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Objectives: Several large‑scale genome association studies have shown that 
variants in the “Clusterin”’ (CLU) gene are important risk factors for Alzheimer’s 
disease  (AD). It has also been shown that plasma CLU levels were elevated in 
patients with AD and associated with disease severity and progression. In this 
study, we aimed to investigate whether the CLU rs11136000 polymorphism 
was associated with AD in our cohort of Turkish patients. We also evaluated 
the association of serum CLU levels and rs11136000 genotypes between 
patients and controls. Materials and Methods: Genotyping was performed in 
327  patients who were diagnosed as having AD  (mean age: 67.2  ±  10.8  years) 
and 344 controls  (mean age: 57.7  ±  13.1  years). The rs11136000 genotypes were 
determined using quantitative real‑time polymerase chain reaction with hydrolysis 
probes. Serum CLU levels were assessed in 25  patients with AD and 10 controls 
using enzyme‑linked immunosorbent assay. Results: Our results showed no 
significant difference in genotype and allele frequencies of CLU rs11136000 
polymorphisms between patients with AD and controls. Serum CLU levels in 
patients with AD did not differ from those of the controls. Furthermore, serum 
CLU levels showed no major difference between carriers of CC and TT  +  CT 
genotypes in the controls and patients with AD. Conclusion: Our results suggest 
that the CLU rs11136000 polymorphism is not associated with AD in our Turkish 
patients, and rs11136000 genotypes may not have an effect on serum CLU levels.
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CLU is a lipoprotein and multifunctional chaperone 
protein expressed in almost all mammalian tissues 
most abundantly in the brain.[2] CLU specifically binds 
soluble amyloid β  (Aβ) in cerebrospinal fluid  (CSF) 
and is involved in the transport of Aβ across the blood–
brain barrier.[3‑5] It is also involved in the aggregation, 
deposition, and toxicity of Aβ.[6] Studies have shown that 
CLU protein levels in CSF and plasma were increased 
in patients with AD,[7‑10] and plasma CLU levels were 
associated with disease severity and rapid cognitive 
decline.[11]

Original Article

Introduction

Alzheimer’s disease  (AD) is an irreversible and 
progressive neurodegenerative disease characterized 

by decreased daily living activities and impaired 
cognitive abilities. Various factors have been identified in 
the pathogenesis of the disease including genetic factors. 
Numerous large‑scale genome‑wide association studies 
have identified several susceptibility genes associated 
with AD.[1] Since the discovery of the cholesterol‑related 
gene “Apolipoprotein E” (APOE) epsilon 4 (ε4) allele, as 
the major risk variant for AD, it has been assumed that 
other genes involved in the metabolism of cholesterol 
may also be risk factors for the AD. Among these genes, 
“Clusterin”  (CLU), also known as “Apolipoprotein J,” 
has been strongly associated with an increased risk of 
AD.
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In this study, our aim was to investigate the association 
between AD and the intronic CLU rs11136000 
(NC_000008.11:g.27607002T>C)polymorphism, 
which has been previously shown to have a significant 
association with AD, in a cohort of Turkish patients. To 
evaluate the effects of this polymorphism on peripheral 
CLU levels, we compared the serum CLU levels among 
rs11136000 genotype carriers.

Materials and Methods
Patients and controls
The study population comprised 327  patients who were 
diagnosed as having AD and 344 controls with no 
history of any major neurologic, psychiatric, or systemic 
disease. All participants underwent detailed clinical and 
neuropsychological examinations, neuroimaging in most 
cases. The diagnosis of AD was based on the National 
Institute of Neurological and Communicative Disorders 
and Stroke and Alzheimer’s disease.[12] The Mini‑Mental 
State Examination test  (MMSE) and Geriatric 
Depression Scale  (GDS) were used to evaluate the 
global cognitive status and the presence of depressive 
symptoms in participants.

The study was approved by the Ethics Committee of 
the university  (Date: October, 17, 2016, No: 1209). 
A  neurologist took the necessary clinical information 
after obtaining informed consent from the patients or 
their legally authorized representatives.

Genotyping
Genomic DNA was extracted from peripheral blood 
leukocytes according to the standard procedures. 
Genotyping of CLU and APOE was performed 
using real‑time polymerase chain reaction with 
labeled hydrolysis probes. Ten milliliters of reaction 
mixture consisted of 50  ng genomic DNA, 10 µM 
of each primer, 1 µM of each probe, and 5 µL 
of  ×2 LC480 Probes Master. Amplification was 
performed using a LightCycler 480 real‑time PCR 
instrument  (Roche Diagnostics, Germany). Cycling 
conditions were 2  min at 50°C; 10  min at 95°C; 
45  cycles of 95°C for 10 s; 56°C for 30 s; and 72°C 
for 1 s. The endpoint analysis was assessed using the 
LightCycler 480 genotyping software.

Measurement of serum clusterin levels
Serum samples were collected for the measurement 
of CLU levels. Only 35 individuals were available for 
serum sampling; therefore, CLU levels were measured 
in this randomly selected group. Peripheral blood 
samples were collected, centrifuged at 1400  g for 
10 min, and serum samples were stored at −80°C. CLU 
levels in serum samples were determined using a Human 

CLU ELISA kit  (BioVendor, Heidelberg, Germany) in 
duplicate according to the manufacturer’s protocol.

Statistical analysis
Genotype and allelic distributions were compared 
using Pearson’s Chi‑square test. The Hardy–Weinberg 
equilibrium  (HWE) was computed to the expected 
genotype distribution. The independent t‑test was 
used to compare continuous variables and expressed 
as means and standard deviation, whereas categorical 
variables were compared using the Chi‑square test. 
Maximum likelihood estimates of odds ratios  (OR) 
and associated 95% confidence intervals  (CIs) were 
calculated for dominant, recessive, and overdominant 
comparison models through logistic regression 
analysis adjusted for age, sex, and APOE ε4 carrier 
status  (carrier and noncarrier) as covariates. The 
association between rs11136000 genotypes and lipid 
parameters was determined through univariate analysis 
of variance using age, sex, and APOE ε4 carrier status 
as covariates. Correlations between serum CLU levels 
and demographic and biochemical characteristics were 
tested using Spearman’s rho. All statistical analyses were 
performed using the Statistical Package for the Social 
Sciences version  21.0 software  (IBM Corp, Armok, 
NY, USA). The results were considered statistically 
significant with P < 0.05.

Results
Demographic and biochemical characteristics of 
the study group
The clinical data and lipid parameters of all patients 
and controls are summarized in Table  1. As shown in 
the Table 1, APOE ε4 allele carriers were significantly 
more frequent (P < 0.001) in the AD group. In addition, 
the total MMSE score was found to be significantly 
decreased, as expected in patients with AD. Furthermore, 
the GDS scores of the patient group were significantly 
increased.

There was also a statistically significant 
difference  (P  <  0.001) in terms of age between the 
AD  (mean age: 67.2  ±  10.8  years) and controls  (mean 
age: 57.7  ±  13.1  years). Lipid parameters showed no 
statistically significant difference between the two 
groups.

Allele and genotype frequencies of the Clusterin 
rs11136000 polymorphism
For allele and genotype analyses, patients with AD 
were divided into two groups according to age of 
onset: late‑onset AD  (LOAD; age of onset  ≥65  years, 
mean age: 76.5  ±  4.9  years, n  =  154) and early‑onset 
AD  (EOAD; age of onset  <65  years, mean age: 
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58.9  ±  7.5  years, n  =  173). The AD groups were 
compared with their age matched controls. The 
demographic and clinical characteristics of these groups 
are given in Supplementary Table S1. The allele and 
genotype frequencies were compared between LOAD, 
EOAD, and all patients with AD versus controls 
age  ≥70  years, controls age  <70  years, and all controls, 

respectively. The distribution of genotypes was in HWE 
in all groups. The allele and genotype distributions 
of CLU rs11136000 polymorphisms in patients and 
controls within each study group are shown in Table  2. 
There was no statistically significant difference in allele 
and genotype frequencies in any of the groups. We also 
tested the association of CLU rs11136000 genotypes 

Table 1: Descriptive characteristics and lipid parameters of patients and controls
Patients (n=327) Controls (n=344) P

Age at recruitment, years 67.2±10.8 57.7±13.1 <0.001
Age of onset, years 63±10.6
Sex, n (%)

Male 132 (40.4) 158 (45.9) 0.146
Female 195 (59.6) 186 (54.1)

MMSE score 18.1±7.7 (n=240) 29.06±1.3 (n=50) <0.001
GDS 10.9±6.4 (n=97) 6.9±5.3 (n=26) 0.004
APOE ε4 status, n (%)

ε4 carrier 125 (38.7) 47 (13.8) <0.001
ε4 noncarrier 198 (61.3) 293 (86.2)

Triglyceride (mg/dL) 150.6±73.3 (n=195) 139.8±65.7 (n=55) 0.325
Total cholesterol (mg/dL) 210.9±48.6 (n=199) 207.7±47 (n=55) 0.666
LDL (mg/dL) 131.6±42.2 (n=159) 134.1±41.6 (n=49) 0.723
HDL (mg/dL) 53.9±15.9 (n=198) 51.3±16.9 (n=54) 0.292
VLDL (mg/dL) 27.04±11.1 (n=149) 25.7±9.0 (n=37) 0.481
Continuous variables are presented as mean±SD and dichotomous variables as percentage. A t‑test was used for comparison of means 
and Chi‑square test for percentages. GDS: Geriatric depression scale, MMSE: Mini‑Mental State Examination, n: Number of individuals, 
HDL: High‑density lipoprotein, LDL: Low‑density lipoprotein, VLDL: Very LDL, APOE: Apolipoprotein E

Table 2: Genotype and allele frequencies of CLU rs11136000 polymorphism in patients with Alzheimer’s disease and 
controls in different groups

Group CLU 
rs11136000

Patients (%) Controls (%) P Genetic models P† OR (95%CI)

All subjects Genotype
CC 141 (43.5) 156 (45.7) 0.831* Dominant 0.65 1.08 (0.768‑1.527)
CT 142 (43.8) 142 (41.6) Recessive 0.797 1.069 (0.643‑1.779)
TT 41 (12.7) 43 (12.6) Over‑dominant 0.783 1.05 (0.744‑1.482)

Allele
C 424 (65.4) 454 (66.6) 0.66 1.05 (0.83‑1.32)
T 224 (34.6) 228 (33.4)

≥65 years Genotype
CC 68 (44.4) 30 (40) 0.787* Dominant 0.492 1.23 (0.677‑2.247)
CT 66 (43.1) 34 (45.3) Recessive 0.699 1.18 (0.505‑2.770)
TT 19 (12.4) 11 (14.7) Overdominant 0.678 1.33 (0.628‑2.043)

Allele
C 202 (66) 94 (62.7) 0.703 1.15 (0.77‑1.73)
T 104 (34) 56 (37.3)

<65 years Genotype
CC 73 (42.7) 126 (47.4) 0.630* Dominant 0.463 1.174 (0.765‑1.800)
CT 76 (44.4) 108 (40.6) Recessive 0.595 1.189 (0.628‑2.248)
TT 22 (12.9) 32 (12) Overdominant 0.706 1.086 (0.707‑1.669)

Allele
C 222 (64.9) 360 (67.7) 0.399 0.88 (0.663‑1.177)
T 120 (35.1) 172 (32.3)

Dominant: (TT and CT vs. CC), recessive: (TT vs. CC and CT), overdominant: (CT vs.CC and TT), *P value was calculated using the 
Chi‑square test for genotype distributions, †P value with adjustment of age, sex, and APOE ε4 status. OR: Odds ratio, CI: Confidence 
interval, APOE: Apolipoprotein E
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using dominant, recessive, and overdominant models, 
which were adjusted for age, sex, and APOE ε4 carrier 
status  [Table  2]. However, no significant AD risk was 
observed for CLU rs11136000 genotypes in different 
genetic models.

Association of Clusterin rs11136000 polymorphism 
with lipid parameters
Table  3 shows the estimated marginal mean values of 
the lipid parameters according to rs11136000 genotypes 
among the patients and controls adjusted for age, sex, 
and APOE ε4 carrier status. There were no statistically 
significant associations between the CLU rs11136000 
genotypes and lipid parameters.

Serum Clusterin levels
Serum CLU levels were available for 25 patients with 
AD and 10 controls. The demographic and clinical 
characteristics of these patients and controls are given 
in Supplementary Table S2. As shown in Figure 1, the 
mean serum CLU level in patients with AD was 59.4 μg/
mL (range: 43.2–85.5), which was similar to that of the 
controls (mean: 61.9 µg/mL, range: 46.1–84.2 µg/mL). 

To assess whether serum CLU levels were influenced by 
CLU rs11136000 genotypes, we examined CLU levels in 
the carriers of CC versus TT + CT genotypes in controls 
and patients with AD  [Figure  2a and b]. In patients 
with AD, the CC carriers (mean: 57.5  µg/mL, range: 
47.2–67.5  µg/mL n=10) tended to have lower serum 
CLU levels compared with TT  +  CT carriers 
(mean: 60.7  µg/mL, range: 43.2–85.5 µg/mL n=15). 
Likewise, in the control group, serum CLU levels 
of CC carriers  (mean: 57.1  µg/mL, range: 49.3–
65.7  µg/mL, n  =  4) were lower than the levels 
for TT  +  CT carriers  (mean: 65.1  µg/mL, range: 
46.1–84.2  µg/mL, n  =  6) carriers. Furthermore, the 
presence of the APOE ε4 alleles had no effect on 
serum CLU levels. The correlation analysis showed 
that there was no significant correlation between serum 
CLU levels and age, age at onset, MMSE, GDS, and 
lipid parameters.

Discussion
In the first step of our study, we investigated whether 
the CLU rs11136000 polymorphism was associated with 
the presence of AD in our cohort of Turkish patients 
with AD. In addition, we examined the distribution of 
rs11136000 genotypes in LOAD and EOAD groups and 
their age‑matched controls.

Two different large‑scale genome‑wide association 
studies have shown that the CLU rs11136000 intronic 
polymorphism is significantly associated with LOAD in 
Caucasian populations.[13,14] Both studies suggested that 
the T allele of rs11136000 had a protective role, and 
carriers of this allele had a reduced risk of AD (OR <1), 
whereas the C allele, which is carried by  ∼88% of 
Caucasians,[13,14] was considered the risk allele and 
conferred a 1.16‑fold increased risk for developing AD.[15] 
Thereafter, several studies investigating the association 
between the CLU rs11136000 polymorphism and AD 
were conducted in numerous populations, including 
Caucasian, Asian, African, and Hispanic.[1] However, the 
results of these studies were inconsistent, indicating that 

Table 3: Estimated marginal mean values±standard deviation of lipid parameters according to CLU rs11136000 
genotypes

Patients Controls
CC CT+TT P CC CT + TT P

HDL 56.18±1.7 (n=81) 52.1±1.4 (n=113) 0.070 51.99±3.5 (n=22) 50.55±3.04 (n=29) 0.759
Triglyceride 153.31±8.4 (n=78) 149.6±6.9 (n=113) 0.735 143.07±13.9 (n=22) 141.40±11.9 (n=30) 0.929
VLDL 26.87±1.4 (n=60) 27.08±1.2 (n=87) 0.909 23.46±2.4 (n=14) 27.73±1.99 (n=20) 0.189
Cholesterol 215.65±5.2 (n=81) 207.89±4.4 (n=114) 0.259 194.31±9.8 (n=22) 213.95±8.37 (n=30) 0.140
LDL 134.01±5.0 (n=64) 130.52±4.2 (n=92) 0.594 121.96±9.7 (n=19) 138.84±8.07 (n=27) 0.199
P values were obtained by univariate analysis of variance for comparisons among CLU rs11136000 genotypes. Data are shown 
as mean±SE. Values were adjusted for age, gender, and APOE ε4 status. SE: Standard deviation, HDL: High‑density lipoprotein, 
LDL: Low‑density lipoprotein, VLDL: Very LDL, APOE: Apolipoprotein E

Figure 1: Serum clusterin levels in patients with Alzheimer’s disease 
and controls. The mean is indicated together with the standard 
deviation (Alzheimer’s disease, n = 23; Controls, n = 10)
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the risk associated with the rs11136000 polymorphism 
might vary among the populations of different ethnic 
and geographic origins. A  recent meta‑analysis of 
74,248  samples confirmed the association of the T 
allele with reduced AD risk in Caucasians but not in a 
Chinese population  (OR = 0.864, 95% CI: 0.842–0.888; 
P  <  0.001).[16] The T allele frequency varies between 
0.33 and 0.43 in Caucasian populations. Consistent with 
these findings, in our study, the T allele frequency was 
found as 0.34 in the overall study group. Although the T 
allele frequency in our study was similar to that in other 
studies, we found no statistically significant difference in 
allelic and genotypic distributions between the groups. 
Our results were consistent with the two previous 
studies performed in Turkish patients with AD, which 
also found no significant associations.[17,18] However, 
it should not be ruled out because these studies were 
conducted in small‑scale study groups, and therefore, 
further studies in larger cohorts are necessary to confirm 
the results reported in the Turkish cohort.

In addition, in our study, the relationship between the 
CLU rs11136000 polymorphism and different lipid 
parameters was also investigated, but no significant 
association was found. Apart from our study, only one 
other research group has investigated the association 
between rs11136000 genotypes and lipid parameters.[19] 
Aghajanpour‑Mir et  al. showed that the CC genotype 
of the rs11136000 polymorphism was associated with 
decreased high‑density lipoprotein  (HDL) cholesterol 
levels in Iranian patients with mild cognitive 
impairment (MCI) compared with controls and proposed 
that low HDL levels in CC carriers could increase 
the risk of developing MCI through altering glucose 
metabolism.[19] It has been known that higher levels of 
HDL are associated with decreased AD risk[20] and low 
levels are associated with increased risk.[21,22] However, 
we found unexpectedly high HDL levels in patients 
with AD with the CC risk genotype. The association 
between HDL levels and rs11136000 genotypes needs to 

be confirmed by further replicative studies because this 
finding was statistically nonsignificant.

Another goal of this study was to investigate the 
relationship between serum CLU levels and the presence 
of AD. High plasma CLU levels in patients with AD 
were reported to be associated with brain atrophy, 
disease severity, and rapid clinical progression.[11] 
Subsequently, several studies have shown elevated levels 
of plasma CLU both in patients with MCI[10,23‑25] and 
AD.[8‑10] These results suggest to the authors that high 
levels of plasma CLU in patients with AD and MCI may 
reflect a protective response to the neurodegenerative 
process.[8,10,26] By contrast, Schürmann et  al.,[27] 
Silajdžić et  al.[28] and Jongbloed et  al.[24] found that 
plasma CLU levels were not significantly changed in 
patients with AD. Moreover, Ijsselstijn et  al.[29] showed 
no statistically significant difference in serum CLU 
levels between presymptomatic patients with AD and 
controls, suggesting that serum CLU was not an early, 
presymptomatic biomarker for AD. Consistently, in our 
study, serum CLU levels of patients with AD were not 
different from those of controls. Due to the discrepancies 
between studies concerning plasma or serum CLU levels, 
additional studies measuring CLU levels in serum/
plasma together with CSF will be needed to elucidate 
the exact role of CLU in the pathogenesis of AD.

Our study also investigated whether serum CLU levels 
were influenced by the rs11136000 genotypes. We 
observed no major effect of the rs11136000 genotypes 
on serum CLU levels either in patients with AD or 
in controls. In agreement with our data, Thambisetty 
et  al.[11] showed that rs11136000 genotypes did not 
influence plasma CLU levels in patients with AD and 
controls. Furthermore, Cai et  al.[25] found no significant 
association of rs11136000 genotypes with plasma CLU 
levels in patients with MCI. However, there are also 
some studies that showed significant associations. In the 
study by Schürmann et  al.,[27] lower levels of plasma 

Figure 2: Serum clusterin levels based on Clusterin rs11136000 genotypes. (a) Alzheimer’s disease (CC n = 10, TT + CT n = 15). (b) Controls (CC 
n = 4, TT + CT n = 6). The mean is indicated together with the standard deviation
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CLU level were observed in the CC carriers among 
healthy controls, whereas no statistically significant 
difference was found in patients with AD. On the 
contrary, Mullan et  al.[10] showed that plasma CLU 
levels were lower in TT genotype carriers in the control 
group. The conflicting results from different studies 
may be due to the fact that association between CLU 
expression and AD is independent of genetic variation 
in the CLU gene[11] or rs11136000 may not be the 
polymorphism that actually causes expression changes 
in the CLU protein.[9,25] However, we cannot exclude the 
effect of other CLU polymorphisms on CLU expression 
because this study only deals with the rs11136000 
polymorphism. Different studies with a larger sample 
sizes should be performed to clarify the potential effects 
of the rs11136000 polymorphism on CLU expression 
levels.

Conclusion
Our results suggest that the CLU rs11136000 
polymorphism may not be associated with AD risk 
in our cohort of Turkish patients, and rs11136000 
genotypes may not have an effect on serum CLU levels. 
However, the relatively small sample size is a limitation 
of our study, which means that the results of this study 
should be interpreted carefully.
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Supplementary Table S2: Demographic and clinical 
characteristics of patients and controls for which serum 

samples were available
Patients (n=25) Controls 

(n=10)
P

Age at recruitment, years 65.2±12.1 67.8±11.7 0.573
Age of onset, years 60±11.4
Gender, n (%) 0.215

Male 7 (28) 5 (50)
Female 18 (72) 5 (50)

MMSE score 15.5±5.9 (n=20) 27.8±1.8 (n=6) <0.001
APOE ε4 status, n (%) 0.018

ε4 carrier 10 (40) 0 (0)
ε4 noncarrier 15 (60) 10 (100)

Continuous variables are presented as mean±SD and dichotomous 
variables as percentage. A t‑test was used for comparison of means 
and Chi‑square test for percentages. MMSE: Mini‑Mental State 
Examination, n: Number of individuals, APOE: Apolipoprotein E, 
SD: Standard deviation

Supplementary Table S1: Demographic and clinical characteristics of <65 years and ≥65 years groups
<65 years ≥65 years

EOAD (AAO 
<65 years) (n=173)

Controls (age 
<70 years) (n=268)

P LOAD (AAO 
≥65 years) (n=154)

Controls (age 
≥70 years) (n=76)

P

Age, years 58.9±7.5 52.7±10 <0.001 76.5±4.9 75.4±4.6 0.095
Age of onset, years 54.7±7 72.1±4.9
Gender, n (%)

Male 62 (35.8) 125 (46.6) 0.03 70 (45.5) 33 (43.4) 0.771
Female 111 (64.2) 143 (53.4) 84 (54.5) 43 (56.6)

MMSE 16.78±8.4 (n=109) 29.3±1.1 (n=32) <0.001 19.3±6.9 (n=131) 28.6±1.5 (n=18) <0.001
GDR 10.7±6.2 (n=46) 6.7±5.6 (n=17) 0.022 11.2±6.7 (n=51) 7.4±5.1 (n=9) 0.120
APOE ε4 status, n (%) <0.001 <0.001

ε4 carrier 65 (37.8) 37 (14) 60 (39.7) 10 (13.3)
ε4 noncarrier 107 (62.2) 228 (86) 91 (60.3) 65 (86.7)

GDS: Geriatric depression scale, MMSE: Mini‑Mental State Examination, APOE: Apolipoprotein E, EOAD: Early‑onset AD, LOAD: 
Late‑onset AD, AAO: Age at onset
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