurodegeneration in the frontal and temporal lobes, with variable clinical and pathological 

presentation. Based on behavioral and language manifestations, FTD is subdivided in 

behavioural FTD (bvFTD), progressive non-fluent aphasia (PNFA), and fluent progressive 

aphasia (semantic dementia, SD). FTD is frequently familial (up to 43% of the cases according 

to some studies) with 10-27% showing autosomal dominant inheritance (Rohrer et al, 2009). 

FTD is genetically heterogeneous and FTD-causative mutations have been identified in several 

genes including C9orf72, GRN, MAPT and TBK1 (Van Mossevelde et al, 2018) . Some of the 

FTD-TDP/FUS-related mutations have also been identified in amyotrophic lateral sclerosis 

(ALS), suggesting a genetic overlap between the two disorders. In addition, it is fair to expect 

that other genetic factors would act as modifiers of the disease in FTD and motor neuron disease 

(MND) (Rademakers et al, 2008).  A pathogenic expansion  in C9orf72 is the most common 

genetic cause of FTD and ALS, accounting for 29% of familial FTD cases (Van Mossevelde et 

al, 2018). The clinical phenotype of the C9orf72 expansion is very heterogeneous even within 

the same family, with the bvFTD subtype as the most common clinical presentation, although 

FTD-MND, MND and PNFA are also frequent (Simón-Sánchez  et al, 2012). 

Both genetic and sporadic FTD showed great phenotypic variability: the clinical picture, age at 

onset, disease progression and survival may vary significantly. This heterogeneity makes 

diagnosis challenging and impacts clinical trials and therapies. A recent  retrospective study 

involving more than 3,000 individuals with genetic FTD showed that the age at onset and age at 

death correlated with the genetic cause. Moreover, in FTD patients with a MAPT mutation the 

onset and age of death was influenced by the specific mutation carried and by family 

membership (Moore et al, 2020). From a neuropathological point of view the evidence 

reinforces the idea that different post-translational modifications are involved in the generation 

of a greater pathology in neurodegenerative diseases. For instance,  significantly greater levels 

of phosphorylated TDP-43 were identified in the motor cortex of cases with ALS with C9orf72 

expansions, and in the spinal cord of cases with ALS with intermediate ATXN2 expansions, 

while similar levels of non-phosphorylated TDP-43 were found in ALS cases with and without 

ATXN2 or C9orf72 expansions (Yang Y et al, 2019). 

Different studies have tried to  identify genetic modifiers of disease risk and phenotypes in 

FTD, such as the age at onset or survival after onset. For instance, it has been described that 

ATXN-2 intermediate expansion alleles were disease modifiers in FTD C9orf72  expansion 
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carriers (van Blitterswijk et al, 2014a; Rubino et al, 2019). A common polymorphism in the 

3′UTR of PGRN, rs5848, has been related to the survival after onset in C9orf72 expansion 

carriers (van Blitterswijk et al, 2014b). Also, it has been described  that  the  APOE-Ɛ4  variant 

would lower the onset-age in patients with FTD and tauopathy independent of the existence of 

amyloid-β co-pathology (Koriath et al, 2019) Recently, our group described that intermediate 

CAG alleles  (IAs)  in the ATXN1, ATXN2 and HTT genes might be differently presented in the 

different subtypes of FTD, but no association with age at onset was detected (Menéndez- 

González et al, 2019; Rosas et al, 2020) 

In the C9orf72 expansion carriers both, sense and antisense repeat RNA transcripts are 

translated into pathogenic dipeptide-repeat proteins (DPRs) which activate the DNA damage 

response (DDR)  pathway with  a subsequent increase of many proteins, including tumor protein 

p53 (p53), which might  contribute to the neuronal death that characterize many 

neurodegenerative disorders. Although most investigations on p53 focused on human tumors, 

the regulatory function of this protein on the central nervous system has gradually attracted 

increasing interest (Gao and Zhao, 2018; Sun et al, 2018). Increased levels of p53 were detected 

in affected brain regions in different diseases, and there are regulatory pathways between p53 

and the proteins that are pathological hallmarks of diseases (Szybinska and Lesniak, 2017).  The 

overexpression of p53 has been linked to neuronal death due to the accumulation of the TAR 

DNA-binding protein 43 (TDP-43). TDP-43 is a key player in FTD, ALS, and other 

neurodegenerative processes, and reduced TDP-43 caused defects in the proliferation of neural 

stem/progenitor cells but not cell death, while its overexpression resulted in the induction of 

p53-dependent apoptosis of neural stem/progenitors and human induced pluripotent cells (iPS) 

derived from immature cortical neurons. Moreover, p53 inhibition rescued TDP-43 induced cell 

death of cortical neurons (Vogt et al, 2018). 

Genetic variants in the TP53  (such as rs1042522, Arg72Pro) have been widely associated with 

cancer and also studied in neurological and psychiatric disorders (Yang J et al, 2019).  

Interestingly, the Pro72Arg polymorphism has been associated with poor functional outcomes 

after either ischemic or hemorrhagic stroke, and the genotype Arg/Arg was also associated with 

early neurological deterioration in ischemic stroke. In primary cultured neurons, the 72-Arg 

isoform (but not 72-Pro) activated the intrinsic apoptotic pathway, and this would increase the 

vulnerability to ischemia-induced apoptotic cell death. These results suggest that the TP53 

polymorphism might influence the neuronal vulnerability to apoptosis, a finding that could be 

relevant for neurodegeneration beyond stroke (Gómez-Sanchez et al, 2011; Ramos-Araque et al, 

2019).  
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In this work we investigated the role of APOƐ4,  rs5848 in GRN gene  and  rs1042522 in TP53 

as disease risk factors and/or phenotype modifiers in FTD cohort. Moreover, we took advantage 

of our previous results and investigated a role for  HTT, ATXN1, ATXN2 intermediate alleles in 

the survival probability in FTD patients. 

 

2. PATIENTS AND METHODS. 

2.1-Study Design 

This was a multicentre study involving patients recruited from twelve centers  of four countries: 

Hospital Universitario Central de Asturias (Spain); Hospital Santa Creu i Sant Pau (Spain);  

Centre for Neurodegenerative Disorders- University of Brescia (Brescia, Italy); Center for 

Neuroscience and Cell Biology, University of Coimbra (Coimbra,  Portugal); Center for 

Molecular Neurology, VIB- University of Antwerp (Antwerp, Belgium), Regional Neurogenetic 

Centre, ASP CZ, Lamezia Terme (Catanzaro, Italy); Fondazione IRCCS Ca’ Granda, Ospedale 

Policlinico (Milan, Italy).; RCCS Istituto Centro San Giovanni di Dio- Fatebenefratelli (Brescia, 

Italy), University of Florence Azienda Ospedaliero (Florence,Italy), Hospital Clínic (Barcelona, 

Spain); Hospital Gregorio Marañón (Madrid, Spain);  Fondazione IRCCS Istituto Neurologico 

Carlo Besta,  (Milan, Italy) and  University Hospital Mutua de Terrassa, (Terrassa, Barcelona, 

Spain). 

The anthropometric and clinical data were retrospectively collected from the medical records, 

and the DNA from all the participants was stored in the Institute Biobanks.  We analyzed  440 

FTD cases, 175 were C9orf72 expansion-carriers. Of the C9orf72 non-expansion carriers, 258 

had only clinical diagnosis and seven (6 patients with bvFTD and 1 patient with PNFA) were 

neuropathologically confirmed. In all the C9orf72 non-carriers (n=265), we excluded the 

presence of pathogenic variants in the GRN and MAPT genes. In all the patients, we genotyped 

the CAG repeats in ATXN1, ATXN2 and HTT genes, APOE genotype (rs7412  and  rs429358), 

rs5848 in GRN and rs1042522 in the TP53 gene. 

2.2-Subjects and medical records 

All the patients were unrelated Caucasian, 293 from Spain, 101 from Italy, 26 from Belgium 

and 20 from Portugal, and were diagnosed according to the  Rascovsky and Gorno-Tempini 

criteria as FTD (n=250), semantic dementia (n=32), progressive non-fluent aphasia (n=59), or 

FTD-MND (n=42) (Gorno-Tempini et al, 2011; Rascovsky et al, 2011) (Supplementary Table 

1) . In 57 patients FTD was classified as unspecified.  Family history of dementia was present in 

88.3% of the C9orf72 expansion carriers and  in 43.9% of the non-carriers. 
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The control group comprised 509 unrelated subjects of Spanish origin without symptoms of 

neurodegenerative disease. They were elderly subjects who agreed to participate and were 

recruited through the Health Community Service of the region of Asturias. All the patients and 

controls gave informed consent to participate in the study which was approved by the Ethical 

Committees of participating centers. 

2.2 Genetic analysis 

The genomic DNA was isolated from peripheral blood leukocytes. We selected two candidate 

SNPs (single nucleotide polymorphisms) to be tested:  rs5848 and rs1042522 in GRN and TP53 

genes, respectively. All patients were also genotyped for the APOE-Ɛ2/3/4 alleles (SNPs rs7412  

and  rs429358). The genotypes were determined by real-time PCR with Taqman commercial 

assays (Applied Biosystems). 

The HTT, ATXN1 and ATXN2 CAG repeats-length were determined by polymerase chain 

reaction (PCR) with fluorescent-labeled primers and capillary electrophoresis using an ABI 

3130XL DNA sequencer and the Gene Mapper v4.0 software (Applied Biosystems). 

C9orf72 expansion methodology 

In all patients, C9orf72 genetic status was determined by triple repeat primed polymerase chain 

reaction (TP-PCR) using standard protocols (DeJesus-Hernandez  et al, 2011; Gijselinck  et al, 

2012; Renton et al, 2011). All the C9orf72 positive subjects in our cohort had more than 60 

repeats. 

 2.3 Statistical analyses 

To assess the influence of predictor variables  in the age of onset of the disease, a multiple linear 

regression model was adjusted. A manual backward stepwise methodology was followed to fit 

the model. In the complete model only the predictors that had a p-value lesser than 0.2 in the 

univariate were included. Estimates, 95 % CI and p-values are reported. Survival was calculated 

as time from symptom onset to death from any cause (outcome= 1) or censoring date (outcome= 

0). To determine the relationship between the predictors and the survival probability from 

symptom onset to death of any cause, a Cox proportional hazard regression model was fit using 

the same methodology. Hazard ratio, 95% CI and p-values are reported. In both analyses,  the 

hypotheses were graphically corroborated, and alpha was set at 0.05. All analyses were carried 

out with R software version 3.5 (www.r-project.org; R-v3.5).The predictor variables were  sex, 

family history, clinical phenotype, APOƐ4,  rs5848 in GRN gene  and  rs1042522 in TP53. In 

the survival analysis, we also include the IAS in HTT, ATXN1 and ATXN2 genes  as predictor 

variables.  

A post hoc Bonferroni correction to all pairwise comparisons was used fo the categorical 

variables for the sex and APOƐ4.  For age at onset, factorial anova test with post hoc Bonferroni 

http://www.r-project.org/
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correction was used to test all pairwise comparisons. In survival analysis, p values  <0.012  were 

considered as statistically significant after applying Bonferroni correction  for multiple testing.  

 

2.4 Standard protocols approvals , registrations and patient consents 

All the patients and controls gave informed consent to participate in the study which was 

approved by the Ethical Committees of the participating centers. 

 

3. RESULTS 

In Table 1 we summarize the main values in the patients and controls, as well as the clinical 

presentation in the FTD patients.. We observed a higher frequency of men in FTD cohort and  

bvFTD group when compared to the control group (p=0.048 and p=0.003 , respectively). 

We analyzed the effect of sex, family history, clinical phenotype, and C9orf72, APOE, GRN and 

TP53 genotypes in the age at onset and survival among FTD patients.  The presence of  IAS in 

the HTT, ATXN1, and ATXN2 genes was included as  covariables in the survival. After 

multivariate analysis, the PNFA group had a significantly higher mean age at onset compared to 

the bvFTD (p=0.03; OR= 3.83, 95%CI = 0.41 to 7.26). Regarding the genetic variables, 

C9orf72 carriers had a younger onset-age compared to non- carriers (57.86 vs 63.48 years; 

p<0.001,OR=-4.92, 95%CI=-7.44 to -2.39). No difference in the age at onset was observed 

between the clinical groups according to their C9orf72 status. 

When we analyzed  the influence of APOE, GRN and TP53 genotypes a significant association, 

under diverse genetic models,  was found between the age at onset and the rs1042522 TP53 

with Pro carriers showing a lower mean age compared to Arg carriers  (Table 2). 

In the survival analysis, the final multivariate model included clinical phenotype,  TP53 

rs1042522 and GRN rs5848. For the other variants (HTT, ATXN1 and ATXN2 intermediate 

alleles, family history, sex, age at onset, C9orf72 status, and APOE genotype ) a p-value 

higher than 0.2 in the univariate analysis was obtained and they were excluded from the 

final model. The multivariate Cox proportional hazard regression showed that  FTD-MND 

patients with  had a reduced survival (4.12 years) than patients with other clinical phenotypes 

(p<0.001, HR=4.12, 95% CI=1.97, 8.59 )  ( Table 3, Figure 1A). Among the genetic factors,  

the carriers of  Pro allele of rs1042522 TP53 and CC homozygous of  rs5848 GRN  showed a 

shorter survival  (Table 3, Figures 1B and 1C).  

The  APOE-Ɛ4 allele was significantly more fre uent in the FTD compared to controls  (25% vs 

16%,  p=0.022), and was also observed in the  C9orf72 non-carriers (27% vs 16%, p= 0.01). 

APOE-Ɛ4 frequency was higher in the PNFA group compared to the controls (34% vs 16%, 

p=0.05 ) (Table 4).  For rs1042522 TP53 and rs5848 GRN , the genotypes distribution was 

similar between patients and controls and among the clinical groups ( Supplementary table 2). 
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4-DISCUSSION  

Several studies have analyzed the role of genetic and non-genetic modifiers in FTD to ascertain 

their effect on clinical heterogeneity and age of onset, among other variables. In fact, some 

works reported an association between sex and bvFTD  and between family history and survival 

(Chiu et al, 2010; Woolley et al, 2011). In our cohort, we observed a male predominance in the 

bvFTD when compared with the PNFA group, but we did not observe a significant effect of sex 

or family history in the age at the onset or survival probability. 

We identified an effect of C9orf72 on the onset-age, with expansion carriers showing a 

significant earlier mean age compared to non-carriers. This is in agreement with previous 

reports and could be explained by the more aggressive physio-pathology that characterizes  

familial monogenic neurodegenerative disorders, in which the presence of mutations results in  

earlier deposit of protein-aggregates compared to sporadic cases without recognized pathogenic 

gene variants (Yang et al, 2019).  In line with this idea, it has been suggested that among 

patients with FTD those with autosomal dominantly inherited mutations showed the earliest 

onset compared to  sporadic cases (Caswell et al, 2019; Moore et al 2019). 

Among the clinical groups, PNFA showed a later age of onset,  and the lowest survival 

corresponded to FTD-MND.  This could be a consequence of the life-threatening symptoms 

caused by MND, such as dyspnea and dysphagia, which are not present in other subtypes of 

FTD.  This was in line with a recent description of a much faster progression for FTD-MND 

with initial motor presentation or motor cortex atrophy, despite having similar overall cognitive 

impairment. This suggested that disease progression in ALS-FTD may be critically linked to 

physiological and motor changes (Ahmed et al, 2019). Therefore, clinical or neuroimaging 

involvement of the motor cortex in FTD-MND seems to be associated with speed of progression 

and survival. 

One of the main novel findings in our study was the association between the TP53 variant and 

the onset-age and survival in our FTD cohort. The p53 protein is a transcription factor that binds 

directly and specifically to DNA in a tissue- and cell-specific manner, and has mainly 

antiproliferative functions but also governs physiological functions related to brain development 

such as human cranial size (Haworth et al, 2019). It has been described that the Pro-carriers 

showed lower levels of mRNA,  but  the specific regulatory mechanism has not been identified 

(Yang et al, 2019). We can speculate that rs1042522 might affect the FTD phenotype by playing 

a dual role in the pathogenesis of the disease. On one hand, a neuroprotective role for p53 has 

been proposed because, in an in vivo model of tau-mediated neurodegeneration,  this protein 

could be a protective molecular pathway against synaptic pathology, one of the earliest 

pathologic abnormalities in tauopathies (Merlo et al, 2014). On the other hand, p53 promotes 

neurodegeneration through its interaction with the key proteins associated with 
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neurodegenerative diseases. For instance, p53-null mice had increased mHtt aggregates load 

(Ryan et al, 2006). Thus, the lower levels of p53 protein in Pro carriers could be associated with 

lesser levels of neuroprotection and/or an increased aggregate load, driving to an early age at 

onset and/or a shorter survival after the onset.   

For the rs5848 variant in GRN gene,  we observed a significant association between the CC 

genotype and a shorter survival in the overall FTD cohort.  The rs5848  is located in the 3′UTR 

within a binding site for miR-659. This miRNA binds more efficiently to the T-allele resulting 

in a  reduction of GRN transcript and lower protein levels (Rademarkers et al, 2008).  In 

opposition to our results, the rs5848 TT genotype has been associated with a shorter survival 

after onset in C9orf72 expansion carriers (van Blitterswijk et al, 2014b) . Regarding the effect of  

rs1042522 and the rs45848  in the survival probability,  it has been described that the TP53 

Pro/Pro genotype increases the  risk of mortality by cancer and the increased levels of pgrn 

(progranulin) are associated with an increased  tumorigenic activity (van Heemst  et al, 2005; Li 

et al, 2018). With the data available in our FTD cohort, we have no information on the cause of 

death, and we cannot thus exclude that the observed effect on survival and age at onset was 

related with a different risk of developing cancer between the genotypes 

APOE-Ɛ4 was significantly increased in the C9orf72 non expansion carriers and among the 

clinical groups, the PNFA group showed a higher frequency of APOE-Ɛ4 carriers. No 

association between APOE  genotype and age at onset or survival were observed. PNFA is the 

subtype in which Tau pathology is the most common underlying proteinopathy showing in most 

cases mixed FTD and Alzheimer disease neuropathology (Grossman, 2010; Santos-Santo et al, 

2018).  In fact, across progressive aphasias, APOE-Ɛ4 carriers are more often amyloid-β 

positive than non-carriers, and the prevalence of amyloid-β positivity increases with age in 

PNFA and SD subtypes (Bergeron et al, 2018). Recently, it has been described that APOE-Ɛ4 

accelerates neurodegeneration in patients with MAPT mutations or FTLD-tau pathology 

independently of Aβ (Koriath et al, 2019). Moreover, recent evidence showed that ApoE-e4 is 

an anatomically selective risk factor that preferentially increased the vulnerability to AD 

pathology of memory-related medial temporal areas rather than language-related neocortices 

(Weintraub et al, 2020). It has been also reported a particularly higher vulnerability to AD 

pathology among APOE-Ɛ4 carriers (Altmann et al, 2014; Buckley et al, 2019). Moreover, 

studies with CSF biomarkers suggested that the increased ApoE-related risk in women might be 

associated with tau pathology more frequently than with amyloid pathology (Buckley et al, 

2019). In our cohort,  the frequency of APOE-Ɛ4 carriers was similar in males and females in all 

the clinical subtypes. 
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Finally, our study help us to better understand  the genetic factors that may influence the clinical 

course in FTD and the underlying proteinopathies. Further studies are needed to better 

determine the factors that modify the phenotype in FTD since they should be taken into account 

in future diagnostic criteria and in the design of clinical trials. The genetic architecture of FTD  

is complex and many genetic variants can modulate disease pathogenesis in different ways. 

These variants might have a synergistic effect in the disease onset, progression, survival after 

the onset,  and could  be also associated with the clinical phenotype. Our study has several 

limitations,  the small sample size for some of the clinical phenotypes, the fact that the diagnosis 

of many cases was not  neuropathologically confirmed and the absence of the cancer mortality 

data. Moreover, the retrospective and multicentric design might influence the genetic 

association results. In fact, the differences in the APOE-Ɛ4 fre uencies could be due to the 

origin patient population.  Therefore, our conclusions about the clinical groups and the role of 

some genetic variants as phenotype modifiers require additional studies in  large cohorts of FTD 

patients with detailed clinical data recruitment and healthy controls from the different 

populations.  
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Table 1 - Demographic and clinic characteristics of patient and control groups. 

Group N Male (%) Family 

history 

N%  

Age at 

examination 

(controls) / Age at 

onset (patients) 

mean±StD 

Disease duration (years)  

mean±Std 

Controls 509  234 (46)  71.14±6.42  

 FTD 440 241 (54.8)* 270(61) 61.42±9.90 5.98±4.79 

C9orf72 

expansion- 

non carrier 

265  143(54) 116(43) 63.48±9.43 

7.9 ±9.18 

C9orf72 

expansion 

carriers  

175 98(56) 154(88) 57.86±9.43 

4.22 ±4.80 

bvFTD 

PNFA 

SD 

FTD-MND 

Unspecified 

250 
59 
32 
42 
57 

149(59.6)* 
24(40.7) 
16(50) 
28(66.7) 
24(42.1) 

170(68) 
32(55) 
15(47) 
28(67) 
27(48) 

60.15±9.70 
66.21±8.14 
63.08±9.21 
59.32±10.35 
62.21±11.04 

6.55±5.29 
5.54±3.26  
6.01±3.87 
3.29±3.32 
5.78±4.69 

*p<0.05 Post hoc Bonferroni correction. FTD vs control ; bvFTD vs control *. post hoc Bonferroni correction was 

applied for the global number of tests FTD- frontotemporal dementia; bvFTD behavioural frontotemporal dementia; 

PNFA- progressive non fluent aphasia; SD- semantic dementia; FTD-MND- frontotemporal dementia and 

motoneuron disease;FTD unspecified - Frontotemporal dementia with no specified phenotype;  StD- standard 

deviation 
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Table 2-  Variants associated with age at onset after multivariate regression analysis.  
 

Variable  Allele  OR (95%CI)  p value  

TP53 rs1042522 Pro   

 Dominant Model - 2.51(-4.47,-0.55) p=0.012 

Additive model  -2.34( -3.89,-0.79) p=0.003 

Recessive model  -4.87(-9.08,-066) p=0.02 

Alelic  -2.42 (-2.42,-0.84) p=0.003 

C9orf72  

Non carriers   Reference  

Carriers   -4.99(-7.52,-2.46) p<0.001 

Clinical phenotype  

bvFTD 

 

 Reference   

FTD_MND 
PNFA 
SD 
Unspecified  

 2.28(-1.31,5.87) 
3.83(0.41,7,26) 
2.66(-1.88,7.20) 
1.41(-1.76,4.59) 

0.21 
0.03* 
0.25 
0.38 

p<0.05 factorial anova with  post hoc bonferroni correction. bvFTD behavioural frontotemporal dementia; PNFA- 

progressive non fluent aphasia; SD- semantic dementia; FTD-MND- frontotemporal dementia and motoneuron 

disease;FTD unspecified - Frontotemporal dementia with no specified phenotype. 95% CI = 95% confidence interval 
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Table 3- Multivariate Cox proportional-hazard regression analysis.  
 

Variable  Allele  HR (95%CI)  p value  

TP53 rs1042522 Pro  

 Dominant model  1.73(1.07,2.86) P=0.03 

Additive model  1.56 (1.06,2.3) p=0.02 

Recessive model  1.63 (0.55, 1.14) p=0.09 

Alelic model  1.72(1.17-2.53) p=0.007 

GRN rs5848  C  

 Dominant model  0.51 (0.19,1.15) p=0.25 

Additive model  2.83 (0.96,8,31) p=0.058 

Recessive model  1.98(1.16,3.35) p=0.011 

Alelic model  1.80 (1.19,2.72) p=0.005 

Clinical phenotype  

 
 

bvFTD 

 

Reference  

 FTD_MND 
PNFA 
SD 
Unspecified  

4.12(1.97,859) 
1.88(0.95,3.69)  
1.10(0.45,2.68) 
0.65(0.23,1.85) 

p<0.001* 
p=0.07 
p=0.83 
p=0.42 

* p<0.012 was significant after Bonferroni correction . bvFTD behavioural frontotemporal dementia; PNFA- 

progressive non fluent aphasia; SD- semantic dementia; FTD-MND- frontotemporal dementia and motoneuron 

disease;FTD unspecified - Frontotemporal dementia with no specified phenotype. 95% CI = 95% confidence 

interval. 
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Table 4- APOE distribution in patients and controls.  

 
Ɛ4- 

 N(%) 

Ɛ4+ 

N(%) 

p Bonferroni 

Control 429(84.3) 80(15.7)  

FTD 330(75) 110(25) 0.022* 

FTD C9+ 137(78.3) 38(21.7) 1 

FTD C9- 193(72.8) 72(27.2) 0.01** 

bvFTD 189(75.6) 61(24.4) 0.246 

PNFA 39(66.1) 20(33.9) 0.05*** 

SD 24(75) 8(25) 1 

FTD-MND 35(83.3) 7(16.7) 1 

FTD unspecified 43(75.4) 14(26.4) 1 

Post hoc Bonferroni correction was applied for the global number of tests*Ɛ4+ carrier frequency FTD vs controls 

;**E4+ carrier frequency C9 negative FTD vs controls ;*** E4+ carrier frequency PNFA vs controls.  FTD- 

frontotemporal dementia; bvFTD behavioural frontotemporal dementia; PNFA- progressive non fluent aphasia; SD- 

semantic dementia; FTD-MND- frontotemporal dementia and motoneuron disease;FTD unspecified - 

Frontotemporal dementia with no specified phenotype 
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Figure´s footnotes  

 

Figure 1- Survival curves for clinical phenotype, rs5848 and rs1042522-. FTD- bvFTD 

behavioural frontotemporal dementia; PNFA- progressive non fluent aphasia; SD- semantic 

dementia; FTD-MND- frontotemporal dementia and motoneuron disease;FTD unspecified - 

Frontotemporal dementia witht no specified phenotype 
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