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A Novel PSENI Variant Leading to
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Abstract. We describe a 52-year-old patient with a progressive visuospatial disorder and apraxia. Neuropsychological
assessment, neuroradiological findings, and Alzheimer’s disease (AD) core biomarker assay on cerebrospinal fluid led to
a diagnosis of posterior cortical atrophy due to AD. We performed a next generation sequencing dementia-gene panel and
found the c.1301 C>T p.(Ala434Val) variant in the Presenilinl (PSENI) gene. The missense change affects the PAL (Pro433-
Ala434-Leu435) motif critical for catalytic activity of the macromolecular y-secretase complex. Evolutionary and integrated

bioinformatic tools predicted a deleterious effect of the variant supporting its role in the AD pathogenesis.
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INTRODUCTION

Alzheimer’s disease (AD) is a progressive neu-
rodegenerative disorder that afflicts millions of
people worldwide [1]. The disease is characterized by
the deposition in the brain of amyloid-f3 (AB) plaques
and neurofibrillary tangles, mainly composed of
hyperphosphorylated tau (p-tau), leading to cognitive
decline and functional impairment [2]. While most
AD cases are sporadic, a small percentage (<0.5%)
are inherited with an autosomal dominant pattern,
caused by mutations in genes encoding the amyloid

*Correspondence to: Fausto Roveta, MD, Department of Neu-
roscience “Rita Levi Montalcini”, University of Torino, Torino,
Italy. Tel.: +39 0116334763; E-mail: fausto.roveta@unito.it.

precursor protein (APP), presenilin 1 (PSENI), or
presenilin 2 (PSEN2) [1, 3].

Posterior cortical atrophy (PCA) is a rare variant
of AD that mainly affects the posterior regions of
the brain, causing visual and spatial deficits, apraxia,
and alexia [4]. Although PCA is often associated with
the presence of A and tau pathology, different neu-
ropathological features have been reported in some
cases [5]. Furthermore, recent studies have identi-
fied novel genetic mutations in patients with PCA,
highlighting the importance of genetic testing in the
diagnosis of atypical AD variants [6, 7].

In this study, we describe the case of a 52-year-
old female patient with a clinic-neuroradiological
diagnosis of PCA and based on biomarkers, who
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underwent genetic analysis to investigate the under-
lying cause of the disease.

Using targeted next-generation sequencing, we
identified a novel mutation in the PSENI gene
¢.1301 C>T p.(Ala434Val) affecting a critical protein
domain.

MATERIALS AND METHODS

Due to progressive difficulties at work, a 52-year-
old woman presented to our Cognitive Disorders
Centre of the ‘Rita-Levi Montalcini’ Neuroscience
Department of the University Hospital “Citta della
Salute e della Scienza” of Torino, Italy. An exten-
sive battery of neuropsychological tests, including
the Mini-Mental State Examination (MMSE) and
the Montreal Cognitive Assessment (MoCA), was
performed by an experienced neuropsychologist.
The patient underwent computed tomography of
the brain (CT), magnetic resonance imaging (MRI),
fluorodeoxyglucose positron emission tomography
(FDG-PET), and Amyloid PET with flutemetamol.
The patient also underwent lumbar puncture to deter-
mine core AD biomarkers AB42, AB42/4¢ ratio, p-tau,
and total tau (t-tau) by enzyme-linked immunosor-
bent assay kits (ELISA, Fujirebio, Ghent, Belgium).
The CSF sample was collected at approximately 10
am, after an overnight fast. The sample was cen-
trifuged at 2500 g for 10 min at 4°C and frozen at
—80°C until analysis. Genetic testing included APOE
genotyping (Thermo Fisher, USA) and the analysis
of the coding exons of the following genes related
to dementia, by next-generation sequencing (NGS;
S15-SureSelect, Agilent Technologies, Santa Clara,
CA, USA): APP, CHCHDI0, COLA4AI, COL4A2,
CSFIR, FUS, GRN, HTRAI, ITM2B, LRRK2, MAPT,
NOTCH3, PINKI, PRNP, PSENI, PSEN2, SER-
PINII, SNCA, SOSRM1, TBK1, TARDBP, TREM?2,
TYROBP, UBQLN2, VCP. Sequencing had a mini-
mum coverage of 30 reads per base and an average
coverage of 809 reads per base. Data were analyzed
using the SOPHiA DDM™ software (Sophia Genet-
ics, Switzerland). PSENI reference sequence is NM
_000021.4 (MANE transcript). Sanger sequencing
validation was performed by a standard procedure
amplifying PSENI exon 12 from a second genomic
DNA aliquot and using ABI BigDye Terminator
Sequencing Kit V 3.1 and an ABI 3500 sequencer
(Thermo Fisher Scientific, Waltham, MA, USA).
An approval for this report was obtained by the
local ethics committee. Informed consent was also
obtained from the patient and family members.

A B
PSEN1 (NM_000021.4)
I 1 2
c e K 6TCT c T ¥
59 yrs. "H‘l‘
|
T \ Ay
no1o2 NS /\ T A

¢.1301C>T p.(Ala434Val)
A434V/wt.

Fig. 1. A) Patient’s family tree, with known cases of dementia
blacked and deceased barred; the arrow points to the proband.
B) Sanger sequencing confirmed the heterozygous c.1301 C>T
variant.

THE CASE STUDY

The patient was a 52-year-old right-handed
woman, with 23 years of education. For approxi-
mately one year prior to her arrival at our memory
clinic, the patient, a medical doctor, had been expe-
riencing insidious difficulties performing her job
properly due to deficits in spatial perception, simul-
tanagnosia, acalculia, and agraphia. The patient
reported these symptoms, which were confirmed
by colleagues and family members. The patient
underwent a neurological and neuropsychological
evaluation, which revealed constructive apraxia and
reduced visual-spatial abilities, associated with mild
amnestic and attentional deficit. The MMSE and the
MoCA scores were 24/30 and 21/30, respectively.
The family history revealed the presence of presenile
dementia, as the patient’s mother died with severe
dementia at the age of 59 years after a clinical history
of approximately eight years (Fig. 1A). Since no spe-
cific documentation was available, this information
was obtained through anamnesis.

Structural and metabolic neuroimaging examina-
tions of the brain, including CT and FDG-PET,
showed predominantly posterior pattern atrophy and
marked, left predominant hypometabolism in the
occipital, parietal, and temporal regions. A clinical-
radiological diagnosis of PCA was then made. The
patient then underwent lumbar puncture with the
determination of core AD biomarker levels, which
showed a reduction of AB4; and AB42/4¢ ratio, and
increased t-tau. A PET scan with flutemetamol con-
firmed the presence of cerebral amyloidosis.

APOE genotyping showed the presence of £3/e4
alleles. NGS sequencing of 25 dementia-associated
genes identified the c.1301 C>T p.(Ala434Val) vari-
ant in the exon 12 of the Presenilin-1 (PSENI;
NM_000021.4) gene, confirmed by Sanger sequenc-
ing (Fig. 1B).
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Table 1
Summary of AD-related investigations

Findings Results Reference range
Cognitive Tests

MMSE 24/30 >26
MoCA 21/30 >23
CSF Tests

AB42/40 (pg/ml) 0.041 0.068-0.115
AB42 (pg/ml) 218.0 >500
p-tau 181 (pg/ml) 27.9 <61
t-tau (pg/ml) 519.0 <500
Neuroimaging

Brain MRI/CT P/O atrophy -
FDG-PET T/P/O hypometabolism -
Amyloid-PET Positive Negative
Genetic Tests

APOE e3/e4 -
NGS p-(Ala434Val) in PSEN1 -

MMSE, Mini-Mental State Examination; MoCA, Montreal
Cognitive Assessment; CSF, cerebrospinal fluid; MRI, mag-
netic resonance imaging; CT, computed tomography; FDG-PET,
fluorodeoxyglucose positron emission tomography; Amyloid-
PET, PET with flutemetamol; T/P/O, temporal/parietal/occipital;
APOE, apolipoprotein E; NGS, next-generation sequencing;
PSENI, presenilin 1.

The change was not present in control subjects
of the GnomAD (ver.2.1.1) and TOPMed BRAVO
(freeze 8) genetic databases. The variant hits a
highly conserved nucleotide (phyloP: 7.74 (-19.0,
10.9)) and changes an extremely conserved alanine,
invariant in vertebrates, D. melanogaster, and C. ele-
gans. The Ala434 is located within the Presenilin,
signal peptide peptidase, family domain (PSEN),
within a well-known PAL (Pro433-Ala434-Leu435)-
motif important for the protein catalytic activity.
Almost all bioinformatics tools (97/3 (del|benign);
Alamut visual plus ver 1.7) predict a deleterious

effect of the variant (CADD (v1.6): Phred: 26.8;
Align GVGD (v2007): Class C65 (GV: 0.00 - GD:
65.28); PolyPhen2 (v): HDivPred: probably damag-
ing (score: 0.999); HVarPred: probably damaging
(score: 0.992); SIFT (v6.2.0): Deleterious (score:
0.00, median: 3.50); MutationTaster (v2021): Dele-
terious).

Using the American College of Medical Genetics
(ACMG) criteria, we classified the variant as likely
pathogenic (PM1, PM2, PP2, and PP3) [8].

A conclusive diagnosis of AD was made. Table 1
and Fig. 2 show the main findings of the investigations
conducted.

The patient has been followed at our Centre
for approximately two years. Acetylcholinesterase
inhibitor (Donepezil) and Memantine therapy was
started with low benefit. The patient has experienced a
decline in cognitive abilities on a global scale, affect-
ing most cognitive domains, supporting a diagnosis
of dementia.

DISCUSSION

We describe a patient with AD and PCA associated
with a novel likely pathogenic variant p.(Ala434Val)
in the PSEN] gene.

Phenotypically, the patient had a disease onset as
PCA and in the course of follow-up progressively
deteriorated to AD dementia. PCA is often associ-
ated with the presence of AD pathology which was
demonstrated in vivo in our case study.

Generation of AR from the ABPP requires a series
of proteolytic processes [9]. The point mutation
detected in this case study introduces a variation in

Fig. 2. Neuroimaging findings. From left to right: CT, FDG-PET, and Amyloid PET with flutemetamol of the patient consistent with the

diagnosis of PCA due to AD.
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the highly conserved PAL motif, which is recognized
as critical for the catalytic activity of y-secretase [9,
10].

In line with our findings, variations in alanine
434 have been described in other cases of AD.
The p.(Ala434Cys) variant has been reported in
two siblings in their third decade of life and their
father affected by autopsy-confirmed, early-onset AD
[11]. The clinical course in these three individu-
als was characterized by cognitive and behavioral
impairment accompanied by myoclonus, seizures,
and aphasia within 5 years of onset.

The p.(Ala434Thr) mutation was detected in a
patient initially misdiagnosed as schizophrenic at 35
years of age due to prevalent psychotic symptoms
[12]. The patient developed progressive memory loss
associated with other symptoms of cognitive decline
over the next three years. Her mother also presented
symptoms of cognitive decline and was diagnosed
with AD at the age of 55.

Although this study has some limitations, such as
the description of a single case and the lack of genetic
analysis in other family members, we think important
reporting a novel variant affecting Ala434. Moreover,
no cases with variants affecting the PAL motif have
been associated with AD and PCA.

The present study confirms the importance of
genetic analysis in patients with early-onset AD
and expands the clinical phenotype associated with
PSENI mutations.
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