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ABSTRACT
AIM: Alzheimer’s disease (AD) is a progressive and fatal neurodegenerative disorder resulting in
degeneration of certain neuronal structures in certain brain regions and severe neuronal loss, characterized
by a pathological accumulation of senile amyloid plaques (SP) and neurofibrillary tangles (NFT) within the
brain . Alzheimer’s disease has been associated with Type 2 diabetes mellitus (T2DM) in recent years.
We designed our study on the relationship between AD and T2DM. Genome screening studies in different
populations had linked the chromosome 12q24 region to type 2 diabetes. Within this region, there is the
PSMD9 gene encoding a transcriptional coactivator of insulin production.
METHOD: The effect of PSMD9 gene E197G (rs14259) polymorphism on AD was investigated in29
Alzheimer’s patients and 25 healthy controls, who were included in the study.
RESULTS: In our study, it was determined that the variant of PSMD9 gene E197G (rs14259) did not cause
genetic risk factor for Alzheimer’s disease in Turkish population.
CONCLUSIONS: Our study was the first to investigate the relationship between PSMD9 gene and
Alzheimer’s disease. A larger sample group is needed to investigate the contribution of the PSMD9 gene to
Alzheimer’s disease in further studies (Tab. 5, Ref. 8). Text in PDF www.elis.sk.
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Introduction
Alzheimer’s disease (AD) is a multifactorial neurodegenerative
disease including many genetic and environmental factors (Chang
et al, 2016, Li et al, 2008). The brain of the patients with AD is
essentially characterized by neuronal and synaptic loss, extracellular plaques composed of amyloid-β peptides, and intraneuronal
neurofibrillary tangles consisting of hyperphosphorylated tau proteins (Saraswati et al, 2018,
Yang et al, 2015). However, damaged and toxic misfolded
proteins are associated with many neurodegenerative diseases
(de Nazareth, 2017).
Proteasome modulator 9 (PSMD9) is a part of the 26S proteasome complex degrading intracellular proteins in the immune
response and antigen presentation by MHC class I cells. It was
demonstrated that PSMD9 inhibited tumor necrosis factor α (TNF-

α)-mediated NF-kB activation via inhibition of nuclear factor kBα
(IkBα) proteasome degradation (Hao et al, 2015). TNF-α is one
determinant of AD and T2DM onset and progression (Tsutsui and
Hays, 2018). In addition, the proteasome-mediated proteolysis
plays a recognized role in neuronal development, synaptic plasticity, and protein quality control (Hao et al, 2015). Thus, PSMD9
variants might play a role in neuroinflammation and many neurodegenerative diseases. Recent studies imply that PSMD9 variants
may attend pathogenesis of neuro-psychiatric disorders. However,
effects of PSMD9 variants on neurotoxic aggregated protein forms
in neurodegenerative diseases are unknown.
In order to assess the involvement of PSMD9 gene rs14259
polymorphism in the risk of AD in Turkey, we evaluated the genotype and allele distributions of PSMD9 rs14259 polymorphism in
AD patients and the controls.
Methods
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Participants
Twenty-nine patients with Alzheimer’s disease, who were
diagnosed as Alzheimer’s disease according to NINCDS-ADRDA
criteria applied to the Umraniye Education and Research Hospital,
Department of Neurology, Istanbul. Twenty-five control participants, who were admitted to the same hospital without any neurological, oncological and rheumatologic diseases were included in
this study. The study methods conformed to the ethical guidelines
of the Declaration of Helsinki and were approved by the Umra-
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niye Education and Research Hospital Ethics Committee and all
the patients and the controls gave a written informed consent to
participate in the study.
Genotyping
Blood samples from 58 participants (29 patients, 25 controls)
were collected in tubes with EDTA. DNA was isolated from peripheral blood samples by using UltraClean BloodSpin DNA Isolation Kit. The genotyping of PSMD9 gene rs14259 polymorphism
were performed by using TIB MolBiol LightCycler® FastStart
DNA Master HybProbe PCR kit, according to the manufacturer’s
instructions.
Statistical evaluation
IBM Statistical Product and Service Solutions (SPSS) Statistic
23 program was used for a statistical analysis of the results. The
relationship between genotype and allele distribution of PSMD9
rs14259 polymorphism was obtained using a chi-square (X2) analysis. Compliance of patient and the control groups to the HardyWeinberg Balance (HWE) test Michael H. Court’s (2005‒2008)
Excel-based HWE online calculator was used. Mann‒Whitney
test was used to compare the ages of the patients and the controls
because it did not show normal distribution. In AD patients and
the controls, the dominant model was formed by logistic regression analysis. Homozygous wild genotype and heterozygous and
homozygous variant individuals were included in the same group
and the effect of rs14259 polymorphism according to the dominant model in AD susceptibility was evaluated. All p values < 0.05
were considered significant.
Results
29 Alzheimer patients (75.28) and 25 controls (69.76) were
included in our study. The normality of the age distributions was

Tab. 1. The Mean age of AD patients and controls group.

Age

AD patients
n=29
Rank average
SD
31.21
90.00

Controls
n = 25
Rank average
SD
23.20
580.00

p*
0.063

*Mann-Whitney test

Tab. 2 Distribution of AD patients and controls group by sex.

Age Female
Age Male
Total

AD patients
Count
%
13
44.8
16
55.2
29
100.0

Controls
Count
%
13
52
12
48
25
100.0

p
0.800

* chi-square (X2) test

Tab. 3. The Hardy-Weinberg Equilibrium Test (HWE) value of the
controls and AD patients group.
AD patientrs
Controls
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Hardy-Weinberg X2
2.935
0.056

p
0.086
0.811

Tab. 4. Distribution of the PSMD9 genotypes and alleles in AD patients and controls group.

AA
Genotypes AG
GG
A
Alleles
G

AD patients
n=29
Count
%
15
51.7
14
48.3
0
0.0

Controls
n=25
Count
%
12
48
11
44
2
8

X2

p*

2.046 0.459

*p value was obtained as a result of chi-square (X2) test.

Tab. 5. Logistic regression analysis of PSMD 9 polymorphism in AD
patients and controls.
Models
Dominant
Additive

p*
0.785
0.451

OR**
0.862
0.694

% 95 CI
0.295–2.513
0.269–1.794

*Logistic regression **Odds Ratio

examined in the patient and the control groups and non-parametric Mann-Whitney test was used, since it did not show normal
distribution. According to the test results, p value was calculated
as 0.063 and there was no statistically significant difference between the patient and the control groups regarding the age. The
mean values and standard deviations of patients and the controls
are given in Table 1.
In the patient group, there were13 women and 16 men; the
control group consisted of 13 female and 12 male individuals.
Chi-square (X2) test was used to assess whether there was a statistical difference between the patient and the control groups. The
p value was found to be 0.800 for gender distribution between the
two groups. The results were shown in Table 2.
The suitability and adequacy of controls and AD patients were
tested by the Hardy‒Weinberg Balance Test (HWE) after determining the genotype and allele distribution of the patients and controls.
Compliance of patient and the control groups to Hardy-Weinberg
Balance (HWE) test was obtained by using Michael H. Court’s
(2005‒2008) Excel-based HWE online calculator. According to
the calculated results, it is in accordance with Hardy-Weinberg
equation in both groups. The p values of the patient and control
groups are shown in Table 3.
Genotype distributions of rs14259 A / G polymorphism of
PSMD9 gene for AD patients and controls were compared using
chi-square (X2) test. When the genotype frequencies were compared statistically using AA, AG, GG chi-square test, there was
not any statistically significant difference between the patient and
the control groups. In AD patients, 15 individuals had AA and 14
individuals had AG genotype, whereas there was no GG genotype.
In the control group, 12 individuals had AA genotype, 11 individuals had AG genotype and 2 individuals had GG genotype. Genotype frequency distributions of the groups were shown in Table 4.
Allele distribution between AD patients and the controls was
examined by chi-square (X2) test. While A is the major allele, G is
the minor allele thought to have an effect on the allele. However,
there was no significant difference in A and G allele frequencies
for two groups (Tab. 4).

Ozer Y et al. Proteasome modulator 9 (PSMD9) gene rs14259 polymorphism in Alzheimer’s disease
xx

Risk assessment of rs14259 polymorphism in Alzheimer’s disease susceptibility was examined by logistic regression analysis
according to dominant model and additive model. In AD patients,
since there was no variant homozygous GG genotype, a recessive
genetic model analysis could not be performed. According to the
dominant model; individuals with variant homozygous genotype
and individuals with heterozygous genotype were included in the
same group and compared with individuals having homozygous
wild genotype. (GG + AG / AA) We aimed to investigate whether
AA genotype is a protective factor in Alzheimer’s disease with
the dominant model. However, a statistical significance was not
achieved (Tab. 5). In addition, the allele distribution of two groups
was examined according to the additive model. In this model, the
effect of G, which is thought to affect the disease, was investigated.
There was no statistically significant effect on the test result. The
p value, odds ratio values and confidence interval values of the
evaluation are given in Table 5.

were no significant results associated with PSMD9 gene rs14259
polymorphism, investigation of the association between genetic
variants of 26s subunits and Alzheimer’s disease can contribute
to understand the underlying mechanism of neurotoxic aggregate
formation.
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