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A B S T R A C T

There is considerable evidence that oxidative DNA damage is increased, DNA repair capacity is decreased in
patients with Alzheimer’s disease. Base excision repair is the major pathway in removal of oxidative DNA da-
mage. 8-oxo-deoxyguanosine DNA glycosylase 1 (OGG1) is the enzyme which is involved in the first step of this
repair process. Alterations in DNA repair capacity may be related with polymorphisms in DNA repair genes. In
order to investigate the effect of OGG1 Ser326Cys polymorphism on oxidative DNA damage level, OGG1 gen-
otyping was performed, basal and oxidative DNA damage in lymphocytes and 8-OHdG level in plasma were
examined in patients with Alzheimer’s disease. Basal and oxidative DNA damage and 8-OHdG level were
measured by OGG1-modified comet assay and enzyme-linked immunoassay, respectively. OGG1 genotyping was
performed by polymerase chain reaction- restriction fragment length polymorphism assay. Basal and oxidative
DNA damage and plasma 8-OHdG levels were found to be higher in the Alzheimer’s disease group than those in
the control group (P < 0.001). In the Alzheimer’s disease group, the levels of oxidative DNA damage was higher
in the patients having OGG1 (Ser326Cys+Cys326Cys) genotype than those in the patients having OGG1
Ser326Ser genotype. It was concluded that oxidative DNA damage is increased in patients with Alzheimer’s
disease and OGG1 Ser326Cys polymorphism may be responsible for this increase.

1. Introduction

Alzheimer’s disease (AD) is the most common form of dementia. It is
characterized by memory loss, cognitive impairment and functional
decline. Acetyl Cholinesterase inhibitors and N-methyl-D-aspartate an-
tagonists are used to manage symptoms but the disease is currently
untreatable. With the increase in life expectancy, AD is contributing to a
serious increase in health expenditures. There is a great need for ef-
fective, novel therapeutic agents for treatment of AD. Therefore, the
mechanisms underlying pathogenesis of the AD should be well under-
stood.

Oxidative stress is a contributory factor for onset and progression of
AD [1,2]. Oxidative stress is a state in which production of reactive
oxygen species (ROS) overwhelms their elimination by antioxidant
systems. Attacking them, ROS lead to oxidative damage on cellular

lipids, proteins and nucleic acids. There is a balance between oxidative
DNA damage and DNA repair under physiological conditions. When
DNA repair is defective or oxidative DNA damage exceeds the repair
capacity, damage becomes permanent and leads to impairement in
cellular metabolism. Due to the its high metabolic rate and oxygen
usage, brain is the organ where a large amount of ROS are produced.
Therefore brain needs a powerful DNA repair activity. Both nuclear and
mitochondrial oxidative DNA damage play an important role in the AD
pathogenesis [3,4]. There is an increasing evidence showing oxidative
DNA damage in both brain [2,5] and peripheral lymphocytes of AD
patients [3,6]. Upon these data, the research interest was shifted to-
wards the search of DNA repair activity in AD. Now, there is a con-
siderable evidence for dysregulated DNA repair in AD [7–11]. Altera-
tions in DNA repair capacity are closely related with single nucleotide
polymorphisms (SNP) in DNA repair genes. The most frequently formed
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oxidative DNA damage is 8-hydroxydeoxyguanosine (8-OHdG). 8-
OHdG adducts on DNA are repaired by base-excision repair (BER)
system. 8-oxo-deoxyguanosine DNA glycosylase 1 (OGG1) is the en-
zyme that is involved in the first step of this process. It was shown that
OGG1 Ser326Cys polymorphism is associated with the reduced DNA
repair activity and increased risk for some oxidative stress-related dis-
eases [12]. In the present study, the effect of DNA repair gene OGG1
Ser326Cys polymorphism on oxidative DNA damage and plasma 8-
OHdG level was investigated in patients with AD.

2. Materials and methods

2.1. Study population

Sixty seven patients with AD and fifty controls were involved in the
study. AD patients who are followed-up in Istanbul University,
Cerrahpasa Medical Faculty, Department of Neurology and Department
of Internal Medicine/Geriatrics were enrolled into the study. The study
was approved by the Cerrahpasa Medical Faculty Ethical Committee in
accordance with the Declaration of Helsinki principles and informed
consent was obtained from the patients or their relatives. Dementia was
diagnosed according to DSM-IV (Diagnostic and Statistical Manual of
Mental Disorders 4th edition) and AD was diagnosed according to
NINCDS-ADRDA (National Institute of Neurological and
Communicative Disorders and Stroke and The Alzheimer’s disease
Related disorders Association) criteria [13,14]. All patients underwent
a standard examination, including physical and neurological examina-
tion, cognitive evaluation, medical history, screening laboratory tests,
and brain imaging. The initial and primary symptom was always a
memory problem in all patients. Every patient had a neurostructural
imaging in which there is no significant vascular change or structural
problem other than temporal atrophy. Severity of AD was defined by a
Mini-Mental State Examination (MMSE) score. A total of 34 patients
were being treated with either acetyl cholinesterase inhibitor at effec-
tive doses or cholinesterase inhibitor+memantine (at a dose of 20mg/
day). Control group was constituted by 50 sex and age matched elderly
cases without a history of any neurological disorder and a family his-
tory of AD. Cases who were being taking any kind of antioxidant, iron
supplement or drug; cases with cancer, inflammatory disease, auto-
immune disorder, infectious disease, liver and kidney dysfunction; and
smokers were excluded from the study.

2.2. Blood sample collection, lymphocyte and plasma isolation

Heparinized blood samples were collected by venipuncture from
both AD and control cases. In order to isolate the peripheral blood
lymphocytes Histopaque 1077 (Sigma-Aldrich 10771, Germany) was

used following the manufacturer instructions. Isolated lymphocytes
were resuspended in RPMI-1640 medium including 10%DMS and 60%
FBS. Cell viability was assessed by trypan blue exclusion method [15],
obtaining a viability of> 90% in all samples. Lymphocytes were stored
at −80 °C as aliquots for determination of oxidative DNA damage.

2mL of heparinized blood sample was centrifuged at 1000xg for
10min at 4 °C. The top plasma layer was collected and stored at −20 °C
as aliquots for determination of 8-OHdG.

2.3. Measurement of oxidative DNA damage

Oxidative DNA damage on the peripheral lympocytes was de-
termined using a OGG1-modified comet assay [16,17]. Briefly, after
embedding a mixture of lymphocyte and low melting point agarose in a
layer of normal melting point agarose on a microscope slide, they were
immersed in a freshly prepared, ice-cold detergent and high-salt solu-
tion for lysis of membranes. Then, slides were rinsed in three times of
1X Flare buffer (Trevigen). Following analysis was done in duplicate.
One parallel slide was treated with OGG1 enzyme (Trevigen), a da-
mage-specific repair endonuclease which generates additional breaks at
sites containing 8-OHdG, and the other slide with buffer only in a hu-
midified tank. Afterwards, slides were left in alkali for denaturation at
4 °C. Electrophoresis was then carried out at high pH, and loops of DNA
extended towards the anode, giving a appearance of the tail of comet
when stained and viewed by fluorescence microscopy (Olympus BX51T-
32H01). Fluorescence microscope is attached to a camera equipped
with an image analysis software package (MetaSystems). Comet ana-
lysis was performed by this image analysis system. Slides were dupli-
cated for each study case. Fifty cells per slide were examined and one
hundred cells were examined per case. DNA damage was expressed as
tail moment (tail length× percent of DNA in the tail). The mean values
of the tail moment in the cells were computed for each study group. Net
amount of 8-OHdG containing sites which represent oxidative DNA
damage were determined by subtracting per cent DNA in tail with
buffer incubation from per cent DNA in tail with OGG1 incubation.

2.4. Measurement of plasma 8-OHdG

Plasma 8-OHdG levels were measured by 8-OHdG ELISA Kit
(Northwest Life Science Specialties, Vancouver, WA). Protocol was
followed essentially as described by the manufacturer for the quanti-
fication of 8-OHdG.

2.5. Genotyping of OGG1 Codon 326

DNA isolation was performed using a Nucleo-Spin DNA purification
kit (Macherey–Nagel GmbH, Duren, Germany) according to the man-
ufacturer’s instructions. The hOGG1 Ser326Cys polymorphism in exon
7 described by Sugimura et al. [18] was assessed by polymerase chain
reaction- restriction fragment length polymorphism (PCR-RFLP) using
primers HOGG1F: 5′-GGAAGGTGCTTGGGGAAT- 3′ and HOGG1R:
5′-ACTGTCACTAGTCTCACCAG-3′. Amplification consisted of a 5-min
denaturation at 95 °C followed by 30 cycles of 95 °C for 30 s, 58 °C for
30 s, and 72 °C for 1min. An incubation step at 72 °C was added at the
end of the reaction for 7min. The PCR product is 200 bp in length and is
digested at 37 °C with SatI for 16 h resulting in a single 200-bp band for
the homozygous Ser/Ser hOGG1 variant, a single 100-bp band for the
homozygous Cys/Cys hOGG1 variant, and double bands of 200 and 100
bp for the heterozygous Ser/Cys hOGG1 variant. Fragments were se-
parated on a 3% high-resolution metaphor agarose gel. Finally, PCR-
RFLP results were confirmed with real-time PCR method.

Table 1
Demographic data, oxidative DNA damage and 8-OHdG level in the study
groups.

Patients with
Alzheimer’s Disease
(n:67)

Control cases
(n:50)

Age (year) 75 (60-85) 72 (62-89)
Gender Men 26 13

Women 41 37
Severity of ADa

Mild 5
Moderate 26
Advanced 36

a Represented by MMSE score as mild (21–26), moderate (14–20), advanced
(0–13).
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Fig. 1. (A) Representative comet assay images showing DNA damage with and without OGG1 incubation in the control and patient with AD. (B) Basal and oxidative
DNA damage in the patients with AD. (C) Basal and oxidative DNA damage according to OGG1 Ser326Cys genotypes in the patients with AD.
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2.6. Statistical analysis

The data were analyzed using SPSS 22.0 for Windows. Non-para-
metric Mann-Whitney U test was used for two-group comparisons and
the data were shown as median and range. Chi-square or Fischer’s exact
tests (two-sided) were used to compare the test for the association be-
tween the genotypes and alleles in relation to the cases and controls and
test for deviation of genotype distribution from Hardy–Weinberg
equilibrium. The odds ratio (OR) and their 95% confidence intervals
(CIs) were calculated to estimate the strength of the association be-
tween polymorphism genotype alleles and cases and controls.
Correlation analysis was performed by Spearman correlation coeffi-
cient. A value of p < 0.05 was considered statistically significant. A
post hoc power analysis was also per-formed by using PS Power and
Sample Size Calculations Version3.0.43

3. Results

Demographic data of the study cases are given in Table 1. Re-
presentative images including their correspondent control from the
comet assay are given in (Fig. 1A). Basal DNA damage (detected
without OGG1 incubation), oxidative DNA damage (detected with
OGG1 incubation) and 8-OHdG level were found to be higher in the
patients with AD than those in the control group (p < 0.001 for all)
(Figs. 1B and 2 ). When AD patients are grouped relative to the severity
of AD (MMSE score), no significant difference was found between pa-
tients with severe impairment and patients with moderate impairment
(Fig. 3) for DNA damage and 8-OHdG level. No relation was determined
between MMSE score, and DNA damage and 8-OHdG level in the binary
logistic regression analyses adjusting for gender and age in the patients
with AD. The distribution of OGG1 Ser326Cys genotypes was in ac-
cordance with the Hardy-Weinberg equilibrium among the control
subjects and patients with AD (p > 0.05).The distribution of OGG1
Ser326Cys genotypes in the study groups are shown in Table 2. There
was no significant differences in the distribution of OGG1 Ser326Cys
genotypes (p > 0.05) and allele (p > 0.05) frequencies between

patients with AD and controls (p > 0.05). Our power calculation for
comparison of the allele frequency indicated that at a significance level
of 0.05 and with a two-sided alternative hypothesis, Alzheimer’s disease
samples with n=67 cases and n=50 controls had about 15% power to
detect a significant association with an assumed OR of 1.46 between the
OGG1 Ser326Cys polymorphism (minor allele frequency 25%) and the
phenotype of Alzheimer’s disease. For the identification of the poly-
morphism in OGG1, a representative image of the gel showing OGG1
Ser326Cys genotypes are given in Fig. 4. Oxidative DNA damage and 8-
OHdG level according to genotypes of OGG1 Ser326Cys are shown in
Table 3. In the control group, no significant difference was determined
between the genotypes for oxidative DNA damage and 8-OHdG level. In
the AD group, cases carrying Ser326Ser genotype were found to have a
lower oxidative DNA damage when compared with cases with the
Ser326Cys+Cys326Cys genotypes (p < 0.001) (Fig. 1C). No sig-
nificant correlation was found between MMSE score and oxidative DNA
damage neither in cases carrying Ser326Ser genotype nor in cases
carrying Ser326Cys+Cys326Cys genotypes.

4. Discussion

The growing evidence for increased 8-OHdG level in both brain and
peripheral blood lymphocytes of AD patients directed the investigators
to examine BER proteins, especially OGG1. In an early study, lida et al.
[19] demonstrated a reduction in OGG1 expression accompanied by the
formation of neurofibrillary tangles, axonal dystrophy and reactive
astrocytes in the brain of patients with AD. Weissman et al. [5] de-
termined reduced OGG1 activity in post-mortem AD brains and also in
brains from amnestic mild cognitive impairment (MCI) patients. The
decrease in OGG1 activitiy in amnestic MCI subjects was inversely
correlated with the severity of disease, therefore they suggested that
OGG1 repair deficiency is an early event in AD pathogenesis. Shao et al.
[20] reported that OGG1 activity is reduced in nuclear preparations of
frontal, temporal and parietal lobes, and in mitochondria of temporal
lobes; the amount of nuclear OGG1 protein is reduced in parietal lobes
of patients with MCI and AD. These data were supported by similar

Fig. 2. Plasma 8-OHdG levels in the patients with AD and control cases. * P < 0,001 versus Control cases.
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Fig. 3. (A) Basal and oxidative DNA damage, (B) Plasma 8-OHdG levels in the patients with AD regarding severity of the disease.

Table 2
Distribution of allele and genotype frequency of OGG1 Ser326Cys polymorphism in the patients with AD and control cases.

Patients with Alzheimer’s Disease Control cases OR(95% CI) P*

(n=67) (%) (n=50) (%)

OGG1-326
Ser/Ser 44 66% 27 54% Ref.
Ser/Cys+Cys/Cys 23 36% 23 46% 1.63 (0.72-3.70) 0.28
G(Ser) allele frequency 0,85 0,87
C(Cys) allele frequency 0,15 0,13 0.85 (0.35-2.02) 0.84

* Patients with Alzheimer’s Disease versus Control cases.
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findings that show decreased OGG1 expression in peripheral lympho-
cytes [21] and decreased OGG1 protein level in serum [22] of patients
with AD.

In general, decreased expression of a gene may be a result of mu-
tation, polymorphism or epigenetic modification. Regarding OGG1
gene, two point mutations, Ala53Thr and Ala288Va, which reduce
catalytic activity of OGG1 protein in comparison to the activity of the
wild type protein was found in 2 of 14 brain from unrelated AD patients
[23]. However, it was not reported again in any other studies. Recently,
OGG1 Ser326Cys polymorphism that is shown to reduce catalytic ac-
tivity [24,25], has gained great interest. Findings of OGG1 Ser326Cys
polymorphism studies in patients with AD are incompatible. Although
Coppede et al. [26] and Parıldar-Karpuzoglu et al. [27] determined that
there is no significant association between the variant alleles of OGG1
Ser326Cys and AD, Kwiatkowski et al. [28] suggested that there is no
effect of the OGG1 C.977C > G (Ser326Cys) variant on the risk of AD
but the combination of 283C > G – NEIL1 (endonuclease VIII-like 1),
and 977C > G – OGG1 polymorphisms increases the risk for AD.
Dorszewska et al. [21] reported that the OGG1 Ser326Cys genotype
seems to have a tendency to be associated with AD. In order to find a
reliable relationship, the effect of OGG1 Ser326Cys polymorphism on
oxidative DNA damage level may be examined. An in vitro study pro-
vided some information about this subject. Lee et al. [29] reported that
healty adult individuals homozygous for the Cys326 OGG1 poly-
morphism have a significant elevation in oxidative DNA damage after
treatment with sodium dichromate when compared with either Ser326/
Ser326 or Ser326/Cys326 carrying individuals but there is no effect of
OGG1 genotype on basal levels of oxidative DNA damage. Cys326/
Cys326 OGG1 genotype seems to be a phenotype that is deficient in the
repair of 8-OHdG only under oxidative stress conditions, likely because
of oxidation of the Cys326 residue [29]. In another study, 8-OHdG level

in peripheral blood lymphocytes of patients with AD was found to be
increased in comparison to control group, but this increase was only in
the patients with the heterozygous Ser326/Cys326, there was no sig-
nificant difference in 8-OHdG levels between patients with AD and
controls with wild genotype (Ser326/Ser326 homozygous) [21].
Kwiatkowski et al. [30] examined the level of DNA damage and DNA
repair efficacy in AD patients, and its relationship with the presence of
polymorphic variants in certain BER genes including OGG1. According
to their findings, oxidative DNA damage was higher, DNA repair effi-
cacy was lower in AD patients than those in controls; there was no
statistically significant difference in oxidative DNA damage between
genotypes neither in the AD nor in the control group but there was a
significant decrease in DNA repair efficacy for the Ser/Cys genotype in
comparison to Ser/Ser genotype of OGG1 in the AD group.

Regardless of the distinction of OGG1 polymorphism variant status,
we found significantly increased oxidative DNA damage in lymphocytes
and higher 8-0HdG level in the plasma of AD patients in comparison to
control cases, in agreement with other studies [3,31]. Regarding OGG1
polymorphism variant status, no significant difference was determined
between the genotypes for oxidative DNA damage and 8-OHdG level in
the control group. However in the AD group, cases carrying
Ser326Cys+Cys326Cys genotypes were found to have a higher oxi-
dative DNA damage when compared with cases carrying Ser326Ser
genotype. AD patients carrying 326Cys variant of the OGG1 Ser326Cys
polymorphism seems to have a lower DNA repair activity. In this si-
tuation, plasma 8-OHdG level is expected to be lower in AD patients
carrying 326Cys variant in comparison to patients carrying 326/Ser
variant (wild genotype) but such a difference was not determined. Lack
of such a relation between oxidative DNA damage and 8-OHdG level in
AD patients carrying same genotypte may be attributed to small
number of study groups and/or the different biological origins of ex-
amined parameters. In addition, it should be kept in mind that one of
the major limitations of our study is the small sample size, which may
influence the statistical power of our analyses. Therefore, further stu-
dies with expanded sample size are needed to confirm these findings. As
another limitation of the present study, oxidative DNA damage and 8-
OHdG level were measured in lymphocytes and plasma, respectively.
Our future goal is to examine the effect of OGG1 Ser326Cys poly-
morphism on lymphocyte DNA and 8-OHdG that is liberated from same
lymphocyte sample and on DNA repair efficacy for 8-OHdG in larger
study groups.

5. Conclusions

Increased DNAdamage is one of the underlying pathological me-
chanisms in AD. There is an accumulating evidence for the effect of
OGG1 Ser326Cys polymorphism on DNA damage. Findings of the pre-
sent study show that OGG1 Ser326Cys polymorphism may contribute to
increased DNA damage in patients with AD.

Fig. 4. A representative image of the gel showing OGG1 Ser326Cys genotypes.
The 200-bp PCR product is digested by Fnu4HI to two 100-bp fragments for the
326Cys variant and is undigested for the 326Ser allele. Lane 1, 50- bp ladder
size marker; Lane 2, Undigested products of PCR; Lane 4 and Lane 6, a Ser/Ser
homozygote; Lane 5, a Cys/Cys homozygote; Lane 3, a Ser/Cys heterozygote.

Table 3
Oxidative DNA damage and 8-OHdG level according to OGG1 Ser326Cys genotypes in patients with AD and control cases.

Basal DNA damage (Tail moment) Oxidative DNA damage (Tail moment) Plasma 8-OHdG (ng/ml)

Control cases
Ser/Ser Genotipi (n=27) 0.29(0.13-0.36) 1.42(0.88-1.71) 0.24(0.13-1.721)
Ser/Cys + Cys/Cys Genotipi (n=23) 0.26(0.15-041) 1.45(0.92-1.93) 0.20(0.12-1.11)
P 0.91 0.26 0.68

Alzheimer’s Disease
Ser/Ser Genotipi (n=44) 0.57(0.14-1.81) 2.07(0.19-8.96) 0.61(0.38-1.46)
Ser/Cys + Cys/Cys Genotipi (n=23) 0.67(0.39-2.78) 3.36(0.71-6.42) 0.73(0.36-1.41)
P 0.25 0.001a 0.057

a Ser/Ser Genotype versus Ser/Cys+Cys/Cys Genotype.
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