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Abstract

Objective: Mutations in the Presenilin-1 (PSEN1) gene have been associated with early-onset familial Alzheimer disease (AD) and these mutations usually
exhibit full penetrance. However, the p.E318G variant located at exon 9 of PSEN1 is an exception. This variant is also seen in non-demented controls other than
patients with AD suggesting that it may be a rare polymorphism or a mutation with low penetrance. In addition, results from studies conducted in different
populations investigating the role of p.E318G variant in AD were conflicting. In this study, we aimed to determine the frequency of the PSENI p.E318G variant
and APOE genotypes in a Turkish cohort and to investigate whether they were associated with the risk of AD.

Materials and Methods: The study included 217 patients with familial AD, 153 patients with sporadic AD, and 402 controls. The PSENI p.E318G and
APOE genotypes were determined using real-time polymerase chain reaction with hydrolysis probes.

Results: The p.E318G variant was found in five patients with familial AD, three patients with sporadic AD, and 11 control subjects. There was no significant
difference in the distribution of the p.E318G variant between patients and controls in familial and sporadic forms. APOE €4 allele carriers had an increased risk
for AD compared with non-carriers both in familial {odds ratio (OR): 3.67, 95% confidence interval (CI): (2.69-4.99); p<0.001} and sporadic cases {OR: 2.91,
95% CI: (2.06-4.10); p<0.001}. No significant difference was found in the distribution of the p.E318G variant with either the absence or presence of the APOE
€4 allele.

Conclusion: Our results showed that PSENT p.E318G variation, either alone or together with the APOE €4 allele, is not associated with AD risk in Turkish
patients with AD. However, the APOE €4 allele constitutes a significant risk factor for AD both in familial and sporadic forms.
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Oz

Amac: Presenilin-1 (PSEN1) genindeki mutasyonlar, erken baglangicli ailevi Alzheimer hastaligi (AH) ile iligkilendirilmigtir ve bu mutasyonlar ¢ogunlukla tam
penetrans gosterir. Ancak PSEN1 geninin 9 ekzonundaki p.E318G varyanti bunlar iginde bir istisnadir. p.E318G varyantinin AH hastalar1 disinda demans olmayan
kontrollerde de gosterilmesi, onun nadir bir polimorfizm ya da diisiik penetransli bir mutasyon olabilecegini diisiindiirmektedir. Bu varyantin AH'de patojenik
rolii olup olmadigin: aragtiran ve bir¢ok farkli popiilasyonda gerceklestirilen caligmalarda geligkili sonuglar elde edilmistir. Bu ¢alismada, AH hastalarinda ve
kontrollerde PSEN1 p.E318G varyantinin ve APOE genotiplerinin sikligini belirlemeyi ve Tiirk kohortunda AH riski ile iligkili olup olmadiklarini aragtirmay1
amagcladik.

Gereg¢ ve Yontem: Calismaya 217 ailevi AH ve 153 sporadik AH hastasi ve 402 kontrol dahil edildi. Hasta ve kontrollerin p.E318G ve APOE genotipleri
hidroliz problar kullanilarak gercek zamanli polimeraz zincir reaksiyonu yontemi ile belirlendi.

Address for Correspondence/Yazisma Adresi: Gamze Giiven MD, Istanbul University, Aziz Sancar Institute of Experimental Medicine, Department of Genetics,
Istanbul, Turkey
Phone: +90 532 470 10 93 E-mail: zgamzee@gmail.com ORCID: orcid.org/0000-0001-8576-5843
Received/Gelis Tarihi: 09.06.2020 Accepted/Kabul Tarihi: 01.02.2021

©Copyright 2021 by Turkish Neurological Society
Turkish Journal of Neurology published by Galenos Publishing House.

117


https://orcid.org/0000-0001-8576-5843
https://orcid.org/0000-0001-9645-7707
https://orcid.org/0000-0001-8695-7919
https://orcid.org/0000-0003-0562-0455
https://orcid.org/0000-0003-2908-8475
https://orcid.org/0000-0002-0555-5588
https://orcid.org/0000-0003-4620-0529
https://orcid.org/0000-0001-6032-0856

Turk J Neurol 2021;27:117-122

Bulgular: p.E318G varyant: bes ailevi AH hastast, {i¢ sporadik AH hastasi, ve on bir kontrol

Giiven et al.; p.E318G Variant and APOE in AD

orneginde bulundu. Ailevi ve sporadik formlarda hastalar ve

kontroller arasinda p.E318G varyantinin dagilimi agisindan anlamls bir farklilik goriilmedi. APOE €4 allel tagtyicilarinin tagimayanlara gore AH riskinin hem
ailesel {olasilik orani (OO): 3,67, %95 giiven araligi (GA): 2,69-4,99, p<0,001} hem de sporadik olgularda (OO: 2,91, %95 GA: 2,06-4,10, p<0,001) artmis
oldugu bulundu. APOE €4 allelin yoklugunda veya varliginda p.E318G varyantinin dagiliminda hastalar ve kontroller arasinda anlamli bir farklilik bulunmad.
Sonug: Caligmamizin sonucunda elde edilen veriler Tiirk AH hastalarinda PSEN1 p.E318G varyasyonunun tek bagina ya da APOE €4 aleli ile birlikte AH riski
ile iligkili olmadigini géstermigtir. Bununla birlikte, tek bagina APOE €4 alelinin hem ailesel hem de sporadik formlarda AH i¢in 6nemli bir risk fakedrii oldugu

gortilmistiir.

Anahtar Kelimeler: Alzheimer hastalig1, presenilin-1, E318G varyasyonu, APOE ¢4

Introduction

Alzheimer’s disease (AD) is the most common cause of dementia
seen in older adults. A common approach currently accepted
according to the age of onset is to categorize AD into early-onset
Alzheimer’s disease [(EOAD); age at onset <65 years}, and late-
onset Alzheimer’s disease [(LOAD; age at onset >65 years}. EOAD
is mostly familial, and 10-15% of patients with familial EOAD
exhibit an autosomal dominant transmission (1). Autosomal
dominantly inherited EOAD has been associated with pathogenic
variants in the “Amyloid precursor protein (APP)”, “Presenilin 1
(PSEN1)”, and “Presenilin 2 (PSENZ2)” genes. Pathogenic variants
in PSENI gene are found in about 30-70% of familial EOAD cases
and are associated with the most aggressive forms of the disease
(2). The PSEN1 gene encodes a transmembrane protein containing
467 amino acids, which cleaves APP into beta-amyloid peptides
(AB) through gamma-secretase activity. Mutations in the PSEN1
gene cause an increase in the AP42/AP40 ratio by impairing
proteolytic cleavage of APP by gamma-secretase, and as a result,
accumulation of AP plaques (3). To date, more than 300 mutations
in PSEN1 have been reported as pathogenic in the Human Gene
Mutation Database (HGMD; www.hgmd.org).

One of the PSEN1 variations considered to be associated with
AD is the p.E318G variation (rs17125721) (4,5). This variation
occurs due to an A to G transition at codon 318 in PSENI exon 9
and leads to a non-conserved glutamic acid to glycine substitution.
Results from studies conducted in different populations suggested
that the pathogenicity of p.E318G in AD is controversial and
it could be either an incompletely penetrant mutation or a rare
polymorphism not associated with AD (6). It has been shown
that the p.E318G variant was associated with high levels of total
tau and phospho-tau in cerebrospinal fluid (4). Furthermore,
coexistence of p.E318G variant with the APOE €4 allele was
associated with amyloid deposition and faster episodic memory
decline (4). In the present study, our aim was to investigate the
frequency of the p.E318G variant both in patients with sporadic
and familial AD and controls and to evaluate its association with
the APOE €4 allele in a Turkish cohort.

Materials and Methods

Patients and Controls

The study population comprised 370 patients with AD and
402 controls without any history of major, systemic, psychiatric,
and neurologic disease. The participants were recruited in the
department of neurology, behavioral neurology and movement
disorders unit, and underwent comprehensive clinical and
neuropsychological examinations and neuroimaging. AD was
diagnosed according to the National Institute of Neurological

118

and Communicative Disorders and Stroke and AD (7). Approval
was obtained from the Ethics Committee of Istanbul University-
Istanbul Faculty of Medicine, Clinical Research Ethics Committee
(decision no: 1209, date: 17/10/2016). The study was performed
in line with the principles of the Declaration of Helsinki. Written
and signed informed consent was obtained from all participants or
legal guardians for subjects unable to consent.

Genotyping

Genomic DNA was isolated from peripheral blood leukocytes
according to standard procedures. Screening of the PSEN1 E318G
variant was performed using quantitative real-time polymerase
chain reaction (RT-qPCR) with a Tagman SNP Genotyping Assay
(assay ID: C___ 589147_10, Thermo Fischer Scientific Inc.). A
total of 10 pL qPCR reaction mix was composed of 0.5 pL TagMan
Genotyping Assay (Applied Biosystems), 5 pL LightCycler 480
Probes Master (Roche), 2.5 pL RNase-free water and 2 pL DNA
(50 ng/pL). The qPCR was performed on a LightCycler480
system (Roche) under the following conditions: 95 °C 10 min,
45 cycles of 95 °C 15 s, and 60 °C 1 min. APOE genotypes were
determined using RT-PCR with hydrolysis probes. The APOE RT
amplifications included 10 min at 95 °C; 45 cycles of 10 sec at 95
°C; 30 sec at 56 °C and 1 sec at 72 °C. The end-point analysis was
assessed using the LightCycler 480 genotyping software.

Statistical Analysis

Student’s t-test was used for normally distributed continuous
variables and Fisher’s exact test for categorical variables. Maximum
likelihood estimates of odds ratios (OR) and the 95% confidence
intervals (CI) were calculated using binary logistic regression
analysis. The SPSS software was used for all statistical analyses
(IBM Corp., USA, version 21.0). P values below 0.05 were
regarded as statistically significant.

Results

Patients with AD were divided into two groups: familial AD
(at least one first-degree relative with a history of dementia) and
sporadic AD (no family history of dementia). The characteristics
of the study population are given in Table 1. A total of 370
patients with AD including 217 patients with familial (mean age:
64.6+10.7 years) and 153 patients with sporadic AD (mean age:
66.6+11 .4 years).

As shown in Table 2, the p.E318G variant was found in five
(2.3%) patients with familial AD and three (2%) with sporadic
AD and in 11 (2.7%) control subjects. The p.E318G variant was
detected only in the heterozygous state and no homozygous carriers
were found. No significant difference in distribution of p.E318G
was found for familial AD vs. controls (p=0.746) and sporadic AD
vs controls (p=0.767).
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In all groups, the distribution of allele frequencies and
genotypes of APOE was significantly different (p<0.001) between
patients and controls (Table 3). The €3/e4 and €4/e4 genotypes
were found to be more common in the patient groups than in
the controls. The APOE €2, €3, €4 allele frequencies were 3.9%,
74.1%, and 22% in patients with familial AD and 2.6%, 78.6%,
and 18.8% in patients with sporadic AD, and in the controls, the
frequencies were found as 5%, 87.3% and 7.7%, respectively.
Individuals with sporadic AD with at least one copy of APOE €4
allele had a 2.91-fold increased risk [OR: 2.91, 95% CI: (2.06-
4.10); p<0.001} for AD than individuals without the €4 allele,
and in patients with familial AD, risk increased up to 3.67 fold
[OR: 3.67,95% CI: (2.69-4.99); p<0.001}.

To examine the possible interaction of the APOE €4 allele and
p-E318G variant, we investigated the distribution of p.E318G
variant in €4 allele carriers and non-carriers. In both the presence
and absence of the APOE ¢4 allele, no significant difference was
found in the distribution of p.E318G variant between patients
and controls in all groups (Table 4). However, there was a weak
trend (p=0.268) for the coexistence of the APOE €4 allele and the
p-E318G variant in patients with familial AD. Of the five familial
p-E318G carriers, three carried at least one copy of the APOE
€4 allele, but this trend was lacking in controls, as none of the
p-E318G carriers were carrying the €4 allele.

General characteristics of patients with the PSENI p.E318G
variant were given in Table 5. Six of the patients were diagnosed
with EOAD, one with LOAD and one with atypical dementia. Of
the three patients carrying APOE €4 allele, two were homozygous
and one was heterozygous for €4 allele. The mean age at onset
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of patients was 56.2+11.2, range 36-76 years. The mean age of
patients with the PSENI p.E318G variant was 60.2=11 while
controls with the p.E318G variant were younger (mean age +
standard deviation: 48.6=11.3) than the patients.

Discussion

In this study, we evaluated the frequency of the p.E318G
variant and APOE genotypes and their contribution to AD in
familial and sporadic forms. Also, we investigated whether there
was an association between the p.E318G variant and the APOE
€4 allele.

The p.E318G variant is located on the hydrophilic loop
between transmembrane domain VI and VII of PSEN1 protein
(8). This region of the PSEN1 protein is less conserved between its
homologues in other species and predicted to be functionally less
important (9). The pathogenicity of the p.E318G variant is still
under debate. In initial studies, it was considered as pathogenic in
patients with EOAD (10,11); however, its presence in controls and
no segregation with disease made its pathogenicity questionable
(2,12,13,14,15,16,17,18). Even so, results from studies conducted
in different populations investigating the role of p.E318G variant
in AD were conflicting. Evidence from some case-control studies
indicated p.E318G as a risk variant for patients with familial AD
(2,12,13,18), but other studies found no significant association of
p-E318Gand AD (14,16,17,19). Therefore, the association between
the PSENT p.E318G variant and AD remains controversial.

The frequency of the p.E318G variant in our total patients
with AD (2.1%) was lower than that described for European
populations, actually it was the lowest reported to date (Dutch:

Table 1. General characteristics of patient groups and controls

Patients
Controls
Familial AD Sporadic AD

Number of individuals 217 153 402
Age (years) 64.6£10.7** 06.6+11.4** 57.6+13.1
Age at onset, years 60.4+10.4 62.3+11.3 -
Gender, n (%)
Male 101 (46.5) 57 (37.3) 183 (45.5)
Female 116 (53.5) 96 (62.7) 219 (54.5)
MMSE score 18.9+7.7** (n=143) 16.8+7.8** (n=1006) 28.9+2.1 (n=58)
GDS 10.3£5.9* (n=55) 11.2£6.2* (n=41) 7.19+6.3 (n=27)
Continuous variables are presented as mean * standard deviation and dichotomous variables as percentage. A t-test was used for comparison of means and x? test for
gz;cjggg;;ggé :lzheimer disease, MMSE: Mini-mental state examination, GDS: Geriatric Depression scale, **p<0.001 compared to controls, *p<0.05 compared to controls,

Familial AD (n=217)

E318G+ 5(2.3)

E318G- 212 (97.7)

OR (95% CI) 0.84 (0.29-2.44)
p value 0.746*

Table 2. Distribution of PSEN1 E318G variant in patient groups and controls

Patients (n=370)

E318G+ refers to carrying heterozygous E318G variant, E318G- refers to carrying wild type E318G. PSENI: Presenilin-1, AD: Alzheimer disease, OR: Odds ratio,
CI: Confidence interval, *p value calculated by ¥ test, "p value calculated by Fisher’s exact test

. Controls (n=402)
Sporadic AD (n=153)

32 11 (3.2)
150 (98) 332 (96.8)
0.71 (0.19-2.58) -

0.767" -
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Table 3. Distribution of allele and genotype frequencies of APOE in patient groups and controls

Patients

. . Controls (n, %)
Genotype Familial (n, %) Sporadic (n, %)
€2/€2 0 (® 0 (0) 2(0.5)
€2/¢e3 16 (7.4) 5.3 33(8.2)
€2/e4 1(0.5) 3 (2 3 (0.7)
€3/¢e3 116 (53.7) 96 (63.2) 307 (76.6)
€3/e4 72 (33.3) 42 (27.6) 53 (13.2)
ed/e4 11 (5.D 6 (3.9 3 0.7
p value <0.001 <0.001 -
Allele
€2 17 (3.9) 8 (2.6) 40 (5)
€3 320 (74.D 239 (78.6) 700 (87.3)
&4 95 (22) 57 (18.8) 62 (7.7)
p value <0.001 <0.001 -
APOE &4 carrier status
€4 carrier 84 (38.7) 51 (33.3) 59 (14.7)
€4 non-carrier 133 (61.3) 102 (66.7) 343 (85.3)
p value <0.001 <0.001 -
OR (95% CD 3.67 (2.69-4.99) 2.91 (2.06-4.10) -
OR: Odds ratio, CI: Confidence interval

Table 4. Distribution of PSEN1 E318G variant in patient groups and controls stratified for APOE &4 status

Patients
Controls
Sporadic AD Familial AD

APOE ¢&4-
Number of individuals 102 133 343
E318G+ 329 2.5 332 (96.8)
E318G- 99 (97.D 131 (98.5) 11(3.2)
p value 1.000 0.531 -
APOE g4+
Number of individuals 51 84 59
E318G+ 0 (0 3(3.0) 0 (0
E318G- 51 (100) 81 (96.4) 59 (100)
p value - 0.268 -
E318G+ refers to carrying heterozygous E318G variant, E318G- refers to carrying wild type E318G. APOE 4+ means carrying at least one copy of APOE ¢4 allele, APOE
g4-means without carrying any copies of APOE &4 allele. PSEN1: Presenilin-1, AD: Alzheimer disease, CI: Confidence interval, p value calculated by Fisher’s exact test

2.7%, Italian: 3.3%, French: 3.5%, Finnish: 6.6%, Spanish: 6.7%,
Australian: 3.6%, and Brazilian: 4%) (13,14,15,16,19). Similarly,
the frequency of the variant in our control group (2.7%) was lower
than the reported frequencies for European populations (Finnish:
6.8%, Spanish: 4.5%, Dutch: 4.1%, French: 4.1%, Polish: 4.0%)
(14,15,16,17,19), but has similar frequency with the Australian
population (2.2%) (12). Comparing the frequency of the p.E318G
variant in patients with familial AD with those of other populations,
our population has the lowest frequency (2.3%), but the frequency
in patients with sporadic AD (2%) was consistent with the results
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from previous studies (2,12,13). Despite the larger number of
patients included in our study, our results did not validate the
previously reported significant associations of the p.E318G variant
with AD. The lack of association between p.E318G variant and AD
in our study is in agreement with previous studies that showed no
significant associations either in patients with sporadic or familial
AD in different populations (14,16,17,19). Combined with our
results, these data suggested that the association between the
p-E318G variant and AD might vary among different populations.
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Table 5. General characteristics of patients with PSEN1 p.E318G variant

1D Age AAO Sex Family history APOE status MMSE
Patient 1 61 59 Female Familial £4/e4 23
Patient 2 60 57 Female Familial €3/¢3 19
Patient 3 67 63 Female Sporadic €3/€3 NA
Patient 4 56 53 Male Sporadic €3/e3 9
Patient 5 39 30 Male Familial €3/€3 NA
Patient 6 77 76 Female Familial £3/e4 12
Patient 7 66 53 Male Familial e4/e4 22
Patient 8 56 53 Female Sporadic €3/€3 9
PSENI: Presenilin-1, NA: Not available, MMSE: Mini-mental state examination, AAO: Age at onset

The association between APOE gene and AD risk has been
studied in a great number of populations. Studies showed that
the frequencies of APOE €2, €3 and €4 alleles varied between
populations due to geographic locations and different ethnicities,
but in most of them, the €4 allele was considered as a risk factor
for AD. In our study, the APOE ¢ allele frequencies in patients
with AD and controls were very similar to those reported in the
Turkish population (20,21,22,23) but were lower than in other
populations (23). The low frequency of the APOE €4 allele both in
our study and previous studies is in line with the observation that
€4 frequency is low in Mediterranean countries. Our data confirm
a clear association between APOE ¢4 allele and AD; we found
that the €4 allele increased AD risk in patients with AD with a
higher OR in patients with familial AD. The combined effect of
PSENT1 polymorphisms and APOE ¢ alleles on AD risk has been
investigated previously in Turkish patients with LOAD; however,
no significant difference was found (24).

The coexistence of the APOE €4 allele and the p.E318G
variant is associated with higher amyloid plaque deposition, faster
episodic memory decline, and subsequent increased AD risk (4).
In their study, Benitez et al. (4) showed that p.E318G variant
modified AD risk in APOE €4 carriers and increased the AD
risk equally to €4 homozygous in €4 heterozygous; they showed
that the PSENI p.E318G carriers who also carried the APOE
€4 allele were at higher risk of developing AD than carriers of
p-E318G variant alone, and had twice the risk of AD than those
carrying the APOE €4 allele alone (4). Therefore, to investigate
the association of APOE €4 allele and PSEN1 p.E318G, we
examined the distribution of p.E318G variant in APOE €4 allele
carriers. Although no significant association was found, our study
highlighted the tendency for the coexistence of at least one copy
of the APOE €4 allele and the p.E318G variant in patients with
familial AD.

Study Limitations

This study has limitations as follows. First, due to the small
number of p.E318G carriers in this study, it is difficult to assess
the significance of tendency for the coexistence of the APOE €4
allele and the p.E318G variant in patients with familial AD.
Further investigations in larger case-control series are necessary
to confirm this association in the Turkish population because
PSENT p.E318G variant and APOE €4 interaction is an important

modifier of AD risk. Secondly, controls carrying the p.E318G
variant were aged younger than 60 years and might later develop
the disease; therefore, prospective follow-up examinations should
be considered in controls. Another limitation of this study was
that the control group was significantly younger than the patient
group; this may not affect the results of the frequency of PSEN1
p-E318G variation or APOE €4 allele, but Mini-Mental State
Examination scores may have been affected. Finally, another
limitation was our relatively small sample size; the results of this
study will be strengthened by studies with larger study groups.

Conclusion

In our study, we do not provide evidence for the association
of the PSEN1 p.E318G variant with AD risk and its interaction
with the APOE €4 allele. In addition, our results claim that the
APOE ¢4 allele is a significant risk factor in AD in the Turkish
population. As far as we know, our study is the first to investigate
the role of E318G variant in Turkish patients with AD. Therefore,
further analyses in larger case-control cohorts are necessary to
fully understand the effect of p.E318G on AD risk in the Turkish
population. We suggest that special consideration should be taken
in the interpretation of PSEN1 p.E318G variant in AD, especially
in familial forms.
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