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Abstract
Presenilin 1 (PSEN1) gene mutations are found in 30 to 70% of familial early onset Alzheimer
disease (EOAD) cases (onset <60 years). Prevalence of these mutations is highly variable
including ethnic differences worldwide. No Peruvian kindred with familial AD (FAD) have been
described. Standardized clinical evaluation and cognitive assessment was completed in a Peruvian
family with severe EOAD. Clinical course was characterized by very early onset (before age 35
years), progressive cognitive impairment with early memory loss, spatial disorientation and
executive dysfunction. We sequenced all exons of PSEN1 in the proband and identified a c.
475C>G DNA change resulting in a p.L153V missense mutation in the transmembrane domain 2
of the gene. This mutation is also present in the three additional affected siblings but not in a non-
affected family member consistent with segregation of this mutation with the disease.

This is the first report of a Peruvian family affected with EOAD associated with a PSEN1
mutation. This same mutation has been reported previously in English and French families, but a
novel variants very close to the mutation and ancestry informative markers analysis suggests the
mutation might be of Amerindian or African origin in this Peruvian family.

INTRODUCTION
Alzheimer's disease is considered the leading cause of dementia in the elderly, characterized
by gradual decline of memory and other cognitive domains until symptoms become
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incapacitating. Early onset forms (onset before 65 years old) accounts for up to 6% of all
cases, wherein the genetic component plays an important role [1]. Autosomal dominant
familial forms of Alzheimer's disease (AD) are mostly associated with three causative genes
APP, PSEN1 and PSEN2. Presenilin 1 mutations are found in 30 to 70% of familial cases
with onset before age of 55 years, becoming the most common cause of early onset familial
Alzheimer's disease (EOFAD)[2, 3].

PSEN1 gene is located on chromosome 14q24.2 and encodes a membrane protein that
constitutes the catalytic subunit of the γ-secretase complex [4]. Mutant γ-secretase
containing PSEN1 mutations produce more Aβ42 increasing abnormal amyloid aggregation;
post-mortem studies of EOFAD-PSEN1 cases showed more neocortical senile plaques,
higher Aβ42/Aβ40 ratio and similar amount of neurofibrillary degeneration compared to
sporadic cases[5]. There are 197 different mutations published to date, mostly single-
nucleotide substitutions and some insertions/deletions have been described. (http://
www.molgen.ua.ac.be/ADmutations/). PSEN1 cases have been reported mostly in several
Caucasian populations around the world [6, 7]. Some founder effects have been suggested
for the most prevalent mutations. A possible founder effect for non-Caucasian Mexicans
affected with the PSEN1 Ala431Glu mutation also have been proposed [8]. PSEN1 missense
mutations also have been reported in Latin-American families coming from Mexico,
Colombia and Argentina [9]. Our goal was to describe a Latino EOFAD family carrying a
quite rare missense PSEN1 mutation and propose a possible ancestral origin for this
mutation.

MATERIAL AND METHODS
Individuals

Four self-described “mestizo” (Spanish European and Amerindian ancestry) family
members with progressive cognitive impairment originating in the northern coast of Peru
consulted at Instituto Nacional de Ciencias Neurologicas (Figure 1). Standardized workup
for cognitive impairment including neurological examination, Minimental State
Examination Test, general neuropsychological assessment based on Barcelona test [10],
neuroimaging and laboratory blood tests were performed on the proband and three affected
siblings. Basic neurologic and cognitive assessment was also performed in one
asymptomatic sibling. All participants were followed up on for regular consultations for the
past two years.

DNA Sequencing Analysis
Genetic analysis of the proband, three affected siblings and one non affected family member
was undertaken after institutional review board approval and proper written informed
consent.

The exons of PSEN1 and at least 60-bp of their flanking introns were fully sequenced in
both directions. These fragments were PCR amplified from genomic DNA using primers
that were selected by Primer3 software[11]. PCR was carried out by mixing 20 pmol of
primers and 40 ng of genomic DNA with 10μl HotStarTaq DNA Polymerase master mixture
(Qiagen) in a final volume of 20 μl. All exon amplifications were carried out with PCR
profile as following: 1 cycle at 95°C for 15 min, 32 cycles at 98°C/20sec, 60°C/30sec, 72°C/
2min, and a final extension at 72°C for 5 min. After PCR, 1 μl of ExoSAP-IT (USB) were
added to the PCR products and digested for overnight at 37°C to remove the residual
primers and dNTPs. Four microliter of the ExoSAP-treated PCR fragments were then
sequenced using BigDye terminator cycle sequencing kit (Applied Biosystems) in a final
volume of 10 μl and 30 cycles. The sequence information was collected and analyzed on a
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3130 Genetic Analyzer (Applied Biosystems), and nucleotide variants were inspected and
identified by Sequencer software (Gene Codes Corp.) alignment.

RESULTS
Clinical characteristics

Proband (III-7), a 39 year-old right-handed man with twelve years of education came to
consultation with one year history characterized by memory loss (losing objects, forgetting
meetings and telephone numbers), word-finding difficulties, diminished language fluency
and mild behavioral abnormalities with anxiety and depression. There were no pyramidal or
extrapyramidal signs or gait disturbances. Mini Mental State Examination (MMSE) showed
a score of 15 and the Montreal Cognitive Assessment (MoCA) a score of 7. A
neuropsychological assessment showed severe alteration of working memory, anomia,
verbal and visual episodic and semantic memory, severe executive dysfunction and spatial
disorientation. Bilateral global atrophy with parieto-temporal predominance was found on
brain Magnetic Resonance Imaging. At a 12 month follow-up, we noticed occasional
myoclonic jerks, he was unable to draw a clock, and the MMSE score declined to 10/30.

Family history shows a dominantly inherited pattern of the disease (Fig. 1). Proband's older
sister (III-5, 42 years old) is fully dependent and was confined to a wheelchair after five
years of rapidly progressive cognitive deterioration starting at age 34. She has diffuse
myoclonic jerks, lower limbs spasticity and epilepsy. Father developed a progressive
cognitive impairment at 37 years old and died at age 42 due to respiratory complications.
Three other paternal siblings were also affected, with ages at onset of 37, 35 and 33 years.
Clinical assessment in III-3 and III-4 showed MMSE of 15 and 22 respectively. All affected
subjects fulfilled the NINCDS-ADRDA criteria for probable AD.

Genetics
Sequence analysis identified a heterozygous C to G transversion in nucleotide 457 of exon 5
(c.457C>G) leading to the Leu153Val missense mutation in the transmembrane domain 2 of
PSEN1 in all four affected siblings (Fig. 2).

We also identified a novel SNP (c.480+501 C>T, chr14:73640916, hg19) cosegregating
with the mutation and located 524-bp downstream in intron 5. The T allele of this novel SNP
is on the same chromosome haplotype with the mutation G allele. This novel SNP is not
found in the public genetic variant database dbSNP (http://www.ncbi.nlm.nih.gov/projects/
SNP/). This includes information in more than 1,000 samples from all major populations
(including all 426 European, 400 Asian, 200 African and 271 from the Americas, part of the
1000 genomes project). The variant was also absent when we genotyped additional 752
individuals (including 349 Spanish subjects, 298 Peruvian ”mestizos”, 50 “pure
“Amerindians and 55 African Americans, see Table 1).

To determine the possible origin of the mutation in members of this family we genotyped 29
Ancestry Informative Markers (AIMs) that are used by our group routinely to separate the
four major continental groups (African, European, Amerindian and Asian).Continental
ancestry proportions were then estimated using STRUCTURE (http://
pritch.bsd.uchicago.edu/structure.html) with reference to the HDGP+HapMap phase III
groups similar to previous ancestry analysis[12]. Results showed that this family has a
complex admixture of all 4 continental groups with a major influence of African and
Amerindian ancestry (29.4% and 41.9% on average respectively). Overall these results are
compatible with the hypothesis that the PSEN1 mutation in this family is unique and may
have an Amerindian or African origin.
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DISCUSSION
This is the first report of a Peruvian family with a very early onset form of AD associated
with a PSEN1 mutation. Mean age at onset for all 6 affected family members is 35 years.
The L153Vco-segregated with the disease in four individuals where DNA was available.
This missense mutation alters a conserved residue in the second transmembrane domain of
the PSEN1 protein, lying in one of the most important clusters of mutations of the gene.
[13]. Although the underlying mechanisms for how PSEN1 mutations cause familial AD
remain unresolved, a recent study suggested that these mutations confer a gain of negative
function that impairs the activity of both mutant and coexpressed wildtype proteins, in a
phenomenon called dominant-negative effect [14]

One English [15, 16] and two French [13, 17] families have been previously reported
carrying the same mutation. The English family had one family member with myoclonus
and none with seizures or spasticity. This is in contrast to our family in which myoclonus,
seizures and spasticity have occurred (See Table 2). The reports of the French families give
no clinical details other than ages and dementia with apraxia and language deterioration. In
all four reported families (including ours) the age of onset is uniformly early, usually in the
30's (range 33-44). To our knowledge there are no previous reports of this mutation in other
Latin-American populations. The large Colombian family has an E280A mutation in PSEN1
[9, 18]. To determine the possible origin of this mutation, and due to the unavailability of
samples from previously reported families with the same mutation, we decided to screen the
novel variant found very close to the mutation and that also segregates with the disease.

We did not identify this variant in any public databases (including the NHLBI Exome
sequencing project) nor in 752 available individuals from different ethnic populations.
Interestingly, where in Peru most individuals are an admixed of Spanish and Amerindian
ancestry, this family presents influence mostly from Amerindian and African ancestry
although markers from all 4 major continental groups can be found based on analysis of 29
AIMs, . Due to this fact, and the absence of this variant in more than 3,000 chromosomes
from individuals worldwide we cannot make a definitive statement regarding the origin of
the mutation. Although our data is consistent with an Amerindian or African origin, we
cannot discard the possibility of this being a recent variant that occurred in a European
background.

In conclusion, we report the first autosomal dominant early-onset Alzheimer's disease family
in the Peruvian population associated with rapid clinical progression. The novel SNP linked
to the mutation is very rare, especially in white populations, increasing the probability that it
is of Amerindian or African origin. A comprehensive ancestry analysis all cases reported
with this mutation might clarify this issue.
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Highlights

We report the first Peruvian family with EOAD carrying a PSEN1 mutation (L153V).

This is the fourth family carrying this PSEN1 mutation worldwide.

Our data suggests a different origin in this family, possibly on an African or Amerindian
haplotype.
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Figure 1.
Pedigree shows family members with Alzheimer's phenotype (in black) with segregation of
the Leu153Val missense mutation in PSEN1 gen (G/C). (nn/nn): Age at onset /age at
examination of age at death.
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Figure 2.
Color chromatogram showing the Leu153Val missense mutation in PSEN1 gen (G/C) in
three affected individuals. 2256 (Proband, III7), 2257(II3) and 2264(III4).
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Table 1

Subjects screened for novel PSEN1-L153V linked SNP

Ancestry n PD Controls

African American 55 0 55

Peruvian mestizos 298 248 50

Amerindians Puno 50 0 50

Spain 349 0 349

Total 752 248 504

PD: Parkinson Disease
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Table 2

Reported Families with the PSEN1 L153V Mutation

Family Name 177 ALZ 148 ALZ 180 ALZ PE

Alzheimer's criteria Definitive Probable Probable Probable

Inheritance AD AD AD AD

# Affected individuals 3 5 4 6

Age at onset 35.3 [35-36] [34,40] [39,44] 35.7 [33,38]

Age of death 44 [41,49] ... ... 42

Disease duration 8.6 [6,13] ... ... 3.5 [1,8]

Myoclonus Yes ... ... Yes

Seizures No ... ... Yes

Spasticity No ... ... Yes

Ethnic origin Causasian (UK) French French Mestizo (Peru)

Segregation proven Yes Yes Yes Yes

References Janssen. 2002 Raux, G.2005 Raux,G.2005 This study,2013
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