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Dementia comprises several neurodegenerative disorders with similar neuropsychiatric
features and Alzheimer’s disease (AD) is the most common of them. Genetic factors
are strongly implicated into its etiology especially for early-onset cases (EOAD) occuring
before the age of 65. About 10% of these are inherited in autosomal dominant fashion via
pathogenic polymorphismsinthree genes— APP, PSEN-1, and PSEN-2. Despite genotypic
clarity, however, phenotypic variability exists with different symptom constellations
observed in patients with identical mutations. Below, we present a case of a 39-year-old
male with a family history for early onset dementia who was referred to our department
with anamnesis for abrupt behavioral change 7 months prior to hospitalization —noticeable
slowing of speech and reactivity, impaired occupational functioning and irritability, followed
by aphasic symptoms and transient episodes of disorientation. He was followed up for
2 years and manifested rapidly progressing cognitive decline with further deterioration
of speech, apraxia, acalculia, ataxia, and subsequently bradykinesia and tremor. Based
on the clinical and neuroimaging findings (severe cortical atrophy), familial EOAD was
suspected and a whole exome sequence (WES) analysis was performed. It identified a
heterozygous missense variant Leu424Val (g.71074C > G) in PSEN-1 gene considered
to be pathogenic, and only reported once until now in a Spanish patient in 2009. Despite
genotype identity however, distinct phenotypic presentations were observed in the two
affected subjects, with different neuroimaging findings, and the presence and absence
of seizures in the Spanish and Bulgarian case, respectively. Besides, myoclonus and
spastic paraparesis considered “typical” EOAD clinical features were absent. Age of
symptom onset was consistent with two of the reported mutations affecting 424 codon of
PSEN-1 gene and significantly earlier than the other two implying that factors influencing
activity of PSEN-1 pathological forms are yet to be clarified. Furthermore, our patient
had co-occurring lupus erythematosus (LE) and we suggest that this condition might be
etiologically linked to the PSEN-1 mutation. In addition to illustrating the symptomatic
heterogeneity of PSEN-1 caused EOAD, our study confirms that in patients presenting
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with early cognitive deterioration and family history for dementia, WES can be especially
informative and should be considered as a first-line examination.

Keywords: phenotypic heterogeneity, whole exome sequencing, PSEN1 mutation, genetic inheritance, early onset

Alzheimer’s disease (EOAD)

BACKGROUND

Several neurodegenerative disorders are grouped under the
umbrella term dementia (1) and these include Alzheimer’s disease
(AD) comprising more than 60% of cases, vascular dementia
(VD), dementia with Lewy bodies (DLB), and frontotemporal
dementias group (FTD) (2). Their symptoms often overlap (3)
and precise diagnosis is difficult but may be boosted by several
approaches, including genetic testing. (4).

Genetic background of dementia syndrome is widely
recognized (5). It may present as a complex condition with
many genes of small effect contributing to illness risk or, more
rarely, as an autosomal dominant disease running in families
(6). Such forms are almost exclusively found among early
onset dementia (EOD) patients, i.e., diagnosed under the age
of 65. With prevalence exceeding 40.0% of patients for some
dementia subtypes (7), EOD is evidently not sporadic (8), and
the genetic underpinnings of AD and FTD have been most
extensively studied (9).

Early-onset AD (EOAD) represents 5.5% all AD cases (10)
and in 10% of the affected, a familial model of inheritance is
seen (11). Its clinical course is markedly accelerated (12) and
myoclonus in the early stages may be common (13). To date, three
major EOAD causative genes are recognized (14): mutations in
Presenilin-1 (PSEN-1, 14q24.2) are identified in up to 50% of
patients (15), abnormal forms of Amyloid Precursor Protein
gene (APB 21q21.3) are found in 15-22% (16), and Presenilin-2
(PSEN-2, 1q42.13) pathological variants account for less than
2.5% (17). So far, 51 pathological forms have been reported for
APP, 220 for PSEN-1, and 16 for PSEN-2 (18). All but a few of
them are involved in the pathogenesis of AD through the process
of formation of amyloid-p protein built plaques, which are a
histopathologic hallmark of the disease and a central component
of the “amyloid cascade hypothesis” for AD (19).

Several phenotypic clues point to the involvement of a particular
gene. While spastic paraparesis and “cotton wool plaques”
(20) are associated with a PSEN-1 mutations, cerebral amyloid
angiopathy with cerebral haemorrhages is typical for APP ones
(21) and families with PSEN-2 caused AD are primarily of Volga-
German origin and with later onset of symptoms (22). However,
recent studies show that clinical phenotype is not rigidly linked to
aetiological genotype and may be modified by a number of factors
such as previous experience, cognitive activity and epigenetic
mechanisms (23). PSEN-1 mutations are a good example of that
given the remarkable heterogeneity in neuropsychiatric features
among affected individuals whose symptoms are often nearly
identical to those seen in FTD or DLB (24).

Below, we describe a clinical case of an EOAD patient carrying
a rare form of PSEN-1 mutation who was followed-up for

2 years after disease onset. His clinical presentation exemplifies
the large symptomatic variability of EOAD dementia even in its
aetiologically clarified monogenic forms.

CASE PRESENTATION

The subject first presented for consultation in October 2016
(aged 39) at the Department of Psychiatry of Pleven University
Hospital with a history of abrupt behavioral change 7 months
prior to hospitalization. Slowing of speech and responsivity as
well as impaired occupational functioning were noticed first
(the patient was working as a coupier in a small casino at that
time). Several months after that, mild dysarthria and difficulties
finding the right words (i.e., dysnomic manifestations) occurred,
followed by emotianal lability with frequent and brief episodes of
sadness (crying) or irritability with verbal outbusrsts. Transient
episodes of disorientation and perplexity appeared after that.
Relevant medical history included head trauma without loss of
consciousness in 2014 and a skin form of lupus erythematodes
since 2007, currently in remission. These conditions were
not considered as causally related to presenting symptoms.
Premorbid functioning was appropriate to social background
and academic level (high school) and what attracted attention
was family history showing that the patient’s father had been
diagnosed with dementia syndrome started at about 44 years of
age and lead to death in a psychiatric institution 4 years after
that. Unfortunately, available medical records were limited,
with CT data for cortical atrophy described as an instrumental
finding and rapidly progressing severe memory disturbance and
dyspraxia followed by avolitional-apathy syndrome pointed out
as clinical features.

During a short hospital stay, CT scan and a battery of cognitive
tests were performed showing moderate cortical atrophy in par
with a moderately severe dementia syndrome (MMSE score of
14) presenting with significant short-term memory impairment,
problems with concentration, and sustained attention during
cognitive tasks, substantially damaged abstract thinking with
reduced ability to form and understand concepts, difficulties
with verbalization of his own mental experiences. Constructional
dypraxia was prominent together with writing problems
(dysgraphia) while biographical memory was relatively spared.
Laboratory check-up including CBT, renal and liver biochemistry,
serum glucose, lipid profile, vitamin B12, folate and TSH levels,
urine test as well as immunological examination for luetic and
HIV infections did not reveal deviations. EEG examination was
not judged to be indicated since patient did not show epileptic
activity. Cerebrospinal fluid (CSF) biomarkers test and PET
were not done because these diagnostic approaches are still with
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limited availability in Bulgaria. Dementia syndrome was set
as a working diagnosis, treatment with combined medication
containig Q-3 fatty acids, Vitamin B12, folic acid, Vitamin E,
Gingko biloba extract, and phosphatidilserine was initiated, and
he was referred to a neurologist. The latter arranged an MRI
scan in November 2016 confirming the CT finding of enlarged
brain convexity sulci predominantly in the temporal and frontal
regions (Figures 1 and 2).
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FIGURE 1 | MRI scan (transversal).
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FIGURE 2 | MRI scan (coronal).

Besides, a vertigo syndrome was noted along with tinnitus,
mild horizontal nystagmus, and positive Romberg sign.
Vinpocetine 10-mg TID and memantine 5-mg BID were added
to treatment.

Subsequently, the subject was followed-up every 6 months
and showed rapid cognitive deterioration reflected in
MMSE scores—from 11 in March 2017 to 3 in March 2018
(Figure 3) with progressive global aphasia, acalculia, apraxia,
and bradykinesia. Ataxia and gait disturbances occurred in
this period and episodes of spontaneous verbal and motor
excitement were reported, sometimes accompanied by verbal
aggression outbursts. Mild hand tremor and parkionsonian
like facial expression were noticed during the neurological
examination in October 2017. In March 2018, the tremor
became severe, resulting in total loss of capacity for self-care.
From the summer of 2018 onward, the patient was already
bed-ridden with persisting coarse hand tremor increasing in
intentional movements and almost missing at rest. Both global
aphasia and visual agnosia were extremely expressed.

Based on clinical presentation and family history, an early onset
familial AD was set as primary diagnosis and a complete blood
sample for genetic testing was obtained after consent from caregivers
in November 2018. Unfortunately, subject died soon after that from
complicated respiratory infection, and a pathological examination
could not be performed. Whole exome sequence (WES) analysis
for 21 targeted genes associated with an array of inheritable
neurodegenerative disorders was executed via a specially designed
diagnostic  panel  (https://blueprintgenetics.com/tests/panels/
neurology/dementia-panel/). It identified a heterozygous missense
variant (g.71074C > G) Leu424Val in PSEN-1 gene and this finding,
confirmed by bidirectional Sanger sequencing, was judged to be
pathogenic, i.e., causing clinical symptoms. To our best knowledge,
the Leu424Val mutation has been reported in literature only once
until now in 2009 (25) but the course and pattern of associated
neuropsychiatric symptoms were different.

DISCUSSION

The presented case report describes a rare pathogenic variant
of PSEN-1 gene carried by a male subject with symptoms of

17.5
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35
0
Oct 2016 Mar 2017 Oct 2017 Mar 2018
FIGURE 3 | Table charting MMSE scores over period of 17 months from first
test done on initial admission.
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cognitive decline started at about 38 years of age and with a
family history of early onset dementia.

The PSEN-1 gene (14q24.2) encodes presenilin-1, which
is part of y-secretase—a transmembrane protein complex
responsible for the proteolytic cleavage of amyloid precursor
protein (26). Mutations in APP, PSEN-1, and PSEN-2 genes
produce the same pathogenic activity, precisely an increase
in the ratio of amyloid p1,, amino acid isoform to p1,, amino
acid isoform levels (27), resulting in aggregation of the peptide
into oligomers and ultimately amyloid fibriles forming plaques
(28). This same mechanism has been confirmed for the PSEN-1
Leu424Val (g.71074C > G) variant in a functional study by Sun
et al. from 2017 (29).

According to AD and FTD Database (http://www.molgen.ua.ac.
be/ADMutation) (g.71074C > G) Leu424Val mutation has been
reported previously only once in 2009 by Robles et al. in Spain (25),
in a female with early onset FTD. At the age of 26, she manifested
symptoms of anorexia nervosa, at the age of 30, memory and
attention deficit occurred, and at 34, abnormal behavior with
impulsivity, aggression, and dysexecutive disorder were present.
At 36, she showed aphasia, stereotyped behavior, hyperreflexia,
grasping reflex, urinary incontinence, myoclonus, and seizures.
Brain CT and SPECT showed diffuse cortico-subcortical atrophy
(Figure 4) and fronto-temporo-parietal hypoperfusion. An
identical mutation has also been reported by Ryman et al. (30) in
an AD patient with age of onset 26 years, but it is most likely that it
refers to the abovementioned case.

Notably, four other variants affecting the same PSEN-1 codon/
amino acid - Leud24Arg (g.71075T > G), Leu424His (g.71075T >
A), Leu424Phe (g.71074C > T) and Leu424Pro (g.73685864T >
C) - have been reported in association with early onset familial
AD (31)—Table 1. The first one has been originally described
by Kowalska et al. (32, 33) in a Polish pedigree from the region
of Poznan with familial AD with age of onset of 30-35 years, fast
progression and typical clinical presentation. Interestingly, 10 years
later the same mutation was replicated in a 38 year old Dutch male
with familial AD but with much more diverse phenotype observed
in the pedigree, including spastic paraparesis, frontal executive
functional impairment, gait disturbances, ataxia, epilepsy, and
hallucinations (34). Finally, this genotype was confirmed in 2014
in another patient from Poland—a 36 years old woman with
positive family history for early dementia and atypical presentation
initially suggestive of Huntington disease and later of familial prion

disease (35)—Table 1. The Leu424His (g.71075T > A) variant was
announced in 2005 by two teams—as an atypical AD in a 39 year
old female patient from Poland (36) and in three subjects from a
French family with autosomal-dominant AD in whom the onset
of symptoms were between 38 and 42 years of age (37). Again,
identical genotype produced distinct phenotypic manifestation.
Specifically, marked clinical atypism was noted in the Polish case
with symptoms suggestive of FI'D (social disinhibition, personality
change) and DLB (visual and auditory hallucinations, stereotypic
behaviors, rigid-akinetic movement disorder) observed. In 2006, the
Leu424Phe (g.71074C > T) mutation was identified in a Bulgarian
pedigree with later onset atypical familal AD phenotype associated
with significant behavioral abnormalities and white matter changes
on neuroimaging (38) and has not been replicated as yet. Thelast and
most recent abnormal variant—Leu424Pro (g.73685864T > C) —has
been described in 2019 by Guven et al. (39) in a 51 years old Turkish
male proband with EOAD demonstrated by deterioration of short-
term memory and visuospatial skills with insidious beginning and
slow progression. For understandable reasons, no replication has
been reported so far.

Drawing a comparison between our case and the one described
by Robles et al. (25), brings several interesting facts to the fore.
First and most interesting, as in Leu424Arg (g.71075T > G) and
Leu424His (g.71075T > A) variants, an identical polymorphism
is associated with two quite distinct phenotypic presentations—
in the Spanish patient, initial attentional deficit, behavioral
deviations, and executive dysfunction lasting several years were
observed, followed by somewhat milder impairment of memory
and speech, while prominent and papidly progressing primary
disturbance in episodic memory and speech were initially seen
in our patient subsequently supervened by marked parkinsonian
symptoms. Second, there is a difference in neuroimaging findings:
a predominantly frontotemporal cortical atrophy was observed in
our case and diffuse cortico-subcortical atrophy was reported by
Robles etal. (25). Third, seizures and myoclonus were present in the
patient from Spain, while no incidence of such has been observed in
our patient. Besides that, age of onset of cognitive symptoms in the
Spanish patient was earlier—between 30 and 34 years vs. approx.
38-39 years in our case. What the two subjects have in common
is the abrupt occurrence of quite similar symptoms of irritability,
despair, and verbal outbursts prior to manifestation of severe
cognitive decline. In addition, in both subjects gate disturbances
were noted.

FIGURE 4 | Coronal MRl slices (anterior to posterior) from a 35 years old female patient carrying L424V PSEN-1 mutation. From A. Robles et al. (2009). American
Journal of Alzheimer's disease and othe dementias, 24(1); p.41 copyright © 2019. Reprinted by Permission of SAGE Publications, Inc.
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TABLE 1 | Currently known pathological mutations at position 424 of the PSEN-1 gene with presenting phenotype in affected individuals/families.

Mutation

Proband

Symptom course

Neuroimaging/Biomarkers/
Neuropathology

Leud24Arg (g.71075T > G)

Leud24His (9.71075T > A)

Leu424Phe (g.71074C > T)

Leud24Val (g.71074C > G)

Case 1: 30 year old Polish male.
Five family members with EOD and
myoclonic jerks, all died within 4-8
years of disease onset.

Case 2: 38 year old Dutch male.
Mother with cognitive decline and
gait difficulties at 35, died at 39
with severe dementia, epilepsy and
hallucinations. Grandfather with
similar symptoms died in mid-30s.

Case 3: 34 years old Polish female
with a positive family history for
EOD, personality changes and
involuntary movements. F++ather
died at 37, his sister—at 40 with
such symptoms.

Case 1: 39 years old Polish female
with unknown family history;

Case 2: Three individuals from a
French EOD family.

Two cases in a Bulgarian family
with five other members affected
by behavioral abnormalities and
dementia.

Case 1: 36 years old Spanish
female with family history for late
onset dementia (> 80 years) of
maternal grandmother.

Progressive memory and language
impairment started at the age of 30. Sporadic
myoclonic jerks and mild left hemiparesis a
year later.

Initially: incipient memory problems,
bradyphrenia, slurred speech, spastic and
ataxic gate, MMSE score 24/30. Later:
dementia, spastic paraparesis, frontal
executive dysfunction mimicking familial CJD
and FTD.

Behavioral and personality changes (apathy
and aggression) and cognitive decline (MMSE
18/30), severe involuntary movements —
grimacing, smacking, and lips puckering,
choreic movements in the upper and lower
extremities, gait problems. Seizures occurred
several months later.

Symptoms at 39 years: depression, anxiety,
personality changes and social inhibition. Soon
after that—visual and auditory hallucinations
and stereotyped behaviors; 1.5 year after

that: deficit in short-term memory, attention
and executive functions, MMSE 17/30, EPS
(bradykinesia, rigidity) and bilateral primitive
reflexes, rapid progression of symptoms.

Onset of dementia symptoms between 38
and 42 years. Further details not provided.

Patient 1 —depression at 54 years of age
followed by dementia and grand mal epilepsy;
Patient 2—memory loss, aggression,
delusions, and hallucinations at age 60,
followed by development of dementia.

At 30: attentional deficit, forgetfulness and
dysexecutive symptoms (difficulties driving
etc.)

At 34: irritability, despair, verbal aggression
outbursts, impulsive behavior, sporadic
suicide ideation, persisting memory
impairment.

At 35: aberrant behavior, bradylalia,
dysnomia, mixed dysphasia, acalculia,
ideatory apraxia, catatonic state, and ECT.
Postural dystonia on neurological exam,
followed by status epilepticus.

At 36: stereotyped vocalizations and
laughing, mydriatic hyporeflective pupils,
grasping reflex, slight trunk flexion, urine
incontinence, myoclonic jerks, several
generalized motor seizures.

Moderate general brain atrophy

with enlargement of ventricles and
subarachnoid spaces (MR, CT);
photopenic focus in left occipital lobe and
lowered brain-cerebellum ratio (SPECT).
Neuropathological examination not done.

Bilateral posterior parietofrontal atrophy,
no white matter abnormalities (MRI);
CSF biomarkers positive for AD

(1p-tau and total tau, | amyloid p1,,
concentration). Neuropathological
examination not done.

Moderate general atrophy with ventricles
and subarachnoid space enlargement
CT);

Generalized diffuse slowing and a
decrease in reactivity of the basic rhythm
(EEG). Neuropathological examination
not done.

Generalized cerebral atrophy (MRI);
Diffuse cerebral hypoperfusion (SPECT).
Neuropathological examination not done.

N.A. Neuropathological examination not
done.

Severe brain atrophy with white-matter
changes. Neuropathological examination
not done.

Generalized cortico-subcortical atrophy
more pronounced in dorsal prefrontal,
posterior parietal, and anterior temporal
regions; hippocampus was proportional
to the rest of the temporal lobe (CT and
MRI).

Diffuse slowing without other specific
features (EEG). Second CT (17 months
after the first): broadening of ventricles
and Silvian fissures (i.e., progrssive
atrophy);

Extensive hypoperfusion affecting frontal,
temporal and parietal lobes (SPECT).
Neuropathological examination not done.

(Continued)
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TABLE 1 | Continued

Mutation

Proband

Symptom course

Neuroimaging/biomarkers

Leu424Pro
(9.73685864T > C)

Case 2: 39 years old male whose
father had rapidly progressing
dementia started at 44 years
with severe memory problems,
dyspraxia, avolition (died in 1985
aged 48).

51-year-old male patient from
Turkey whose uncle had dementia
and died at appr. 40 years of age.
Proband’s father has died from

At 38: mild slowing of psychomotorics and
responsivity.

At 39: bradyphrenia, slurred speech,
dysnomic signs, emotional ability with
transient episodes of sadness and irritability,
followed by visuospatial difficulties and
progressive

short-term memory and attention impairment

(MMSE 14/30), dyspraxia and dysgraphia.
Vertigo, tinnitus and horizontal nystagmus
noted in neurological exam.

At 40: global aphasia, acalculia, apraxia,
extreme bradykinesia, mild hand tremor,
Parkinsonian facial expression, ataxina, gait
disturbances, episodic verbal aggression
outbursts.

At 40: severe hand tremor almost absent
at rest, extremely expressed aphasia and
visual agnosia, bed-ridden (dies at 41 from
complicated respiratory infection).

Initial symptoms: deterioration of short-term
memory and visuospatial abilities started at
the age of 47. No significant neurological
sings. MMSE score: 22/30.

Cortical atrophy predominantly in
temporal and frontal cortex (CT and MRI).
Neuropathological examination not done.

Prominent medial temporal lobe atrophy
and global cortical atrophy (MRI);
Hypometabolism in parietal areas, the
precuneus, and the posterior cingulate

cancer aged 45 with preceding
minor cognitive impairment.

cortex (PET);
Decreased amyloid level in CSF.
Neuropathological examination not done.

Currently followed-up, demonstrates benign
course of the disease, no rapid progression.

If we are to compare the phenotypic expression of our
patient with the majority of other PSEN-I mutations reported
in literature, the most important notion here is that this is not
a “typical” PSEN-1 polymorphism, i.e., such as presenting
with spastic paraparesis. Another substantial distinction is the
absence of myoclonus, while the extrapyramidal symptoms,
ataxia and gait disturbances we observed are in line with other
reports in literature (34, 40-42). So is the age of onset—shortly
after mid-30s—which is in accordance with data with the other
two mutations in the same codon in exon 12 of the gene—
Leu424Arg (33-35) and Leu424His (36, 37) but in striking non-
compliance with Leu424Phe and Leu424Pro variants associated
with significantly later onset of symptoms (> 55 years and > 47
years, respectively) in the affected individuals (38, 39). The last
two cases, supplemented by the fact that our patient’s father also
did show later occurrence of symptoms (44 years) challenges the
suggestion that age of AD onset is strongly determined by the
position of the mutation of PSEN-I gene (43) but rather depend
on intramolecular or intermolecular interactions of PSEN-1 with
other proteins (39). At the same time, however, they support the
observation of later occurrence of symptoms in mutations after
codon 200 compared to those before it which has been stated
in literature also as type 2 vs. type 1 pathology in EOAD (13).
Besides, the purported modifying role of apoliprotein E4 status
on age of onset of familial AD (44) is also questioned by the case

subject who did not carry high risk E4 alelle and yet symptoms
occurred five years earlier compared to his father. Clearly, much
more identified and investigated EOAD pedigrees are needed in
the future to confirm or refute these inferences.

Another point that should be emphasized is the co-occuring
lupus erythematosus (LE) with predominant skin manifestations
diagnosed in 2007. In our opinion, the presense of this conditon
verified by an in-hospital histological examination several months
prior to our first encounter is very interesting and suggests a possible
pathogenic link between AD and LE via altered PSEN-1 function.
This assumption is supported by at least two lines of evidence.
First, emerging data show that in addition to AD, y-secretase is
also involved in organ-specific (e.g., multiple sclerosis) as well as
in generalized (e.g., systemic lupus erythematodes) autoimune
diseases via the B-cell maturation antigen (BCMA) which is a part
of the BAFF-APRIL receptor ligand system controlling activation
and survival of B-lyphocytes (45). Second, y-secretase operates
several substrates including the Notch receptor protein (46) which
is a part of Notch signalling pathway regulating cell proliferation
but also implicated in innate immunity and inflamation, including
rheumatioid arthritis and systemic lupus (47). Given the current
lack of data supporting statistically significant co-occurrence of
EOAD and LE, their combination in the presented case should be
regarded as purely random. Yet, we consider screening of known
PSEN-1 mutation carriers for laboratory or clinical symptoms of
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autoimune diseases scientifically meaningful and recommend it to
all researchers in the field.

A certain limitation of our exploration is the paucity of
information concerning precise characteristics and chronology
of the clinical manifestation of our patient’s father, as well as the
lack of neuropathological examination of patient himself which
would have probably revealed the characteristics and localization
of amyloid plaques and amyloid angiopathy and the eventual
presence of Lewy bodies. Besides, the subject’s 18 years old
daughter who currently does not manifest any neuropsychiatric
symptoms has not been genetically tested yet due to non-
provision of consent. Furthermore, the patient’s sister (aged 45)
from the first marriage of his father (see family tree on Figure 5)
could not be found and examined and the last information for
her showing absence of cognitive impairment dates back from
several years ago.

What underlies phenotypic heterogeneity in PSEN-I
mutations, once again confirmed by the presented case, remains
to be clarified. A number of factors combining to modulate
pathogenic polymorphisms have been discussed in literature,
for example interaction between mutated PS-1 and its protein
partners in y-secretase (48), brain ischaemia (49), D-amino acid
oxidase activator (DAOA) an other genes (50), education (44),
racial and ethnic background (24). Obviously, future genetic,
molecular, and bioinformatics studies are needed to address
this issue.

CONCLUSION

In addition to further supporting the vast phenotypic variability
produced by genetically identical missense mutations in the

FIGURE 5 | A diagram showing the family tree of the index patient.

PSEN-1 gene, our study confirms that in EOAD with positive
family history, WES can be especially informative. In our view, it
should be considered as a first-line examination given the ease of
genome-wide assessment, the high diagnostic value, the accuracy
of mutation detection, and the relatively affordable price of DNA
extraction. Easily accessible online bioinformatics tools now
simplify and expedite data review relevant to symptoms. Genetic
mutations in AD have large prognostic value and, possibly,
treatment implications in the future. Moreover, with informed
consent provided, they enable longitudinal re-examination and
new findings.
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