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Abstract

Background: Mutations in the PSEN1 gene are the most common cause of autosomal-dominant 

Alzheimer’s disease and have been associated with the earliest disease onset. We describe an 

unusual presentation of the rare R377W PSEN1 mutation with a late age of onset, and we provide 

for the first time in vivo pathological evidence for this mutation. Methods: A 71-years old female 

patient with progressive cognitive decline in the past three years and positive family history for 

dementia underwent neurological evaluation, neuropsychological testing, lumbar puncture, 

conventional brain imaging, amyloid-PET and extensive genetic screening with a next generation 

sequencing technique. Results: The diagnostic work-up revealed mixed behavioural and amnestic 

disease features on neuropsychological tests, MRI, and FDG-PET. Amyloid-PET detected 

amyloid deposition in the frontal areas, in the parietal lobes and the precunei. The genetic 

screening unraveled the presence of the rare R377W mutation in the PSEN1 gene. Conclusions: 

Extensive genetic screening is advisable also for late-onset presentations of Alzheimer’s disease, 

especially in the presence of a positive family history or atypical clinical features.
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Introduction

Since cerebrospinal fluid (CSF) biomarkers and amyloid-PET allowed in vivo detection of 

amyloid pathology, atypical variants of Alzheimer’s disease (AD) are increasingly recognized in 

clinical settings1-2. Autosomal dominant mutations in the amyloid precursor protein (APP), 

presenilin 1 (PSEN1), and presenilin 2 (PSEN2) genes also provide the highest level of diagnostic 

certainty ante-mortem1. Although mutations in the PSEN1 gene are found in less than 1% of AD 

patients, they are the most common cause of early-onset AD (EOAD), and a unique opportunity to 

understand disease mechanisms and their relationship to clinical phenotype3. More than 140 

PSEN1 mutations have been identified so far3. PSEN1 mutations have been associated with the 

earliest AD onset, with an average age of 434, and a typical amnestic syndrome of the 

hippocampal type5. Nevertheless, some PSEN1 mutations have been linked to atypical 

presentation, including behavioral and psychiatric symptoms5. In the present work, we describe an 

atypical late-onset presentation of the rare R377W PSEN1 mutation, and for the first time provide 

in vivo visualization of amyloid pathology in the proband as well as extensive characterization of 

her family.

Patient consent

The patient and her relatives provided informed consent for genetic analysis and for the use of 

their anonymized data for research purposes.

Data Availability Statement 

The data that support the findings of this study are available in anonymized form upon reasonable 

request from the corresponding author. The data are not publicly available due to privacy or 

ethical restrictions. 
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Case report

A 71-years old female Italian patient of Caucasian ethnicity was brought to the attention of our 

memory clinic for short-term episodic memory impairment. Her relatives reported troubles with 

memory subtly starting when she was 67 years old and increasing with time, accompanied by 

prominent personality changes, mood deflection, and apathy. On first clinical evaluation the 

patient made a childish impression, with disinhibition and inappropriateness in social interactions. 

She showed inflexibility, obsessive behavior, and reduced empathy. Her husband reported 

increased appetite for sweet foods and initial loss of autonomy. On neuropsychological assessment 

the episodic memory was clearly below normal limit, and showed cue-insensitivity on free and 

cued selective reminding test as in amnestic syndrome of the hippocampal type. The patient also 

had lower than normal scores on the domains of orientation in time, constructional apraxia, and on 

frontal assessment battery. Mini-mental state examination was 24/30. Beside higher functions, 

neurological examination was within normal limits. CSF analysis had been performed in another 

hospital: decreased 1-42 beta-amyloid (410 pg/mL; cut-off > 6006), increased tau (843 pg/mL; cut-

off < 4006), and tau/1-42 beta-amyloid ratio (2.06; cut-off < 0.527) were compatible with AD. 

However, p-tau was not carried out to complete the CSF profile. Magnetic resonance imaging 

(MRI) showed mild parietal atrophy (Fig 1A-C). 18-Fluorodeoxyglucose positron emission 

tomography (FDG-PET) revealed bilateral hypometabolism more marked on the right hemisphere 

in the precuneus, posterior cingulum, inferior parietal lobes, temporal and frontal lobes (Fig 1D). 

The family history of the patient was enriched with cases of early-onset dementia with mixed 

amnestic and behavioral/psychiatric features. The patient’s older brother had a symptom onset at 

the age of 45 and a fatal outcome at the age of 54. The patient’s younger sister is 69 years old and 

asymptomatic. The patient’s father, paternal aunt and paternal grandfather had their symptom 

onset at the ages of 50, 45 and 65 years, and a disease course of 15, 5 and 10 years, respectively. 

The patient has two daughters aged 47 and 39 years, asymptomatic, who don’t want to know their 

genetic status (Fig 2A).

Taking into account the recurrence of the disease in her family, an extensive genetic screening was 

carried out on the patient taking advantage of a next generation sequencing technique covering the 

spectrum of common and rare dementias8. This unraveled the presence of a heterozygous 

pathogenic mutation within the PSEN1 gene. This mutation consists of a thymine to adenosine A
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base pair transition in exon 109 resulting in the substitution of arginine to tryptophan (g73211942 

A>T NC_000014.9; c.1129A AGT>TGT NM_000021.4; R377W). The mutation was confirmed 

by direct sequencing (Fig 2B). Apolipoprotein E (ApoE) genotype was e3/e3. No mutations were 

found in chromosome 9 open reading frame 72 (c9orf72), progranulin (PRG), and microtubule 

associated protein tau (MAPT) genes.

The patient underwent amyloid positron emission tomography (PET) with F18-florbetaben tracer, 

with both late image acquisitions for plaques detection and early image acquisitions as a surrogate 

index of regional blood perfusion10 (Fig 1E-G). The former revealed diffuse high to moderate 

density of cortical amyloid plaques, with the highest density in the frontal lobes, occipito-parietal 

regions, precunei and cingula (Fig 1E). The early image acquisition detected a reduced cortical 

blood perfusion in the lateral prefrontal regions, anterior temporal pole, posterior parietal lobes, 

and cingula (Fig 1F-G), consistent with hypometabolism on FDG-PET (Fig 1D).

In light of data reported by Borroni et al on R377W PSEN1 mutation11, the patient and her 

relatives were asked about epileptic episodes, which never occurred in the patient’s life. The 

medical history was supported by the EEG of the patient, which did not disclose any pattern 

suspected for epilepsy or prion disease. 
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Discussion

Here, we describe an atypical presentation of the rare R377W PSEN1 mutation, emphasizing the 

unusual late age of onset and the mixed frontotemporal and parieto-hippocampal dysfunction. In 

order to do so, beside a detailed clinical characterization, we provided a description of the family 

tree, conventional imaging findings and, for the first time, amyloid-PET. 

The PSEN1 R377W mutation has previously been described only twice as probably pathogenic. 

The PSEN1 R377W mutation was first associated with EOAD starting at the age of 50 in a French 

patient who was not reported with atypical symptoms12. Two other members in his family were 

demented with unknown genotype. The second report described an Italian man diagnosed with 

epileptic seizures at the age of 60 and a prominent behavioural syndrome at the age of 66, without 

affected relatives11. 

The case here described presented with clinico-radiological features of AD (episodic memory 

deficit of the hippocampal type, disorientation, apraxia, hypometabolism in precunei and parietal 

lobes) paired with clinico-radiological features of behavioral FTD (disinhibition, apathy, lack of 

empathy, obsessivity, craving for sweets, frontotemporal hypometabolism), as in the behavioural 

variant of AD (bvAD)1-2,13-14. Here, we provide for the first time in vivo pathologic evidence of 

cortical amyloid plaque deposition linked to the PSEN1 R377W mutation. Remarkably, the highest 

plaque density was observed in the frontal lobes, as well as in the parietal lobes and precunei, 

consistently with the mixed disease phenotype. As a first difference with the other Italian case, the 

patient here presented did not show any language impairment, maybe consistently with the right-

predominant temporal pole involvement, which may also have contributed to the mixed behavioral 

and amnestic presentation11,15. Moreover, our patient did not have any indication for epileptic 

seizures, which were the first neurological manifestation and occurred early at the age of 60 in the 

other Italian patient11. Finally, the Italian male patient had no parietal abnormalities on brain 

imaging even on a 2 years follow-up11, while the patient here presented showed parietal atrophy at 

first MRI, as expected in bvAD2. To the best of our knowledge, the patient described in the present 

report is not a relative of the aforementioned Italian man. Nevertheless, the two patients lived in a 

close area, thus a founder effect could explain why this rare mutation has only been reported in 

individuals from Northern Italy and France16.
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In the present case, we showed how the age at disease onset and the disease duration can be 

strikingly different even within the same family, without anticipation and irrespectively of 

generation. It is possible that other genetic factors, such as the ApoE e3/e3 genotype, contributed 

to the late age at onset observed in the patient in contrast with other family members, as showed in 

large genetic studies on affected relatives17. The unusual late onset of our case leads us to 

speculate that, if more extensive screening was performed and not limited to younger cases, the 

prevalence of such “rare” mutations would be maybe found to be higher, at least in some 

geographical areas. The age at onset and the behavioral features of the present case would have 

made c9orf72 expansion, or GRN and MAPT mutations, the most obvious candidates for a targeted 

genetic investigation. On this note, the current indications on PSEN1 genetic testing stress the 

importance of an early disease onset18,19. On the contrary, we want to highlight the relevance of an 

extensive genetic screening, as with the use of next generation sequencing techniques, also in 

patients with late disease onset. Atypical presentations appear more and more to be the norm 

rather than the exception and targeting single genes on the basis of expected features such as the 

age of onset could leave significant gaps in our knowledge and in the management of patients. In 

this case report, we showed how a late age of onset should not be a reason to exclude patients from 

extensive AD genetic screening, especially in the presence of a positive family history. 
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