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Changes in methylation patterns of multiple
genes from peripheral blood leucocytes
of Alzheimer’s disease patients

Hou Y, Chen H, He Q, Jiang W, Luo T, Duan J, Mu N, He Y, Wang H.
Changes in methylation patterns of multiple genes from peripheral blood
leucocytes of Alzheimer’s disease patients.

Background: Efforts aiming at identifying biomarkers and corresponding
methods for early diagnosis of Alzheimer’s disease (AD) might be the
most appropriate strategy to initiate promising new treatments and/or
prevention of AD.
Objective: The aim of our study is to assess the association of DNA
methylation pattern of various leucocyte genes with AD pathogenesis in
order to find potential biomarkers and corresponding methods for
molecular diagnosis of AD.
Methods: DNA methylation level of various genes in AD patients and
normal population were compared by bisulphite sequencing PCR and
methylation-specific PCR (MSP). Furthermore, real-time PCR was used to
explore the effects of DNA methylation on the expression of target genes.
Results: Results showed significant hypermethylation of mammalian
orthologue of Sir2 (SIRT1 ) gene in AD patients compared with normal
population. Meanwhile, changes in methylation level of SIRT1 gene
between different severities of AD were also found. Specific primers were
designed from the SIRT1 CpG islands to differentiate AD and control
group by MSP method. Besides, significant demethylation of β-amyloid
precursor protein (APP ) gene was observed in AD patients, whereas no
difference was observed in other AD-related genes. Moreover, significant
decrease in expression of SIRT1 gene and increase in expression of APP
gene were also found in AD patients. In addition, the expression level of
SIRT1 /APP genes was associated with the severity, but not with the age
or gender, of AD patients.
Conclusion: SIRT1 and APP might be the interesting candidate
biomarkers and valuable for clinical diagnosis or treatment of AD.
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Significant outcomes

• Hypermethylation of SIRT1 gene was found in the leucocytes of AD patients.
• Specific primers were designed and used to distinguish AD from control group by MSP method.
• The significant demethylation of APP gene was also observed in the leucocytes of AD patients.
• The gene expression level of SIRT1 gene reduced in the leucocytes of AD patients compared with

control group.
• Compared with control group, significant elevated gene expression of APP gene in the leucocytes of

AD patients was found.

66

3

First published online  21  February, 2013

https://doi.org/10.1111/j.1601-5215.2012.00662.x Published online by Cambridge University Press

https://doi.org/10.1111/j.1601-5215.2012.00662.x


Limitations

• As difficult to get the samples, we still cannot get the information for methylation pattern of these
genes in the brain tissue.

• There is still potential weakness on the wider application of using SIRT1 gene as biomarker for testing
of AD, and more samples are still needed for further testing and validation.

• The relationship between methylation pattern of SIRT1 from other tissues and AD pathogenesis is still
needed further research.

Introduction

Alzheimer’s disease (AD), a complex neurodegener-
ative disorder, is the most prominent cause of demen-
tia among the elderly. To date, more than 4.5 million
people developed to dementia worldwide every year,
and the number of sufferers would have a dramatic
increase of over 115 million in 2050 (1). AD is char-
acterised by the progressive metabolic, morphologi-
cal and functional decline, as well as subsequent loss
of cognitive function (2). It often results from abnor-
mal changes for brain, which is most considered to
appear before cognitive impairment, and other clini-
cal symptoms become apparent. Thus, efforts aiming
at identifying methods of early detection and diagno-
sis for improving AD care might be the most appro-
priate strategy to initiate promising new treatments
and/or prevention (3). As a limitation in the diagnos-
tic sensitivity and specificity of various tests, there is
no single diagnostic test for AD. As recently pro-
posed, diagnosis of AD is still based on the integra-
tion of clinical examination, neuropsychological data,
radiological and biological analyses with biomarkers
for the disease (4). As for these testings, biomarkers
are increasingly used in the research setting to detect
onset of the disease and to track progression (5). Dur-
ing the past years, great efforts have been made to
identify reliable biomarkers in body fluids for AD
patients, which are suitable for minimal invasion
early diagnosis of AD, mainly from cerebrospinal
fluid (CSF) and blood (4). CSF closely reflects the
composition of the brain extracellular space and
is likely to have the highest yield for biomark-
ers (6). The CSF collection by lumbar puncture is
an invasive, expensive and time-consuming proce-
dure; therefore, the detection of biomarker molecules
in blood would be more accessible. Nonetheless, in
comparison with CSF biomarkers, discovering reli-
able biomarkers for AD in peripheral blood has not
been successful and has not been a solid diagnos-
tic method (4). Therefore, exploring some interesting
biomarkers and establishing convenient techniques
with low cost, rapid and high accuracy which could
be used routinely in clinical diagnosis are still impor-
tant goals for all researchers.

Epigenetic mechanisms could modulate the coor-
dinate expression of various genes through many
different pathways (7). DNA methylation has been
one of the most studied aspects of epigenetic mod-
ification. It often occurs through the addition of a
methyl radical to the cytosine base adjacent to gua-
nine (CpG dinucleotides). Moreover, the CpG dinu-
cleotides are always concentrated in regions named
CpG islands. In the human genome, CpG islands
preferentially locate in promoter regions (8). Usu-
ally, when DNA is methylated in the gene promoter
region, the expression or function of the gene could
be changed (8). Alterations in 5-methylcytosine pat-
terns on the promoters of genes are the first level of
regulation of gene expression in development, dif-
ferentiation, carcinogenesis and aging. Because of a
huge progression of wide-scale analysis techniques
and their applications to the study of epigenetics,
relations between DNA methylation and AD have
been focused on recently.

SIRT1, mammalian orthologue of Sir2, is a mem-
ber of Sirtuin family of NAD+-dependent protein
deacetylases. SIRT1 has been shown to correlate
with metabolism, stress responses, cellular survival,
transcription, aging and many other processes (9,10).
Increasing evidences also suggest a robust neuro-
protective effect of SIRT1 on AD and other neu-
rodegenerative diseases (9). Otherwise, some other
genes such as β-amyloid precursor protein (APP ),
apolipoprotein E4 (ApoE4 ), microtubule-associated
protein τ (Tau), presenilin 1 (PS1 ) and presenilin
2 (PS2 ), have been shown to be directly involved
in AD pathology/progression (11–14). Their expres-
sions or mutations may play important roles in
the pathological process of AD (7,15–18). However,
there is no study yet to evaluate the methylation pat-
terns of these genes between AD patients and normal
population. Therefore, in this study, DNA methyla-
tion status of SIRT1 and several other AD-related
genes (APP, ApoE4, PS1, PS2 and Tau) in AD
patients and the normal population were examined
to investigate the relationships between DNA methy-
lation and AD pathogenesis. Hopefully, a molec-
ular marker could be found for clinical diagnosis
of AD.
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Materials and methods

Sample collection and DNA extraction

Peripheral venous blood (5 ml/person) was obtained
from 63 AD patients (AD: male, 31; female, 32;
mean age, 80 ± 11 years), and 72 volunteers without
dementia and neurological degenerative disease were
chosen as controls (control: male, 33; female, 39;
mean age, 77 ± 15 years) at the Guangzhou Brain
Hospital, Guangzhou Senior Hospital and Guang-
dong General Hospital. These two groups were age,
sex, scholarity and vascular disease matched. AD
patients were selected according to National Institute
of Neurological and Communicative Diseases and
Stroke/Alzheimer’s Disease and Related Disorders
Association (NINCDS-ADRDA) criteria for probable
AD (19). Individuals who suffered from cancer, dia-
betes, hypohepatia, hypothyroid, hypertension, renal
insufficiency and serious malnutrition and those who
had received organ transplant were excluded. Periph-
eral blood leucocyte genomic DNA was extracted by
using QIAamp Blood Mini kit (Qiagen, Hilden, Ger-
many) according to the manufacturer’s instructions.

Bisulphite treatment

For bisulphite treatment, genomic DNA of each
sample was performed bisulphate modification by EZ
DNA methylation-Gold kit (Zymo Research, Orange,
USA) according to the manufacturer’s instructions.
The amount of genomic DNA per treatment was
about 300–500 ng. Bisulphated DNA was eluted
with 30 μl elution buffer and stored at −80◦C for
long-term storage.

DNA methylation studies by bisulphite sequencing PCR

Following evaluation by a program online – MethPr-
imer, two CpG islands were chosen as target
sequences of SIRT1 (SI: the first CpG island
of SIRT1 gene; SII: the second CpG island of
SIRT1 gene). Regarding the efficiency of bisulphite
sequencing PCR (BSP), the second CpG island of
SIRT1 was further divided into two parts (SII1 and
SII2). In order to amplify the regions of SIRT1
CpG islands after bisulphite conversion, bisulphite-
specific primer pairs (BSPs) were used and designed
by the assistance of Methyl Primer Express v1.0
(Table 1). No CpG dinucleotides were included in
BSP primers to allow the amplification of both
methylated and unmethylated sequences. Similarly,
the amplifiable regions and BSP primers of APP,
ApoE4, PS1, PS2 and Tau were carried out (Table 1).

PCR amplifications were performed as follows:
95◦C of initial denaturation for 10 min, followed by
(95◦C for 30 s, Tm annealing for 30 s, 72◦C for 30 s)

for 40 cycles, and then with a final elongation step at
72◦C for 10 min. Amplifications were carried out in
a 9700 Thermal Cycler (Applied Biosystems, Foster
City, USA). PCRs were carried out in the volume of
25 μl, including each BSP primer at 0.5 μM, 2 units
of hot-start Taq DNA polymerase (Qiagen, Hilden,
Germany), 2.0 μl of bisulphite-treated DNA and
other standard PCR components. PCR products were
purified by PCR Products Purification Kit (Qiagen,
Hilden, Germany) and finally eluted in 35 μl of
elution buffer. For DNA sequence analysis, the DNA
products were subcloned into the pMD18-T vector
(Takara, Shiga, Japan) following the manufacture’s
instructions. For each PCR product, at least five
clones were sequenced (Invitrogen, Carlsbad, USA)
to ensure its accuracy.

Methylation-specific PCR of SI

On the basis of the results of BSP, specific
primers were designed to distinguish the AD patients
from normal population by methylation-specific PCR
(MSP) method. Primer sequences for the methylated
(M) SIRT1 reaction were 5′ GGTGTGTAATGGT-
GCGATTTC 3′ (forward) and 5′ GAAACGAA-
CAAATCACCTAAAATC 3′ (reverse), and primer
sequences for the unmethylated (U) SIRT1 reac-
tion were 5′ GTGTGTAATGGTGTGATTTTGGT
3′ (forward) and 5′ CAAAACAAACAAATCACC-
TAAAATC 3′ (reverse). Twenty-five microlitres of
reaction mixture that contained 10× PCR buffer,
25 mM MgCl2, 2.5 mM deoxynucleotide triphos-
phates (dNTPs), 1 unit hot-start Taq DNA poly-
merase (Qiagen, Hilden, Germany), 0.5 μM methy-
lated (M) or unmethylated (U) pair of primers and
2 μl of bisulphated DNA from AD patients or nor-
mal people were used for each reaction systems of
MSP. PCR amplifications were performed as follows:
95◦C of initial denaturation for 15 min, followed by
(95◦C for 30 s, 55◦C annealing for 30 s, 72◦C for
45 s) for 40 cycles and then with a final elongation
step at 72◦C for 10 min. Negative control samples
that omitted DNA template were included for each
set of PCR reactions. Positive standard was prepared
as a control for methylated DNA from the healthy
control individuals and was fully methylated by treat-
ment with M.SssI methyltransferase (New England
Biolabs, Ipswich, USA) according to the conversion
protocol. PCR products were analysed on 2% agarose
gels and visualised under UV illumination.

Real-time quantitative reverse transcription PCR

Total RNA was prepared from blood samples of
AD patients and the healthy control individu-
als using QIAamp RNA Blood Mini kit (Qiagen,
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Table 1. Parameters used in the analysis of the methylation patterns of different AD-related genes between AD and control groups in the bisulphite sequencing PCR and the
corresponding results

Genes Sense Antisense Temperature (◦C) Product size (bp)
Methylation pattern (between

AD and control group)

SIRT1(S I) 5′ TTGTTTAGGTTGGTGTGTAATGGT 3′ 5′ TATAATCCCAACACTTTAAAAAACC 3′ 55 239 Significant difference∗

SIRT1(SII1) 5′ ATTTGAGGTTAGTTTGAAAGAGAAGT 3′ 5′ TACCTCTCTAACCCTCCTCCCT 3′ 55 336 No difference
SIRT1(SII2) 5′ AGGGAGGAGGGTTAGAGAGGT 3′ 5′ CCATTATCTCCTTCCCCAAC 3′ 55 341 No difference
APP 5′ TGGTTTTAGATTTTTTTTTTTATTGT 3′ 5′ CCAACAAAAACAATACCAAACC 3′ 56 434 Significant difference∗

ApoE4 5′ AGTTGTTTAGTTTTTAGGTTATTTAGG 3′ 5′ CCTATTCCACCAAAAACCCC 3′ 55 414 No difference
5′ GGGGTTTTTGGTGGAATAGG 3′ 5′ AACCTACACCTTCTCCACCAAC 3′ 56 313 No difference

Tau 5′ TTAGGTTGATTGAAAGTAAAGGGT 3′ 5′ AACCTCCCCAAAAAAAAAAAC 3′ 56 344 No difference
PS1 5′ GGAGTGTAGTGGTGTGATTTTA 3′ 5′CTAAACAAATTACATTCTTCTAAAATT 3′ 54 285 No difference
PS2 5′ GGGATGTGGATTTAAAATTATAAG 3′ 5′ TCCTCACTACTAAAAATACCTACTCTAC 3′ 55 360 No difference

ApoE4, apolipoprotein E4; APP, β-amyloid precursor protein; PS1, presenilin 1; PS2, presenilin 2; SI, the first CpG islands of SIRT1 gene; SII1, the second CpG islands of SIRT1
gene (part 1); SII2, the second CpG islands of SIRT1 gene (part 2); Tau, microtubule-associated protein τ .
∗Statistical significance between the two groups (p < 0.05).

Hilden, Germany) according to the manufacturer’s
instructions. The quality of total RNA was deter-
mined based on A260/A280 ratio, which was 1.7–2.0
for all RNA preparations. Total RNA (60 ng/μl) was
reverse transcribed for complementary DNA (cDNA)
synthesis by oligo (dT) primers. The cDNA was
stored at −80◦C until use.

Quantification of SIRT1 and APP mRNA was
performed by TaqMan RT-PCR using the ABI Prism
7500 real-time PCR System (Applied Biosystems,
Foster City, USA). PCR conditions were 15 min at
95◦C, 40 cycles of 15 s at 94◦C and 40 s at 55◦C.
Aliquot of cDNA was used as template for each real-
time PCR reaction containing primers and probes
for target gene and β-actin. The primer and probe
sequences were shown in Table 2. Level of β-actin
mRNA was used to normalise the relative expression
levels of target mRNA. The relative quantification
method, in which the ratio between the amount of
target gene and a reference gene within the same
sample was calculated, was used for quantifying
target gene as previously described (20).

Statistical analysis

Statistical analysis for the methylation profile was
based upon the chi-squared analysis by SPSS 13.0

Table 2. The primer and probe sequences used for real-time PCR

Gene Primer and probe Product size

β-Actin F: 5′GACGACATGGAGAAAATCTG 3′ 144 bp
R: 5′ GAAGGTCTCAAACATGATCTG 3′

P: 5′ Yellow ACCACACCTTCTACAATGAGCTGC Tamra 3′

SIRT1 F: 5′ GTTGCTTTAGAAACATTAGTG 3′ 123 bp
R: 5′ GCAGTTTAATACTTGTGGAA 3′

P: 5′ FAM CAATGCAAGCTCTACCACAGTGATAGG Tamra 3′

APP F: 5′ CGGTGTCCATTTATAGAATA 3′ 143 bp
R: 5′ GAGAGATAGAATACATTACTGA 3′

P: 5′ FAM TCAGGCATCTACTTGTGTTACAGCA Tamra 3′

F, forward primer; P, probe; R, reverse primer.

software. For statistical analysis of the mRNA
expression level, data for two groups were analysed
with Student’s t-test, while data for more than
two groups were tested by one-way analysis of
variance (ANOVA) followed by post hoc analysis
(Dunnett test). Difference was considered statistically
significant for p < 0.05 and was marked with
asterisk in Figs 1–4. Bonferroni correction was
performed for multiple comparisons.

Results

DNA methylation profiles of SI in SIRT1 gene were distinctly
different between AD and control groups

Results of BSP analysis indicated that the methyla-
tion profiles were not same between different CpG
islands in corresponding to target sequence of SIRT1.
The difference in DNA methylation patterns was only
found in the first CpG islands of SIRT1 (SI) between
AD and the control groups. Results showed that the
whole methylation profile of SI in AD was higher
than that of control group (Fig. 1a and b). For dif-
ferent CpG sites of SI, both CpG sites of 1 and 10
were most significantly hypermethylated (p < 0.001,
Fig. 1a) in AD groups. Meanwhile, the methylation
level on the CpG sites of 5 and 6 were also sig-
nificantly higher in AD groups (p < 0.01, Fig. 1a).
In addition, compared with the corresponding CpG
site of control group, the methylation profiles on the
sites of 2, 7 and 11 were all significantly higher
(p < 0.05, Fig. 1a). Meanwhile, although each of the
other CpG sites showed hypermethylation in AD, the
difference was not significant between the AD and
control groups (Fig. 1a).

In the present study, MSP was also used to further
validate the change of methylation pattern between
those two groups. Compared with control group,
a specific band was acquired by methylated (M)
primer and bisulphated DNA as template from AD
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(a)

(b)

(c)

Fig. 1. Changes between AD and control groups in the CpG methylation profile of the first CpG islands of SIRT1 gene (SI) were
analysed by bisulphite sequencing PCR (BSP) and methylation-specific PCR (MSP) methods. (a) The methylation level analysis
for each CpG site of SI by BSP. (b) The sequencing electrophoretograms of the BSP product from bisulphite-treated SI (−1784 to
−1546). +1 refers to the transcription start site. The methylated cytosine sites from 1 to 11 were shown in blank boxes. The *The
significance between each two groups to which the each side of a white bar was pointed. And significances of the groups were
shown respectively by * p < 0.05; **p < 0.01. (c) The electrophoretogram for the PCR products of the first CpG islands of SIRT1
gene (SI) was amplified by MSP. 1: size marker. 2: positive control, 3: negative control. 4: using of methylated (M) primer and
bisulphated DNA from AD patients. 5: using of methylated (M) primer and bisulphated DNA from normal individuals. 6: using
of unmethylated (U) primer and bisulphated DNA from AD patients. 7: using of unmethylated (U) primer and bisulphated DNA
from normal individuals.
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patients (Fig. 1c). However, no band appeared when
using methylated (M) primer and bisulphated DNA
from normal individuals. A specific band appeared
by unmethylated (U) primer and bisulphated DNA
from normal individuals, while no band was found
by unmethylated (U) primer and bisulphated DNA
from AD patients (Fig. 1c).

Changes of DNA methylation profiles of SI in SIRT1 gene were
showed within different severities of AD patients

The methylation level of SI of SIRT1 gene changed
within different severities of AD patients (Fig. 2a).
And the changes were different from each other at
different CpG sites of SI. The methylation level at
CpG site 6 was higher in the severe AD patients than
the mild ones (p < 0.01, Fig. 2a). Besides, compared
with the moderate AD patients, the methylation level
in severe AD patients were both higher at CpG sites 1
and 2 (p < 0.05, Fig. 2a). Moreover, the methylation
profiles of CpG sites 2 (p < 0.05, Fig. 2a) and
6 (p < 0.01, Fig. 2a) had significant associations
with the severity of AD. However, no significant

associations between the whole methylation profiles
and the severity of AD were found (p > 0.05).

Concerning with the methylation profiles of SI in
SIRT1 gene of AD patients, no significant association
between age and methylation pattern was found
(Fig. 2b). Besides, there was no significant difference
on the methylation level between male and female
AD patients (p > 0.05) (Fig. 2c).

DNA methylation profiles of SII in SIRT1 gene and some other
AD-related genes between AD and control groups

According to the present results, no changes were
found on the methylation level of both SII1 and
SII2 between AD and the control groups. Besides,
almost all the CpG sites were unmethylated either
in the sequence of AD or control groups (data not
shown). The results showed that the whole methy-
lation level of APP gene in AD patients was lower
than that of control group (Fig. 3). In AD groups,
the total ratio of unmethylated and methylated CpGs
was 98.93 and 0.30%, respectively. However, in
the control group, the ratio of unmethylated and

(a)

(c)

(b)

Fig. 2. Changes in the methylation level of the first CpG islands of SIRT1 gene (SI). (a) The changes within different symptoms
in AD patients. Mild: mild AD patients (sample number: 11), moderate: moderate AD patients (sample number: 29), severe: severe
AD patients (sample number: 23). Multiple comparisons were performed by Bonferroni correction, and the significance level was
corrected. *The significance between each two groups to which the each side of a white bar was pointed. (b) The change between
different aged AD patients. (a) less than 80 years old; (b) greater than 80 years old. (c) The changes between male and female AD
patients.
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Fig. 3. Methylation patterns of APP gene (−403 to +29) between AD and control group. Each cycle (black or white) represents
a CpG site. +1 refers to the transcription start site. Black circles are corresponding to methylated cytosine positions, while white
circles are corresponding to unmethylated cytosine positions. AD 1, AD 2, AD 3, AD 4, AD 5 and AD 6 represents randomly
selected samples from total of 63 AD samples. Control 1, control 2, control 3, control 4, control 5 and control 6 represents randomly
selected samples from total of 72 samples in the control group.

methylated CpGs was 95.91 and 3.33% respectively.
Compared with control group, the whole methyla-
tion level was significantly lower in the AD group
(p < 0.05, Fig. 3). Nevertheless, no significant asso-
ciation between methylation pattern and severity, age
or gender was found (data not shown). However,
for other AD-related genes (ApoE4, Tau, PS1 and
PS2 ), no significant differences of methylation pat-
terns between AD and control groups were found
(Table 1).

mRNA expression levels of SIRT1 and APP genes in peripheral
blood leucocytes of AD patients

Results revealed that the relative expression level
of SIRT1 gene was significantly decreased in AD
patients compared with control group (Fig. 4a). And
the relative expression level of SIRT1 gene all
showed a decrease either in the mild, moderate or
severe AD patients than that of control group (p <
0.001) (Fig. 4b). Besides, compared with the mild

AD patients, the relative expression level of SIRT1
gene was significantly decreased in the moderate
(p < 0.05) and severe (p < 0.001) AD patients.
Although significant differences were found between
AD patients and control group, no significant correla-
tion between age/gender and SIRT1 gene expression
level was shown in AD patients (p > 0.05, Fig 4c
and d).

Compared with control group, results of real-
time PCR showed that more than 1.5-times higher
expression levels of APP gene in AD patients
(p < 0.001, Fig. 4a). Moreover, all of the relative
expression level of APP gene increased either in the
mild, moderate or severe AD patients than control
group. And expression level of APP gene in the
mild AD patients was significantly lower than that
of moderate and severe AD patients (p < 0.001,
Fig. 4b). However, no significant difference of APP
gene expression level was shown between different
age or gender groups of AD patients (p > 0.05,
Fig. 4c and d).
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(a) (b)

(c) (d)

Fig. 4. mRNA levels of SIRT1 and APP genes in AD patients. (a) Real-time PCR analysis for mRNA levels of SIRT1 and APP
genes between AD and control groups. AD: AD patients; control: control groups. ***p < 0.001 between AD and control groups.
(b) Real-time PCR analysis for mRNA levels of SIRT1 and APP genes between different symptoms of AD patients. Mild: mild AD
patients (sample number: 11), moderate: moderate AD patients (sample number: 29), severe: severe AD patients (sample number:
23). a1 versus b1, c1, d1; b1 versus d1; a2 versus b2, c2, d2; b2 versus c2, d2, p < 0.001. b1 versus c1, p < 0.05. (c) Real-time
PCR analysis for mRNA levels of SIRT1 and APP genes between AD patients with different ages. (a) Less than 80 years old. (b)
Greater than 80 years old. ***p < 0.001 between AD and control groups. (d) The changes between male and female AD patients.
***p < 0.001 between AD and control groups.

Discussion

The work presented in this paper mainly showed
changes of methylation patterns and gene expres-
sion level of several genes from leucocytes of
AD patients. As is well known, blood collection
and diagnosis by peripheral blood are more con-
venient and humanistic than other tissues such as
brain tissue or CSF. Consequently, looking for some
useful biomarkers from peripheral blood of AD
to provide some useful information for AD diag-
nosis has been becoming a popular topic. Actu-
ally, some researchers have chosen peripheral blood
as their research material, and the gene methyla-
tion pattern of peripheral blood has been success-
fully addressed (21,22). Moreover, close relations
between epigenetic changes in peripheral blood and
the brain of AD also have been found (23). And
some factors in the blood not only affect DNA
methylation but also have key relations with the

pathogenic mechanism of AD (24). It should be
noted that lymphocytes may be an important neural
and genetic probe in AD-related studies. Accord-
ingly, in the present paper, several genes that have
been confirmed to have some relations with AD were
chosen as the subject, and their methylation pat-
terns and gene expression level in leucocytes of AD
patients were investigated. Hopefully, present work
might find some interesting biomarkers from periph-
eral blood for AD diagnosis and provide some infor-
mation for further pathogenic mechanism research
of AD.

Until now, this is the first observation on the
methylation status and gene expression level of
SIRT1 gene in the peripheral blood leucocytes of
AD patients. Both results of BSP and MSP indicated
that the significant increase of methylation patterns
in the first CpG island of SIRT1 gene occurred in
AD patients compared with that of control group.
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Moreover, present results also showed that there
was no change in the other CpG islands of SIRT1
gene between AD and control groups, which may
indicate that DNA methylation of SIRT1 gene was
related to gene-specific CpG islands, rather than
global DNA methylation level. Under most circum-
stances, DNA methylation is one of the inactiva-
tion mechanism alternatives to genetic mechanisms
and usually represses transcription. DNA methylation
could repress gene transcription either by inhibit-
ing the binding of positive factors to the promoter
and/or by recruiting transcriptional co-repressors (7).
When genes are methylated in these regions, the
transcription machinery may not access the DNA
and gene is not expressed (2). Additional evidence
indicated that DNA methylation was linked to his-
tone medication by methyl-binding domain proteins
and DNA methyltransferases during regulation of
the gene transcription. SIRT1, an important regulator
of metabolism, could modulate chromatin function
through direct deacetylation of histone as well as
by promoting alterations in the methylation of his-
tones and DNA, leading to chromatin silencing and
transcription repression. So methylation of SIRT1
may also affect transcription by changing the chro-
matin structure (7). Therefore, the hypermethylation
of CpG island SI might induce the abnormal physio-
logical role of SIRT1. For example, the dysfunction
of some transcription factors or other related pro-
teins or the abnormal gene transcription and expres-
sion may further cause a series of problems. In the
present study, reduced expression level of SIRT1
gene expression in the leucocytes of AD patients
was observed. Meanwhile, some relations between
the hypermethylation and decrease of SIRT1 gene
expression in the leucocytes of AD patients were
also shown. SIRT1 gene is of great potential to pro-
mote longevity, increase cell survival and prevent
against disease. Moreover, evidence from mecha-
nistic studies also provided further support for the
possibility that SIRT1 played crucial roles in AD
mechanisms by protecting against apoptosis, inter-
fering with the generation of β-amyloid peptides
and other processes (25). Consistent with previous
studies, downregulation of SIRT1 mRNA level may
have important relations with pathophysiology of
AD (26,27). Present results implied that DNA methy-
lation of SIRT1 might have some relations with AD
onset and/or progression. SIRT1 may be a potential
target for developing novel strategies for AD preven-
tion and/or therapy.

In the present studies, not only the hypomethyla-
tion of APP gene but also the significant increase of
its gene expression in the leucocytes of AD patients
was observed and both were consistent with previous
observations in AD patients or aged brain (28–30).

In contrast to hypermethylation, hypomethylation
always could activate gene transcription. One of
the mechanisms may be due to dysfunction of the
transcription repressors, such as methyl-CpG bind-
ing domain proteins which are capable of binding
specifically to methylated DNA (7,31). Increasing of
APP gene expression in the peripheral blood leu-
cocytes of AD patients also indicates a correlation
between the demethylation of APP and the higher
gene expression level. Consistent with previous stud-
ies, present results supported that demethylation of
APP gene was correlated with the increase of APP
mRNA level (30,32). Hypomethylation of APP gene
may alter the transcription and induce the gene over-
expression. As one of the most related gene, the over-
expression of APP apparently enhances APP and Aβ
production, and they play key roles in the pathogen-
esis of AD. Thus, demethylation of APP may be
related to the development of AD.

Except for APP, the over-expression and abnormal
regulation of ApoE4, Tau, PS1, PS2 and other AD-
related genes in certain areas of the brain were impor-
tant factors during the development of AD (7). Nor-
mally, both hypomethylation and hypermethylation
could affect gene transcription and expression (8,33).
Therefore, the abnormal expression and regulation of
these AD-related genes might have some relations
with the change of methylation status. However, no
statistical differences on DNA methylation frequen-
cies of these genes between AD and control groups
were found in the present paper. DNA methylation
of ApoE gene, induced by homocysteine, plays a
potential role in ApoE expression in atherosclero-
sis. However, no change on methylation status was
found in the promoter of ApoE in AD patients, which
was coincided with previous result (34). Besides, no
significant difference on methylation patterns in the
promoter of PS2 between AD and corresponding
control groups was found in the present study. And it
was the first study on the methylation status of PS2
in AD patients by BSP method. As for Tau gene,
Tohgi et al. indicated that the methylation status of
cytosines in Tau gene promoter region altered with
age to downregulate transcriptional activity in human
cerebral cortex (35). However, their samples were
autopsy human cerebral cortexes aged 35–90 years
which were clinically and pathologically free from
neurological disease. Present samples were the more
than 60-year-old AD patients. Moreover, it indicated
that both AD and aging correlated with DNA methy-
lation (2,7,36). Thus, the different results might be
related to different kinds of samples. For the gene
PS1, Fuso et al. found that the promoter of PS1
(nucleotides 451–454) was regulated by methyla-
tion in cell model (37), which was different from
the present results. This could be explained from
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two reasons: firstly, the source of sample was dif-
ferent. Samples of present studies were from AD
patients and the normal individuals, but their work
was based on cell model. Secondly, the method in
our study was BSP rather than HpaII/PCR. Actually,
BSP, though complex and time-consuming, could
evidence methylation status of each cytosine in the
analysed target sequence (38). Moreover, some other
factors might also have influence on the results, such
as the environmental factor. Recent studies suggest
that environmental factors could be involved in the
development of neurodegeneration by inducing epi-
genetic modifications, such as DNA methylation and
chromatin remodeling (7,39). No significant alter-
ation in the AD patients may indicate that the com-
plex mechanisms of the over-expression of ApoE4,
Tau, PS1 and PS2 in the pathogenesis of AD and
might not be caused by the under-methylation of
their promoters. Nonetheless, gene regulation alone
cannot explain the complex pathogenic mechanism
of AD. There are still various other trigger factors,
such as environment and nutrition (33,39). Further
studies should be carried out to explore the detailed
information and mechanisms.

Although our present results showed some changes
of methylation profiles and mRNA expressions of
SIRT1 and APP genes between AD patients and
normal population, there were still many limitations,
such as limited numbers and kinds of samples, lack-
ing studies on concrete mechanisms. The modifica-
tion of the DNA methylation patterns of SIRT1 and
APP gene indicated that it might take part in the
AD pathology/progression. Furthermore, these genes
might be potential diagnostic/therapeutic targets for
neurodegenerative disorders. If SIRT1 or APP could
be used as a biomarker, the diagnosis could be per-
formed by MSP method to observe the methylation
status of these target genes in samples. Moreover,
if necessary, BSP could be done to find the site of
changed cytosine for further study on the concrete
mechanisms. However, it is still an idea, there are
still potential weaknesses on the wider application of
using these genes as biomarker for testing of AD,
and more samples still needed for further testing and
validation. Further clinical and experimental studies
are needed to clarify the role of epigenetic mecha-
nism in the pathophysiology of AD. Therefore, full
understanding of the concrete epigenetic mechanism
in SIRT1 and APP genes appears urgent and worth-
while.
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