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Abstract
Most of the mutations in the presenilin-1 gene (PS-1) are associated with familial Alzhe-
imer’s disease (AD). However, certain examples can be associated with frontotemporal
dementia (FTD). We performed a clinical evaluation of individuals belonging to a family
with the FTD phenotype, and additional molecular studies and neuropathological assess-
ment of the proband. The PS-1 M146V mutation was found in the 50-year-old subject (the
proband) with family history of early-onset FTD. Neuropathological examination showed
abundant amyloid plaques, widespread neurofibrillary pathology, Pick bodies in the hip-
pocampus and cortex, cortical globose tangles and ubiquitin-positive nuclear inclusions in
white matter oligodendrocytes. We report a kindred with clinical features of FTD, whose
proband bore the PS-1 M146V mutation and showed diffuse Alzheimer’s type pathology
and Pick bodies on post-mortem neuropathological examination. As with other mutations
within the same codon, this substitution may predispose to both diseases by affecting APP
and/or tau processing.

INTRODUCTION
Alzheimer’s disease (AD) is the most common dementia world-
wide, representing 65–70% of cases in the United States (21) and
other countries (14). Originally described in the early 20th century
(1), AD represents the end-stage of a neurodegenerative process
that evolves over several decades (10). In general, AD presents as
a sporadic disorder; however, in approximately 5% of the cases (2),
the disease can have a familial component.

Clinically, patients suffering from the illness tend to present
with recent memory disturbance, progressing to visuospatial,
attention and language impairment (ie, low verbal fluency and
problems with naming). Some patients may present with promi-
nent features of executive dysfunction and language impairment as
well as behavioral abnormalities (frontal dysfunction) early in the
disease, the so-called frontal variant AD (15). This variant is often
difficult to differentiate from frontotemporal dementia (FTD) (36).

Even though most of the cases of AD are late-onset and
sporadic, early-onset AD with autosomal dominant inheritance is

recognized and is associated with mutations in three different
genes: presenilin-1 (PS-1) gene located in chromosome 14 (32),
presenilin 2 (PS-2) gene located in chromosome 1 (27) and
b-Amyloid precursor protein (APP) gene located in chromosome
21 (33). Most of the mutations described, approximately 70%, are
located in different codons (Arg79Val, Tyr115Cys, Met146Leu,
Met146Val, Thr354Ile, etc.) (26), in the PS-1 gene (17), and in
general those patients bearing those genetic defects tend to present
as AD, however, certain mutations (ie, Leu113Pro, Gly183Val) in
the same gene can be associated with a FTD phenotype (13).

The neuropathological changes of AD are characterized by
the presence of b-Amyloid deposition forming different kind of
plaques (ie, diffuse, neuritic, cotton-wool) and sometimes with
deposition in the blood vessels (cerebral amyloid angiopathy;
CAA). Additionally, neurofibrillary changes consisting of tangles,
dystrophic neurites and neuropil threads are seen; which tend to be
more common in the hippocampus and neocortex (4, 18).

The aims of this study are to report an Argentine family
with familial dementia, showing an amino acid substitution of
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methionine (M) to valine (V) at codon 146 of the PS-1 gene, which
clinically behaved as FTD, and secondly, to describe for the first
time the neuropathological findings associated with this mutation.

MATERIALS AND METHODS

Family history and clinical assessment

Informed consent for DNA and neuropathological testing was
obtained from the next-of-kin. Clinical histories and examination
details were obtained from medical notes completed at the time
of clinical interview. Family history and complementary clinical
information were obtained from alive and healthy members of the
kindred (Figure 1).

A battery of neuropsychological assessments encompassing
memory, language, orientation, attention, visuospatial skills and
executive functions was administered to the proband. Tests per-
formed included Mini Mental State Examination (9), Trail Making
Test form A and form B (23), Boston naming test (16), Signoret
memory battery (31) and Digit span of the Wechsler Adult Intel-
ligence Scale (34).

Neuroimaging studies (proband) included brain magnetic reso-
nance imaging (MRI), computed tomography (CT) scan and brain
single-photon emission computed tomography (SPECT) with the
intravenous administration of 30 mCi of 99mTc-ECD.

Neuropathological assessment

A brain autopsy was performed on the proband (IV-13, Figure 1).
The brain weighed 1150 g; the left hemibrain was fixed in 10%
formalin and the right hemibrain frozen at -80°C. The left
hemisphere was sectioned 2 weeks after fixation. Samples of
fixed tissue were obtained from the superior-middle frontal gyri,
superior-middle temporal gyri, inferior parietal gyrus, calcarine
cortex, middle hippocampal formation at the level of the lateral
geniculate body, basal ganglia (putamen, globus pallidum, and
caudate), middle thalamus, cerebellum, mesencephalon, pons and
medulla. The samples were processed for paraffin embedding, then
10-mm thick sections were stained with hematoxylin and eosin, and
the modified Bielschowsky silver impregnation. In addition, sec-
tions were immunostained for ubiquitin (NCL-Ubiq; 1:500; Novo-
castra Reagents, Newcastle, UK), b-Amyloid (NCL-b-Amyloid;

Figure 1. Family pedigree. Dashed symbols
reflect individuals affected by dementia, and
diagonal lines those who are deceased. The
arrow singles out the proband.

Figure 2. Neuroimaging from the proband.
A–C. Brain magnetic resonance imaging at
age 45 showing severe bilateral cortical and
subcortical atrophy. D. Brain single-photon
emission computed tomography: Left
temporal region, bilateral fronto-orbital and
parietal right hypoperfusion.

M146V PS1 Mutation in FTD Riudavets et al

596 Brain Pathology 23 (2013) 595–600

© 2013 International Society of Neuropathology



1:150; Novocastra Reagents), phospho-tau (NCL-Tau-2; 1:1000;
Novocastra Reagents), 3R tau (RD-3; 1:500; Millipore, Billerica,
MA, USA), 4R tau (RD-4; 1:200; Millipore), TAR DNA-binding
protein 43 (TDP-43; 1:100; ProteinTech Group, Inc., Chicago, IL,
USA) and for alpha-synuclein (NCL-Asyn; 1:50; Novocastra Rea-
gents).The neuritic plaque density was assigned a semi-quantitative
and age-adjusted score (0, A, B, or C) according to the guidelines of
Consortium to Establish a Registry for Alzheimer’s Disease
(CERAD) (18). The staging of neurofibrillary tangles was assigned
a score (0 to 6) according to the Braak system (4).

Molecular analysis

DNA was isolated from blood sample using a QIAGEN kit.
The entire open reading frame of PSEN1 (including exon/intron
boundaries) of the patient was analyzed as previously described
(25). Mutations were searched by direct inspection of the fluores-
cent chromatographs using the SeqScape software (version 1.0)
(Applied Biosystems, Foster City, CA, USA) Also, exons 9–13
from the microtubule associated protein tau (MAPT) gene were
screened for mutations.

Table 1. Neuropsychological Battery (2 years after onset of symptoms).
Tests are expressed in total score.

Test Patient Mean SD

Mini mental state exam (Folstein) 20/30 28.1 1.3
Clock drawing test 4 6.1 1.1
Episodic memory

Immediate logical memory 1 8.3 0.9
Delayed logical memory 0 7.8 1.2
Verbal learning 4 7.7 0.7
Delayed recall 1 7.4 0.9
Recognition 6 11.5 0.5

Attention
Digit span 5 5.2 0.9
Trail making test A 120 47.2 17.9

Language
Boston naming test 44 50.7 5.1
Semantic fluency (COWA) 13 16.5 2.3
Phonologic fluency (COWA) 9 9.8 3.7

Executive function
Trail making test B 500 119.4 50.2

Figure 3. Left hemisphere. Displays atrophy
of frontal and temporal cortices (A) Coronal
sections showing prominent hydrocephalus
(B), hippocampal atrophy (C) and pallor of the
substantia nigra and locus coeruleus.
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RESULTS

Family history and clinical features

The family (Figure 1) was originally from Lisbon, Portugal, then
moved to Argentina (around Buenos Aires) in the early 20th
century.

The proband (IV-17, Figure 1) was a 51-year-old male with
secondary school education who at age 39 years sought medical
consultation due to “progressive social disorder” characterized by
gradual loss of initiative (apathy), disinhibition and loss of concern
at work. A brain SPECT showed mild hypoperfusion in the
left temporal, bilateral fronto-orbital, and right parietal regions
(Figure 2D). MRI displayed ventricular dilatation with decreased
volume of both medial temporal lobes. Neuropsychological
assessment showed executive dysfunction, anomia and memory
loss. Based on the available clinical data (Lund and Manchester),
a diagnosis of the behavioral variant of frontotemporal dementia
was established (Table 1). The electroencephalogram (EEG) pre-
formed in 1999 showed signs of diffuse disorganization. The
progressed with extrapyramidal manifestations including rigidity,
akinesia and movement disorders, but without tremor. An EEG
performed in 2003 (age 44) displayed signs of disorganization and
bilateral sharp waves. CT scan performed during the same year
displayed bilateral ventricular dilatation. An MRI in 2004 (age 45)
showed diffuse hyperintense images (T2 MRI) predominantly
located in the occipital white matter, and progressive atrophy of the
frontal and temporal regions (Figure 2A–C). During the ensuing

years, his clinical state worsened and progressed with myoclonus,
seizures and mutism. The patient died in early 2008 and a brain
autopsy was performed in our unit.

Scant clinical information was available from the other
members of the family. However, according to reports from rela-
tives, subjects III-10 (mother), III-11, III-12, III-13, III-14 and
IV-21 died before the age of 50 with clinical diagnosis of FTD
(Figure 1). Clinical information available from the rest of affected
subjects showed only progressive dementia.

Neuropathology

Gross examination of the fixed hemisphere showed atrophy mainly
in the frontal lobe and superior and middle temporal gyri; an
atrophic hippocampal formation, and severe enlargement of the
ventricular system. The substantia nigra and locus coeruleus were
depigmented (Figure 3).

Microscopic examination revealed moderate spongiform
changes in the superficial cortical layers, and diffuse neuronal loss
throughout the cortex. The substantia nigra showed loss of pig-
mented neurons, pigment incontinence, gliosis and occasional
Lewy bodies. Microscopic characteristics are summarized in
Table 2.

Lewy bodies present in the substantia nigra were positive
for alpha-synuclein. Interestingly, minute ubiquitin and alpha-
synuclein positive nuclear inclusions were seen in oligodendro-
glial cells (Figure 4). Also, occasional neurons from basal ganglia
displayed cytoplasmic granular inclusions positive with immuno-

Table 2. Microscopic characteristics.

Technique Microscopic features

Bielschowsky CERAD Score C.
Braak SCORE VI.
Pick bodies, also in the hippocampus.

b-Amyloid
immunohistochemistry

Frequent deposits with occasional cotton-wool appearance, more abundant in layer IV in temporal cortex, in layer
III-IV in frontal cortex, in layer III in parietal cortex and in layer IV in occipital cortex.

Positive blood vessels and surrounding neuropil.
Deposits also detected in mesencephalon, pons, medulla and cerebellum.

Phospho-tau
immunohistochemistry

Presence of both regular and globose tangles.
Occasional ballooned neurons in the cortex, substantia nigra, pons (locus coeruleus) and medulla.
Pick bodies in the cortex and hippocampus.
Neuropil threads throughout the tissue.

3R-tau
immunohistochemistry

Cortical pre-tangles, tangles, ghost tangles, Pick bodies, neuropil threads, and plaques more frequent in layers III
and IV.

Hippocampal pre-tangles, tangles, ghost tangles, dystrophic neurites and Pick bodies in the dentate.
Thalamic globose tangles, occasional ballooned neurons and dystrophic neurites.
Basal ganglia with occasional pre-tangles and tangles.
Cerebellum, mesencephalon, pons, and medulla with occasional intraneuronal deposits and dystrophic neurites.

4R-tau
immunohistochemistry

Occasional cortical pre-tangles, tangles, ghost tangles, dystrophic neurites, plaques and ballooned neurons.
The hippocampus showed dystrophic neurites, ghost tangles, and occasional pre-tangles.
Occasional thalamic globose tangles, dystrophic neurites and intraneuronal inclusions.
Basal ganglia with occasional pre-tangles, tangles and isolated granular deposits in the neuropil.
Cerebellum with occasional intraneuronal deposits and dystrophic neurites.
Mesencephalon, medulla and pons with dystrophic neurites, occasional tangles and intraneuronal deposits.

Ubiquitin
immunohistochemistry

Positivity in plaques, tangles, threads and Pick bodies.
Presence of minute nuclear inclusions in oligodendroglial cells.

TDP-43 No pathological inclusions detected.

M146V PS1 Mutation in FTD Riudavets et al

598 Brain Pathology 23 (2013) 595–600

© 2013 International Society of Neuropathology



histochemistry for alpha-synuclein (Figure 4). TDP-43 immunos-
tain was negative. According to CERAD criteria (18), the clinical
history of dementia and plaque frequency score of C, warranted
the diagnosis of definitive Alzheimer’s disease. Using the Braak
classification for tangles, a score of VI was assigned (4). The
presence of Pick bodies in the hippocampus and cortex rendered a
diagnosis of Pick’s disease (PiD).

Molecular analysis

Sequence analysis revealed a heterozygous A>G transition at posi-
tion 436 of the cDNA (ATG to GTG) leading to an amino acid
substitution of methionine (M) to valine (V) at codon 146 in exon
6 of the PS-1 gene. No mutations were found in the exons analyzed
from the MAPT gene.

DISCUSSION
This case of familial dementia associated (or caused by) with a
PS-1 M146V mutation (26) presented with typical clinical features
of FTD, and showed mainly frontal and temporal atrophy on both
neuroimaging and macroscopic evaluation at autopsy. Histopatho-

logically, the coexistence of both PiD and AD pathology were
noted throughout the brain. Whereas AD is the most common
dementing disorder worldwide, the prevalence of familial AD is
much lower than the FTD group (5%) (14), and its genetic causes
are mainly located in the APP gene, PS-1 and the PS-2. Taken
together, the mutations present in those genes are responsible for
approximately 30–50% of autosomal dominant AD cases. In FTD,
the spectrum of genetic factors is different. More specifically,
MAPT gene, the granulin gene and a gene encoding the chromatin
modifying protein 2B are recognized. Although rare, PS-1 muta-
tions may be associated with isolated FTD phenotype in a minority
of cases (6, 13).

Over the last years, cases presenting with clinical features of
AD, displaying both AD and FTD pathology (Pick’s disease in
some cases), but with a mutation present in the PS-1—a gene
typically linked to AD—have been described (5, 12). Nevertheless,
those cases presented clinically as AD, and in contrast to our case,
the patient was diagnosed with FTD and a PS-1 mutation (M146V)
was detected, an uncommon association (24). Another case was
described with the same mutation and similar presentation, but
with solely AD clinicopathological features (28).

The neuropathological features of both disorders have in rare
instances been identified by other authors (12). In most reports, the
clinical presentation resembles AD (12), which further highlights
the uniqueness of the present case. To the best of our knowledge,
the neuropathological features associated with this mutation have
been reported in an isolated kindred (28). Although histopatho-
logic similarities to the present case are noted, tau pathology
typical of PiD was seen, which was also present in a PS-1
Met146Leu kindred previously described (12). PS-1 mutations are
known to influence the g secretase activity by either enhancing its
activity, and therefore increasing the amount of b-Amyloid-42
over total b-Amyloid (29), or by inhibiting it (3). It is also pro-
posed that its absence or mutation can also influence the amount of
tau hyperphosphorylation in knockout mice (8), or in autopsied
brains (30). Our case shows other microscopic characteristics such
as the presence of globose tangles, the amount of b-Amyloid that
was present even in the brain stem, and the ubiquitin-positive
inclusions in the oligodendroglial cells, glial elements that were
previously described either to be affected in transgenic mouse
models of AD with the PS-1 M146V mutation (7), or could show
also those type of intranuclear inclusions in occasional cases of
frontotemporal (20) or multiple system atrophy (19), and in experi-
mental models of stress (11). Although the presence of alpha-
synuclein deposits found in the brain could be related to the
enhancement by b-Amyloid previously described (22), the loca-
tion (granular intraneuronal in basal ganglia, and intranuclear in
oligodendrocytes) could be related to a certain phenomena of
alpha-synuclein mislocalization described in animal models of
PS-1 deficiency (35) and multiple system atrophy (24).

Whether this or any other mutation in the PS-1 gene is respon-
sible for the FTD phenotype alone or accompanied by AD remains
unclear. In fact, the clinical and neuropathological variability dem-
onstrated among cases with different or even with the same PS-1
mutation lends credence to that notion, and emphasizes the idea
that there should be another factor, either polymorphic or muta-
tional, that would contribute to that variation.

In conclusion, we report an Argentine patient with a family
history of dementia, who presented with clinical features of FTD,

Figure 4. Microscopic examination. Cortical diffuse plaques (A). Frontal
cortex displaying neurofibrillary changes and tangles with immunohis-
tochemistry for hyperphosphorylated tau (B). Hyperphosphorylated tau
(C) and RD3 hyperphosphrylated tau (D) positive Pick bodies in the
dentate gyrus. Cortical tau-positive Pick body (E). Cortical ballooned
neuron appreciated with tau immunohistochemistry positive at the cyto-
plasmic border (F). Occasional cortical pyramidal neurons displayed
globose tangles with hematoxylin and eosin, and tau (G). White matter
showed many oligodendrocytes with nuclear granular inclusions posi-
tive with immunohistochemistry for ubiquitin (H) and alpha-synuclein (I).
Occasional neurons from basal ganglia displayed cytoplasmic granular
inclusions positive with immunohistochemistry for alpha-synuclein (I).
(b-Amyloid, NCL-b-Amyloid, Novocastra Reagents; phospho-tau, NCL-
Tau-2, Novocastra Reagents; 3R tau, RD-3, Millipore; ubiquitin, NCL-
Ubiq, Novocastra Reagents; alpha-synuclein, NCL-Asyn, Novocastra
Reagents).
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associated with the M146V mutation of the PS-1 gene and his-
topathological changes of both PiD and AD.
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