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Abstract

In order to assess the frequency of mutations in the known Alzheimer's disease causative genes in
Turkish dementia patients we screened amyloid precursor protein (APP), PSEN1 and PSEN2 for
mutations in a cohort of 98 Turkish dementia families. Six families were found to carry PSEN1
mutations (p.H163R, p.P264L, and p.H214Y) or variants suggested to cause the disease (p.L134R,
p.L262V, and p.A396T). In 4 other families, previously reported PSEN2 variants were identified
(p-R62H, p.R71W, p.M174V (n = 2), and p.S130L). The phenotype of the carriers varied from
rapid progressing Alzheimer's disease to frontotemporal dementia, with spasticity and seizures
also observed. Here we report a frequency of 11.2% of mutations and variants in the known
Alzheimer disease genes in the dementia cohort studied and 24% in the early onset subgroup of
patients, suggesting that mutations in these genes are not uncommon in Turkey and are associated
with various phenotypes. We thus believe that genetic analysis should become a standardized
diagnostic implement, not only for the identification of the genetic disease, but also for
appropriate genetic counseling.
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1. Introduction

Alzheimer's disease (AD) is the most common cause of dementia and represents a major
public health problem, especially in the face of the World's aging population. Approximately
25% of all AD is familial of which approximately 95% is late-onset (age >65 years) and 5%
is early-onset (age <65 years) (Ballard et al., 2011). Turkey has a population of over 77
million, with a growth rate of 1.5% per year, according to the 2009 census (Turkish
Statistical Institute, 2010). The average life expectancy is 73.2 years (71.1 years for men and
75.3 years for women). Characteristics for this population are large family units, high birth
rates, and high rates of consanguineous marriages, making genetic diseases a common
health problem. Over the last 2 decades, living standards and health services have improved
(www.turkstat.gov.tr). This should increase survival, and thus the incidence of AD, which
has been shown to be comparable with West European countries in recent studies (Gurvit et
al., 2008). The genetic underpinnings of AD remain largely elusive despite successes in
identifying mutations in 3 genes, presenilin 1 (PSEN1), presenilin 2 (PSEN2), and amyloid
precursor protein (APP), causing mainly early-onset autosomal dominant, and rarely also
sporadic forms of AD (Ballard et al., 2011). Additionally, some recent studies suggest
mutations of APP to be related with autosomal recessive AD (Di Fede et al., 2009, Giaccone
etal., 2010 and Tomiyama et al., 2008). In the last year, large genome-wide association
studies identified CLU, PICALM, BIN1, ABCA7, EPHA1, CD33, CR1, and the MS4A gene
cluster as new AD susceptibility loci (Chibnik et al., 2011, Hollingworth et al., 2011 and Naj
et al., 2011). The reported risk effect of these new loci was lower when compared with the
effect of the allelic variant in the apolipoprotein E gene, APOE&4, which is proven to be
associated with increased risk for late-onset sporadic and familial AD. A daily update of the
very rapidly increasing number of susceptibility genes and regions linked to AD can be
taken from the AlzGene database web site (www.alzforum.org/res/com/gen/alzgene).

The current study is the first large molecular study of AD in Turkey. Our major objectives
were to identify the frequency and nature of mutations in the 3 principal AD-associated
genes and to search for new variants. The power of our study lies not only in the unique
opportunity to study a large population with a high prevalence of consanguineous marriages,
but also in the detailed characterization of patients by clinical and neuropsychological
examination, as well as imaging.

2. Methods

2.1. Patients

A total of 106 patients from 98 families with a diagnosis of AD (n = 56), mild cognitive
impairment (MCI; n = 31), frontotemporal dementia (FTD; n = 8), Lewy body disease
(DLB; n = 4), Parkinson disease with dementia (PDD; n = 3), or atypical or mixed types of
dementia (n = 4) participated in the study. All participants were recruited in the Behavioral
Neurology and Movement Disorders Unit outpatient clinic in the Istanbul Faculty of
Medicine of Istanbul University and underwent detailed clinical and neuropsychological
examination and, if possible, cerebral magnetic resonance imaging (MRI) or positron
emission tomography (PET) imaging. Diagnosis of dementia was based on the National
Institute of Neurological and Communicative Disorders and Stroke and Alzheimer's disease
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(NINCDS/ADRDA) (McKhann et al., 1984), FTD was defined following the Lund and
Manchester criteria (The Lund and Manchester Groups, 1994) and diagnosis of DLB was
made on the consensus guidelines of the consortium on DLB (McKeith, 2006). Diagnostic
procedures for PDD followed the recommendations from the movement disorder society
task force (Dubois et al., 2007). All 31 MCI patients were defined as described by Frank and
Petersen (2008). Sixteen of them had positive family history of different dementias; 6
patients were included either because of early-onset (<60 years, n = 3) or because of
multiple consanguinity in the family (n = 3), and 9 patients were diagnosed with
nonamnestic and multidomain MCI known to have a high risk of progression to dementia
(Meyer et al., 2002). The study population comprised 61 females and 45 males with a mean
age at time of examination (SD) of 69.5 (10.2) years (age range, 42—88) and age at onset of
clinical signs 64.2 (10.4) years (age range, 33—-84). The majority of families originated from
Turkey with a few exceptions (Supplementary data).

Peripheral blood samples were collected and genomic DNA was extracted by standard
procedures using the Qiagen DNA isolation maxi Kit (Qiagen, Hilden, Germany). A
neurologist took all blood samples and necessary clinical information after having obtained
informed consent from the patients and their participating family members. The Ethics
Committee of Istanbul Faculty of Medicine, Istanbul University approved the study.

2.2. Genetic analysis

The exonic regions of APP (exons 16 and 17), PSEN1 (exons 3-12), and PSEN2 (exons 3—
12), as well as the flanking intronic sequences, were polymerase chain reaction (PCR)
amplified using the respective primers and Roche FastStart PCR Master Mix polymerase
(Roche Diagnostics, Corp., Indianapolis, IN, USA). The primers used to amplify PSEN1 and
PSEN2 exons 3-12 were the ones described in Cruts et al. (1998). The primers used for the
amplification of APP exon 16 were 5-CTTCAGGCCTAGAAAGAAGT-3 and 5'-
GGATGAACCAGAGTTAATAGG-3 and exon 17 5-AACCTCATCCAAATGTCCCC-3
and 5’-ATTCCCACTTGGAAACATGC-3'.

Each PCR product was sequenced using the same forward and reverse primers with Applied
Biosystems BigDye terminator v3.1 sequencing chemistry and run on an ABI13730xI
(Applied Biosystems, Carlsbad, CA, USA) genetic analyzer as per manufacturer's
instructions. The sequences were analyzed with Sequencher software, version 4.2
(Genecodes, Ann Arbor, MI, USA).

The algorithm key to classify mutation's pathogenicity proposed by (Guerreiro et al., 2010)
and PolyPhen-2 (Adzhubei et al., 2010) were used to determine the expected role of each
single mutation.

2.2.1. Copy number variation analysis using lllumina single nucleotide
polymorphism (SNP) BeadChips—All samples except 12 for which DNA was not
available for this analysis, were assayed using either the Illumina Human610-Quad
BeadChips (lllumina, Inc., San Diego, CA, USA) or the HumanOmniExpress Bead Chips as
per manufacturer's instructions, using 200 ng of genomic DNA (Illumina, Inc., San Diego,
CA, USA). All the samples analyzed had a genotype success rate of more than 99%. In order
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to examine theAPP locus for structural mutations we used the visualization tool Illumina
Genome Viewer (IGV) within GenomeStudio version 2011.1 (Illumina, Inc.). Data were
analyzed using the Human Genome Build 37 (www.ncbhi.nlm.nih.gov/genome/assembly/
12758/) and 2 metrics were visualized: B allele frequency and log R ratio for which, an R
above 1 is indicative of an increase in copy number, and values below 1 suggest a deletion.

3. Results

A total of 98 families mainly with a Turkish ethnic background (n = 89) including 106
patients were recruited into the molecular part of the study. Fifty-three families had a
positive family history of dementia, in 14 of these families first degree parental
consanguinity was known and in 20 families parental consanguinity was suggested,
however, due to a lack of information, the pedigree could not be completed. Forty-five
patients had no family history of dementia, 7 among them had known and 20 highly
suggested parental consanguinity. Additional cerebral diseases in the families were not taken
into account even if idiopathic Parkinson's disease (n = 5) and cerebral vascular disorder (n
= 22) were also frequently present. Four Turkish families, 1 family from Iran and 1 family
with a mixed origin (Turkey/Bulgaria) were found to have PSEN1 gene mutations or
variants (p.L134R, p.H163R, p.H214Y, p.L262V, p.P264L, p.A396T; average age at onset:
49.1 (4.5) years, age range, 41-53; Table 1, Fig. 1A). Four Turkish families with average
age at onset of 63 (10.4) years (age range, 52—77; Table 1) were identified to carry PSEN2
known variants: p.R62H, and p. M174V (in 2 families), and the p.S130L variant (Fig. 1B).
The index patient from a Macedonian family carried the p.R71W variant in PSEN2 (age at
onset: 64 years). No mutations or any new nonsynonymous variants were found in the APP
gene. Other previously reported SNPs and coding variants were identified including the
PSEN1 E318G in 2 samples and the synonymous change G708G in APP. Three novel
synonymous changes were also found: G78G; ¢.234C>T in PSENL1; P287P; ¢.861C>T in
PSEN2 and L705L; ¢.2115C>T in APP. Common SNPs and synonymous variants were not
studied any further. No APPcopy number mutations were found in the cohort studied.

3.1. Clinical details of the PSEN mutation carriers

3.1.1. PSEN1-p.L134R (family AD-46)—This novel variant in PSEN1 was identified in
a male patient without any notable medical history, with the age of onset at 53 years. The
first symptom experienced by the patient at age of 51 years was a very rapid progressive
impairment of memory. After 18 months, his mood became labile, his communication
abilities were considerably reduced and he was disoriented to time and space. A clear frontal
syndrome associated with visual hallucination was noted. Neurological examination
revealed next to his cognitive problems pyramidal signs such as a bilateral positive Babinski
reflex and a mild spasticity in the lower limbs. Cerebral MRI examination revealed a marked
cerebro-cerebellar atrophy as well as a mild microangiopathy. Symptoms progressed
rapidly, at age of 55 years he was bedridden and after only 4 years from the onset of disease,
the patient died.

3.1.2. PSEN1-p.H163R (family AD-45)—This Turkish female patient started memory
problems at age of 41 years. Symptoms developed in a fairly short time and after only 2
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years she was no longer able to look after herself, her attention was reported to be
fluctuating, she permanently repeated short sentences and she suffered from urinary
incontinence. One year later, marked visual hallucination next to a rigid-bradykinetic
syndrome was noticed, and only a few months later the patient stopped speaking. Currently,
at age of 49 years the patient is bedridden. A cerebral MRI was reported to show significant
cerebral atrophy. 99mTc-HMPAO (technetium 99m-hexamethylpropylenamine oxime)
single-photon emission computed tomography (SPECT) revealed marked brain
hypoperfusion involving the right temporoparietal, left frontal, and also occipital lobes, far
beyond the regions of brain volume loss. The father, who had died at age of 51 years, also
suffered from memory problems.

3.1.3. PSEN1-p.H214Y (family DEM-12)—This Iranian patient was first observed
presenting behavioral symptoms such as apathy and depression at age of 51 years. In the
following months he developed disorientation and progressive impairment of memory,
nonfluent aphasia with prominent word finding deficits and agrammatism. At clinical
examination some myoclonic jerks were noted. Imaging studies at age of 52 years revealed
global cortical and marked frontotemporal atrophy associated with white matter lesions.
Research of protein 14-3-3 was negative. Five years after onset the patient is severely
demented with some visual hallucination, falls, and stereotypic behavior. Family history was
positive: the mother, who is still alive at age of 81 years, is reported to suffer from
frontotemporal dementia, 1 aunt and 2 of her children are known to be affected by PDD, and
1 uncle apparently died because of dementia and the grandfather was known to be affected
with AD.

3.1.4. PSEN1-p.L262V (family AD-61)—This PSEN1 variant was found in 2 siblings
diagnosed with AD and frontotemporal dementia. Both patients had age at onset at
approximately 50 years. The first symptoms of the older illiterate sibling included
depression, inappropriate behavior, and memory problems. There was no notable medical
history except frequent migraine attacks. Brain MRI at age of 57 years revealed a very large
cisterna magna and globalized atrophy. Examination at age of 58 years showed marked
depression (Geriatic Depression Score 23/30), important frontal symptoms including
increased and disinhibited speech, perseveration, and temporospatial disorientation. The
second sibling had a 5-year history of abnormal mental status including disorientation,
aphasia, and memory deficits. Cerebral MRI examination 4 years after onset showed a
marked frontotemporal atrophy, Mini Mental State Examination (MMSE) was found at 9/30.
At age of 56 years the patient was mostly apathetic with no fluent speaking. The family
came from a village in the Corum province in Turkey's central Black Sea Region, bordering
on the Central Anatolia Region. The mother as well as the mother's sister was reported to
have suffered from dementia, both of them died at age of approximately 70 years after a
short and rapidly worsening disease. In this family there was a high number of
consanguineous marriages and the second patient married his cousin who was also reported
to have started to suffer from memory problems since a few months, but who refused further
investigation. Together, they have 5 children between 29 and 37 years old for which no
further details are known.
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3.1.5. PSEN1-p.P264L (family DEM-9)—The initial symptom at age of 51 years
encountered by this female patient from Turkey was memory impairment when she was
examined for the first time in our clinic at age of 52 years. Additional symptoms including
petulance, language difficulty, memory, and visual-spatial impairments were noticed. Her
cerebral MRI showed next to a global atrophy a marked frontotemporal degeneration. At age
of 54 years the patient presented reduced speaking, ideomotor apraxia, impairments in
copying, but also some perseveration and hallucinations were noticed. The mother was
known to have suffered from dementia with an onset at age of 60 years. The brother carrying
the same mutation had no particular medical history and had received no treatment at age of
51 years when examined in the context of the study. He had a university degree and worked
as an engineer. No complains about memory problems had been noted, though examination
by Addenbrook'’s Cognitive Examination-Revised (ACE-R) was not normal (86/100, cutoff
<88 gives 94% sensitivity and 89% specificity for dementia). In particular, his test results in
memory (17/26) and language performances (22/26) were decreased compared to healthy
subjects (17/26, cut off: 18/26 and 22/26, cut off: 24/26, respectively).

3.1.6. PSEN1-p.A396T (family AD-141)—This 56-year-old male with 1 parent
originating from Bulgaria and the other from Turkey showed since the age of 43 years
progressive indifferent and fractious behavior affecting daily living activities and
intermittent visual hallucinations. Neuropsychological evaluation revealed a moderate
overall mental decline (MMSE score 22/30 at age of 50 and 11/30 at age of 55 years) and
cerebral MRI scan of the brain displayed generalized and marked atrophy of the temporal
lobes. His mother and maternal aunt had died in their 60s and had developed symptoms of
dementia at different ages, with a marked age gap of more than 15 years (35 and 56 years).
His maternal grandmother also had dementia and died at approximately 70 years of age.

3.1.7. PSEN2-p.R62H (family AD-5)—We identified 1 more patient from Trabzon, city
on the Black Sea coast of northeastern Turkey, with autosomal-dominant family history of
AD carrying the PSEN2 p.R62H variant. The patient, who underwent a hemicolectomy
because of colon cancer at the age of 55 years, started to suffer from memory problems
including particularly to remember recent events at age 63 years. At age 70 years MMSE
was found to be 22/30 and ACE-R was 65/100. Cerebral MRI1 showed mild leukoariosis and
cortical atrophy.

3.1.8. PSEN2-p.R71W (family AD-49)—This 69-year-old female patient is reported to

have started typical AD symptoms associated with postural hand tremor from age 64 years.
There was no known family history of dementia, but her mother had died of tuberculosis at
age 20 years and there was no more information about any additional family members from
the mother's side of the family.

3.1.9. PSEN2-p.M174V (families DEM-19 and FTD-1)—This variant was found in 2
unrelated Turkish patients, both with parental first degree consanguinity and frontotemporal
dementia phenotype. The first patient (FTD-1) started to suffer from rapid onset progressive
nonfluent aphasia with agrammatism and speech apraxia at age of 52. At age of 54, when
examined for the first time in our outpatient clinic he could only communicate by phonemes,
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also suffered from gait disturbances linked to a rigid-bradykinetic syndrome and postural
instability and had dystonia in the right leg. Cerebral MRI examination showed next to peri-
and supraventricular gliotic lesions bilateral marked anterior temporal and cortical atrophy.
The parents were cousins and the father was reported to suffer from a parkinson syndrome
as well. Additionally, 1 sister of the mother had had a cerebral vascular accident and the
maternal grandfather was reported to have died at age of 38 years because of a neurological
disease. The mutation was also found in 1 of the patient's sisters: at age of 36 years her
clinical examination was normal.

The second patient (DEM-19) who started to show aggressiveness and personality changes
followed by progressive speech and attention deficit at age of 60 years was examined at age
of 63 for the first time in our clinic. At clinical examination a marked frontal syndrome,
some agrammatisms and prominent executive function deficits like prolonged Stroop
interference and perseverations in Luria drawings were noted. ACE-R was 75/100 and
MMSE was 30/30. Cerebral MRI showed right predominant frontal atrophy. Two years
later, at age of 65 years clinical symptoms worsened and clear, predominantly right fronto-
parieto-temporal hypometabolism was found at F-18 fluoro-deoxy-glucose (FDG)-PET. In
addition, the patient was treated for arterial hypertension and noninsulin-dependent diabetes.
His mother was known to have suffered from memaory problems; she died at age of 64 years
of a cerebral vascular accident.

3.1.10. PSEN2-p.S130L (family AD-96)—This patient originating from the Artvin
province in Turkey, on the Black Sea coast in the northeastern corner of the country, started
to show depression, progressive memory impairment, and episodes of spatial disorientation
at the age of 77. His mother and 1 maternal uncle were reported to have had memory
problems. Diagnosis of AD was made and at age of 82 years at first examination in our
clinic the patient was mildly bradykinetic; MMSE was 17/30. Cerebral MRI showed cortical
and hippocampal atrophy and a mild hydrocephalus. At 1-year follow-up, some worsening
of cognitive impairment was noted with MMSE at 12/30 but the physical examination did
not change.

4. Discussion

This is the first large-scale study to evaluate genetics and phenotypes of AD and other
dementia in a Turkish population. Overall we found a PSEN mutation prevalence of 11.2%
in this population of different types of dementia. Focusing only on early-onset (EO) familial
dementia (<65 years, n = 50) the prevalence of PSENgene mutations and disease related
variants is clearly increased (24%).

The pathogenicity of each PSEN1 and PSEN2 variants found in this study as well as their
relation to clinical findings and pedigrees will be discussed next.

4.1. PSEN1-p.L134R

This novel variant in PSENL is suggested to be associated with an early-onset and rapid
progression of cognitive decline. At least 4 members of our family AD-46 had also died
because of dementia with short but fulminate evolution, 1 uncle died even after 2 years from
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disease onset. For this, autosomal dominant pattern of inheritance of the disease in this
family can be suggested. Families carrying the very close p.N135S mutation were also
reported, with autopsy-confirmed AD patients presenting spastic paraparesis (Finckh et al.,
2005 and Rudzinski et al., 2008). This is a novel variant that was found in 1 patient with a
positive family history. We were unable to prove segregation of the variant within this
family because no other DNA samples from affected members of the family were available
for genetic testing. This variant occurs in a residue of PSENL1 in the hydrophilic loop | (HL-I)
that is conserved in PSEN2. According to the algorithm key proposed by Guerreiro et al. to
classify PSENSs variants' pathogenicity (Guerreiro et al., 2010), this variant is now classified
as possibly pathogenic, pending on the report of additional cases with the same mutation. In
silico evaluation of pathogenicity using PolyPhen-2 p.L134R is defined as a probably
damaging variant (Table 1).

4.2. PSEN1-p.H163R

To date, 15 families with AD patients carrying the p.H163R mutation have been reported
including also AD phenotypes associated with seizures or myoclonus
(www.molgen.ua.ac.be/ADMutations). Age of onset of our patient (family AD-45) is
comparable to the previous findings (41 vs. 45.6 years), but the clinical picture is not
associated with any myoclonus or seizures but with hallucination. The pathogenic nature of
the mutation has not only been proven by segregation within the families, Nagasaka and
colleagues (Nagasaka et al., 2005) could also show that mutation carriers differed
significantly in their gene expression compared to their wild type siblings. Interestingly,
Kaneko et al. (Kaneko et al., 2007) showed on N2a mouse neuroblastoma and C6 rat
glioblastoma cell lines, that the levels of phosphorylated a-synuclein do not increase in
neuronal and non-neuronal cells expressing the wild type PSEN1 or PSEN1 p.H163R mutant
compared to cells expressing PSEN1-p.T440 mutant. The author suggested that the
mechanism by which the PSEN1-p.T440 mutation caused DLB is by enhancing the
phosphorylation of a-synuclein in the brain. Following the clinical diagnosis criteria of DLB
as prescribed by McKeith (2006) our patient is diagnosed as DLB. As he carries the
p.H163R mutation it does not seem probable that the mechanism leading to DLB in p.T440
or p.H163R is by phosphorylation of a-synuclein in the brain. The p.H163R variant is
considered as definitely pathogenic. It is interesting to note that PolyPhen-2 predicts this
mutation to be benign, illustrating how in silico predictions can be misleading and how
specific models for the known AD genes can be more accurate.

4.3. PSEN1-p.H214Y

The p.H214Y mutation was previously described in 1 family with 5 affected patients (Raux
et al., 2005), but with a significantly earlier onset compared with our patient (37-45 years
vs. 51 years, family DEM-12) and, in the same residue, the mutation p.H214D has also been
previously identified (Guerreiro et al., 2010) associated with atypical dementia including
bradykinesia and action tremor. In comparison with this, our patient showed progressive
nonfluent aphasia (PNFA) phenotype associated by myoclonia and also hallucinations. The
p.H214Y mutation is classified as definitely pathogenic using the PSEN algorithm key, and
the underlying pathomechanism is suggested to have a broad effect as the phenotype is very
variable even within the same family.
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4.4. PSEN1-p.L262V

This is a novel variant leading to an amino acid substitution (leucine to valine) localized in
exon 8 where the p.L262F mutation was previously described in 1 family with 3 affected
mutation carriers (Forsell et al., 1997). Age at onset (approximately 50 years) and clinical
findings (decreased short time memory and decreased word finding ability) are comparable
with our family (AD-61). Based not only on our study, but also on these previous findings,
the PSEN1-p.L262V variant is classified as probably pathogenic.

4.5. PSEN1-p.P264L

This mutation was previously found in 11 families (Dumanchin et al., 2006; Martikainen et
al., 2010; Raux et al., 2005). The diversity of phenotypic expression associated with this
point mutation is surprising and includes: spastic paraparesis, DLB, atypical dementia, and
lobar hemorrhage. This variant is localized in exon 8 of the PSEN1 gene; it has been
suggested that exon 8 exclusion leads to cotton wool plaques/spastic paraparesis (CWP/SP)
(Kwok et al., 1997), but in a study conducted by Dumanchin and colleagues (Dumanchin et
al., 2006), no effect on exon splicing nor an increase of f-amyloid (AB) 42/40 ratio on cell
experiments for the p.P264L variant could be determined. Nevertheless, cosegregation of
this mutation with AD has been established in several families (Campion et al., 1999) and
for this, p.P264L is predicted to be definitely pathogenic in according with the PSEN
algorithm key.

4.6. PSEN1-p.A396T

This 56-year-old patient (family AD-141) suffering from AD was found to carry the new
p.A396T variant located within exon 11, in a highly conserved region. To assess if p.A396T
is a common variant in the Turkish population we have sequenced exon 11 of PSEN1 in 75
Turkish healthy controls. This variant was not found in any of the control samples studied,
indicating this is not a common polymorphism specific of the Turkish population. However,
in absence of familial segregation and any other reports of this same variant in other AD
patients, this novel variant is classified as possibly pathogenic.

4.7. PSEN2-p.R62H

The pathogenicity of PSEN2 p.R62H variant is questionable: functional analysis of this
variant could not prove any effect on neurodegeneration (Walker et al., 2005) and different
authors reported this variant either without familial segregation (Sleegers et al., 2004) or in
healthy subjects (Guerreiro et al., 2010) or even as a relatively common polymorphism
(Cruts et al., 1998). This variant is probably not pathogenic.

4.8. PSEN2-p.R71W

The pathogenic nature of this variant is unclear: previous findings are similar to our patient's
presentation (family AD-49): to date 3 families have been reported to have late-onset AD
carriers, but in none of these the variant segregated with the disease (Brouwers et al., 2008,
Guerreiro et al., 2010 and Sleegers et al., 2004). Additionally, the p.R71W variation was
also detected in 1 healthy control (Sleegers et al., 2004). Similarly to p.R62H, this variant is
classified as possibly damaging by PolyPhen-2, but following the PSEN algorithm key it is
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probably not pathogenic. Further studies in larger numbers of cases and controls are needed
in order to determine if these 2 variants (p.R62H and p.R71W) may act as risk factors and
influence the course of the disease or the age at onset of carriers.

4.9. PSEN2-p.M174V

This variant has been previously described in 1 patient diagnosed with AD and was
classified as possibly pathogenic (Guerreiro et al., 2010). Additionally, we can report 2 more
independent cases but with frontotemporal dementia phenotype (family DEM-19 and
FTD-1). According to the PSEN algorithm key, this variant should now be considered as
probably pathogenic as at least 3 independent cases are known and this variant has not been
found in healthy controls until now. Nonetheless, no segregation data are available for any
of these families and PolyPhen-2 predicts this variant to be benign.

4.10. PSEN2-p.S130L

The p.S130L has been previously described in 3 different families (Li et al., 2006, Tedde et
al., 2003 and Tomaino et al., 2007). Segregation of the mutant allele with disease could be
not be demonstrated in any of the families including the presented case (family AD-96),
Moreover, no significant effect on either AB42 levels, Ap40 levels, or the AB 42/40 ratio
could be found (Walker et al., 2005). Nevertheless, we cannot classify this variant as benign,
even if others and we have failed to identify it in healthy controls (Li et al., 2006 and
Tomaino et al., 2007). Additionally, it is interesting to note, that all variant carriers had late
onset AD (72, 75, 77, and 81 years) and slow progressing cognitive impairment. This
variant's pathogenicity is classified as probable.

With this background, we could also show that 2 subgroups differ as to the age at which the
first clinical symptoms become apparent: early-onset dementia (<65 years) which is highly
susceptible to be related to 1 of the 3 identified AD genes and late-onset (>65 years)
dementia. Nevertheless, the impact and function of the different mutations and variants in
the 3 genes known to harbor AD causative mutations on the different phenotypes still need
to be elucidated. Guerreiro et al. (2010) proposed an algorithm key to classify mutation
pathogenicity, which turned out to be a very helpful instrument for the interpretation of
mutation interpretation. This interpretation takes into account findings from functional
studies and is specific to PSENvariants (although it can also be used with some
modifications for APP variants). Interestingly, by comparing PolyPhen-2 and the PSEN
algorithm key, classification of only 2 out of 10 variants was similar (PSEN1p.L262V and
PSEN2 p.R62H) and interpretation of at least 2 variants were contradictory (PSEN1
p.H163R,PSEN1 p.H214Y). Our data show that larger and detailed studies on the
prevalence, function and associate phenotype of PSEN variants are necessary to develop
more precise tools to predict the pathogenicity of a variant in order to allow the
neurogeneticist to perform adequate genetic counseling. However, the PSENalgorithm key
applied during genetic counseling might be beneficial for both the counselor who can decide
more appropriately about the value of molecular diagnostic results and the related potential
risk of additional family members in developing AD, and for the patient who will receive
more detailed information. The recently proposed guidelines for genetic counseling and
testing for AD by the American College of Medical Genetics (Goldman et al., 2011) is
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lacking in advice on how to recognize and how to handle the different pathogenic impact of
the variants. The PSEN algorithm key will be helpful for the former. This is the first
molecular study in a large Turkish cohort including patients with dementia. The prevalence
rate of PSENmutations with regard to the age of onset in our population is comparable with
those previously described. Nevertheless further studies are required and a standardized
diagnostic procedure needs to be implemented in Turkey. The genetic architecture of AD
and related dementia is far from being completely understood, but conducting more detailed
analysis also using different techniques such as genome-wide genotyping analyses, exome
sequencing or genetic linkage analyses in the Turkish population might be particularly
successful due to the high rate of consanguinity as gene frequency and genetic structure are
changed by consanguineous marriages.
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Families with PSEN gene variants. Diamond symbols indicate parkinsonism. Abbreviations:
AE, age at examination (years); AO, age at onset (years); AD, age at death (years); CVA,

cerebrovascular accident; PDD, Parkinson's disease with dementia.
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Reported mutation and their prediction of pathogenicity according to the PSEN algorithm key and PolyPhen-2

Mutation Patient origin Ageat Prediction of Classification Previous publication
(protein; onset pathogenicity of reporting these mutations
cDNA) ) according to pathogenicity
PolyPhen-2 according to
the previously
proposed
algorithm?@

PSEN1: p.L134R; c.401T>G Turkey 53 Probably damaging Possible —

PSEN1: p.H163R; c.488A>G Turkey 41 Predicted to be benign | Definite Boteva et al., 1996, Campion
et al., 1995 and Campion et
al., 1999; Gémez-Tortosa et
al., 2010, Kamimura et al.,
1998, Kamino et al., 1996,
Lle6 et al., 2002, Poduslo et
al., 1996, Poorkaj et al., 1998,
Rogaeva et al., 2001,
Sherrington et al., 1995,
Tanahashi et al., 1995,
Tanahashi et al., 1996 and
Zekanowski et al., 2003

PSEN1: p.H214Y; c.640C>T Iran 51 Possibly damaging Definite Raux et al. (2005)

PSEN1: p.L262V; ¢.784 T>G Turkey 51, 52 Probably damaging Probable Forsell et al. (1997)

PSEN1: p.P264L; c.791C>T Turkey 51 (n=2) | Probably damaging Definite Campion et al., 1995,
Campion et al., 1999,
Dumanchin et al., 2006,
Jacquemont et al., 2002,
Kwok et al., 1997,
Martikainen et al., 2010,
Poorkaj et al., 1998, Raux et
al., 2005 and Wasco et al.,
1995

PSEN1: p.A396T: c.1186 G>A | Turkey/Bulgaria | 43 Probably damaging Possible —

PSEN2: p.R62H; ¢.185G>A Turkey 63 Predicted to be benign | Not pathogenic | Cruts et al., 1998, Gallo et al.,
2010, Guerreiro et al., 2010
and Sleegers et al., 2004

PSEN2: p.R71W; ¢.211C>T Macedonia 64 Possibly damaging Not pathogenic | Brouwers et al., 2008,
Guerreiro et al., 2010 and
Sleegers et al., 2004

PSEN2: p.M174V; ¢.520A>GP | Turkey 52, 60 Predicted to be benign | Probable Guerreiro et al. (2010)

PSEN2: p.S130L; ¢.389C>T Turkey 77 Possibly damaging Probable Li et al., 2006, Tedde et al.,

2003 and Tomaino et al., 2007

aGuerreiro etal. (2010).

bThis variant is found in 2 unrelated patients.
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