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Abstract

Numerous genetic evidence has pointed out that variations in cholesterol-related genes may be associated with an Alzhei-
mer’s disease (AD) risk. We aimed to investigate the association between polymorphisms in several cholesterol-related genes
[APOAS5 (rs662799), APOCI (rs11568822), APOD (rs1568565), CH25H (rs13500), LDLR (rs5930), SORLI (1s2282649)]
and AD in a cohort of Turkish patients. The study group consisted of 257 AD patients (mean age: 75.9 years+ 10.4) and
414 controls (mean age: 62.2 years+ 13.1). Genotyping was performed by quantitative real-time polymerase chain reaction
using hydrolysis probes. Our results showed that the “TT’* genotype of CH25H rs13500 polymorphism was significantly more
frequent in the AD group (p <0.001) and individuals carrying the CH25H ‘T’ allele had an increased risk for AD (OR 3.07,
95% CI 2.13-4.44, p=2.20e—09) independently from age, gender and APOE €4 allele. Moreover, this risk was excessively
increased (OR 14.04, 95% CI 6.99-28.23, p=9.78e—14) in the presence of APOE €4 allele. The ‘ins/ins’ genotype of APOCI
rs11568822 was significantly more frequent in the AD group compared to controls (p=1.95e—08). However, this increased
AD risk in ‘ins/ins’ carriers was found to be dependent on their APOE €4 carrier status. No significant associations were
found in allele and genotype distributions of APOA5, APOD, LDLR and SORLI gene polymorphisms. Our results suggest
that the association between APOCI ‘ins/ins’ genotype and AD risk can be explained by linkage disequilibrium with the
APOE locus. CH25H rs13500 polymorphism is associated with an AD risk in the Turkish population and CH25H might
have a role in the pathogenesis of AD together with, and independently from APOE.
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Introduction
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supplementary material, which is available to authorized users. Alzheimer’s disease (AD), the most frequent type of demen-

tia, is an irreversible and progressive neurodegenerative
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Plenty of genetic evidence points out that variations in cho-
lesterol-related genes may be associated with an increased
risk for AD [3, 11, 21, 35]. Therefore, in the selection of
genes included in our study, we considered positive associa-
tions in AlzGene meta-analysis or knowledge of association
with cholesterol and AD in the literature as well as the fact
that they were not previously studied in the Turkish popu-
lation. We selected the following six genes in order to test
the association between selected polymorphisms of these
genes and AD risk in the Turkish population. Apolipopro-
tein A5 (APOAS) has an important role in the regulation
of lipoprotein homeostasis, by increasing the triglyceride
hydrolysis in VLDL and converting VLDL to LDL, which
consequently increases plasma cholesterol level [16]. Apoli-
poprotein C1 (APOC1) together with APOE, is involved in
several biological processes, including neuronal reorganiza-
tion and membrane remodelling via cholesterol transport
and redistribution [23]. Apolipoprotein D (APOD) is the
main component of the high-density lipoproteins (HDL) and
transports small ligands with hydrophobic moiety such as
phospholipids and cholesterol [25]. Cholesterol 25-hydroxy-
lase (CH25H) catalyses the formation of 25-hydroxycho-
lesterol from cholesterol and regulates the transcription of
several genes involved in transport of cholesterol including
APOE [18]. Low-density lipoprotein receptor (LDLR), one
of the major APOE receptor in the brain, mediates the endo-
cytosis of cholesterol-rich low-density lipoprotein (LDL)
[34]. ‘Sortilin-related receptor 1’ (SORLI) gene encodes
a multifunctional receptor which binds and mediates endo-
cytotic uptake of lipoproteins like APOE-containing parti-
cles [34]. We aimed to investigate the association between
single nucleotide polymorphisms (SNP) in these genes
and AD in a cohort of Turkish patients. Therefore we have
selected APOAS (rs662799), APOCI (rs11568822), APOD
(rs1568565), CH25H (rs13500), LDLR (rs5930) and SORLI
(rs2282649) gene polymorphisms that have been previously
investigated in terms of association with AD.

Materials and methods
Patients and controls

The study population was comprised of 257 patients diagnosed
with AD and 414 controls with no sign of neurological impair-
ment at the time of examination. Participants were recruited
from the Behavioral Neurology and Movement Disorders Unit
outpatient clinic in Istanbul Faculty of Medicine, Istanbul
University. All participants underwent detailed clinical and
neuropsychological examination and, in most cases neuroim-
aging. The diagnosis of dementia was made according to the
National Institute of Neurological and Communicative Dis-
orders and Stroke and Alzheimer’s disease criteria [14]. Both
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family members of the patients and different participants were
recruited as controls in the study.

The study was approved by the Ethics Committee of
Istanbul Faculty of Medicine, Istanbul University. Written
and signed informed consent forms were obtained from the
patients or the legally authorized representatives.

Genotyping

Genomic DNA from peripheral blood samples was isolated
using the QIAmp DNA Maxi KIT (Qiagen, Germany) accord-
ing to the kit protocol. Genotyping was performed by quantita-
tive real-time polymerase chain reaction (RT-qPCR) method
using hydrolysis probes in Real-Time PCR LightCycler 480
instrument (Roche Diagnostics, Germany). All the probes
(FAM and YAK dye labeled) and the primers were purchased
from the Integrated DNA Technologies (IDT, USA). A stand-
ard RT-qPCR reaction was performed using the LightCycler
480 Probes Master kit (Roche Diagnostics, Germany) in a
10 pl volume. The following RT-qPCR cycling conditions
were used: pre-denaturation at 95 °C for 10 min, followed by
45 cycles of denaturation at 95 °C for 10 s and annealing at
56 °C for 30 s and extension at 72 °C for 1 s. The end-point
analysis was performed for the discrimination of the alleles.

Statistical analysis

The genotype and allele distributions were compared using
the Pearson Chi square test. Hardy—Weinberg equilibrium
(HWE) was computed to the expected genotype distribu-
tion. The two-tailed t-test was used to compare continu-
ous variables while Chi square test was used to compare
categorical variables. Continuous variables are presented
as mean = standart deviation (SD) and dichotomous vari-
ables as percentage. Logistic regression models were used
to derive maximum likelihood estimates of odds ratios
(ORs) and related 95% confidence intervals (Cls), adjusted
for age, gender and APOE €4 carrier status (heterozygous,
homozygous, non-carrier) as confounders. The age-at-onset
in patients and age at examination in controls were used
as age variable as a covariate. All statistical analysis was
performed using SPSS version 21.0 software (IBM Corp.,
USA) and G*Power 3 (http://www.gpower.hhu.de/) software
was used to calculate statistical power. The statistical signifi-
cance level was considered as p <0.05. The exact p-values
with significance were calculated by R-program (v3.5.0).

Results

Comparative descriptive characteristics of AD and con-
trol groups are summarized in Table 1. As shown in the
table, age was found to be significantly higher in AD than
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in controls, and APOE €4 allele carriers were significantly
more frequent in the AD group. The mean serum total cho-
lesterol, high-density lipoprotein, low-density lipoprotein,
and triglyceride levels in AD patients and controls were
given in Supplementary Table 1.

The allele and genotype distributions of polymorphisms
among AD and control groups are shown in Table 2; the gen-
otyping success rate was over 95% for all polymorphisms.
For all polymorphisms, the distributions of genotypes were
in Hardy—Weinberg equilibrium.

The allele and genotype distributions of APOCI
1511568822 and CH25H rs13500 polymorphisms were sig-
nificantly different between AD and controls (p=1.23e—07,
p=1.95e—08 for APOCI rs11568822 and p=03.0le—11,
p=2.56e—13 for CH25H rs13500, respectively). The dis-
tribution of APOCI rs11568822 genotypes in the AD group
were 53%, 39.4% and 7.6% for the del/del, del/ins, ins/ins
genotypes, respectively. The APOCI minor ‘ins’ allele fre-
quency was 27.3% in AD patients while the frequency for
the controls was 14% and ‘ins’ allele carriers had a 2.31-
fold risk for developing AD. The distribution of CH25H
rs13500 genotypes in the AD group was 54%, 40.9% and
5.1% for the CC, CT and TT genotypes, respectively. The
CH25H minor T allele frequency for the AD patients was
25.6% while 10% for the controls and T allele carriers had a
3.10-fold risk for developing AD. No significant differences
between AD and control groups were found in the allele
and genotype distributions of APOAS5 rs662799, APOD
rs1568565, LDLR rs5930 and SORLI rs2282649 polymor-
phisms (Table 2). Considering the age difference between
AD patients and controls, we subset controls as age-matched
(mean age: 75.9yrs) and age-unmatched (mean age 54.02
years) subgroups. As we compared the genotype distribu-
tions between AD patients and these subgroups, we found

Table 1 Descriptive characteristics of AD patients and controls

AD patients (n=257) Controls (n=414) p-value

Gender, n (%)

Female 152 (59.1) 226 (54.6) 0.25
Male 105 (40.9) 188 (45.4)
Age, years  75.9+10.4 62.2+13.1 2.2e—16
AAO, years 64.3+10.5 -
APOE &4 status, n (%)
+ 104 (41.3) 59 (14.4) 2.57e—14
- 148 (58.7) 350 (85.6)

Bold values indicate the significant associations

Continuous variables are presented as mean+SD and dichotomous
variables as percentage. A t-test was used for comparison of means
and 2 test for percentages

AD Alzheimer’s disease, n number of individuals, AAO age at onset.
+ means carrying at least one copy of APOE &4 allele, — means with-
out carrying any copies of APOE &4 allele

that the significance level for each polymorphism did not
change.

Logistic regression analysis revealed that, as shown in
Table 3, after adjustment for age and gender (Model 1), the
APOCI ins/ins carriers had a 3.28-fold risk (p=0.002, OR
3.28,95% CI 1.54-6.96) and del/ins carriers had a 2.38-fold
risk (p=1.67e—06, OR 2.38, 95% CI 1.67-3.40) for devel-
oping AD in comparison with del/del genotype carriers.
In Model 2, which additionally comprised adjustment for
APOE €4 carrier status, no significant risk associated with
AD was found in the APOC]I genotype carriers. In Model
1, the CH25H TT genotype carriers had a 29.29-fold risk
(p=0.001, OR 29.29, 95% CI 3.79-226.6) and CT carri-
ers had a 2.95-fold risk (p=2.87¢—09, OR 2.95, 95% CI
2.07-4.22) for AD compared with CC genotype carriers.
In Model 2, carrying the CH25H TT (p=0.001, OR 31.66,
95% CI 4.03-248.8) or CT (p=1.73e—07, OR 2.72, 95%
CI 1.87-3.96) genotypes was significantly associated with
AD risk. Because of the low number of individuals with the
CH25H TT genotype, homozygotes and heterozygotes for
the T allele (TT + CT) were combined together as a group of
T allele carriers for logistic regression analysis. The CH25H
T allele carriers had a 3.28-fold risk (p=3.01e—119) in
Model 1 and 3.07-fold risk (p=2.20e—09) in Model 2 com-
pared to CC carriers (Table 3).

We also examined the accumulative effect of APOE
e4 allele with the CH25H T allele on AD risk (Table 4).
As given in Table 4, individuals carrying the CH25H ‘T’
allele per se, had a 2.74 fold risk for AD (OR 2.74, 95%
CI 1.79-4.18, p=3.26e—06) and individuals carrying the
APOE €4 per se, had a 3.19 fold risk for AD (OR 3.19,
95% CI 1.99-5.1, p=1.01e—06) compared to individuals
not carrying both CH25H T and APOE €4 alleles. How-
ever, this risk was excessively increased (OR 14.04, 95%
CI 6.99-28.23, p=9.78e—14) in individuals carrying both
CH25H “T” and APOE ¢4 alleles. Our sample size in this
study was sufficiently powerful (>80%) to detect differences
between groups in the logistic regression analysis.

Discussion

In this study, we have evaluated the effect of six polymor-
phisms in selected genes related to cholesterol metabolism
on AD risk. So far, no genetic association studies have been
conducted to investigate the role of these genes in a Turkish
population with AD.

CH25H is located within the chromosome region linked
with late-onset AD [4, 9]. Promoter polymorphisms in
CH25H are associated with an increased risk for AD [18].
Although association was not shown to be significant in two
of three studies dealing with rs13500 promoter polymor-
phism [27, 31], Papassotiropoulos et al. did find a significant
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Table 3 Association of ,APOC] Gene SNP Genotype  Model 1 Model 2
and CH25H polymorphisms
with AD by logistic regression OR (95% CI) p-value OR (95% CI) p-value
analysis
APOC1  rs11568822  del/del Reference Reference
del/ins 2.38 (1.67-3.40) 1.67e—06 1.14 (0.68-1.9) 0.613
ins/ins 3.28 (1.54-6.96) 0.002 0.52 (0.15-1.79) 0.302
CH25H rs13500 CcC Reference Reference
CT 2.95 (2.07-4.22) 2.87e—09 2.72 (1.87-3.96) 1.73e—-07
TT 29.29 (3.79-226.6) 0.001 31.66 (4.03-248.8)  0.001
CT+TT  3.28 (2.31-4.66) 3.01e—11 3.07 (2.13-4.44) 2.20e—09

Bold values indicate the significant associations

APOCI 1511568822 Model 1 comprised 637 subjects with 251 cases of AD and 386 controls, Model 2
comprised 630 subjects with 246 cases of AD and 384 controls. CH25H rs13500 Model 1 comprised 640
subjects with 252 cases of AD and 388 controls, Model 2 comprised 630 subjects with 246 cases of AD
and 384 controls. In Model 1 age and gender were used as covariates, In Model 2 age, gender and APOE ¢4

carrier status were used as covariates

Table4 Separate and accumulative AD risk for APOE &4 and
CH25H T alleles

APOE &4 CH25H rs13500 OR (95% CI) p-value
allele T allele

+ + 14.04 (6.99-28.23) 9.78e—14
+ - 3.19 (1.99-5.1) 1.01e—06
- + 2.74 (1.79-4.18) 3.26e—06

Reference

All analyses were adjusted for age and gender

+ means carrying at least one copy of risk alleles, — means without
carrying any copies of risk alleles

association of rs13500 ‘T’ allele with sporadic AD in 1282
AD patients and 1312 controls from five independent popu-
lations (French, Russian, USA, Swiss, Mediterranean) [18].
As each population was evaluated separately, this association
was maintained in four populations but not in the French.
Based on AlzGene meta-analysis performed with the data
of the same study, it was observed that allelic OR varies
among different populations and was highest in the Russian
population (OR 2.19, 95% CI 1.02-4.71) whilst lowest in
Mediterranean population (OR 1.77, 95% CI 1.03-3.04) [5].
In line with the findings of Papassotiropoulos et al., in our
study, ‘T allele of CH25H 1s13500 polymorphism was more
frequent in patients and showed a significant association
with AD. However, the T allele frequency (25.6%) for AD
patients found in our study was pretty higher than the highest
frequency (16%) [31] reported in all previous studies [18,
27]. The high T allele frequency found in our study can be
thought to be due to the difference exist in allele frequencies
between populations. However, the T allele frequency we
determined for the control group was compatible with other
populations [1]. Consistently, we found that the CT genotype
carriers had an increased risk for AD, and in TT genotype

carriers this risk was excessively increased. Furthermore,
while the presence of T allele per se had nearly threefold
increased the risk of AD (OR 3.19, 95% CI 1.99-5.1),
together with APOE €4 allele it increased the AD risk up
to 14-fold (OR 14.04, 95% CI 6.99-28.23). On this basis,
our results revealed that CH25H T allele is a risk factor for
AD independently from age, gender and presence of APOE
€4 allele, and even a stronger risk factor in the presence
of APOE €4 allele. Since CH25H rs13500 polymorphism
exhibits a large effect size in our study population, further
investigations in the large discovery and replication samples
are necessary to confirm this increased AD risk.

A large number of studies have investigated the asso-
ciation between the APOCI rs11568822 insertion/deletion
polymorphism and the risk of AD [10, 20, 22, 30, 37]. How-
ever, the results of these studies were inconsistent, partially
due to the relatively small sample size and variety of ethnic
groups. A meta-analysis performed by Zhou et al. found that
APOCI 1511568822 insertion allele was associated with an
increased AD risk in Caucasians, Caribbean Hispanics and
Asians, but not in African Americans [37]. In our study,
we found that the ‘ins/ins’ genotype was significantly more
frequent in AD group compared to controls and ‘ins/ins’
genotype carriers had an increased risk (OR 3.28, 95% CI
1.54-6.96) for AD. However, we failed to confirm this sig-
nificant association in when adjusted for APOE €4 carrier
status. Similar to our result, Zou et al. found no association
between AD risk and APOCI insertion allele in APOE &4
non-carriers. These findings could be explained by linkage
disequilibrium (LD) between APOCI and APOE locus due
to the close proximity of these genes at Chromosome 19
apolipoprotein gene cluster.

APOA5 15662799 polymorphism was found to be associ-
ated with fasting plasma lipids in a meta-analysis of 51,868
participants from different populations [36]. Our study was
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the second study that investigates the association between
this polymorphism and AD. Consistently with the findings
of Barbosa et al. [2], in a cohort of Brazilian AD patients, no
significant difference was found between genotype distribu-
tions among groups in our study.

The APOD gene is located adjacent to the region
linked to AD [24]. Helisalmi et al. [8] have reported that
the APOD rs1568565 polymorphism was associated with
an increased AD risk in early-onset AD patients from
Finnland (age <65 years), but not in the late-onset AD
(age> 65 years) or overall AD patients. However, this find-
ing might be a consequence of the unequal distribution of
genders in <65 and > 65 age groups and the relatively small
number of early-onset AD patients. In our study, we did not
find any significant association between APOD rs1568565
polymorphism and AD risk.

LDLR 155930 polymorphism on exon 10 has previously
been analysed in two different studies [7, 28]. Gopalraj et al.
studied this SNP in two different USA series and found con-
troversial results in terms of the association between AD
risk and LDLR rs5930 polymorphism. They were unsure
about the cause of this discrepancy but speculated that this
might have arisen from the difference in ages of the AD
patients and/or the types of studies in two series. However,
Rodriguez et al. did not show any significant association of
this SNP in a cohort of Spanish individuals, consistent with
our finding that there is no significant association between
LDLR 155930 polymorphism and AD risk. Both in Rodri-
guez et al. and our study, the age of AD patients were similar
to those of Gopalraj et al.’s, in which no association was
found. Indeed, both Rodriguez et al.’s and our studies had
larger sample sizes than the series of Gopalraj et al.’s.

Association of SORLI rs2282649 polymorphism with
AD has been investigated in several studies [5, 12, 13, 26,
29]. The results of these studies, which were conducted in
a Caucasian population, were inconsistent, but AlzGene
meta-analysis did show a significant association between
minor T allele and AD risk (OR 1.08, 95% CI 1.01-1.15)
[5]. Although minor T allele frequency of SORLI rs2282649
polymorphism in our study (MAF=0.34) is similar to that in
other Caucasians populations (MAF=0.30), we did not find
any significant association in allelic and genotypic distribu-
tions among AD and controls.

This study reports an association of studied polymor-
phisms in cholesterol-related genes with the risk of AD in
the Turkish population for the first time. In addition, our
work includes an obviously larger sample size compared
to previous similar studies. However, there are also some
limitations while interpretation of our results: the small
number of individuals carrying the TT genotype of CH25H
rs13500 polymorphism leads to a wide confidence interval
for OR. This wide confidence interval for OR results from
the low minor ‘T’ allele frequency in our study as it is in

@ Springer

other populations. Although the age difference between AD
patients and controls seems to be a limitation, both logistic
regression analysis and comparison of patients with age-
matched and age-unmatched controls, revealed that the age
did not affect the significance of associations. Another stint
is the small number of genes studied and their polymor-
phisms, which means that the effect of other polymorphisms
in these genes and other genes associated with AD cannot be
ruled out. Since we did not use ancestry-informative mark-
ers to test the ethnic homogeneity of our population, the
possibility of a hidden population substructure should take
into consideration.
In conclusion, our results suggest that:

1. The CH25H rs13500 polymorphism is associated with
an increased AD risk in the Turkish population and
co-occurrence of CH25H ‘T’ and APOE €4 alleles is a
strong risk factor for AD. Based on our overall results,
it can be concluded that CH25H might have a role in the
pathogenesis of AD together with, and independently
from APOE.

2. Association between APOCI rs11568822 polymorphism
and AD risk can be explained by linkage disequilibrium
with the APOE locus.

3. APOAS5 15662799, APOD rs1568565, LDLR 1s5930 and
SORLI 152282649 polymorphisms may not be involved
as a risk factor for AD in the Turkish population.

However, further studies in larger cohorts and in various
populations are necessary to confirm the results reported
here, since genetic variations vary among the populations
of different ethnic and geographical origin.
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